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[bookmark: _Toc213415199][bookmark: _Toc109727646]Executive summary
This report presents the outcomes of my human factors 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 (RGP).
I targeted the following aspects in my assessment of the SMR-300 DRP and SSEC:
approach to Human Factors Engineering (HFE) and Human Factors Integration (HFI)
approach to the identification of human actions impacting safety
approach to Human Reliability Assessment (HRA) 
proposed role of the operator and concept of operations 
evidence of HFI within the evolving concept design
Based upon my assessment, I have concluded the following:
The RP’s final GDA Step 2 human factors submissions are of sufficient quality considering the maturity of the design concept and safety case. This has enabled the completion of a meaningful assessment of proposed HFE methods against ONR’s human factors SAPs. Whilst my assessment focuses on nuclear safety, I note the RP’s intent to integrate human factors considerations across the full SSEC. 
The SMR-300 design concept which does not require operator actions for at least 72 hours following the initiation of a design basis faults aligns with ONR SAP EHF.2. However, the design and safety assessment are not sufficiently mature to substantiate the RP’s claims.
The high automated, low staffing concept is novel, with limited human intervention independent of the main control system. The safety case and defence in depth discussions accurately reflect this, with no post fault human actions currently claimed. Further design and assessment is required to substantiate this operating model. Options to accommodate increased numbers of staff remain open, if needed.
The RP is yet to demonstrate implementation of the full range of its HFE processes, methods, and guidance. However, I have gained confidence that these proposals provide a sound basis for continued HFI in-line with good practice. The HFE process is based on NUREG-0711 which I consider a source of RGP whilst noting a risk that it is biased towards control room activities. ONR expects human factors to be considered on a risk-informed, facility wide basis. The RP’s self assessment confirms this bias, with enhancements to the HFE process captured as GDA commitment C_Huma_003. I consider this appropriate given the current maturity of the project.
I have identified shortfalls, against ONR SAP EHF.3, regarding the approach to the systematic identification of human actions impacting safety. Similar concerns around systematic identification and analysis of faults are noted in PSA and Fault Studies topics. The RP acknowledges these concerns, proposing resolution via GDA commitments C_Faul_103 and C_Huma_003.
The RP’s qualitative and quantitative HRA methods are based on established good practice. Sampling initial application, I have identified concerns regarding substantiation evidence and optimistic error probabilities (ONR SAPs EHF.5 and 10). The RP’s self assessment finds similar concerns, with enhancement of the HRA process captured via GDA commitment C_Huma_003.
To ensure effective integration of human factors considerations, the RP’s HFE processes must be implemented in a timely and consistent manner, as an integral part of its design and assurance activities. Evidence of this has not been submitted by the RP and, a small number of potential deviations from the defined processes have been identified. Similar concerns relating to design control have been noted in the MSQA topic.
As summarised above, I have identified potential shortfalls related to the identification of human actions impacting safety, HRA and the identification and management of human factors-related requirements. I am content that these shortfalls are appropriately captured by GDA commitments and the following ROs raised in PSA, Fault Studies and MSQA topic areas:
RO-HOLTECSMR300-010 PSA Methodologies 
RO-HOLTECSMR300-011 Fault Analysis Maturity 
RO-HOLTECSMR300-012 Adequacy of Requirements Management Arrangements
I have identified several other gaps to RGP; however, I do not consider them fundamental due to the current level of design and safety assessment maturity. The RP is aware of these gaps, and I have obtained confidence that they will be considered and addressed in their fulfilment of GDA commitments. I have also gained confidence that options to reduce risks ALARP are not foreclosed at this stage of the design.
[bookmark: _Hlk168596328]Overall, based on my step 2 assessment, I have not identified any fundamental safety shortfalls from a human factors perspective that would prevent ONR permissioning the construction of a power station based on the generic Holtec SMR-300 design.
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[bookmark: _Toc213415201]Introduction
1. This report presents the outcomes of my human factors 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 version 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] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36]) the Design Reference Point (DRP) (ref. [37]), and supporting documentation (ref. [38]).
2. 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. [39]), guidance on the mechanics of assessment (ref. [40]), ONR Safety Assessment Principles (SAPs) (ref. [41]), together with the principles detailed in the supporting Technical Assessment Guides (TAGs), have been used as the basis for this assessment. 
Background
3. ONR’s GDA process (ref. [42]) 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 United Kingdom (UK) subsidiary of Holtec International.
4. 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. [43]).
5. 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.
6. 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. [42]).
7. Prior to the start of Step 2 I prepared a detailed assessment plan for human factors (ref. [44]). This has formed the basis of this assessment and was also shared with the RP to maximise openness and transparency. 
8. 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. [45])
[bookmark: _Ref209162680]Scope
9. 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. 
10. The overall scope of the Holtec SMR-300 GDA is described in Preliminary Safety Report (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. [46] [47]). Holtec International 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 human factors assessment scope is defined in my assessment plan (ref. [44]) which is discussed in detail in section 4.1 and includes the following topics:
general approach to human factors engineering (HFE) and human factors integration (HFI)
approach to the identification of human actions impacting safety
approach to human reliability assessment (HRA)
proposed role of the operator and concept of operations (CONOPS)
evidence of HFE programme implementation
evidence of HFI within the concept design
other areas identified in my assessment plan (ref. [44])
Whilst my assessment considers the full range of the SSEC, it is primarily focused on nuclear safety. My assessment plan included the intention to assess the RP’s methods for the identification of tasks important to nuclear security and safeguards. The RP is yet to develop proposals on these topics, so my assessment is limited to broader proposals for HFI in these areas. I do not explicitly consider Nuclear Site Health and Safety or Environmental aspects of the SSEC within my assessment.
My assessment plan included an extensive list of ONR SAPs that were considered to be potentially relevant to my assessment. The SAPs used to inform my judgements are referenced in Section 4.1.
There are no topics/systems, structures and components (SSCs) included in my assessment plan that are out of my assessment scope. The depth of my assessment has necessarily aligned with the maturity of the design and safety analysis at Step 2. This is covered in more detail in section 4.1. 
The following are excluded from the scope of my assessment due to insufficient information being available to support it. These exclusions are not considered prejudicial to a meaningful assessment:
detailed aspects of workplace design (beyond assurance of the provision of adequate space for reliable task completion)
detailed aspects of user interface design
detailed aspects of personnel competence management
detailed aspects of procedure development
proposed staffing levels (beyond assurance that the design can accommodate increased staffing should this found to be required)
proposals relating to management of fitness for duty
My assessment therefore focuses on the claims, arguments and evidence (CAE) presented in Chapter Holtec SMR-300 GDA PSR Part B Chapter 17 Human Factors (‘PSR Chapter B17’) (ref. [19]). Whilst I take some cognisance of, and reference, the CAE presented in Holtec SMR-300 GDA PSR Part B Chapter 9 Description of Operational Aspects Conduct of Operations (‘PSR Chapter B9’) (ref. [11]), I have not completed a substantive assessment of that part of the submission at GDA Step 2.

[bookmark: _Toc213415202]Assessment standards and interfaces
11. 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.
12. 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.
13. This section also identifies the key interfaces with other technical topic areas.
Standards 
14. The ONR SAPs (ref. [41]) 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.
15. The International Atomic Energy Agency (IAEA) safety standards (ref. [48]) and nuclear security series (ref. [49]) 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.
16. Furthermore, ONR is a member of the Western European Nuclear Regulators Association (WENRA). WENRA has developed reference levels (ref. [50]), which represent good practices for existing nuclear power plants (NPPs) , and Safety Objectives for new reactors (ref. [51]).
17. The relevant SAPs, IAEA standards and WENRA reference levels are embodied and expanded on in the TAGs (ref. [52]).
Safety Assessment Principles (SAPs) 
18. The key SAPs and SyAPs applied within my assessment are EHF.1, EHF.2, EHF.3, EHF.5, EHF.6, EHF.10, EHF.11 and SyDP 3.1.
19. A list of the SAPs and SyAPs used in this assessment is recorded in Appendix 1.
Technical Assessment Guides (TAGs)
20. The following TAGs have been used as part of this assessment:
· NS-TAST-GD-058 - Human Factors Integration (ref. [53])
· NS-TAST-GD-059 - Human Machine Interfaces (ref. [54])
· NS-TAST-GD-062 - Workplaces and Work Environment (ref. [55])
· NS-TAST-GD-063 - Human Reliability Analysis (ref. [56])
· NS-TAST-GD-064 - Allocation of Function Between Human and Engineered Systems (ref. [57])
· NS-TAST-GD-096 - Guidance on Mechanics of Assessment (ref. [40])
· NS-TAST-GD-108 - Guidance on Production of Reports for Permissioning (ref. [58])
National and international standards and guidance
21. ONR’s SAPs and TAGs are closely aligned with international standards and expectations, particularly those developed by the IAEA and WENRA. Specifically, IAEA Safety Standards are used as a benchmark to inform the development and periodic review of ONR guidance.
22. The following international standards and guidance have been used as part of this assessment:
IAEA GSR Part 4 - Safety Assessment for Facilities and Activities (ref. [59])
AEA SSR-2/1 – Safety of Nuclear Power Plants: Design (ref. [60]) 
IAEA SSR-2/2 – Safety of Nuclear Power Plants: Commissioning and Operation (ref. [61])
Integration with other assessment topics
23. I have worked closely with other topics as part of my human factors 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. 
The key interactions with other topic areas were:
Fault Studies – To assess the identification and subsequent treatment of human actions within the deterministic analysis.
Probabilistic Safety Analysis (PSA) – To assess HRA scope/maturity.
Control and Instrumentation (C&I) – To understand the proposed role of the operator and opportunities for interaction with SMR-300 systems.
Mechanical Engineering – To assess feasibility of proposed Examination, Inspection, Maintenance and Testing (EIMT) activities.
Radiological Protection – To understand the proposed role of the operator and specifically within containment human actions.
Use of technical support contractors
During Step 2 I have not engaged Technical Support Contractors (TSCs) to support my human factors assessment for the Holtec SMR-300. 

[bookmark: _Toc213415203]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 human factors. It also identifies the supporting documents submitted by the RP which have formed the basis of my human factors assessment of the SMR-300.
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 to active components, reflecting the RP’s design philosophy. 
The SMR-300 has a compact layout. The Reactor Pressure Vessel (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). An Annular Reservoir (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 Holtec SMR-300 design has been developed by the RP 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 (DBAs) 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 RP states that the SMR-300 design has been developed against US Nuclear Regulatory Commission (NRC) requirements. Throughout the GDA, Holtec claim to have assessed the GDA Reference Design against UK legislative requirements and regulatory expectations, aiming to identify design risks that may reduce confidence in the design being ultimately licensed in the UK.
Whilst there is ongoing pre-licencing engagement for the SMR-300 design with US NRC, the SMR-300 design has not, to date, been subject to formal scrutiny by overseas regulators. The SMR-300 design has been developed from the SMR-160 design, which was subject to the first phase of Vendor Design Review by the Canadian Nuclear Safety Commission (CNSC) in 2020. Routine technical engagements are ongoing with the US NRC with a Construction Permit Application expected at the end of 2026.
Aspects of the Holtec SMR-300 design that are important from a human factors perspective include:
· Crediting passive safety measures which are claimed to not need operator actions for a period of 72 hours post fault initiation for design-basis faults.
· A high degree of automation that is claimed to reduce operator burden.
· A staffing concept where a two-person team, consisting of one reactor operator and one senior reactor operator, control the multi-unit plant from the main control room. 
· As the SFP is located within each Containment Structure (one SFP per reactor) most pre/post refuelling activities must be completed during outages. Traditional PWR designs allow such activities to be completed before and after containment is opened, reducing time pressure and requirements for personnel to access containment.
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. [38]). 
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 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 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.
The SSEC claims to present CAE commensurate with a concept level full plant design and supporting assessment.
Summary of the requesting party’s case for human factors
The aspects covered by the Holtec SMR-300 safety case for human factors can broadly by grouped under six headings which are summarised as follows:
Approach to HFE and HFI
Claim 2.2.8.1: Human Factors Relevant Good Practice is appropriately integrated into the generic Holtec SMR-300 lifecycle.
The RP argues its approach to human factors will largely meet UK regulatory expectations once self-identified enhancements are implemented. The RP has identified some areas where there are potential differences between UK and US regulatory expectations and acknowledges these will need to be managed going forward. Details will be developed post Step 2.
Claim 2.2.8.2: Human Factors design and assessment shall take cognisance of Relevant Good Practice and Operational Experience.
The RP argues that by following guidance published by US NRC they are applying relevant good practice (RGP). It considers the findings of Operating Experience Reviews (OERs) completed to date are appropriate to inform the PSR.
Claim 2.2.8.3: Requirements relevant to Human Factors are identified and substantiated in a risk proportionate manner.
The RP does not intend to substantiate risk significant human failures within GDA timescales. The RP argues its HFE processes will identify human factors requirements and these will be substantiated in future qualitative assessments.
Approach to the identification of human actions impacting safety
Claim 2.1.7.1: Human failures shall be systematically identified using Relevant Good Practice methodologies in a risk proportionate manner.
The RP argues that the approach it has implemented for the identification of human actions is appropriate for the current stage in the project’s lifecycle. However, it notes that further work is required to ensure UK regulatory expectations are met in the future. Two GDA commitments support this:
C_Huma_003: Related to developing a HRA strategy for the UK SMR-300 design.
[bookmark: _Hlk209473911]C_Faul_103: Related to further developing fault analysis, including: identification of postulated initiating events, development of a UK aligned design basis faults and incorporation of HFE analysis throughout Design Basis Accident Assessment, PSA and Severe Accident Analysis (SAA).
Approach to HRA
Claim 2.1.7.2: Human Reliability Assessment shall be undertaken to determine the reliability and effective task performance of human actions in a risk proportionate manner.
[bookmark: _Ref212054607]The RP concludes human actions identified to date have received appropriate HRA given the design maturity, resulting in suitable screening Human Error Probability (HEP) values for the PSA. It adds that the PSA submitted during Step 2 demonstrates human actions are not risk significant[footnoteRef:2]. The RP acknowledges, via C_Huma_003, that additional work is required to fully align safety assessment with UK regulatory expectations. [2:  	This PSA submitted in GDA relates to a single unit SMR-160 design. The human actions identified in the SMR-160 PSA are considered by the RP to be representative of those expected to be required for SMR-300. SMR-300 PSA will not be available within GDA timescales.] 

Proposed role of the operator and concept of operations 
Claim 2.2.8.4: Staffing and qualification requirements are systematically assessed and informed by Human Reliability Assessment.
The RP concludes the operating philosophy integrates human factors principles, and suitable HFE processes, to ensure systematic assessment of staffing and qualification requirements (post Step 2).
Evidence of HFI within evolving concept design
No discrete claims are made directly related to this topic, as consideration of implementation is a component part of each of the claims listed above.
Demonstrating risks are reduced ALARP
[bookmark: _Int_7tRoyTJJ]PSR Chapter B17 presents a summary of how risks are reduced ALARP from a human factors perspective. The RP states the claims and arguments are supported with evidence, sufficiently mature for a PSR. This is contingent on delivery of GDA commitment C_Huma_003, related to developing and implementing a HRA strategy which will result in a safety assessment that is consistent with UK regulatory expectations.
PSR chapter A5 presents an overall summary of the RP’s demonstration that risks from the generic SMR-300 design are likely to be 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. The chapter summarises the CAE presented across the PSR. The chapter indicates risk estimates are at or below Basic Safety Objectives (BSOs) levels noting uncertainty, both in terms of potential optimism and pessimism. This will be addressed by GDA commitment C_Faul_103. The RP is confident its estimates will prove conservative with risk remaining tolerable and close to the BSO. No further information related to human factors, above and beyond that in PSR Chapter B17, is presented.
Basis of assessment: requesting party’s documentation
The principal documents that have formed the basis of my human factors assessment are:
· [bookmark: _Hlk208567930][bookmark: _Hlk208483031]Holtec SMR-300 GDA PSR Part B Chapter 17 Human Factors (‘PSR Chapter B17’) (ref. [19]) presents the CAE for the topic. 
· Holtec SMR 300 Human Factors HRA Methodology Review (‘HRA methodology Review’) (ref. [62]) seeks to determine confidence gained from qualitative and quantitative HRA insights against UK expectations.
· Human Reliability Assessment Step 2 Position Statement (‘HRA Position Statement’) (ref. [63]) claims to summarise the overall human-risk contribution and demonstrate that this is tolerable.
· SMR-160 PSA Human Reliability Analysis (‘SMR-160 PSA HRA’) (ref. [64]) summarises how the probabilities for pre and post initiator human failure events are estimated[footnoteRef:3]. [3:  	See Footnote 1.] 

· Summary of Claims Placed on System Users for SMR-300 (‘Summary of Human Claims’) (ref. [65]) presents the Operational Task Schedule which will be used to track and manage identified human actions.
· Approach to Allocation of Function for SMR-300 (‘Allocation of Function Review’) (ref. [66]) seeks to determine confidence gained from Functional Requirements Analysis (FRA) and Function Allocation (FA) activities against UK expectations.
· SMR-160 Human Factors Engineering Program Management Plan (‘HFE PMP’) (ref. [67]) documents the RPs proposed HFE programme[footnoteRef:4]. [4:  	The RP is yet to update this report to the reflect the change to SMR-300. ‘PSR Chapter B17’ states “the HFE PMP scope will remain largely unchanged for SMR-300, and the SMR-160 version is considered to provide suitable evidence of the approach for a PSR level review”.] 

· Human Factors Integration Plan for Step 2 GDA (‘Step 2 HFIP’) (ref. [68]) outlines the RPs proposals for HFI to support Step 2 of the GDA supplementary to the HFE PMP.
· Operating Philosophy Review (ref. [69]) claims to provide evidence supporting claims made in the PSR relating to the role of system users and the proposed operating philosophy.
· Human Factors Target Audience Description (‘HF TAD) (ref. [70]) claims to provide a summary of the assumed working population for SMR-300, based on a British workforce.
· Human Factors Design Basis Review (‘HF Design Basis Review’) (ref. [71]) compares the human factors RGP used to inform the SMR-300 design process with equivalent UK guidance.
[bookmark: _Toc213415204]

ONR assessment
Assessment strategy
The objective of my GDA Step 2 assessment was to reach an independent regulatory judgement on the fundamental aspects of the SMR-300 design, relevant to human factors, as described in sections 1 and 3 of this report. A summary of my assessment strategy is provided below. 
My assessment seeks, in-line with guidance published in Appendix 3 of ONR-GDA-GD-006 (ref. [42]), to assess the fundamental adequacy of the design and SSEC. The following expectations are of relevance:
[2.7] submission of a schedule of faults 
[2.8] demonstration of approach adopted to defence in depth and hierarchy of controls
[2.11] demonstration how design, security and safety principles have been adopted in the design, including:
[2.11.a] evidence that relevant SAPs will likely be satisfied
[2.11.c] details of methodologies, approaches, codes, standards and philosophies used and justification of consistency with RGP
[2.11.d] supporting safety analysis, including deterministic and PSA to cover the GDA scope. 
Whilst I take cognisance of, and where appropriate, comment on the CAE presented in ‘PSR Chapter B17’) (ref. [19]), my assessment is not confined by this. I have also sampled a wide range of submitted evidence to inform my judgements. These are referenced throughout.
I targeted the following areas:
approach to HFE and HFI
approach to the identification of human actions impacting safety
approach to HRA
proposed role of the operator and concept of operations (CONOPS)
evidence of HFI within the evolving concept design
other areas identified in my assessment plan (ref. [44])
My sample comprised:
documented HFI/HFE programmes
integration of human factors considerations across the SSEC
extent to which defence in depth is supported by human actions
classification of human actions which deliver/support safety functions
maturity of the CONOPS and its role in informing the evolving design and safety assessment
extent to which human actions may be required to support claimed ‘passive’ engineered safety systems safety functions
human factors aspects of the proposed new/novel design concepts including the: Annular Reservoir (AR), Containment Structure (CS) and its interfaces with the Reactor Auxiliary Building (RAB)
human factors aspects to design proposals for the Main Control Room (MCR) and Remote Shutdown Facility (RSF)
extent to which the ‘standard’ SMR-300 design can be deployed in the UK, with specific focus on the topic of metrication
Assessment
[bookmark: _Ref209524714]Approach to HFE and HFI
ONR SAP EHF.1 expects a systematic approach to integrating human factors within the design, assessment and management of systems throughout the facility’s lifecycle. 
For the purposes of my assessment, I have sampled the following:
approach to HFE and HFI
allocation of safety actions
operating experience (OPEX)
codes and standards
management of issues and assumptions
capability and capacity of the human factors organisation
The RP’s approach to HFE/HFI
Regulatory expectations
ONR SAP EHF.1 sets the expectation that there should be a systematic approach to integrating HF within the design, assessment and management of systems and processes applied throughout the facility’s lifecycle. Similar expectations are established in IAEA requirements, e.g. SSR 2/1 Requirement 32: design for optimal operator performance (ref. [60]).
Fundamental to the effective and proportionate consideration of the limitations and capabilities of humans within the design, is a HFI programme. It ensures that human factors are properly considered and contributes to the principle of reducing risks ALARP. Throughout my assessment, I place significant reliance on the efficacy of the HFI process as it gives confidence that human factors are being (or will be) appropriately considered as the project evolves.
Evidence submitted
To support this claim, PSR Chapter B17 (ref. [19]) explains how the ‘HFE PMP’ (ref. [67]):
aligns with “best practice” as set out in NUREG 0711 ‘HFE Program Review Model’ (ref. [72]) 
provides a process for identifying and assessing human actions key to maintaining the SMR-300 safe operating envelope 
outlines the process, to be used by a future licensee, for HFE verification and validation (V&V)
The ‘Step 2 HFIP’ (ref. [68]) presents a high level of review the HFE PMP process against the key human factors topics outlined in ONR SAPs.
Regulatory assessment
The RP outlines its HFI approach in the ‘HFE PMP’ (ref. [67]). This mirrors NUREG 0711 – The US NRC’s ‘Human Factors Engineering Program Review Model’ 12 technical elements. The ‘HFE PMP’ provides detail on the following elements. I consider this appropriate given the project’s maturity. 
HFE Program Management
OER
Functional Requirements Analysis and Function Allocation 
Task Analysis
Treatment of Important Human Actions (TIHA)[footnoteRef:5] (see Section ‎4.2.2 and ‎4.2.3) [5:  	NUREG 0711 explains that the objective of TIHA is to identify human actions important to safety for a particular plant design. This includes the identification of human actions, consideration of human error mechanisms and design to minimise the likelihood of error/optimise error recovery. It includes elements of ONR SAPs EHF.3, EHF.4, EHF.5 and EHF.10.] 

[bookmark: _Hlk207816258]NS-TAST-GD-058 ‘Human Factors Integration’ (ref. [53]) recommends completion of Early Human Factors Analysis (EHFA), an initial high-level assessment to identify potential, project-specific human factors issues and establish their relative importance. The ‘Step 2 HFIP’ (ref. [68]) presents the RPs EHFA. The EHFA identifies many of the areas where the SMR-300 design differs from more traditional NPPs. I am satisfied the RP has used the EHFA to inform its Step 2 human factors activities.
The RP’s ‘Step 2 HFIP’ (ref. [68]) sets out a programme to review the HFE PMP proposals and generate supplementary information to improve alignment with ONR’s guidance to RPs (ref. [42]). The RP demonstrates general alignment between NUREG 0711 and ONR EHF SAPs. I generally support this conclusion noting that a previous ONR GDA assessment (ref. [73]) found that the NUREG can drive a focus on HFE in control room activities. UK expectations are for a risk informed, facility-wide approach. 
The RP’s review confirms a bias towards control room activities, noting activities to date focus on the MCR and HSIs. The HFE PMP acknowledges human factors considerations are required beyond control rooms, highlighting across technical elements, the need to consider EIMT activities where there are risks to plant safety.
The RP notes (ref. [68]) documentary evidence of application of HFE considerations to EIMT is not available, but references “room review reviews” which involved the US-based HFE Team. A future safety case would need to demonstrate HFE has been suitably applied across the full scope of human actions and not just those from primary control locations.
The HFE PMP covers the facility lifecycle except decommissioning. Whilst not explicitly addressed, the general human factors processes could be extended to support those activities as part of normal business. I consider human factors of the RP’s plans for decommissioning in Section ‎4.2.6.3.
I conclude the RP’s HFE programme provides a sound foundation for the continued application of HFI which could meet the expectations of ONR EHF SAPs, if implemented appropriately. 
[bookmark: _Ref209102989]Allocation of safety actions 
Regulatory expectation
ONR SAP EHF.2 states, “dependence on human action to maintain and recover a stable, safe state should be minimised” and “the allocation of safety actions between humans and engineered structures, systems or components should be substantiated”. Similar expectations are established in IAEA requirements, e.g. GSR Part 4 Requirement 7: Assessment of safety functions (ref. [59]).
NS-TAST-GD-064 ‘Allocation of Function Between Human and Engineered Systems’ (ref. [57]) expects allocation of function to have four basic steps:
· identification of functions
· development of allocation criteria
· allocation of identified functions
· V&V of each function’s delivery mechanism
Evidence submitted
PSR Chapter B17 (ref. [19]) explains how:
· The ‘Allocation of Function Review’ (ref. [66]) identifies that there is broad equivalence between the RPs process and RGP.
· The ‘HRA Position Statement’ (ref. [63]) reviews the Function Allocation output and considers it sufficient for PSR.
Regulatory assessment
I am content proposals for allocating safety actions can meet ONR SAP EHF.2, provided appropriate application. I base this on:
· The ‘Top Level Plant Design Requirements’ (ref. [74]), which aim to minimise reliance on human interventions for safety. Specifically:
No credit for operator actions is required for responding to design basis accidents … for at least 72 hours following the initiating events.
Only simple, unambiguous operator actions and easily accomplished off-site assistance for plant response beyond 72 hours.
· The programme in the ‘HFE PMP’ (ref. [67]) uses the 12 elements of NUREG 0711 ‘Human Factors Engineering Program Review Model’ (ref. [72]) including Functional Requirements Analysis/Function Allocation. ONR considers NUREG 0711 to be a source of RGP on the topic of HFI (ref. [52]).
· The Functional Requirements Analysis/Function Allocation process, in the ‘HFE PMP’ (ref. [67]), aligns with three of the “four basic steps” in NS-TAST-GD-064 ‘(ref. [57]). Whilst it lacks a distinct “development of allocation criteria” step,” human factors criteria” are included in the ‘Function Allocation Methodology’.
· The ‘Allocation of Function Review’ (ref. [66]) appears suitably self-critical, identifying ten “considerations” for improvement. These appear to be refinements rather than fundamental shortfalls.
· The ‘HRA Position Statement’ (ref. [63]) offers limited insight on this topic, focusing mainly on task analysis and HRA.
Functional Requirements Analysis/Function Allocation has not been completed for any SMR-300 systems at Step 2, so implementation cannot be assessed. My conclusions are therefore limited to the adequacy of the proposed approach and its alignment with RGP. A future safety case would need to substantiate the allocation of safety actions between humans and engineered systems.
Operational experience (OPEX)
Regulatory expectation
NS-TAST-GD-058 ‘Human Factors Integration’ (ref. [53]) expects, where available, OPEX from similar plants or tasks be used to inform HFI activities. Similar expectations are established in IAEA requirements, e.g. GSR Part 4 Requirement 14: Scope of the safety analysis (ref. [59]).
Evidence submitted
PSR Chapter B17 (ref. [19]) explains how:
The ‘HFE PMP’ (ref. [67]) includes OERs with output captured in Results Summary Reports (RSRs) which are shared with other disciplines involved in the design process.
Outputs from OERs will inform HFE activities including Functional Requirements Analysis/Function Allocation, TIHA and wider design activities.
Regulatory assessment
The ‘HFE PMP’ (ref. [67]) OER process follows the NUREG 0711 (ref. [72]) approach, which I judge provides a sound basis for effective integration of OPEX. However, the SMR-300 design and CONOPS differ significantly from operational PWRs meaning the relevance of OPEX must be carefully considered. It is positive that the “data sources” in the ‘HFE PMP’ are international and are not solely limited to the nuclear industry. Greater emphasis on the novel aspects of SMR-300 could be beneficial.
[bookmark: _Int_p2g7wsLQ]The RP did not submit a summary of OER outputs. This lack of evidence was explored by Regulatory Query (RQ) RQ-01789. In response, the RP confirmed OERs are not “finalised” and will not be submitted at Step 2. Instead, “illustrative examples” were provided. I was able to trace one OER item (ID#7) to alarm guidance contained in the ‘CSD Development Procedure’ (ref. [75]), but the examples provided did not provide sufficient evidence to make more generalised conclusions. A future safety case will need to demonstrate that OPEX is being used to inform the design.
I conclude the proposed OER methods align with good practices, but there is insufficient evidence to confirm outputs are appropriately influencing the design. OER is most valuable early in a project when options are not foreclosed. As the RP is actively progressing OER work, I do not consider a Regulatory Observation (RO) is needed. 
[bookmark: _Ref209546998]Codes and standards
Regulatory expectation
NS-TAST-GD-058 ‘Human Factors Integration’ (ref. [53]) expects human factors standards and methods to be captured, align with good practices and, where novel, unfamiliar or produced in-house, be validated for use. A TAD, Human Machine Interface (HMI) Style Guides and Alarm Philosophy are expected to be developed during the concept design phase. Similar expectations are established in IAEA requirements, e.g. SSR-2/1 Requirement 6: Design for a nuclear power plant (ref. [60]).
Evidence submitted
PSR Chapter B17 (ref. [19]) explains how:
· NUREG 0711 ‘HFE Program Review Model’ (ref. [72]) and NUREG 0700 ‘Human-System Interface Design Review Guidelines‘ (ref. [76]) are the primary sources of human factors RGP informing the project.
· The ‘HF TAD’ (ref. [70]) provides a description of the expected UK user population, providing a baseline via which the UK applicability of US guidance can be demonstrated.
· The ‘HF Design Basis Review’ (ref. [71]) finds broad alignment between the HFE related guidance used to inform the design and the equivalent UK standards, demonstrating its applicability for a UK context.
Regulatory assessment
My assessment focussed on the suitability of HFE standards, and other guidance sources, which inform the RP’s design and analysis activities. Given that design work is predominantly being undertaken in the US, where there are potential differences in human factors good practice and regulatory requirements are more prescriptive, there is a risk the output will not meet the UK’s goal-setting regulatory expectations and international standards.
ONR recognises NUREG 0700 and 0711 as sources of RGP in NS-TAST-GD-058 ‘Human Factors Integration’ (ref. [53]) and NS-TAST-GD-059 ‘Human Machine Interface’ (ref. [54]). 
To better understand potential gaps between US and UK human factors good practice, Holtec Britain have completed two reports, the ‘HF TAD’ (ref. [70]) and the ‘HF Design Basis Review’ (ref. [71]). This aligns with recommendations in NS-TAST-GD-058 (ref. [53]) to develop a TAD to outline user requirements for new build projects.
Assessing the RP’s ‘HF TAD’ (ref. [70]), I concur with its conclusion that potential anthropometric differences between US and UK populations are unlikely to be significant for this project. I note the RP omitted consideration of personal protective equipment (PPE) and specific accessibility requirements, which are expected by NS-TAST-GD-058 (ref. [53]), and could differ between the US and UK. Additionally, the ‘HF TAD’ did not explicitly capture UK end user expectations, for example use of UK English language and metric measurement systems. The document does provide references to UK-relevant guidance on a wide range of applicable topics which, if implemented, should ensure designs are suitable for UK use.
The ‘HF Design Basis Review’ (ref. [71]) identifies minor differences between US and UK guidance (e.g. access, reach, noise, physical workload), raising these as “considerations”. I do not expect accommodating such differences on a new build project to be challenging, if addressed early in the lifecycle. The document also references various applicable standards to a UK design. I note however that the RP could make clearer distinction between (minimal) standards associated with legal compliance and defined good practices (e.g. guidance on noise and manual handling) expected on a new build project.
The ‘Step 2 HFIP’ (ref. [68]) also references UK-centric sources of guidance including information published by the Health and safety Executive (HSE) and the Engineering Equipment and Materials Users Association (EEMUA).
NS-TAST-GD-058 (ref. [53]) expects a list of the human factors standards, to be applied by a project, to be captured. Neither the ‘HFE PMP’ (ref. [67]) or the ‘Step 2 HFIP’ (ref. [68]) present a consolidated list of human factors standards/guidance to be used by the project. I do not consider this a significant shortfall given the current design maturity but would expect to see it being resolved as detailed design commences.
Regarding project-specific guidance, the inclusion in ‘PSR Chapter A2’ (ref. [2]) of “human factors” in its list of “Project Design Standards” is welcomed. The Design Standard for Human Factors Maintenance, Inspection and Testing (referred to as the ‘Design Standard for HF: MIT’) (ref. [77]) is referenced. The ‘Step 2 HFIP’ (ref. [68]) references two internally generated guidance documents, the ‘Design Standard for HF: MIT’) (ref. [77]) and the Mitsubishi Electric Corporation (MELCO) HFE HSI Design’ (not sampled, see Section ‎1.2).
My assessment of the ‘Design Standard for HF: MIT’ (ref. [77]) found the document covers a broad range of MIT topics drawing upon internationally recognised sources, including NUREG 0700[footnoteRef:6] (ref. [76]) and EPRI-NP-4350 (ref. [78]). I identified one notable omission, a lack of guidance to support accommodation of PPE, which could be risk significant where extensive PPE is required to be worn. Whilst this omission increases design foreclosure risk, given the current design maturity, I do not consider it a significant shortfall, on the assumption it is addressed during detailed design. [6:  	The ’Design Standard for HF: MIT’ was issued in 2018 and therefore does not reference the latest revision of NUREG-0700. Whilst most of the guidance in Rev 2 should remain valid, technological advancements in computerised/digital system may result in guidance on those topics being out of date. Given the focus on human factors aspects of MIT, I would not expect the update to NUREG-0700 to have a significant impact on the content of this design standard.] 

I note that the content of the ‘Design Standard for HF: MIT’ (ref. [77]), acts as repository for reference text rather than project-specific, interpreted guidance. This reduces the utility of the content for non-human factors specialists. To support effective integration, the RP should consider developing more prescriptive, project-specific guidance. For example, the sharing of ‘applied solutions’ (e.g. an item requiring hands-on maintenance requires X metres of clear space or the provision of project specific templates for labels). I would consider such guidance necessary to support detailed design activities and beneficial at the concept design phase.
I conclude therefore that I am satisfied that the RP has identified a range of suitable human factors codes and standards to inform its decisions commensurate with the current maturity of the project.
My assessment has not however identified a documented approach for assuring compliance with project ‘Design Standards’ and/or other human factors guidance recommended for use by the project. The ‘HFE PMP’ (ref. [67]) does not identify hold points when review/approval from human factors specialists should be sought, other than at the (much) later V&V phase. I would expect suitably timed reviews, to detect and manage non-compliances early, to minimise design foreclosure risks. I note the RP is currently managing such risks informally, but a formal assurance process is expected for detailed design. This is one issue that contributes to more general concerns regarding the RP’s oversight of HFE PMP implementation to ensure its consistency and effectiveness (see Section ‎4.2.5.4).
Shortfalls in design control and requirements management have been highlighted in the MSQA assessment. The RP has raised GDA commitment C_MSQA_107 regarding evidence of design control procedure and design integration review implementation. RO-HOLTECSMR300-012 (ref. [79]) has been raised on requirements management by the MSQA inspector, therefore a human factors specific RO is therefore not considered necessary.
Management of issues and assumptions
Regulatory expectation
NS-TAST-GD-058 ‘Human Factors Integration’ (ref. [53]) expects that a suitable governance process be established for the management of human factors-related assumptions, uncertainties, issues/risks, and resolutions. Similar expectations are established in IAEA requirements, e.g. SSR-2/1 Requirement 2: Management system for plant designs (ref. [60]).
Evidence submitted
PSR Chapter B17 (ref. [19]) explains how:
· HFE related issues raised by the US HFE Team, implementing the ‘HFE PMP’ (ref. [67]), are tracked using the HFE Issue Tracking System (HITS) database.
HF issues and assumptions identified during the UK HFE Team, implementing the Step 2 HFIP’ (ref. [68]), are termed “considerations”. These are reviewed via using the risk management process with two potential routes of escalation:
“Risks” – captured on the Holtec GDA Risk Register.
“Commitments” – captured on the Commitments, Assumptions and Requirements (CAR) Register.
Regulatory assessment
The RP operates separate US and UK systems for managing issues and assumptions. The RP argues this is to keep UK-specific issues and assumptions distinct from the “global” design. Only UK identified issues considered “fundamental” by the RP will be added to the US system. Whilst a single unified system may offer benefits to both designs in terms of risk reduction (e.g. reduced overhead and removal of a potential source of human error), the use of multiple systems is not, in itself, a shortfall. 
I am satisfied the RP’s proposals for HITS use align with good practice. The ‘HFE PMP’ (ref. [67]) explains how the HITS database will be used to capture HFE-related issues that cannot be immediately corrected. HITS is populated by the US HFE Team with the (US) HFE Team Lead maintaining oversight and the ability to reopen items not adequately addressed.
The RP did not submit the HITS database for assessment; instead “illustrative examples” were provided in response to RQ-01789. One example demonstrated how learning from OERs was fed into a HITS entry (HITS #21), another (HITS #3) demonstrated addressing in relevant CSD reports (ref. [80] and [81]) for further consideration.
Since the Holtec Britain’s HFE Team cannot directly enter items onto HITS, they raise “considerations” when they identify potential issues. These are sentenced using the CAR Process (ref. [82]). This has resulted in one GDA commitment (C_Huma_003) being raised. Inspection of the ‘CAR Register’ (ref. [83]) found this commitment, but human factors-specific assumptions and requirements, were incomplete or absent. This is to be expected given the design maturity and the register being ‘live’. Via RQ-1790 and RQ-01792, I explored the sentencing of UK-derived “considerations” further. My sampling found each “consideration” had progressed a GDA commitment (C_Huma_003) or was captured on project “Risk Registers”, sitting below the CAR Register, for future resolution. I am therefore satisfied the RP has initiated its processes for capturing human factors issues and assumptions. 
No UK-derived “commitments” have progressed to acceptance or rejection for HITS inclusion. Regulatory assessment of that process could not be completed at Step 2. 
Overall, I am satisfied the RP’s approach to managing human factors issues and assumptions meets regulatory expectations, provided it is implemented as described. Efficacy will need to be demonstrated in future submissions.
Capability and capacity of the human factors’ organisation
Regulatory expectation
ONR SAP MS.2 sets the expectation that organisations should have the capability to secure and maintain the safety of their undertakings.
NS-TAST-GD-058 ‘Human Factors Integration’ (ref. [53]) sets expectations regarding the human factors team including:
Individuals completing HFE activities are demonstrably Suitably Qualified and Experienced Persons (SQEP).
The Human Factors Team is embedded within the project.
Intelligent customer capability is in place for contracted out work.
Similar expectations are established in IAEA requirements, e.g. GSR Part 4 Requirement 3: Responsibility for the safety assessment (ref. [59]).
Evidence submitted
PSR Chapter B17 (ref. [19]) makes no explicit claims regarding the capability and capacity of the RP’s human factors organisation. PSR Chapter A5 (ref. [5]) states “the design has been assessed by suitably competent individuals across the topic areas”, which includes human factors.
Regulatory assessment
As the PSR lacks explicit supporting evidence (or references) on this topic, I sought evidence of capability and capacity based on understanding demonstrated, and the quality of, the RP’s human factors submissions.
The ‘HFE PMP’ (ref. [67]) discusses the HFE Team and its integration with the wider organisation. Minimum qualifications and experience for defined roles are specified. This aligns with the expectations set out in NS-TAST-GD-058 (ref. [53]) for both qualifications and “experience commensurate with the seniority of the role”.
Via my Step 2 interactions, I satisfied myself that the UK HFE team’s capability met the ‘HFE PMP’ expectations (ref. [67]). Individuals with less than the expected levels of experience are supervised by experienced human factors specialists. Given the limited availability of SQEP human factors resource in the UK, I welcome the RP’s commitment to developing these scarce skills in-house. The RP did not submit details of the capability of the US-based HFE team.
A judgement on capacity would require the assessment of the RP’s progress in delivering the HFE programme against defined timescales. The RP states its programme is driven by US requirements and NRC expectations, details of which have not been submitted to ONR. RQ-01789 requested further information on progress, but the RP considered this outside the scope of this GDA. Future submissions will be expected to present evidence that demonstrates HFE programmes are being delivered on time and to quality.
SMR-300 (previously SMR-160) is the first application of the RP’s HFE processes. Assurance from previous HFE work completed by/on behalf of the RP, or associated regulatory findings, are not available. The UK GDA will be the first formal regulatory assessment of SMR-300 to report its findings.
At the point of assessment/design immaturity, I have not identified any fundamental concerns regarding the RP’s capability and capacity to deliver its HFE proposals. However, this needs to be caveated by the fact that the RP is yet to demonstrate implementation of the full range of its HFE processes, methods, and guidance. Future submissions would be expected to do this. 
[bookmark: _Ref209084893][bookmark: _Ref211790286]Approach to the identification of human actions impacting safety
Regulatory expectation
ONR SAP EHF.3 expects “A systematic approach should be taken to identify human actions that can impact safety for all permitted operating modes and all fault and accident conditions … including severe accidents”. Similar expectations are established in IAEA requirements, e.g. GSR Part 4 Requirement 11: Assessment of human factors (ref. [59]).
NS-TAST-GD-063 ‘Human reliability assessment’ (ref. [56]) expects consideration of Type A, B and C human actions, plus reasonably foreseeable errors of commission and violations. Failure to identify such actions, limits safety assessment insight and may result in opportunities for design optimisation, and ALARP improvements, being missed.
Evidence submitted
To support this claim, PSR Chapter B17 (ref. [19]) explains how:
· The ‘Allocation of Function Review’ (ref. [66]) demonstrates how the Functional Requirements Analysis/Function Allocation is used to systematically identify a list of human actions.
· The ‘HRA Position Statement’ (ref. [63]) presents an example of the process used by the RP to identify the human activities.
· The ‘HRA Methodology Review’ (ref. [62]) finds the important human action identification process integrates human factors considerations “as well as some of the initial steps expected within UK HRA process”.
· The ‘SMR-160 PSA HRA’ (ref. [64]) summarises the process for SMR-160 PSA pre and post initiator human failure events identification.
· The ‘Summary of Human Claims’ (ref. [65]) describes how identified human actions will be captured in the Operational Task Schedule.
Areas sampled
For the purposes of my assessment, I have sampled the following:
proposed process for identifying human actions impacting safety
process implementation
human contribution to passive safety system safety function delivery
Process for identifying human actions impacting safety
My assessment did not find sufficient evidence that the RP’s proposed methods will meet the regulatory expectations of a “systematic approach” as set out in ONR SAP EHF.3 without improvements. Without a well-defined and documented method, there may be inadequacies and inconsistencies in the depth and breadth of assessment. This is further explored below:
The Functional Requirements Analysis/Function Allocation and task analysis process, set out in the HFE PMP (ref. [67]) does not include a complete set of prompts, or provide guidance as to how, potential human failures should be identified. For example:
“Allocation Questions” do not prompt consideration of system failures/human errors.
“Function Description Form” includes a “Potential failure modes of the function” field but does not indicate what analysis should be done.
There is no “Operational Sequence Diagram (OSD)” column to capture potential human errors or recovery mechanisms.
“Task Description Form” includes a “Failures” field but no reference is as to how this information should be derived.
The ‘Summary of Human Claims’ (ref. [65]) states:
Type A “pre-initiator human actions” are identified “either as part of maintenance task reviews or through review of system drawings” supplemented by future plant simulators/plant visits.
Type B “initiating human actions” are “not explicitly represented as human actions” but their contribution is implicitly captured in initiating event frequency data.
Type C post-initiator human actions are identified by “a range of different project design, assessment and validation activities” including Human Factors Specialist input into System Design Description (SDD) and Control System Description (CSD) reports.
The ‘HRA Methodology Review’ (ref. [62]) self-identifies “insufficient evidence in the task analysis process to guide consistent and proportionate human error identification” (Consideration HRA_07) and “insufficient evidence for UK safety assessment to demonstrate how human-based fault initiators are accounted for” (Consideration HRA_08). Whilst “candidate activities” (e.g. Hazards and Operability studies and Failure Modes and Effects Analysis) are listed, no firm commitments to undertake them, or set out how human factors considerations would be integrated within them, is provided.
I sought further information on human error identification, including errors of commission and reasonably foreseeable violations via RQ-01787. In response, the RP mainly referenced the above documentation without sufficient new detail to provide the necessary confidence. The RP acknowledged Type A, errors of commission and reasonably foreseeable violations should be identified but did not outline specific methods for this. Reference was made to EPRI Technical Report (ref. [84]) however, I found that it focused on the human error quantification, not identification. GDA Commitment C_Huma_003, related to the development of a HRA Strategy for the UK SMR-300 design, was also referenced.
Given the current maturity of the SMR-300 design and safety assessment, I consider that fulfilling GDA commitment C_Huma_003, if implemented appropriately, should address the regulatory concerns raised around the lack of a suitable process for the identification of human actions.
In coming to this conclusion, I take cognisance of the shortfalls identified by my fault studies (ref. [85]) and PSA colleagues (ref. [86]) and have provided input to RO-HOLTECSMR300-010 PSA Methodologies (ref. [87]) and RO-HOLTECSMR300-011 Fault Analysis Maturity (ref. [88]) to ensure they capture the human factors shortfalls identified above. I am therefore content that there is a suitable path to resolution.
Process implementation and representation with safety assessment
I sampled the RPs submissions to gain an insight into how it has implemented human action identification. I found the following:
The PSA Modelling Ground rules and Assumptions’ (ref. [89]) states that “pre-initiating event operator action can be excluded” if:
Post-maintenance testing would identify the error,
A “compelling signal” (e.g. MCR alarm) indicates the error, or
A subsequent signal restores component to the correct position.
My assessment of ‘SMR-160 PSA HRA’ (ref. [64]) found deficiencies in the identification of human failure events. The RP explains identification of “pre-initiator tasks” is done via task-observation on plant and review of procedures, both of which are currently not available. No evidence of error identification being performed during design stage, when there is the greatest scope to implement improvements, was provided. The report states “post initiator operator actions” are obtained from “system notebooks and system fault tress”. Human error identification methods are not detailed, therefore evidence of the implementation of a “systematic” process is currently absent. I am therefore concerned that potential ALARP improvements may not be identified, and the expectations of ONR SAPs FA.9 and FA.14 may not be met in relation to minimising or mitigating risks arising from human error.
Assessment of “illustrative examples” presented in Appendix A of the ‘HRA Position Statement’ (ref. [63]) found:
Some potential failures are noted on the “Task Description Form” but the mechanism via which they may occur is not identified (e.g. mis-operation, error during maintenance, configuration error, etc.).
The task analysis, whilst further developed from the HFE PMP (ref. [67]) template, includes no discuss potential errors.
The Preliminary Fault Schedule (ref. [90]) includes a variety of human actions that could impact safety, including the potential for human actions to contribute to/be an initiating event or provide an additional defence in depth, beyond claimed, engineered safety systems. Neither the supporting report (ref. [91]) or GDA Safety Assessment Handbook (ref. [92]) provide details regarding the methods used to integrate human factors considerations into this schedule. However, these potential human risk contributions have been identified from review of published PCSR reports for other reactor designs and not project-specific assessment.
To conclude, my assessment of implementation, has identified no further substantive evidence of how the activities the RP has/will meet ONR SAP EHF.3 expectations. Representation of human actions within the PSA is one of several shortfalls identified in the RP’s safety analysis methodologies contributing to RO-HOLTECSMR300-010 PSA Methodologies (ref. [87]) and RO-HOLTECSMR300-011 Fault Analysis Maturity (ref. [88]). These ROs guide the RP to improve and implement fault studies and PSA methodologies that meet UK expectations, including meeting the expectations of ONR SAPs EHF.3, EHF.5, and EHF.10. In concert with these ROs, and GDA commitment C_Huma_003, related to developing and implementing a UK HRA Strategy, I consider this sufficient to manage this shortfall as the design matures.
Human contribution to passive safety system safety function delivery
Reliance on passive engineered safety measures is a key feature of the SMR-300 design concept. My assessment plan (ref. [44]) included assessing the adequacy of the representation of the human contribution to safety function delivery. To inform my assessment, I sampled two systems: Passive Core Cooling (PCC) and Passive Containment Heat Removal (PCH).
My assessment of the PCC and PCH, found:
Human failures could lead to system non-availability (e.g. failure to open isolation valves post-EIMT).
Human failures could impair system capability (e.g. compliance with limits for temperature, chemical composition and inventory quantities)
Human actions may be claimed to support safety function delivery after extended periods (e.g. top up water inventories after 72 hours).
I raised RQ-01788 ‘Important Human Actions’, to query the ‘PSR Chapter B17’ (ref. [19]) claim that “No HAs [human actions] identified in the generic SMR-300 DSA and PSA are designated as IHAs [important human actions]” noting elsewhere within the submission, this is caveated with “to date”. I queried why potential human actions, identified via my sampling, were not considered ‘important’. The response did not provide further detail on these actions or related HFE assessments. In response to RQ-01787 ‘Human Error Identification’, the RP acknowledged that safety assessment activities are not sufficiently mature to enable the production of a comprehensive list of human actions. It is therefore premature to make regulatory judgements on how human actions are designated, represented or their contribution to risk.
Whilst I found no evidence to contradict the RPs claims that human actions will not be required for at least 72 hours post initiation of design basis faults, my sampling confirms that there may be EIMT-related human actions that may prove risk important as the analysis matures. I do not consider their absence from the safety case a shortfall at this stage, but if not addressed, could pose a design foreclosure risk due to an absence of appropriately risk informed HFE analysis. A future safety case will need to demonstrate that human actions impacting safety are systematically identified and their design suitably supported by HFE programmes.
[bookmark: _Ref211790288]Approach to HRA
Regulatory expectation
ONR SAP EHF.10 expects HRA to “identify and analyse all human actions and administrative controls that are necessary for safety”. Similar expectations are established in IAEA requirements, e.g. GSR Part 4 Requirement 11: Assessment of human factors (ref. [59]). It is unrealistic to expect all actions to be identified at this stage. Instead, I consider method adequacy and whether implementation is proportionate to design maturity.
Evidence submitted
PSR Chapter B17 (ref. [19]) explains how the RP conducts HRA:
· The ‘HRA Methodology Review’ (ref. [62]) identifies “areas for further consideration” where the RP’s HRA process is “not completely equivalent to those used in the UK” but concludes they are systematic and aligned with international good practice. It presents examples of HRA information that could be used for substantiation of a UK facility noting that there are no HRA outputs available for review currently.
· The ‘HRA Position Statement’ (ref. [63]) summarises and reviews the RP’s approach finding “human failures identified to date have received proportionate review” and “there are no challenges likely to prevent the relevant SAPs from being achieved”. It also claims to present an overview of the human risk contribution for SMR-300 based on current analysis. Feasibility of application of the HRA process is claimed to be demonstrated via the presentation of examples.
· The ‘Summary of Human Claims’ (ref. [65]) presents the Operational Task Schedule which provides the audit trail showing how human actions have been assessed.
For the purposes of my assessment, I have sampled the following:
proposed HRA methodologies
classification of human actions delivering/supporting safety functions
implementation of HRA process and methods
Proposed HRA methodology
Noting shortfalls identified in the RP’s approach to the identification of human actions impacting safety (see Section ‎4.2.2), here I explore the adequacy of proposals for qualitative and quantitative HRA once actions are identified.
My assessment of the referenced documentation provides confidence that the RP’s proposed HRA methods, taking account GDA commitment fulfilment and adequate RO resolution, could meet ONR SAP EHF.10 expectations. I welcome acknowledgement in the ‘HRA Methodology Review’ (ref. [62]) that both qualitative and quantitative HRA, supported by task analysis, is expected to align with ONR SAP EHF.10.  
I note “Task analysis” and “Treatment of important human errors” are “technical elements” in the HFE PMP (ref. [67]). The proposed HRA methods, Accident Sequence Evaluation Program (ASEP) and Standardised Plant Analysis Risk-Human (SPAR-H) are established HRA techniques developed for/used by the US nuclear industry. I have no fundamental objection to their use, though NS-TAST-GD-063 (ref. [56]No source specified.) cautions against use of time response (reliability) curves without detailed task analysis. Further, regulatory experience of the application of these methods shows they may not generate suitable and sufficient qualitative substantiation, without supplementary analysis. The ‘HFE PMP’ discusses the “robustness and quality of HRA”, referring out to NUREG 0711 (Ref. [72]). I welcome the RP’s ‘HRA Methodology Review’ (ref.No source specified. [62]) reporting similar concerns (e.g. “considerations” HRA_04, HRA_05, HRA_07 and HRA_08). Via RQ-01792, I confirmed these “considerations” are captured on risk registers and/or integrated into GDA commitment C_Huma_003.
The ‘HRA Position Statement’ (ref. [63]) consists of nine “statements” which, when met, will demonstrate the adequacy of the RP’s process for qualitative and quantitative HRA. I consider this structure logical, and if delivered against its intention, should provide evidence to demonstrate alignment with ONR SAPs EHF.5 and EHF10. However, I found the evidence submitted for GDA in the report did not support the RP’s conclusion that “the evidence produced to date to demonstrate that the SMR-300 design is fundamentally adequate”. I do not consider the design and associated safety assessments are sufficiently mature to support such claims currently. GDA commitments C_Faul_103 and C_Huma_003, raised by the RP after the HRA position statement was issued, concur with my view. Additionally, RO-HOLTECSMR300-010 PSA Methodologies (ref. [87]) and RO-HOLTECSMR300-011 Fault Analysis Maturity (ref. [88]) guide the RP to implement the necessary improvements to meet this goal.
NS-TAST-GD-063 (ref. [56]) sets the expectation to impose limits on a claimed human action within a fault sequence to accommodate modelling uncertainties and to curb potentially excessive optimism. Typically, human performance limiting values (HPLV) are used. The ‘HRA Methodology Review’ (ref. [62]) discusses use of HPLVs at the 1E-05 level and acknowledges the need for justification. The sampled PSA reports (refs. [64] and [93]) and methodology documents (refs. [94] and [92]) make no explicit reference to HPLVs. Given the current maturity of the safety assessment, this is not an explicit shortfall, assuming C_Huma_003 will address it. Future submissions will need to demonstrate the appropriate use of HPLVs. 
Classification of human actions delivering/supporting safety functions
ONR SAP ECS.2 (para 164) expects that human actions that support or deliver safety functions should be classified analogous to SSCs.
The RPs submission is inconsistent in its approach to classification. The ‘GDA Safety Assessment Handbook’ (ref. [92]) and ‘UK Fault Studies Strategy’ (ref. [95]) refer only to the classification of SSCs with no mention of safety-important human actions. In contrast, the ‘HRA Position Statement’ (ref. [63]) includes intent to classify “operator claims”.
The response to RQ-01795 ‘Classification and substantiation of human actions which support safety function delivery’, confirms the intention to classify risk significant human actions, however, as none are identified to date, no methodology has been provided. The RP stated the ‘GDA Safety Assessment Handbook’ (ref. [92]) remains in development and confirmed this topic will be considered under GDA commitment C_Faul_103. I consider this response satisfactory at this stage, noting RO-HOLTECSMR300-011 Fault Analysis Maturity (ref. [88]) and do not consider it proportionate to raise a discipline specific RO. The topic will need to be revisited in the future.
In regard to the safety classification of MCR/RSF HSIs, the ONR C&I Inspector has considered this as part of his assessment (ref. [96]) and finds no fundamental shortfalls associated with the topic.
Implementation of HRA process and methods 
My assessment of the “illustrative examples” provided in the ‘HRA Position Statement’ (ref. [63]) found:
· The example Task Description Form, Task Analysis and Operational Sequence Diagram provide suitable levels of task information appropriate to current design maturity. This data could provide a sound basis for future qualitative assessments and substantiation. Capture of assumptions regarding the provision of alarms, controls/displays and interactions with other personnel is specifically welcomed.
The SPAR-H forms:
provide a suitable auditable trail for how Human Error Probabilities (HEPs) are estimated
provide suitable detail to underpin the selected basic screening HEPs, but not for the application of Performance Shaping Factors (PSFs) to modify these basic HEPs
do not describe the initiating event, therefore the context around the human actions being credited is not clear. Such information is needed to understand PSFs and dependency
I welcome the RPs self-assessment (ref. [62]) and the raising of “considerations” to improved alignment with ONR SAPs EHF.5 and EHF.10. I note the following expectations, from NS-TAST-GD-063 (ref. [56]), where, from my sampling, further enhancement may be required:
totality of task and its context within the fault sequence, not just assessment of the individual action
reasonably foreseeable errors, violations and dependencies that could impact performance of the action
opportunities to identify and recovering errors, such as system feedback, prior to negative consequences being realised
To gain further insight into the RP’s HRA output, I also sampled the content of the following SMR-160 HRA documents:
‘SMR-160 PSA Human Reliability Analysis’ (ref. [64])
‘SMR-160 Low Power/Shutdown PSA’ (ref. [93]). 
My assessment found: 
Good alignment with the ‘HRA Position Statement’ (ref. [63]) examples.
ASEP and SPAR-H forms record key task assumptions including independent checks and support measures such as user interfaces. 
“Optimal conditions” and positive PSFs are used to modify HEPs to levels approaching 1E-05. NS-TAST-GD-063 (ref. [56]), sets the expectation that such HEPs be supported by qualitative assessment confirming appropriate application of the hierarchy of controls .
The basis of claimed “optimal conditions” is unclear, with no reference to underpinning task analysis or qualitative assessment. I was unable to confirm whether this information is captured via the process set out in the HFE PMP (ref. [67]) for future HFE V&V.
NS-TAST-GD-063 (ref. [56]) expects “sufficiently conservative” screening HEPs. Given the design maturity, I do not consider it appropriate to modify basic/nominal HEPs to the extent observed as overly optimistic HEPs could bias risk claims on SSCs. A conservative approach is preferential for maturing designs to ensure proportionate HFE analysis across SSCs, providing opportunities to identify ALARP improvements, prior to design foreclosure. 
Given how few human actions are currently credited in the HRA, the impact of optimistic HEPs is likely minimal at this point. However, if not addressed, it does have the potential to undermine the wider design and HFE programme due to its influence on targeting. I welcome that the ‘HRA Methodology Review’ (ref. [62]) raises “consideration” HRA_11 on the topic of optimism in screening HEPs. Via RQ-01792, I confirmed this “consideration” is captured on project risk registers.
Finally, I note the ‘HRA Position Statement’ (ref. [63]) does not present an overview of SMR-300 human risk contribution as claimed. Given the design/assessment maturity. I do not consider it credible to provide such an overview currently. I do not consider this a significant shortfall.
Via GDA commitments C_Faul_103 and C_Huma_003, the RP proposes enhancing its assessment processes to improve alignment with UK expectations. The above concerns should be addressed by these commitments. I am satisfied my concerns are sufficiently bounded by ROs: RO-HOLTECSMR300-010 PSA Methodologies (ref. [87]) and RO-HOLTECSMR300-011 Fault Analysis Maturity (ref. [88]) at this stage.
Overall, I am satisfied sufficient evidence has been submitted to demonstrate that the RP’s proposals HRA are suitable for Step 2. However, this judgement is based on the low design maturity significantly constraining how detailed the HRA can be at this stage. I am content that the enhancements necessary are encapsulated by the GDA commitments and ROs referenced above. 
Proposed role of the operator and CONOPS
Regulatory expectation
Development of an operating philosophy and CONOPS is a fundamental input to design decisions and necessary to meet regulatory expectations of EHF.1 ‘Integration within design, assessment and management’. Similar expectations are established in IAEA requirements, e.g. SSR 2/2 Requirement 4: Staffing of the operating organization (ref. [61]).
NS-TAST-GD-063 (ref. [56]) expects a “basic” CONOPS should be developed at the beginning of the project and refined as further detail is available”. It should include:
· A statement of the operational purpose of the system, and the operational requirements under all conditions.
· A consideration of the command-and-control philosophy.
· An outline staffing concept and the role of the operator. 
ONR SAP EHF.11 ‘Staffing levels’ expects justification of proposed staffing concepts for different operating conditions, supported by task analysis.
Evidence submitted
PSR Chapter B17 (ref. [19]) explains how:
· The ‘HFE PMP’ (ref. [67]) sets out the “content and structure for performing the Staffing and Qualification analysis”, CONOPS development is the first step.
· The ‘Operating Philosophy Review’ (ref. [69]) outlines “the fundamental approach to plant operation, staffing, and human-system interaction in support of GDA”. 
Areas sampled
For the purposes of my assessment, I have sampled the following:
· concept of operations (CONOPS)
· alignment with the evolving design
· operator contribution to defence in depth
Concept of operations
The RP did not submit a CONOPs for GDA. ‘PSR Chapter B9’ (ref. [11]) reports the CONOPS, supporting the ‘Staffing and Qualification’ technical element of the ‘HFE PMP’ (ref.No source specified. [67]), will not be available before late 2025 (timescales supporting NRC Construction Permit Application). I have therefore based my judgement on whether the RP could deliver a “basic” CONOPs from information provided across the suite of GDA submissions.
My assessment found the RP has submitted information, which partially meets the regulatory expectations, for a “basic” CONOPS suitable to inform a project at GDA Step 2. In summary:
· SDDs set out operational purpose and associated requirements.
· The ‘SMR-300 Plant Level Function Identification and Decomposition Report’ (ref. [97]), an output of the ‘HFE PMP’ (ref. [67]), describes the ‘high level functions’ of the SMR-300 design.
· A summary of the proposed normal operations and “key operator roles” is presented in ‘PSR Chapter B9’ (ref. [11]). These are standard roles as defined by NRC. The ‘Operating Philosophy Review’ (ref. [69]) provides some additional details, summarising the operator role as an “intelligent overseer” due to the high levels of automation and passive engineered safety systems.
The key information shortfall I identified related to the characterisation of the operator’s role across different operational states, beyond general claims that “no formal credit taken for operator intervention within the first 72 hours for design basis faults”. RQ-01796 sought further information on the operator’s role during normal and fault operations (both credited/uncredited beneficial actions). The response did not provide supplementary information on normal operations but did confirm that detrimental operator interventions are “superseded by priority, permissive and protection demands” and that engineered safety functions could only be reset under specific conditions. 
[bookmark: _Int_DONuJW9A]I was unable to identify specifications for local work environments. As these are unlikely to differ significantly from extant PWRs, and the topic is covered by both NUREG 0700 (ref. [76]) and 0711 (ref. [72]), which the RP commits to follow, this is not a significant shortfall at Step 2. Optimised work environments will need to be demonstrated in future submissions.
To conclude, I am satisfied that the RP has provided sufficient information, across the submission, to meet the intent of a “basic” CONOPs, noting the design maturity and associated lack of detail regarding the operator’s role across operational states. I’m confident the ongoing HFE programme, together with the GDA commitments and ROs referenced in my assessment, will ensure CONOPs development to inform the design in-line with regulatory expectations. Future submissions will need to confirm this. 
[bookmark: _Ref210640310]Alignment with the evolving design
This section examines how the evolving concept design supports the “basic” CONOPs ensuring options for ALARP solutions are not foreclosed.
The RP proposes a novel control room staffing concept for SMR-300, where a single operator is expected to control and monitor both reactors. The RP argues this is appropriate given high degrees of automation and passive safety systems. The RP claims that these features make it unnecessary to credit post fault operator actions for design basis faults to meet established tolerability of risk criteria. The RP does not claim to substantiate the CONOPs at Step 2 and acknowledges a future submission will need to demonstrate single operator-dual unit control credibility. 
‘PSR Chapter B9’ (ref. [11]), explains how each reactor has its own suite of HSIs. This offers greater flexibility than a single integrated solution. It minimises “right action wrong unit” human errors and allows a second operator to be easily accommodated if deemed necessary. Screen-based HSIs provides later-programme design flexibility, helping to ensure options to achieve ALARP solutions are not foreclosed early in the design lifecycle.
I explored the potential for design foreclosure around the primary and secondary control locations via RQ-01794, as an MCR/RSF designed for single operator may confine future options if additional staff cannot be accommodated. EN-ISO 11064-3 (ref. [98]) provides guidance on this topic, recommending a “heuristic value for planning floor-space allocation” of 9 – 15m2 per work position [usable not gross area]). The proposed MCR footprint aligns with this guidance and should provide adequate free space to accommodate different staffing concepts. The RSF footprint is much smaller, with a proposed footprint below the “heuristic value” recommended in EN-ISO 11064-3. The RP confirmed, responding to RQ-01794, that space allocations are not fixed and could be expanded if required. 
I am content that the design concept for the MCR and RSF, and associated HSIs, is not foreclosed to the extent that it cannot accommodate alternative CONOPs, should that be required. A future safety case would need to demonstrate that the MCR and RSF locations support the safe operation of the design with any future selected staffing model. 
Additionally, I sought to understand how non-staffing requirements were being integrated into MCR and RSF designs. My sampling of ‘PSR Chapter B9’ (ref. [11]) and other PSR chapters referenced within it – external hazards (ref. [16]), DBA (ref. [17]), Beyond Design Basis Accident (BDBA) and SAA (ref. [23]) and internal hazards (ref. [24]) – found no specific requirements.
I sampled the Main Control Room Habitability System (MCRHS), due to its safety significance and the potential to impact space/layout. The ‘SSD for MCRHS’ (ref. [99]) included the requirement for a “vestibule provided with two sets of doors to reduce the amount of in-leakage”. The ‘RAB general arrangement drawing’ (ref. [100]) showed two single doors and no vestibule. RQ-01794 sought to understand this delta. Responding, the RP stated the vestibule was not “a fundamental design requirement at the current stage” and that it would be integrated during detailed design. Noting the RP’s response to RQ-01794, stating “the footprint of the MCR and RSF could be expanded if necessary”, I do not consider this omission a significant shortfall. 
I note there is not a RSF ‘habitability system’ in the current design. This may represent a shortfall against Requirement 66 of IAEA Safety Standard SSR 2/1 (ref. [60]) which states “… the protection of occupants against hazards also apply for the supplementary control room …”. After discussion with the ONR Mechanical Engineering Inspector, it was agreed that a shortfall cannot be confirmed due to the immaturity of RSF safety requirements. Addition of this system would likely significantly impact RSF design, however the response to RQ-01794 confirms expansion of the RSF is not foreclosed. Future submissions will need to address this.
Finally I note ‘PSR Chapter A2’ (ref. [2]) confirms the RAB, the building which accommodates both the MCR and RSF is a seismic Category 1 structure so therefore both the MCR and RSF, and the functions contained within them, should be available after a seismic event.
I conclude that whilst my assessment has not identified significant shortfalls associated with the evolving MCR design concept, there are concerns regarding the RSF proposals which question its future viability. Noting the RP’s statement that both rooms can be expanded, this is not a fundamental shortfall currently but will need to be addressed during detailed design. 
Operator contribution to defence in depth
In this sub-section I consider human factors aspects of the RP’s proposals for defence in depth. Defence in depth is also covered in other ONR assessments which has resulting in the raising of ROs:
· Fault Studies assessment (ref. [85]No source specified.): RO-HOLTECSMR300-011 Fault Analysis Maturity (ref. [88]).
· C&I assessment (ref. [96]No source specified.): RO-HOLTECSMR300-001 - Diverse Actuation System Design (ref. [101]) and RO-HOLTECSMR300-013 - C&I Architecture (ref. [102]).
A stated goal of the SMR-300 design is to not need to credit operator interventions in response to design basis faults. This aligns with ONR SAP EHF.2, which expects dependence on human action to be minimised and the need to substantiate manual safety actions, including those required following automation failure.
The SMR-300 concept design offers very limited opportunity for human intervention independent of the plant’s control systems. For example, there are only small numbers of valves associated with engineered safety systems, most located within the Containment Structure (CS) so (likely) inaccessible when at power. These features constrain the ability of the operator to respond to DBA faults. This is a strength – fewer, simpler SSCs – but is not without potential detriment. Designing out the potential for operator intervention removes the human from the defence in depth hierarchy and thus removes opportunities to credit the flexibility of responses humans could offer. 
This is an innovative NPP design, with the potential benefits of reducing human error risks and minimising staffing numbers. It will require robust substantiation as the design progresses to ensure a suitable balance between DBA risk reduction benefits and options to manage/mitigate BDBA and SAA risk. The RP is yet to demonstrate the reliability of these engineered safety systems, or that an appropriate level of operator involvement has been achieved. I am content with this position given the design maturity does not enable such a demonstration at this stage. 
Evidence of HFI within the evolving concept design
Regulatory expectation
This section sought evidence of the effectiveness of the RP’s HFE programme. I focus on spatial accommodation of humans within the design.
NS-TAST-GD-058 ‘Human Factors Integration’ (ref. [53]) expects human factors considerations to be appropriately integrated within optioneering processes and for this to commence during concept design. Similar expectations are established in IAEA requirements, e.g. SSR 2/1 Requirement 32: design for optimal operator performance (ref. [60]).
Given the design maturity, it is important sufficient physical space is being reserved for people, plant, and processes. While there are benefits in minimising the building size, regulatory experience shows inadequate space allocation can present operational and safety challenges throughout a facility’s life. I therefore sought evidence that the RP understands human factors-related space requirements and has systems in place to ensure sufficient space is allocated to support reliable human performance.
Evidence submitted
The RP did not provide a dedicated submission substantiating how it is managing internal volumes and space allocation. ‘HF Design Basis Review’ (ref. [71]) compares the spatial guidance used to inform the SMR-300 design process with equivalent UK guidance but does not consider whether this guidance is being used appropriately.
Areas sampled
For the purposes of my assessment, I sampled the following:
derivation of workspace-related requirements
Annular Reservoir (AR)
Containment Structure (CS) and Reactor Access Building (RAB)
Derivation of workspace related requirements
My assessment of the RP’s submissions found that human factors related workspace requirements are identified, in line with ONR SAP EHF.6 expectations. Due to the design maturity, it has not been possible to confirm these requirements are being used to inform the evolving design.
The ‘Top Level Plant Design Requirements’ (ref. [74]) communicate goals associated with this topic; specifically the need to accommodate:
… space for installation, construction fit up, and commissioning of plant SSCs.
… space for maintenance, testing, operation, and component removal or replacement necessary to achieve plant design life.
… satisfactory working conditions, including temperature, dose, ventilation, and illumination.
Access …shall consider human factors and operational experience.
‘Design Standards’ have been developed by the RP to embed RGP. 
The ‘Design Standard for HF: MIT’ (ref. [77]) includes:
“Work Clearances Around Equipment” provides limited guidance. Two “nominal” maintenance clearances are specified. 
“Access Aids, Platforms and Passage Ways” provides guidance (minimum dimensions) for different types of human access.
The ‘Design Standard for Radiation Protection’ (ref. [103]) also provides useful guidance on task design and layout but no specific dimensions. 
I consider the design standards communicate clear spatial and environmental human factors-related expectations but note, because they repeat reference text, rather than project specific interpreted guidance, would require human factors specialists to implement them effectively.
The ‘HFE PMP’ (ref. [67]) sets out how task specific human factors requirements are to be derived via OERs, FRA, task analysis and HRA activities in addition to RGP. I expect workspace requirements to be included in these considerations. ‘Task Description Form’ (Table C-3), which includes a “Workplaces” field, and ‘Task Requirements Form’ (Table C-5) are provided to capture this information. The ‘Task Requirements Form’ could form an input into future HFE V&V. To date, the RP has not submitted evidence that ‘Task Requirements Forms’ are being populated, a potential non-compliance against the ‘HFE PMP’ process. This raises concerns regarding the RP’s oversight of the implementation of the ‘HFE PMP’ process (I discuss this further at the end of this section, see paragraph ‎197).
Annular Reservoir (AR)
The AR forms an annulus of water[footnoteRef:7] that surrounds / covers the Containment Structure (CS) and acts as the ultimate heat sink for SMR-300. It is normally filled to a level of 35 metres. A circular access platform is provided above the water’s surface. [7:  	The AR is located in the void between the (external) structure of CS and the (internal) structure of the CES.] 

Should work need to be completed within the AR, the provision of safe access may be difficult. Working within such a deep and narrow space would also likely be challenging for humans, raising potential (nuclear) safety concerns in terms of human error potential.
RQ-01674 sought to understand any human actions required to be completed within the AR and associated access proposals. The RP response acknowledged that some items within the AR will likely require EIMT/replacement during the anticipated plant life but stated that “developed plans” for doing these tasks are not available currently. It referenced the ‘Top Level Plant Design Requirements’ (ref. [74]) “requirement” for sufficient access and highlighting the inclusion of permanent floodlighting to support this. The RP stated how the design of the Secondary Decay Heat Removal System (SDH) heat exchangers, located in the AR, facilitated EIMT (e.g. mounted vertically with bolted flange ends/blind flanges to facilitate easier access to internals and for inspection) and that the design did not foreclose replacement, even though this was not anticipated to be required. Finally, the RP confirmed that whilst they are assuming the AR can be “drained down” to facilitate EIMT, the precise (nuclear safety) limits and conditions for doing this are yet to be defined.
Whilst welcoming the response to RQ-01674, it provided insufficient information regarding EIMT activities to enable regulatory judgements of adequacy to be made. I have not identified any fundamental shortfalls or where options to reduce risks ALARP are foreclosed. I am satisfied the AR’s width (~2.4 metres) should be sufficient to accommodate personnel wearing significant protective equipment, remotely operated vehicles or other equipment enabling remote EIMT. The absence of obstructions, other than the SDH exchanger and associated pipework, should also facilitate access, if it is required. 
Containment Structure (CS) and Reactor Auxiliary Building (RAB)
The SMR-300 design incorporates the SFP within the CS. This configuration introduces potential workspace challenges since increased local to plant activities could be required during refuelling outages[footnoteRef:8]. There is potential for the CS design to constrain the physical space available within it and this could increase human error potential/risk. It is important the RP has sufficient understanding of the tasks to be performed in this area, or is employing appropriate planning assumptions, to inform its decisions regarding the size of the CS and space allocation/layout within it. [8:  	In designs where the SFP is separate, a significant number of preparatory and post-outage activities (e.g. fuel inspection) can be completed outside the period containment is open.] 

The ‘Operating Philosophy Review’ (ref. [69]) provides very high-level descriptions of proposed activities but does not discuss personnel numbers, their location, or equipment to be accommodated. I do not consider this detail sufficient to inform the design concept of the area/associated SSCs.
During a Step 2 intervention (ref. [104]) the RP demonstrated its 3D model used to support physical facility design. Whilst some spaces had been reserved for access and workstations, it was unclear if this was complete or which aspects of ‘Design Standard for HF: MIT’ (ref. [77]) had been applied.
RQ-01793 sought further information, specifically the spatial planning assumptions used to inform the physical design of work areas. The response referenced ‘Outage Strategy for SMR-300’ (ref. [105]), which presented a high-level “baseline outage timeline” consisting of 29 activities, proposals for “maintenance periodicity” for key SSCs and outline methods for “critical lifts”. It did not include assumptions regarding personnel numbers or their locations. A similar description is found in PSR ‘Chapter B24’ (ref. [26]). Whilst useful, further task decomposition and analysis is required to identify space planning and layout requirements that can be used to inform design.
Judgements regarding human factors adequacy of the layout cannot be made given the current design maturity. Whilst the absence of specific information/planning assumptions is a shortfall against expectations, is not “fundamental” at this stage. The CS design and layout is still being developed, as illustrated by design changes out with the GDA DRP (ref. [37]). The area of the RAB outside the CS (0m level on ref. [100]) is a large open atrium. I have confidence that options to achieve ALARP solutions are not currently foreclosed. Future submissions will be expected to confirm this. 
[bookmark: _Ref211788927][bookmark: _Ref209594939]Adequacy of HFI within the concept design
[bookmark: _Hlk209474996]I have confidence from my interactions with the RP that human factors considerations are being taken into account within the development of the SMR-300 design. However, the RP has not submitted documented evidence to support this. Whilst I consider this acceptable currently, given the status of the design, improvements are required, to ensure that a body of suitably robust evidence is collated as design development progresses. Assessment of requirements identification and management is also considered as part of the MSQA assessment, with RO-12 being raised on the topic.
[bookmark: _Ref211418545]More generally, any future regulatory assessment would need to confirm the RP’s oversight of the implementation of the ‘HFE PMP’ (ref. [67]), specifically:
The processes are applied appropriately and proportionately. 
Deviations from the process are identified, assessed and agreed.
Activities are aligned with project design and assessment programmes ensuring timely input/options are not foreclosed.
The process is reviewed and improved, noting this is the RP’s first implementation of this process.
Other topics of human factors interest 
This section considers the remain areas of human factors intertest, identified in my assessment plan (ref. [44]) specifically:
consideration of human factors beyond nuclear safety
metrication
human factors consideration for decommissioning
Consideration of human factors beyond nuclear safety
This section sought to confirm that there is, appropriate to design maturity, evidence of human factors being considered across the SSEC. 
The PSR Chapter B17’ (ref. [19]) declares the intent to integrate human factors across the SSEC. The ‘Step 2 HFIP’ (ref. [68]), re-iterates this intent, and proposes tools to implement this programme, such as an integrated Operational Task Schedule. Whilst noting the ‘HFE PMP’ (ref. [67]) shows limited explicit consideration of non-nuclear safety topics, I am satisfied the principles and processes outlined for nuclear safety could be adapted to support integration across the wider SSEC.
I have not identified significant shortfalls in the RP’s consideration of human factors across the SSEC, commensurate to expectations for the current design maturity. This is further discussed below.
Nuclear security
My consideration at Step 2 was limited to SyDP3.1 ‘Identification and analysis of security tasks and roles’, which expects a systematic approach to the identification and analysis of Tasks Important to Nuclear Security (TINS).
The RP did not submit a method for TINS identification and analysis. The ‘Generic Security Report’ (ref. [29]) makes no reference to human factors, stating that human performance aspects of the SyAPs would be addressed by a future licensee. As options to deliver TINS could be foreclosed by the SMR-300 design, some consideration is expected at concept design. 
This shortfall was explored via RQ-01798. The RP reiterated that the future licensee would develop site-specific security plans but also highlighted human factors specialist involvement in Vital Area Identification Categorisation workshops. I note this as a positive inclusion.
I do not consider the absence of documented human factors proposals for TINS identification/analysis as a significant shortfall, given the current design maturity. SMR-300 security requirements are unlikely to differ significantly from those on other NPPs, a position the Sabotage, Target Analysis and Review and Physical Security Inspectors concur with. Future submissions will need to demonstrate alignment with human factors aspects of the SyAPs.
Nuclear safeguards
Although safeguards was identified in my assessment plan (ref. [44]) I have since determined it does not warrant assessment at this stage. The current design does not present safeguards challenges beyond those typical of other NPPs, a view supported by the ONR Safeguards Inspector. I do not currently foresee fundamental human factors issues arising from this topic. This will be confirmed in future assessments.
Metrication
ONR-GDA-GD-006 (ref. [42]) states “ONR requires that the generic safety and security cases are presented in, and the NPP will be built and operated using SI (International System) Units”. The RP acknowledges, in PSR Chapter A2 (ref. [2]), the SMR-300 design is in imperial units but notes that previous GDAs have justified a “quasi-metric” approach. 
The RP summarises the work it has undertaken during Step 2 to understand these risks in in PSR Chapter A2 (ref. [2]). This includes the development and piloting of a ‘Metrification Hazard Analysis Technique’. The RP acknowledges, in PSR Chapter B17 (ref. [19]), the significance of human factors risks in this process and raises GDA commitment C_Metr_113 to use this process technique to ensure risks are reduced to ALARP post GDA.
It is positive the RP recognises this risk, but I am not sufficiently assured that the proposed metrication hazard assessment process suitably manages the risks around this topic; this is based on the following:
The ‘HF TAD’ (ref. [70]) does not recognise the UK user population expects SI units (for most measurements) and UK English to be used.
The RP has not demonstrated that it is identifying all reasonably practicable improvements, making it difficult to claim risk is reduced ALARP (e.g. consideration provision of region specific HSIs or settings, within computerised HSIs that allow toggling of measurement units).
Through-life impacts of non-SI unit design, specifically ability to obtain compatible spares/consumables, and associated human error risk.
I conclude the RP’s proposals on this topic are appropriate for Step 2 and could demonstrate risk reduction so far as is reasonably practicable (SFAIRP), if implemented appropriately. Additional testing and validation, as proposed in GDA commitment C_Metr_113, is required to confirm this opinion. The concerns raised here, do not represent fundamental shortfalls, given the current design maturity, meaning potential options for further risk reduction (e.g. regionalised HSIs) remain open. This topic will be revisited in future regulatory assessments.
[bookmark: _Ref209508103]Human factors consideration for decommissioning
ONR SAP DC.1 expects facilities to be designed to facilitate safe decommissioning. To ensure ALARP solutions are not foreclosed, consideration of decommissioning should be integrated into concept design.
The relevant section of the PSR Chapter B26 (ref. [28]), acknowledges the need to consider human factors in the development of site-specific decommissioning plans but no details are given. I welcome this commitment.
The RP makes general claims that if the layout is designed to facilitate EIMT, decommissioning will also be supported (e.g. access provided for steam generator replacement will facilitate decommissioning). Such claims have not, to date, been scrutinised by the RP’s HFE Team, and no examples of how human factors considerations are integrated into decommissioning plans have been submitted. I acknowledge that designing for EIMT will likely benefit decommissioning, but this assumption will require future validation.
Plans for the decommissioning of SMR-300 are not sufficiently mature to enable detailed regulatory assessment. GDA commitment C_DECO_079, to identify the SSCs supporting decommissioning, has been raised which should support strategy development and ALARP demonstration. The ONR Nuclear Liabilities Inspector raises no objection to this approach (ref. [106]).
Demonstrating risks can be reduced ALARP
A nuclear licensee or dutyholder in Great Britain has a legal requirement to reduce risks SFAIRP. The ONR SAPs and NS-TAST-GD-005 (ref. [107]) provides guidance on this topic. ONR SAPs states the “starting point for demonstrating that risks are ALARP and safety is adequate is that the normal requirements of good practice in engineering, operation and safety management are met.”
I am content that the RP has proposed HFE processes, methods and guidance that align with RGP, or where it has identified shortfalls (the RP uses the term “considerations”), has provided commitments for resolution. The design is not, however, sufficiently mature to enable a categorical judgement that the design concept aligns with RGP. 
Further, I note that the design includes features which are specifically designed to reduce the risk in comparison to other NPPs, such as passive engineered safety systems that should, if appropriately designed and implemented, minimise dependence on human actions to maintain safety. Such claims will need to be fully validated as the design and safety case matures.
I am content that resolution of the ROs raised by ONR, together with the enhancements captured in the RP’s GDA commitments should provide sufficient evidence in the future submissions to demonstrate risks arising from human error are reduced ALARP.


[bookmark: _Toc213415205]Conclusions
Conclusions
24. This report presents the Step 2 human factors 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. [44]), 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 final GDA Step 2 human factors submissions are of sufficient quality considering the maturity of the design concept and safety case. This has enabled the completion of a meaningful assessment of proposed HFE methods against ONR’s human factors SAPs. Whilst my assessment focuses on nuclear safety, I note the RP’s intent to integrate human factors considerations across the full SSEC. 
The SMR-300 design concept which does not require operator actions for at least 72 hours following the initiation of a design basis faults aligns with ONR SAP EHF.2. However, the design and safety assessment are not sufficiently mature to substantiate the RP’s claims.
The high automated, low staffing concept is novel, with limited human intervention independent of the main control system. The safety case and defence in depth discussions accurately reflect this, with no post fault human actions currently claimed. Further design and assessment is required to substantiate this operating model. Options to accommodate increased numbers of staff remain open, if needed.
The RP is yet to demonstrate implementation of the full range of its HFE processes, methods, and guidance. However, I have gained confidence that these proposals provide a sound basis for continued HFI in-line with good practice. The HFE process is based on NUREG-0711 which I consider a source of RGP whilst noting a risk that it is biased towards control room activities. ONR expects human factors to be considered on a risk-informed, facility wide basis. The RP’s self assessment confirms this bias, with enhancements to the HFE process captured as GDA commitment C_Huma_003. I consider this appropriate given the current maturity of the project.
I have identified shortfalls, against ONR SAP EHF.3, regarding the approach to the systematic identification of human actions impacting safety. Similar concerns around systematic identification and analysis of faults are noted in PSA and Fault Studies topics. The RP acknowledges these concerns, proposing resolution via GDA commitments C_Faul_103 and C_Huma_003.
The RP’s qualitative and quantitative HRA methods are based on established good practice. Sampling initial application, I have identified concerns regarding substantiation evidence and optimistic error probabilities (ONR SAPs EHF.5 and 10). The RP’s self assessment finds similar concerns, with enhancement of the HRA process captured via GDA commitment C_Huma_003.
To ensure effective integration of human factors considerations, the RP’s HFE processes must be implemented in a timely and consistent manner, as an integral part of its design and assurance activities. Evidence of this has not been submitted by the RP and, a small number of potential deviations from the defined processes have been identified. Similar concerns associated with design control have been noted in the MSQA topic.
As summarised above, I have identified potential shortfalls related to the identification of human actions impacting safety, HRA and the identification and management of human factors-related requirements. I am content that these shortfalls are appropriately captured by GDA commitments and the following ROs raised in PSA, Fault Studies and MSQA topic areas:
RO-HOLTECSMR300-010 PSA Methodologies (ref. [87])
RO-HOLTECSMR300-011 Fault Analysis Maturity (ref. [88])
RO-HOLTECSMR300-012 Adequacy of Requirements Management Arrangements (ref. [79])
I have identified several other gaps to RGP; however, I do not consider them fundamental due to the current level of design and safety assessment maturity. The RP is aware of these gaps, and I have obtained confidence that they will be considered and addressed in their fulfilment of GDA commitments. I have also gained confidence that options to reduce risks ALARP are not foreclosed at this stage of the design.
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. 
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	SAP reference
	SAP title

	MS.2
	Capable organisation

	EKP.5
	Safety measures

	ECS.2
	Safety classification of structures, systems and components

	EHF.1
	Integration within design, assessment and management

	EHF.2
	Allocation of safety actions

	EHF.3
	Identification of actions impacting safety

	EHF.5
	Task analysis

	EHF.6
	Workspace design

	EHF.10
	Human reliability

	EHF.11
	Staffing levels

	FA.9
	Further use of DBA

	FA.14
	Use of PSA

	DC.1
	Design and operation



	SyAP reference
	SyAP title

	SyDP3.1
	Identification and analysis of security tasks and roles
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