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[bookmark: _Toc216707606][bookmark: _Toc109727646]Executive summary
This report presents the outcomes of my radiological protection 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:
The radiological protection aspects of the safety case, focussing at this stage on the adequacy of the claims and arguments. 
Whether the SMR-300 conceptual design is capable of enabling a future licensee to deliver compliance with the Ionising Radiations Regulations 2017 (IRR17).
The Requesting Party’s (RP) approach to ensuring exposures to workers and direct radiation doses to any persons off the site are as low as reasonably practicable (ALARP) under normal operating conditions.
Demonstration that normal operation radiological source terms are well characterised and that radioactivity within the design is capable of being reduced to ALARP.
The RP’s approach to implement an optimised shielding design.
The RP’s approach to protect against unplanned out of core criticality. 
Based upon my assessment, I have concluded the following:
The RP’s safety case has appropriately covered the aspects of relevance to radiological protection. I have identified some aspects where the SSEC does not fully align with RGP, TAG-051. I assessed the significance of these shortfalls and judged that these aspects did not undermine the RP’s key radiological protection claims. I expect future safety cases to provide the necessary evidence to underpin the claims and arguments made in the SSEC.
[bookmark: _Hlk210814844]The RP has assessed the SMR-160 Design Standard for Radiation Protection, which has been used in the design of the SMR-300, against UK standards and expectations. The RP has identified what it believes to be shortfalls against IRR17. In my assessment, I concluded that due to the maturity of the design, the shortfalls identified by the RP represent risks of non-compliance rather than shortfalls against regulatory standards. The RP produced a new SMR-300 Radiation Protection Design Standard. I sampled this document and found that the high level design principles are aligned with the relevant provisions of the IRR17 and the associated Approved Code of Practice. Although further evidence is required to demonstrate compliance with the relevant legal requirements, I have not identified any fundamental shortfalls in the RP’s approach to restrict exposures or the SMR-300 DRP 1.1 that would prevent future compliance with IRR17.
The SMR-300 Radiation Protection Design Standard defines dose targets for workers, groups of workers and for any person off the proposed generic site. I found that these dose targets are below the pertinent ONR SAPs Targets 1, 2 and 3 basic safety levels, which for Targets 1 and 3 are also legal limits (as stipulated within IRR17), and in most cases aligned with the relevant basic safety objectives. 
In the absence of detailed information on key design parameters, I judge that the RP’s approach to restrict exposures, along with its analysis of operating experience from Pressurised Water Reactors, provides confidence that the SMR-300 design can be below ONR’s SAP Target 1 and 2 basic safety levels. I also judge that the RP has provided sufficient safety analysis to demonstrate that dose to a representative person for a coastal site is below ONR’s SAP Target 3 basic safety level. 
The RP has demonstrated that for a lakeside site, which is defined in the Generic Site Envelope, the dose to a representative person is above ONR’s SAP Target 3 basic safety level. During GDA, the RP recognised that this was an unacceptable level of dose and therefore did not present any further analysis for this specific site. I judge that this appropriately resolves the risk of non-compliance against IRR17. Analysis by the RP indicates that discharges into larger lake systems could meet regulatory requirements. I would expect future safety cases to demonstrate that dose emanating from the SMR-300 is below ONR’s SAP Target 3 basic safety level. 
The RP has outlined an appropriate strategy for reducing the significant radionuclides that contribute to normal operations dose. I expect future safety cases to demonstrate that the risks associated with the normal operation radiological source terms have been reduced to ALARP. 
The RP has developed suitable approaches and processes to demonstrate that radiological risks for the SMR-300 can be reduced to ALARP. Where the SMR-300 design does not meet RGP (for example IAEA SSG-90) or UK regulatory requirements, the RP has developed a suitable mechanism to challenge or justify these differences.
The RP’s approach to shielding analysis is sufficiently aligned with IAEA SSG-90, TAG-002 and the relevant ONR SAPs for the purposes of a Step 2 assessment. I expect future safety cases to demonstrate that the shielding design for the SMR-300 is optimised and sufficiently substantiated to underpin the relevant safety claims.
The RP’s approach to control and reduce criticality risks in the spent fuel pool is sufficiently aligned with RGP, ONR SAPs ECR.1 and ECR.2. I expect future iterations of the design and safety case to provide the necessary substantiation to demonstrate that all out of core criticality risks have been reduced to ALARP.
[bookmark: _Hlk168596328]Overall, based on my Step 2 assessment, I have not identified any fundamental safety shortfalls from a radiological protection 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: _Toc216707608]Introduction
This report presents the outcomes of my radiological protection assessment of the Holtec SMR-300 as part of Step 2 of the Office for Nuclear Regulation (ONR) Generic Design Assessment (GDA). This assessment is based upon the information presented in revision 1 of the Holtec SMR-300 Safety, Security, Safeguard, and Environment Case (SSEC) (refs. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [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]).
Assessment was undertaken in accordance with the requirements of ONR’s management system. ONR’s Risk Informed and Targeted Engagements policy (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
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.
In October 2023 ONR, together with the Environment Agency and Natural Resources Wales, 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]).
Holtec International confirmed that it only intends to complete GDA up to the end of Step 2. The output of Step 2 GDA is a GDA Statement.
Step 2 commenced in August 2024. The focus of ONR’s assessments in this step is towards the fundamental adequacy of the design and SSEC, and the suitability of the methodologies, approaches, codes, standards and philosophies which form the building blocks for the design and generic SSEC. The objective is to undertake an assessment of the design against regulatory expectations to identify any fundamental safety, security, or safeguards shortfalls that could prevent ONR granting permission for construction of a power station based on the design (ref. [42]).
Prior to the start of Step 2 I prepared a detailed assessment plan for radiological protection (ref. [44]). This has formed the basis of this assessment and was also shared with the RP to maximise openness and transparency.  
This report describes one of a series of assessments which support ONR’s overall judgements at the end of Step 2 which are recorded in the Step 2 Summary Report (ref. [45]).
Scope
The assessment documented in this report is based upon the DRP and SSEC for the Holtec SMR-300 as summarised in the SSEC chapters and supporting documentation. 
The overall scope of the Holtec SMR-300 GDA is described in the 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 radiological protection assessment scope is defined in my assessment plan (ref. [44]) which is discussed in detail in section 4.1 and includes the following topics:
· The radiological protection aspects of the safety case, focussing at this stage on the adequacy of the claims and arguments. 
· Demonstration, in principle, that the design is capable of enabling a future licensee to deliver compliance with the Ionising Radiations Regulations 2017 (IRR17) (ref. [48]).
· The RP’s approach to ensuring exposures to workers and direct radiation doses to any persons off the site are as low as reasonably practicable (ALARP) under normal operating conditions[footnoteRef:2]. [2:  	As defined in the SAPs, normal operating conditions include all the operating modes permitted at the facility, such as start-up and shutdown states and temporary situations arising due to maintenance and testing. They also include minor deviations from desired operating conditions provided these are appropriately justified in the safety case (they include what the IAEA terms Anticipated Operational Occurrences).] 

· Demonstration that normal operation radiological source terms are well characterised and that radioactivity within the design is capable of being reduced to ALARP.
· The RP’s approach to implement an optimised shielding design.
· The RP’s approach to protect against unplanned out of core criticality. 
Some topics/Structure, System and Components (SSCs) originally included in my assessment plan are out of the scope due to the maturity of the design. I cover those in detail in section 4.1. 
However, given that this is a fundamental assessment and the design of the Holtec SMR-300 is still developing, not all aspects of the facility design are within the GDA scope. The following aspects are therefore out of scope for this assessment:
· Operating procedures, instruction, practices, and activities that are under the ownership of the future dutyholder (licensee). 
· Site specific accident and exposure management under the Radiation (Emergency Preparedness and Public Information) Regulations 2019 (ref. [49]). 
· Doses due to fault sequences, except for criticality associated with new fuel and spent fuel outside of the reactor, and worker exposures in post-accident accessibility scenarios.
· Exposures associated with post-accident accessibility and unintended criticality associated with new fuel and spent fuel outside of the reactor. This was originally included as part of my radiological protection assessment scope. However, due to the maturity of the fuel route and the fault schedule, the RP determined that it was not feasible to undertake this analysis. I agreed for this aspect to be removed from the scope of my assessment.

[bookmark: _Toc216707609]Assessment standards and interfaces
For ONR, the primary goal of the GDA Step 2 assessment is to reach an independent and informed judgment on the adequacy of the design as detailed in the DRP, and the safety, security and safeguards case for the reactor technology being assessed.
ONR has a range of internal guidance to enable inspectors to undertake a proportionate and consistent assessment of such cases. This section identifies the standards which have been considered in this assessment.
This section also identifies the key interfaces with other technical topic areas.
Standards 
1. 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.
The International Atomic Energy Agency (IAEA) safety standards (ref. [50]) and nuclear security series (ref. [51])  are a cornerstone of the global nuclear safety and security regime. They provide a framework of fundamental principles, requirements and guidance. They are applicable, as relevant, throughout the entire lifetime of facilities and activities.
Furthermore, ONR is a member of the Western European Nuclear Regulators Association (WENRA). WENRA has developed reference levels (ref. [52]), which represent good practices for existing Nuclear Power Plants (NPP), and Safety Objectives for new reactors (ref. [53]).
2. The relevant SAPs, IAEA standards and WENRA reference levels are embodied and expanded on in the TAGs (ref. [54]). 
1.1.1. Safety Assessment Principles (SAPs) 
The following Radiation Protection principles were key to my assessment:
· RP.3, which specifies that where appropriate, designated areas (as outlined in IRR17) should be further divided, with associated controls, to restrict exposure and prevent the spread of radioactive material.
· RP.4, which specifies that effective means for protecting persons entering and working in contaminated areas should be provided.
· RP.6, which specifies that where shielding has been identified as a means of restricting dose, it should be effective under all normal operation and fault conditions where it provides this safety function.
· RP.7, which specifies that dutyholders should establish a hierarchy of control measures to optimise protection in accordance with IRR17.  
Numerical targets and legal limits: 
· NT.1, which specifies that safety cases should be assessed against the SAPs numerical targets for normal operations, design basis fault and radiological accident risks to people on and off the site. I assessed the safety case against the targets for normal operations; these include:
· Target 1, which details the targets and legal limit for effective dose in a calendar year for any person on the site from sources of ionising radiation.
· Target 2, which details the targets for average effective dose in a calendar year to defined groups of employees working with ionising radiation.
· Target 3, which details the target and legal limit for effective dose in a calendar year for any person off the site from sources of ionising radiation originating on the site.
Engineering Principles: Criticality Safety 
· ECR.1, which specifies that wherever a significant amount of fissile material may be present, there should be safety measures to protect against unplanned criticality.
· ECR.2, which specifies that criticality safety cases should employ the double contingency approach.
A list of the SAPs used in this assessment is recorded in Appendix 1.
Technical Assessment Guides (TAGs)
The following TAGs have been used as part of this assessment:
· TAG-002 Radiation Shielding (ref. [55])
· TAG-005 Regulating duties to reduce risks to ALARP (ref. [56])
· TAG-043 Radiological Analysis - Normal Operation (ref. [57])
· TAG-051 The purpose, scope, and content of safety cases (ref. [58])
· TAG-097 Criticality Safety Assessment of Transport Packages (ref. [59])
National and international standards and guidance
The following international standards and guidance have been used as part of this assessment:
· IRR17 (ref. [48]), which outlines the regulatory requirements for work with ionising radiation. Where relevant, I have used the associated Approved Code of Practice (ACoP) and guidance, which helps employers comply with their duties under the IRR17. 
· IAEA Specific Safety Guide (SSG)-61 (ref. [60]), which provides recommendations on the structure and content of the safety analysis report.
· IAEA SSG-90 (ref. [61]), which provides recommendations for ensuring radiation protection in the design of new NPPs. 
Integration with other assessment topics
I have worked closely with other topics (including the Environment Agency assessors) as part of my radiological protection 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:
· The Chemistry inspector led on the adequacy and justification of the normal operation radiological source terms. I supported this assessment by sampling how the normal operation radiological source terms were derived and used for sheilding design. 
· The Environment Agency assessor considered dose contributions from discharges during normal operations in their assessment. Whilst, I assessed the dose contribution from direct radiation. Both these assessments were used to inform my judgement on whether the SMR-300 design can meet the IRR17 dose limit (ref. [48]) for other persons.
· Together with the Fuel and Core inspector, I supported the Structural Integrity inspector’s assessment of the Reactor Pressure Vessel (RPV) lifetime (influenced by neutron fluence). 
· Other specialist inspectors from Nuclear Liabilities Regulation, Mechanical Engineering and Structural Integrity were also consulted during my assessment.
Use of technical support contractors
During Step 2 I have not engaged technical support contractors to support my radiological protection assessment for the Holtec SMR-300.  

[bookmark: _Toc216707610]Requesting party’s submission
The RP’s principal submissions are a series of drawings and documents that make up the DRP (ref. [37]) 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 radiological protection. It also identifies the supporting documents submitted by the RP which have formed the basis of my radiological protection 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 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, containing a large volume of water, is located between the CS and CES.  The Annular Reservoir 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 with no operator action
· ability to cope with an extended loss of all alternating current 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
SSEC approach and structure
The SSEC for the SMR-300 consists of the PSR, the Preliminary Environment Report (PER), the Generic Security Report and the Preliminary Safeguards Report, along with their supporting documents. The complete set of SSEC documentation submitted for the GDA is captured within the Master Document Submission List (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 (ref. [62]).
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 Claims Arguments Evidence (CAE) concept. SSEC Chapter A3 (ref. [3]) provides a high-level route map which links the claims made throughout the SSEC to the fundamental purpose.
Summary of the requesting party’s case for radiological protection 
The aspects covered by the Holtec SMR-300 safety case for radiological protection can broadly be grouped under four headings which are summarised as follows:
Radiological protection aspects of the safety case
The RP has identified radiological protection as a topic that contributes to both nuclear safety assessment (Claim 2.1) and system design (Claim 2.2).
· Claim 2.1: The nuclear safety assessment identifies plant initiating events and specifies the requirements for safety measures such that safety functions are fulfilled, informs operational and emergency arrangements and demonstrates that risk is tolerable and ALARP.
· Claim 2.2: The design of the systems and associated processes have been developed taking cognisance of relevant good practice and substantiated to achieve their safety and non-safety functional requirements.
Claim 2.1 and Claim 2.2 have been decomposed across multiple topic specific chapters. Chapter B10 (ref. [12]) presents the radiological protection sub-claims related to claims 2.1 and 2.2. 
Compliance with the IRR17 
Three claims cover the RP’s intent to meet the requirements laid out in IRR17:
· Claim 2.1.1.1 states that “the generic Holtec SMR-300 is compliant with relevant Radiological Protection legislative requirements” (ref. [12]).
· Claim 2.1.1.2 states that the “doses associated with the generic SMR-300 are below legal limits and are demonstrated to be ALARP” (ref. [12]).
· Claim 2.1.1.3 states that “the safety hierarchy of controls will be applied to ensure radiological hazards will be reduced to ALARP” (ref. [12]). 
3. The RP states that the SMR-300 is designed to comply with the relevant US NRC requirements through the application of its SMR-160 Radiation Protection Design Standard[footnoteRef:3] (ref. [12]).  [3:  	On September 1 2023, the Holtec International Executive Leadership decided to upgrade the SMR-160 design from approximately 160 MWe to 300 MWe using reactor coolant pumps and external RCS piping. The RP argued that certain design documentation from the SMR-160 are still relevant to the SMR-300. The SMR-160 Design Standard for Radiation Protection (ref. [73]) is one such document.] 

4. The RP undertook a comparison of the regulatory framework for nuclear power in the United States of America (US) with the UK’s radiological protection regulations, the IRR17 (ref. [63]). A number of significant differences were identified between the UK and US regulatory frameworks, and raised as risks in the RP’s risk register. The RP states that these differences are present in the SMR-160 Design Standard for Radiation Protection (ref. [64]).
To resolve these differences the RP produced a new SMR-300 Radiation Protection Design Standard (ref. [65]) and included this within its DRP 1.1. The RP compared its design, which up to DRP 1.1 has been based on the SMR-160 Design Standard for Radiation Protection, and the SMR-300 Radiation Protection Design Standard against UK standards and expectations. The RP argues that this analysis (ref. [64]) and the application of the SMR-300 Radiation Protection Design Standard in future iterations of the design demonstrates that the SMR-300 design is capable of meeting the requirements laid out in the IRR17. 
Demonstration that the design has reduced risks to ALARP
All of the claims made in Chapter B10 are relevant to reducing risks to ALARP. The RP’s overall approach to demonstrate risks have been reduced to ALARP is set out in Part A Chapter 5 (ref. [5]). The RP states the following claims will need to be proven to demonstrate that risks have been reduced to ALARP:
· All legislative/regulatory requirements should be identified and met. The key radiological protection claims associated with this are discussed in Section 3.3.2 of this report. 

· Demonstrate that the design follows Relevant Good Practice (RGP) and that it has been used in the development of the design. The RP aims to demonstrate this claim through the application of its SMR-300 Radiation Protection Design Standard (ref. [65]). 

· Safety analysis will be carried out and compared with the nine numerical Targets in ONR’s SAPs to demonstrate that radiological risks are at least in the tolerable region. For normal operations, this is covered in Claim 2.1.1.2.

· Options will only be disregarded if the sacrifice is considered to be grossly disproportionate to the benefits of risk reduction that would be gained. The RP claims that this is applied through its Design Management Process (ref. [66]). 
Radiological protection and criticality aspects for system design
The RP states that the SSCs, that form the design, are developed to ensure they meet the relevant safety requirements. The following claims cover the key radiological protection and out of core criticality safety requirements:
· Claims related to characterisation and minimisation of normal operation radiological source terms are covered in Claim 2.2.15.1 and Claim 2.2.15.3. 
· Claim related to shielding requirements to minimise exposures is covered in Claim 2.2.15.2.
· Ventilation and containment system requirements to minimise exposures are covered in claim 2.2.15.4. 
· Layout requirements to control access to designated areas and reduce exposures are covered in Claim 2.2.15.5 and Claim 2.2.15.6.
· The RP’s claim to reduce risks of unintended criticality to ALARP is covered in Claim 2.2.15.7.
The RP argues that these safety requirements have been derived using appropriate codes and standards. Stating that the evidence for this has been presented in its SMR-300 Radiation Protection Design Standard (ref. [65]).
Basis of assessment: requesting party’s documentation
The principal documents that have formed the basis of my radiological protection assessment are:
· SMR-300 GDA PSR Part B Chapter 10 Radiological Protection (ref. [12]), which summarises the CAE of relevance to radiological protection and out of core criticality.
· Holtec SMR-300 GDA PER Chapter 3 Radiological Impact Assessment (ref. [33]), which presents the impact of radioactive discharges to the environment and direct radiation emanating from a twin unit generic SMR-300 reactor site, bounded by the Generic Site Envelope. 
· UK-US Radiological Protection Regulatory Framework Comparison (ref. [63]) which presents the RP’s analysis of the UK and US legislative frameworks for radiological protection and highlights differences that need to be considered in the design of the SMR-300.
· SMR-300 Design Standard for Radiation Protection (ref. [65]), which describes the radiological protection philosophy and design requirements needed to protect workers and members of the public against the harmful effects of ionising radiation.
· SMR-160 Design Standard for Radiation Protection (ref. [73]), which represents the design standard used to define previous iterations of the design. Although this document has been superseded by (ref. [65]), I consider this document to be of relevance to my assessment. 
· SMR-300 IRR17 Compliance Matrix (ref. [64]), which provides a comparison of the SMR-300 design against the requirements of IRR17 and highlights areas of non-compliance.
· SMR-300 Dose Management Strategy (ref. [67]), which specifies the methodologies and strategies for how occupational exposures will be managed during the design process. 
· SMR-300 Shielding Basis of Design (ref. [68]), which details the key assumptions and criteria that will be used to carry out shielding calculations. 
· SMR-300 Contained Radiation Sources for Normal Operations (ref. [69]), which provides a description of the main sources of contained radiation.
· Nuclear Island Minimisation Strategy for Activity Generation and Accumulation (ref. [70]), which highlights the strategies used to minimise the elements that can activate and contribute to out of core dose rates.


[bookmark: _Toc216707611]ONR assessment
Assessment strategy
During Step 1 of this GDA, I produced a Step 2 assessment plan for radiological protection (ref. [44]), which reflected the areas I judged to be the most safety significant in the context of the SMR-300 design and the SSEC. 
During my assessment, it became apparent that aspects of my assessment strategy required changes to reflect:
· The maturity of the SMR-300 design, which impacted the safety analysis the RP could undertake within the GDA timescales; and
· The significance of the findings from the RP’s analysis of the UK and US radiological protection regulatory frameworks.
Aspects of my assessment plan were modified to enable me to undertake a meaningful assessment. These changes included:
· Focusing on how the dose analysis will be undertaken.
· Targeting the potential shortfalls against IRR17 and the associated ACoP, identified in (ref. [63]). To accommodate this, I reduced the scope of my assessment against ONR’s SAPs RP.1, RP.2 and RP.5.  
· Reducing the scope of my assessment for maintenance of radiological systems over the 80 year design life of the SMR-300. ONR’s Structural Integrity inspector has raised a Regulatory Observation (RO-HOLTECSMR300-008) (ref. [71]), to capture potential shortfalls against ONR's expectations for ageing and degradation management, specified in SAP EAD.1. I judged that this RO sufficiently covered my interest in this topic area at this stage of assessment. 
These changes were agreed with the RP and resulted in significant changes to the scope of a number of radiological protection submissions. Overall, I judged that these changes would still enable me to undertake a meaningful Step 2 assessment. 
In line with the objectives of a fundamental assessment, I have undertaken a broad review of the claims and supporting arguments related to radiological protection, shielding and out of core criticality. To support this, I have sampled a small and targeted set of the claims or arguments and where applicable, the evidence, for the following areas:
· The RP’s CAE to demonstrate that the design can comply with the IRR17 (ref. [48]). 
· Methodologies and strategies used to reduce radiological risks to ALARP.
· The methodologies used to develop shielding and criticality requirements for the SMR-300 design.
Assessment
Radiological protection and criticality aspects of the SSEC 
I focused my assessment on the overall structure and quality of the RP’s SSEC. 
Chapter B10 (ref. [12]) presents the overarching summary of the design and safety information for the radiological protection and shielding aspects of the SMR-300 design. I assessed the structure and content of the safety case against IAEA SSG-61 (ref. [60]), which I consider represents RGP. I found that the safety documentation: 
· Documents the RP’s radiological protection approaches and philosophies used in the design of the SMR-300. Describes the expected occupational exposures during normal operation modes, and the measures taken to avoid and restrict exposures.
· Describes the radiological protection criteria for NPP workers and for the public, assigned for normal operations and anticipated operational occurrences.
· Identifies and explains any novel features, of relevance to radiological protection, and highlights deviations from regulatory requirements and expectations. 
These aspects are aligned with the guidance provided in IAEA SSG-61 (ref [60]). I am satisfied that the safety case covers the radiological protection aspects I expect to see at the conceptual stage of design
There are several features which are fundamental to a good safety case. TAG-051 (ref. [58]) groups these features into eight overall qualities. I sampled a small set of the radiological protection CAE to form a view on the overall quality of the safety case. I found that the CAE presented in Chapter B10 (ref. [12]) were generally structured logically to present a clear trail from safety claims, through the arguments, to the evidence. However, I also found statements in the SSEC (ref. [12] [64]) which: 
· Are not supported by the current maturity of the SMR-300 design and therefore do not reflect the actual state of the facility.
· Do not present a balanced account of the safety analysis that has been undertaken so far. 
· Are inconsistent between different parts of the case to the extent that arguments are ambiguous.
These aspects are not consistent with the features that make a good safety case, outlined in TAG-051 (ref. [58]). I consider these to be shortfalls against RGP (ref. [58]). I presented these findings to the RP during my engagement in its US office (ref. [72]). The RP acknowledged these findings and noted that these matters were in part due to the maturity of the SMR-300 and its design process. I assessed the significance of these shortfalls and found that these aspects did not undermine the RP’s key radiological protection claims. My reasons for this judgement have been outlined in Section 4.2.2 and Section 4.2.4 of this report. I expect future safety cases to take due cognisance of the qualities that make a good safety case, set out in TAG-051 (ref. [58].
Conclusion
I judge that the RP’s safety case has appropriately covered the aspects of relevance to radiological protection. I have identified some aspects where the SSEC does not fully align with RGP, TAG-051 (ref. [58]). I assessed the significance of these shortfalls and judged that these aspects did not undermine the RP’s key radiological protection claims. The RP has acknowledged these findings. I expect future safety cases to take due cognisance of the qualities that make a good safety case, set out in TAG-051 (ref. [58]), and provide the necessary evidence to underpin the claims and arguments made in the SSEC.
Compliance with the IRR17
The RP states that the SMR-300 is designed in accordance with United States Nuclear Regulatory Commission (NRC) Code of Federal Regulations for nuclear power and associated regulatory guidance. UK and US ionising radiations legislation are based on different International Commission on Radiological Protection (ICRP) recommendations. My assessment explored the impact of these differences on the design of the SMR-300.
5. The RP compared the regulatory framework for nuclear power in the US with the UK’s radiological protection regulations, the IRR17 (ref. [63]). I note that the IRR17 (ref. [48]) does not apply in Northern Ireland. Therefore, it is not accurate to state that the IRR17 (ref. [48]) governs radiological protection in the UK. I consider this to be an oversight by the RP. However, this does not undermine the RP’s analysis or the conclusions the RP draws from its analysis as the key aspects of ionising radiations regulations for Northern Ireland and Great Britain (GB) are the same. When referring to the RP’s analysis I have used the term UK to reflect the RP’s position, however, my judgements are against the IRR17 (ref. [48]), which applies in GB.  
Both the UK and US regulations have a wide range of requirements. The RP’s gap analysis (ref. [63]) showed that there are differences between the UK and US requirements. This includes differences in medical surveillance requirements, dose recording, and designation of classified persons.  I judged that these differences would not have an impact at the fundamental stage of assessment. I informed the RP that these differences still represent risks of non-compliance with legal requirements. Therefore, in order to demonstrate compliance with the requirements laid out in IRR17 (ref. [48]) I expect a future safety case to show how these differences have been resolved. I considered the following three differences, identified in (ref. [63]), to be the most relevant and significant to my assessment at Step 2:
· Differences in dose limits for normal operations.
· Differences in designation of controlled and supervised areas.
· Differences in the requirements for barrier control and changing rooms.
The RP states that these differences in regulatory requirements are present in the SMR-160 Design Standard for Radiation Protection (ref. [73]), which has been used to design the SMR-300 prior to conducting the regulatory framework gap analysis (ref. [63]), and therefore represent shortfalls against IRR17 requirements. The RP has produced a new SMR-300 Radiation Protection Design Standard (ref. [65]) which, in part, aims to resolve these three shortfalls. Although this standard has not been implemented into the design of the SMR-300, the RP claims that this standard defines new requirements that future iterations of the SMR-300 design will meet. The RP’s approach to benchmark its design standard against UK standards is endorsed as a good practice in ONR’s guidance to requesting parties (ref. [42]). 
I focused my assessment on what I considered to be the most significant differences between GB and the US regulatory requirements to assess whether the SMR 300 design is capable of meeting GB regulatory standards. To inform my judgement, I have benchmarked the contents of the SMR-300 Radiation Protection Design Standard (ref. [65]) with the following provisions of IRR17, including the associated ACoP (ref. [48]):
· Regulation 9 - Restriction of exposure.
· Regulation 12 - Dose limitation.
· Regulation 17, Regulation 19 and Regulation 20-  Designated areas.
The ACoP has a special legal status. It gives practical advice on how to comply with the law. Not every provision of IRR17 has a associated ACoP, but where an accompanying ACoP (ref. [48]) has been specified, I have used this as a benchmark. 
Restriction of exposure 
The requirement to restrict exposure is defined in IRR17 Regulation 9(1) (ref. [48]), which states “that every employer must, in relation to any work with ionising radiation that it undertakes, take all necessary steps to restrict so far as is reasonably practicable the extent to which its employees and other persons are exposed to ionising radiation.” 
Other sections of Regulation 9, such as IRR17 Regulation 9(2) and 9(4-5) (ref. [48]), set out a hierarchy of control measures for restricting exposures and specifies that, where appropriate, dose constraints must be used in the planning stage of radiation protection. I have used these requirements along with the associated ACOP (ref. [48]) as benchmarks for my assessment.   
I sampled the RP’s analysis of UK and US regulatory frameworks (ref. [63]) and found that the requirements and guidance for the restriction of exposure between both regulatory frameworks are generally well aligned. A notable difference between the UK and US requirements is the need to set dose constraints or targets at the planning stage of radiation protection. The RP’s analysis showed that the US regulatory framework does not specify the need for dose constraints, whereas, the IRR17 does.
I sampled the RP’s SMR-300 Radiation Protection Design Standard (ref. [65]). I found that the RP’s approach to restrict exposures to workers and other persons:
· Instructs designers to prioritise engineered controls and design features before the use of administrative controls and personal protective equipment. The design standard explicitly mentions that hierarchy of controls should be considered before dose sharing. I judge that these provisions are aligned with IRR17 Regulation 9(2), the ACoP paragraph 85 for IRR17 Regulation 9(1) (ref. [48]) and ONR SAP RP.7 (ref. [41]).
· Defines dose targets for individual workers, non-radiation workers and for any person off the site (these are presented in Table 1 of this assessment report). I found that these dose targets are below the relevant regulatory limits and is consistent with IRR17 ACoP paragraph 86. The RP argues that these dose targets have been informed by dose data from operating PWRs around the world and therefore represents a level of dose which should not be exceeded in a well-managed workplace. The SMR-300 Radiation Protection Design Standard (ref. [65]) specifies that proposed design options or control measures will be analysed against the pertinent dose target (summarised in Table 1) to filter out unsuitable options, or to further optimise the design. I found that the RP’s definition and use of dose targets is equivalent to the term dose constraint defined in IRR17 paragraph 147. I judge that these arrangements are aligned with IRR17 Regulation 9(4) - (5) and ACoP paragraph 86 for IRR17 Regulation 9(1) (ref. [48]). 
Table 1 – Summary of the RP’s normal operations dose targets (ref. [65])
	Description of target  
	Dose target

	The station collective occupational dose averaged over the reactor lifecycle* for a single unit
	Less than or equal to 150 person.mSv/y

	The effective occupational radiation dose of plant personnel designated as radiation workers when reactor is at power
	Less than or equal to 1 mSv/y

	The effective occupational radiation dose of plant personnel designated as radiation workers conducting outage related activities
	Less than or equal to 10 mSv/y

	Average effective dose to defined groups of workers
	Less than or equal to 2 mSv/y

	The effective occupational radiation dose of plant personnel not designated as radiation workers during all plant operating states
	Less than or equal to 0.5 mSv/y

	For members of the public, for reactor lifecycle 
	Less than or equal to 20 µSv/y 


* The RP has defined the lifecycle of a plant in the SMR-300 Radiation Protection Design Standard (ref. [65]) as all phases of the lifetime of a reactor, including construction, commissioning, operation, and decommissioning.
Overall, I am satisfied that the RP’s approach to restrict exposures to ALARP is aligned with IRR17 Regulation 9(1),(2) and (4-5) (ref. [48]). I expect future safety cases to provide the necessary evidence to demonstrate that exposures have been restricted to ALARP.
Dose limitation 
IRR17 Regulation 12 (ref. [48]) stipulates that “every employer must ensure that its employees and other persons within a class specified in Schedule 3 are not exposed to ionising radiation to an extent that any dose limit specified in Part I of that Schedule for such class of person is exceeded in any calendar year.”
ONR’s SAPs (ref. [41]) provides numerical targets that ONR inspectors use as an aid to form a judgement when considering whether radiological hazards are being adequately controlled and risks reduced to ALARP. SAPs targets quantify ONR’s risk policy. These targets include the Basic Safety  Level (BSL), which for Targets 1 and 3 are also legal limits (as stipulated within IRR17), and the Basic Safety Objective (BSO). The BSO is set at a point where the need for any further scrutiny of the risks by ONR would likely not be necessary. 
The gap analysis undertaken by the RP showed that there were significant differences in effective and equivalent dose limits for ionising radiation between the US and UK (ref. [63]). I focused my assessment on the RP’s normal operations dose targets defined in the SMR-300 Radiation Protection Design Standard (ref. [65]). I compared the RP’s effective dose targets for individuals to ONR’s SAP Targets 1, 2 and 3 and presented this in Table 2.
Table 2 – Presents a comparison of the RP’s dose targets for the SMR-300 (ref. [67]) with ONR’s SAPs Targets 1, 2 and 3.
	Class of persons
	ONR SAPs Target
	Dose Targets for the SMR-300

	Normal operation – any person on the site
	Target 1
Employees working with ionising radiation:
BSL (IRR17 Legal Limit) – 20 mSv/y
BSO – 1 mSv/y
Other employees on the site: 
BSL – 2 mSv/y 
IRR17 AcoP – 1mSv/y
BSO – 0.1 mSv/y
	Less than or equal to 10 mSv/y for employees working with ionising radiation



Less than or equal to 0.5 mSv/y for other employees on the site


	Normal operation – any group on the site
	Target 2 
BSL – 10 mSv/y
BSO – 0.5 mSv/y
	Average effective dose to defined groups of workers is less than or equal to 2 mSv/y

	Normal operation – any person off the site
	Target 3
BSL – 1 mSv/y
BSO – 0.02 mSv/y
	Less than or equal to 0.02 mSv/y for members of the public



Target 1 –  Demonstration of compliance against ONR’s SAP Target 1 BSL (IRR17 Legal Limit) requires the RP to produce a dose estimate for a worker on a site (or a proposed site), which is conservative and bounding, based upon the following design parameters:
· Normal operation radiological source terms.
· A mature shielding design.
· The specific tasks expected to be undertaken during all modes of normal operation (including maintenance).
· Detailed occupancy models.
As much of this information was not available at the end of Step 2, the RP argued that a dose estimate of the maximum individual annual dose to a worker was not feasible (ref. [64]). I focused my assessment on gaining confidence that the SMR-300 is capable of being built to below ONR’s SAP Target 1 BSL (IRR17 Legal Limit).
The RP has argued that PWR Operating Experience (OPEX)  is an appropriate basis to derive its dose targets as the SMR-300 design, and its operations, are similar to operating PWRs around the world (ref. [67]). 
The SMR-300 reference design is a two-unit PWR. Each unit is separately housed in the CS and CES. Facilities such as the Reactor Auxiliary Building (including the Control Room Area) are shared between the two units. Although this is the first time a multi-unit design is undergoing ONR’s GDA process, many operating NPPs across the world, including GB, have similar plant designs. I asked the RP, in Regulatory Query (RQ)-01667, to detail the significant design differences between the SMR-300 and the reference PWRs used in its OPEX analysis. In its response the RP detailed:
· The SMR-300 has a single once through steam generator. The reference PWRs, depending on power output, have 2 to 4 steam generators per reactor. 
· The SMR-300 design contains the SFP within the CS. The SFP for the reference PWRs are external to the CS.
· Compared to the reference PWRs, maintenance of equipment within the SMR-300 may take place in higher ambient dose rate areas due to the compact layout design. 
The RP argues that the integration and simplification of equipment will likely reduce the number and complexity of maintenance tasks, whereas the compact nature of the plant will likely result in higher ambient dose rates. Although, detailed analysis is required to determine the impact of these factors, I judge that the RP’s analysis has considered the key parameters that impact dose and made reasonable arguments to provide confidence that the SMR-300 is sufficiently similar, in terms of design and its intended operations, to the reference PWRs used in its analysis. 
At the planning stage, the use of dose constraints is a requirement of IRR17 Regulation 9 (4-5) (ref. [48]), and an established international good practice (ref. [61]). The RP has set dose targets for individual workers, both employees working with radiation and other workers, at less than or equal to 10 mSv/y and 0.5 mSv/y (ref. [65]). 
I compared the RP’s dose targets for workers with occupational dose data from operating PWRs in the US. The USNRC produces a report compiling occupational radiation exposures at commercial nuclear power reactors and other facilities. The latest report summarises dose data from 2021 (ref. [74]). Although this data set is not comprehensive, as it only includes dose data from one country, I consider this a suitable data set to gain confidence that the dose targets established by the RP are appropriate. I found that individual doses above 10 mSv/y at a PWR in the US, between 2011 and 2021, accounted for 0.16% of exposures. Therefore, I consider the RP specifying a dose target of 10 mSv/y for any worker is appropriate at this stage of the design process. 
I judge that the RP’s approach to restrict exposures along with its OPEX analysis demonstrates that the SMR-300 design is capable of being built to restrict exposures below ONR’s SAP Target 1 BSL (IRR17 Legal Limit). In future stages of the design and safety case, the RP is required to produce a detailed dose estimate, underpinned by the design parameters highlighted in paragraph 77. 
Target 2 – Demonstration of compliance against ONR’s SAP Target 2 BSL requires the RP to calculate the average effective dose for groups of workers on a site, or a proposed site. Due to the maturity of the SMR-300 design, the RP has not yet defined the tasks required to be undertaken for the SMR-300 or the resource required to carry out the specified tasks.  Therefore, the RP was unable to provide an effective dose estimate for groups of workers. I focused on gaining confidence that the SMR-300 is capable of being built to below ONR’s SAP Target 2 BSL  (ref. [41]). 
The RP’s approach and arguments to demonstrate that risks will be below ONR’s SAP Target 2 BSL are similar to the arguments presented for Target 1. This includes setting dose targets for groups of workers, based on OPEX from operating PWRs (ref. [67]). The RP has used outage dose data from Sizewell B (ref. [67]) to justify that the 2 mSv/y average dose target is a bounding dose for most groups of workers. The RP argues this represents an upper level of dose that should not be exceeded. I judge that the dose constraint and OPEX analysis provides sufficient confidence that the SMR-300 is capable of being built to restrict exposures for groups of workers on the site to below ONR’s SAP Target 2 BSL (ref. [41]).
In future stages of the design and safety case, the RP is required to define groups of workers on the site and generate an average dose estimate for each defined group to demonstrate risks are below ONR’s SAP Target 2 BSL (ref. [41]).
Target 3 – Demonstration of compliance against ONR’s SAP Target 3 BSL (IRR17 Legal Limit) (ref. [41]) requires the RP to produce a dose estimate which considers all sources of radiation emanating from a site. For the purposes of GDA, the RP is not required to have specified a site, instead, ONR expects the RP to define the characteristics for the Generic Site Envelope (ref. [42]). The characteristics of relevance to my assessment include the two prospective future siting scenarios for the generic SMR-300 and the definition of a representative person for each significant dose pathway (ref. [33]). 
The RP has provided dose analysis which includes the radiological impact of discharges and direct radiation to a representative person for the two siting scenarios (ref. [75]). The first is based on a coastal site, discharging into a marine environment, and the second describes an inland lakeside site, discharging into a lake. The Environment Agency assessor has considered the impact from gaseous and aqueous discharges (ref. [76]). My assessment focused on the dose contribution from direct radiation. I assessed the RP’s total dose estimate, which includes dose from discharges and direct radiation, for a coastal and lakeside site to determine compliance against ONR’s SAP Target 3 BSL (IRR17 Legal Limit) (ref. [41]). 
The RP’s dose analysis of direct radiation considered the dose contributions from two SMR-300 reactors at power and the spent fuel stored in the Independent Spent Fuel Storage Installation (ISFSI). This analysis showed that the direct radiation dose from these two sources to a representative person would be around 60 µSv/y for both a coastal and lakeside site (ref. [12]). Due to the maturity of the design, the analysis undertaken by the RP makes a number of assumptions about the key aspects that impact dose. I assessed these aspects and found:
· The RP has identified, through OPEX, the significant sources of direct radiation which could emanate from the two siting scenarios and incorporated these aspects into its dose analysis. 
· That the RP’s definition of a representative person for direct radiation is sufficiently conservative and aligned with the ICRP Publication 101 (ref. [77]) definition of a representative person[footnoteRef:4], which I consider to be RGP.  [4:  	ICRP 101 defines a representative person as an individual receiving a dose that is representative of the doses to the most highly exposed individuals in an exposed group from a given source] 

· Applied an appropriate degree of conservatism when determining the location of the ISFSI, relative to the location of a representative person. 
I consider these assumptions to be conservative and sufficiently bounding. The RP has recognised that the direct radiation dose estimate is higher than the dose target specified in the SMR-300 Radiation Protection Design Standard (ref. [65]) and higher than the direct radiation dose estimates for most operating PWRs around the world. For example, direct radiation dose estimates from Sizewell B to a representative person are typically in the range of 1 to 25 µSv y-1 (ref. [78] [79] [80] [81] [82] [83] [84] [85] [86]), which I consider represents RGP. The RP has stated that further refinement of the dose model, once information becomes available (for example the location of the ISFSI), is required and recognised that further optimisation may be required to meet RGP (ref. [78] [79]  [80] [81] [82] [83]  [84] [85] [86]). I note that the RP has designed and commissioned spent fuel storage systems used around the world, including at Sizewell B (ref. [33]); this provides confidence in the RP’s optimisation process to reduce direct radiation doses. I judge that the RP has used a conservative methodology to calculate a bounding direct radiation dose to a representative person and has provided sufficient confidence that dose from direct radiation can be reduced to ALARP (ref. [78] [79] [80] [81] [82] [83] [84] [85] [86]).
Radioactivity in Food and the Environment reports (ref. [78] [79] [80] [81] [82] [83] [84] [85] [86]) present data on the amount of radioactivity the UK public is exposed to living or working near a nuclear site. These reports show that direct shine is the most significant dose contributor to a member of the public living or working near a nuclear site. The RP’s analysis (ref. [75]) showed that direct shine is the dominant dose pathway for a coastal site, whereas, for a lakeside site, the analysis showed that the ingestion pathway accounted for the majority of dose to a representative person. The RP has calculated the ingestion dose pathway by modelling the radioactivity discharged from its SMR-300, using a discharge source term based on a typical PWR, and specified assumptions about the key aspects that impact dose (ref. [75]). This has been assessed by the Environment Agency (ref. [76]). Due to the significance of the ingestion dose for a lakeside site, I consulted the Environment Agency assessor to inform my judgements. 
I compared the RP’s total dose estimate for both a coastal site and a lakeside site with ONR’s SAP Target 3 BSL (IRR17 Legal Limit) (ref. [41]). I found that the total dose to a representative person for a coastal site is below the 1 mSv Target 3 BSL (IRR17 Legal Limit) for any person off the site (ref. [41]). The RP’s analysis (ref. [75]) showed that dose to a representative person for a lakeside site is above ONR’s SAP Target 3 BSL (IRR17 Legal Limit) (ref. [41]). The RP argues that this is due to the constrained lake volume and river flow rate for its lakeside site, which is based on the characteristics of the Llyn Trawsfynydd site (ref. [75]), contributing to the significant accumulation of Carbon-14 in fish. I consulted the Environment Agency assessor about the RP’s discharge analysis. The Environment Agency assessor confirmed that:
· The RP has used an appropriate methodology for its discharge analysis.
· The RP has used appropriate conservatisms and pessimisms for the key aspects that impact dose from discharges.
· The discharge analysis for the lakeside site can be considered bounding.  
The RP claims that without significant abatement of Carbon-14 other similar PWRs would also be above ONR’s SAP Target 3 BSL (IRR17 Legal Limit) at the Llyn Trawsfynydd lakeside site (ref. [33]). I consider this to be a reasonable assertion as the RP’s discharge analysis is based on a typical PWR discharge source term (ref. [75]). The Environment Agency assessor notes that the RP carried out a sensitivity analysis and demonstrated that discharges into larger lake systems with significantly higher volumes and river flow rates could result in doses below ONR’s SAP Target 3 BSL (IRR17 Legal Limit) (ref. [41]). 
I judge that the RP has demonstrated that doses emanating from the SMR-300 on a coastal site, defined in the Generic Site Envelope, is below ONR’s SAP Target 3 BSL (IRR17 legal limit) (ref. [41]). For a lakeside site, the RP demonstrated that dose to a representative person is above ONR’s SAP Target 3 BSL (IRR17 Legal Limit) (ref. [41]). During GDA, the RP recognised that this was an unacceptable level of dose and chose not to develop a detailed radiological impact assessment methodology for the generic lake site (ref. [33]). Although, the RP’s analysis provides confidence that discharges into larger lake systems can meet regulatory requirements (ref. [75]), further analysis is required to demonstrate that dose emanating from the SMR-300 on a lakeside site is below ONR’s SAP Target 3 BSL (IRR17 Legal Limit) (ref. [41]).
Designation of areas
The provisions to define and govern designated areas  are covered in Part 4 of IRR17. IRR17 Regulation 17(1) (ref. [48]) requires employers to designate controlled areas if:
· “it is necessary for any person who enters or works in the area to follow special procedures designed to restrict significant exposure to ionising radiation in that area or prevent or limit the probability and magnitude of radiation accidents or their effects; or
· any person working in the area is likely to receive an effective dose greater than 6 mSv a year or an equivalent dose greater than 15 mSv a year for the lens of the eye or greater than 150 mSv a year for the skin or the extremities.”
Other regulations in Part 4 of IRR17 (ref. [48]) define requirements for supervised areas (Regulation 17 (3)), demarcation of controlled areas (Regulation 19 (2)), washing/ changing facilities (Regulation 19(10)) and monitoring of designated areas (Regulation 20 (1-2)). I have used these requirements and the associated ACOP along with ONR’s SAP RP.3 and RP.4 (ref. [41]) as benchmarks for my assessment. 
The RP’s analysis of UK and US regulatory frameworks (ref. [63]) showed that there are significant differences in how the UK and US designate and manage radiological areas. The RP states that the SMR-300 DRP (ref. [37]) has been designed using the requirements and principles laid out in the SMR-160 Design Standard for Radiation Protection (ref. [73]). To understand the impact of the differences identified in (ref. [63]), the RP compared the SMR-160 Design Standard for Radiation Protection (ref. [73]) against the IRR17, the associated ACoP (ref. [48]) and ONR’s SAP RP.3 and RP.4 (ref. [41]) and concluded that:
· Principles from the SMR-160 Design Standard for Radiation Protection (ref. [73]) do not ensure that controlled areas will be appropriately demarcated.
· Provisions for contamination control do not fully address UK requirements. 
· Appropriate provisions for suitable and sufficient washing and changing facilities for persons who enter or leave any controlled or supervised area cannot be demonstrated.
· Ventilation system requirements cannot demonstrate that radiological risks have been reduced to ALARP. 
The RP states in (ref. [64]) that these aspects have all been raised as risks in the RP’s risk register. I sampled the SMR-160 Radiation Protection Design Standard (ref. [73]) and found that the principles laid out in this document were generally consistent with IRR17 requirements (ref. [48]) and guidance. This standard did not provide specific guidance on washing/changing facilities for controlled areas, the provisions for contamination control and how controlled areas are demarcated. The absence of this information, at the conceptual stage of design, does not in my opinion support the RP’s assertion that the SMR-300 DRP does not meet UK requirements for designation of areas. However, the RP’s analysis of UK and US regulatory frameworks (ref. [63]) demonstrates that use of US standards for the designation of areas may result in non-compliance with UK legal requirements (ref. [48]) and standards (ref. [41]).  
The RP claims that the new radiation protection design standard (ref. [65]) mitigates this risk. I sampled this standard (ref. [65]) and found that:
· The contamination zoning scheme (ref. [65], [67]) has derived zones based on potential airborne and surface contamination levels. The RP has used an Annual Limit of Intake (ALI) of 20 mSv/y to calculate the limits for inhalation via the Derived Airborne Concentration (DAC). The DAC is directly related to the ALI. If the airborne concentration exceeds the DAC, it means the potential intake could exceed the ALI, and measures should be taken to reduce exposure. This is commonly used by industry as the basis for contamination zoning schemes, as such, I consider this be aligned with UK practice from operating and decommissioning NPPs. 
· The radiation zoning scheme (ref. [65], [67]) requires areas to be designated as supervised areas if dose rates are less than 2.5 µSv/h and a controlled area if dose rates are above 2.5 µSv/h. This approach is below the dose rates specified in IRR17 ACoP paragraph 297 (ref. [48]), which states that employers should designate controlled areas in cases where external dose rates in an area exceed 7.5 µSv/h when averaged over the working day. 
· For both the radiation and contamination zoning schemes (ref. [65], [67]) the RP employs a graded approach where the requirements to restrict access and egress increase as the radiological hazard increases. This aligns with ONR’s SAP RP.3 (ref. [41]).
· The radiation and contamination zoning scheme (ref. [65], [67]) is consistent with practices from UK operational (and decommissioning) NPP, which I consider to be RGP. 
· Guidance to designers on the demarcation of controlled areas, placement of washing/changing facilities and monitoring of designated areas are aligned with the relevant IRR17 Regulations (19(2), 19(10) and 20(1-2)) (ref. [48]).
· Ventilation requirements (such as air flow speeds between low and high contamination zones) to prevent the spread of airborne contamination beyond a controlled area is aligned with existing UK NPP practices.  
Overall, I am satisfied that the RP has established high level principles which are aligned with the regulatory requirements specified in IRR17 (ref. [48]) and are consistent with RGP used at UK NPPs. I expect future safety cases to provide evidence for the implementation of these principles and demonstrate compliance with the relevant requirements laid out in Part 4 of IRR17 (ref. [48]). 
Conclusion 
The RP has assessed the SMR-160 Design Standard for Radiation Protection (ref. [73]), which has been used in the design of the SMR-300, against UK standards and expectations. The RP has identified what it believes to be shortfalls against IRR17 (ref. [48]). In my assessment, I concluded that due to the maturity of the design, the shortfalls identified by the RP represent risks of non-compliance rather than shortfalls against regulatory standards. The RP produced a new SMR-300 Radiation Protection Design Standard (ref. [65]). I sampled this document, along with the associated safety analysis (ref. [75]), and found that the RP has: 
· Defined dose targets that are below the pertinent ONR SAPs Targets 1, 2 and 3 BSLs (ref. [41]), and in most cases aligned with the relevant BSOs. In the absence of detailed information on key design parameters, discussed in paragraph 77 of this report, I judge that the RP’s approach to restrict exposures, along with its analysis of PWR OPEX (ref. [67]), provides confidence that the RP can meet ONR’s SAP Targets 1 and 2 BSLs (ref. [12]).
· Provided sufficient safety analysis to demonstrate that dose to a representative person for a coastal site is below ONR’s SAP Target 3 BSL (ref. [41]).
· For a lakeside site, the RP demonstrated that dose to a representative person is above ONR’s SAP Target 3 BSL (IRR17 Legal Limit) (ref. [41]). During GDA, the RP recognised that this was an unacceptable level of dose and therefore did not present any further analysis for this specific site (ref. [33]). I judge that this appropriately resolves the risk of non-compliance against IRR17 (ref. [48]).
· Defined high level design principles that are aligned with the relevant provisions of the IRR17 and the associated ACoP (ref. [48]). 
Although further evidence is required to demonstrate compliance with the relevant legal requirements (ref. [48]), I have not identified any fundamental shortfalls in the RP’s approach to restrict exposures or the SMR-300 DRP 1.1 (ref. [37]) that would prevent future compliance with IRR17 (ref. [48]). 
Demonstrating Risks can be Reduced ALARP 
The RP aims to demonstrate that risks are reduced to ALARP (ref. [5]) by:
· Ensuring legislative requirements are complied with.
· Justifying that the design follows RGP.
· Undertaking safety analysis and comparing these results with ONR’s Numerical Targets.
· Demonstrating its process for further optioneering.
I assessed the RP’s CAE for each of these aspects. My judgements on the RP’s approach to demonstrate compliance with legislative requirements and its analysis to show risks to individuals during normal operations are below Target 1, 2 and 3 BSLs are covered in Section 4.2.2.
My judgements on the RP’s approach to demonstrate that the design follows RGP and its approach to optioneering is covered below.
Approach to system design
The RP describes the SMR-300 Radiation Protection Design Standard (ref. [65]) as the basis for all radiological protection inputs and is used as the standard to verify design outputs. My judgements on the content of this standard are detailed in Section 4.2.2 of this report. In this section, I have focussed my assessment on how the RP integrates its criteria for safety analysis and the radiological protection requirements for SSCs into the design of the SMR-300.
The RP has established a collective dose target in its SMR-300 Radiation Protection Design Standard (ref. [65]). Collective dose is a unit of measure which expresses the total radiation dose incurred by a defined group of people and is most commonly used in the optimisation of radiological protection (ref. [87]). The use of collective dose is not a requirement of IRR17 (ref. [48]), however, its use has been established in international and national standards, such as IAEA SSG-90 (ref. [61]) and TAG-043 (ref. [57]). The RP has defined a collective dose target of (less than or equal to) 150 person-mSv/y averaged over a 10 year period of operations for a SMR-300 reactor. The RP argues that, if achieved, this represents a level of exposure which is in line with RGP and therefore ALARP. I benchmarked the RP’s collective dose target for a 10 year period of operations against the dose data provided in the Information System on Occupational Exposure database (ref. [88]). I found that the RP’s collective dose target is comparable to modern operating PWRs and therefore in line with RGP. The RP states that collective dose targets will be used in a similar manner to individual dose targets. This includes an assessment of collective dose against the target, during the RP’s design integration review, to determine if further optimisation is required. I consider this to be appropriate and aligned with RGP, IAEA SSG-90 (ref. [61]).   
The design of SSC’s is governed by the RP’s SMR-300 Design Control  document (ref. [89]). This document details a hierarchical structure, where the top level document presents high level design principles, which flow into discipline specific design standards, and then are derived into actionable requirements in system design description documentation. At the time of writing this report, this process has not been implemented. 
As part of my engagement with the RP in its US offices (ref. [72]), I asked the RP to detail how radiological protection inputs are used to develop the SMR-300 design. The RP informed me that radiological protection inputs are fed into the system design through weekly meetings with the RP’s operations team. The operations team is comprised of senior reactor operators and experienced PWR plant engineers. The RP argues that radiological risks at PWRs are commonly encountered and the measures which are needed to reduce risks to ALARP are well understood and established (ref. [12]). Although, the RP has not provided sufficient information at Step 2 to demonstrate what it considers to be RGP for a particular situation, I consider the approach to utilise PWR OPEX to identify and inform the design of SSCs to be aligned with RGP, IAEA SSG-90 (ref. [61]) and TAG-005 (ref. [56]). I informed the RP that there are radiological protection challenges unique to the SMR-300 design, detailed in Section 4.2.2 of this report, where operational experience may not be fully relevant. In such situations a more detailed analysis may be required to demonstrate that risks have been reduced to ALARP. These discussions have been captured in my contact record (ref. [72]). 
Noting that the RP intends to make use of RGP as part of its process to demonstrate that risks are reduced ALARP, I asked the RP to clarify how it intends to demonstrate that the SMR-300 follows RGP. The RP highlighted that the SMR-300 will be assessed against the respective discipline design standards during its design integration review (ref. [72]). The RP argues that the SMR-300 Radiation Protection Design Standard (ref. [65]) is aligned with what it considers to be RGP (ref. [48] [61] [41]) and therefore a review of the design against this standard is a review against RGP(ref. [48] [61] [41]). I assessed the RP’s assertion that ‘the SMR-300 Radiation Protection Design Standard (ref. [65]) is aligned with RGP’ in section 4.2.2 of this report; I found that the RP’s design standard is sufficiently aligned with RGP (ref. [48] [61] [41]). The RP states that any differences between the design and the design standard (ref. [65]) will be identified and resolved. The RP intends to use an ALARP Checklist (ref. [65]) to capture the outputs of its review process. This approach is endorsed as a good practice in IAEA SSG-90 (ref. [61]), as such, I consider this to be appropriately aligned with RGP (ref. [61]). 
I judge that the RP has outlined an appropriate approach to integrate RGP (ref. [65]) in to the design of radiological systems for the SMR-300 and demonstrated its collective dose target is aligned with modern operating PWRs. I expect future safety cases to provide the necessary evidence to justify the RP’s claims and arguments that the SMR-300 design follows RGP. 
Process for optioneering 
The RP’s Design Management Process (ref. [66]) sets out a gated process which is used to identify design challenges and endorse prospective design changes for a future reference design. As part of this process a number of risks have been raised (ref. [64]), these have been discussed in Section 4.2.2 of this report, which identify specific differences between the UK and US standards. The RP considers these aspects will be resolved beyond GDA as part of normal design development, and therefore, have not raised specific actions to close out these risks (ref. [64]). For other risks, such as the design intent for personnel to enter reactor containment at power (ref. [64]), the RP has committed to carry out further optioneering, beyond this GDA, to demonstrate doses associated with this task are ALARP. These examples provide confidence that where UK standards and expectations are not met, a mechanism exists to justify or challenge the US based design. 
Conclusion
I judge that the RP has developed suitable approaches and processes to demonstrate that radiological risks for the SMR-300 design can be reduced to ALARP. Where the SMR-300 design does not meet RGP (for example IAEA SSG-90 (ref. [61])) or UK regulatory requirements (ref. [48]) the RP has provided confidence, through the implementation of its Design Management Process (ref. [66]), that a mechanism exists to challenge or justify these differences. I expect future safety cases to provide sufficient evidence to support the relevant claims and demonstrate risks have been reduced to ALARP. 
Normal operation radiological source terms
The normal operation radiological source terms are fundamental to the overall safety case. ONR’s assessment of the RP’s methodologies for deriving and justifying the normal operation radiological source terms are presented in the Chemistry assessment report (ref. [90]). In (ref. [90]), the ONR Chemistry inspector concludes that the methodologies used to derive the normal operation radiological source terms are reasonable and meets the expectations of ONR’s SAP ECH.1 (ref. [41]). I am satisfied that the chemistry assessment sufficiently covers my interest in this area.  
My assessment focused on:
· How the normal operation radiological source terms are used in the design of radiological protection requirements, and 
· the strategy to optimise the normal operation radiological source terms.
In Chapter B10 (ref. [12]) the RP states that design basis source terms are being used to derive shielding requirements, and that these source terms are considered bounding limits for plant design. In RQ-01799, I highlighted that an overly conservative source term can result in detrimental outcomes. For example, a more conservative radiological source term can drive an increase in the shielding around radiological SSCs, which may restrict space and increase the time it takes to undertake maintenance, leading to higher worker doses. In its response, the RP acknowledged this risk and argues that bounding source terms for shielding allow appropriate safety margins to be designed into the plant, especially in the conceptual stage of design. In the SMR-300 Contained Radiation Sources for Normal Operations (ref. [69]), the RP states that normal operation radiological source terms for the SMR-300 will continue to be developed and modified as the design develops. I found that this approach is consistent with the guidance provided in IAEA SSG-90 (ref. [61]), which I consider to be RGP.
Strategy to optimise the normal operation radiological source terms 
The RP presents its strategy to optimise the normal operation radiological source terms within the SMR-300 Nuclear Island Minimisation Strategy for Activity Generation and Accumulation  (ref. [70]). 
The RP has identified precursor isotopes which lead to significant radiation fields in Light Water Reactors (LWR). The minimisation strategy focuses on Cobalt isotopes, Co-58 and Co-60, and its precursors, as these are the dominant sources of radioactivity at LWRs. The RP has categorised Cobalt species into three broad categories: 
· Cobalt in Stellite™ (through general corrosion and wear), 
· Residual Cobalt content in Nickel-based alloy of steam generator tubes (through general corrosion), 
· Residual Cobalt content in steels (through general corrosion).
The RP has set limits on Cobalt and its precursors for steels and steam generator tubes, in line with Electric Power Research Institute (EPRI) utility requirements document. I benchmarked the RP’s minimisation strategy with the Nuclear Energy Agency (NEA) report on radiation protection aspects of primary water chemistry and source term management (ref. [91]), which I consider represents RGP. This report (ref. [91]) presents knowledge and experience on source term management issues from LWRs around the world. I found that the RP’s approach, to specify limits on Cobalt and its precursors, is endorsed in the NEA report (ref. [91]) as a good practice.
The RP’s approach to reduce Stellite is based on EPRI’s Cobalt Reduction Sourcebook (ref. [92]), which recommends that Stellite should only be used in those applications where no proven alternative exists. I note that this approach was used in the design of the  EPR to significantly reduce the Stellite content (ref. [93]). Therefore, I consider that the RP’s intent to systematically identify and apply the EPRI process (ref. [92]) to all valves in contact with the primary coolant as a reasonable approach to reduce the total Stellite inventory. I expect future safety cases to demonstrate the application of this process. 
The RP has also identified other isotopes which give rise to significant radiation fields (such as Silver), and has stated that decisions on the materials for these components will be considered during detailed design. Due to the relative contribution of Cobalt and its precursors on radiation fields within LWRs, the focus on reducing Cobalt within the design, is in my opinion, appropriate at this stage. 
Conclusion 
I judge that the RP has defined an appropriate methodology (ref. [12], [69]) for how the normal operation radiological source terms are being used, and will be used, in the design of radiological SSCs. 
I judge that the RP has outlined an appropriate strategy (ref. [70]) for reducing the significant radionuclides that contribute to normal operations dose. I expect future safety cases to demonstrate that the risks associated with the normal operation radiological source terms have been reduced to ALARP. 
Shielding 
I sampled the SMR-300 DRP (ref. [37]). I found that the RP has not undertaken radiation shielding analysis for the SMR-300 DRP (ref. [37]) and were unable to provide substantiation for the dose rates or shielding provisions in the SSEC submissions. The RP intends to substantiate and optimise the shield design as part of its future approach to reduce occupational exposures to ALARP. In this section, I focussed my assessment on the RP’s approach to implement an optimised shielding design. I benchmarked the RP’s approach with the RGP provided in SSG-90 (ref. [65])​, ONR’s SAP RP.6 (ref. [41])​ and TAG-002 (ref.​ [55]). 
At the end of Step 2, the RP has not applied the radiation zoning scheme (discussed in Section 4.2.2.3 of this report) to the SMR-300 design. Therefore, the RP has been unable to define the shielding requirements (such as dose rate limits) for the areas within the SMR-300. This is an important aspect of shielding design, and is highlighted in IAEA SSG-90 (ref. [61]). In Chapter B10 (ref. [12]), the RP states that the radiation zoning scheme will be used to determine shielding requirements. This statement represents the RP’s intent for future analysis of the SMR-300 design, however, limited information has been provided on how these shielding requirements will be derived. The RP argues that this is in part due to the maturity of the design and the factors discussed in paragraph 77 of this report. I do not consider the absence of this information to be a fundamental shortfall at Step 2. I expect future development of the design and safety case to clearly define and justify the shielding requirements for the SMR-300. 
In response to RQ-01799, the RP states that future shielding analysis will use appropriately derived source terms. During my engagement with the RP, in its US office, the RP provided examples of how source terms are being developed and used in the design of the SMR-300 (ref. [72]). This provides confidence in the RP’s approach to develop suitable normal operation radiological source terms for shielding analysis. I consider this to be appropriate at the conceptual stage of design. I expect future safety cases to demonstrate that appropriate source terms have been used in shielding calculations.
The safety case (ref. [67] [68]) provides high-level information regarding the shielding analysis methods, generic input data, and calculational codes. The RP cites the use of multiple computational codes including Monte Carlo N-Particle (MCNP), MicroShield, Attila, and SCALE, all of which are widely used in the nuclear industry. Based on my sampling and engagement with the RP (ref. [72]), I judge the general approach to shielding calculations is sufficiently aligned with RGP (ref. [55]) for the purposes of a Step 2 assessment. I expect future safety cases to provide details on the process for undertaking all shielding analysis, and demonstrate that doses  arising from systems, penetrations, and neutron activation of equipment, have been reduced to ALARP.
Conclusion   
I judge that the RP’s approach to shielding analysis is sufficiently aligned with RGP (ref. [41] [55] [61]) for the purposes of a Step 2 fundamental assessment. Although, the RP has not provided evidence of the shielding analysis for the SMR-300 design, I have not identified any fundamental shortfalls in the RP’s shielding approach at Step 2 that would prevent future compliance with IRR17 (ref. [48]) and RGP (ref. [41] [55]). I expect future safety cases to demonstrate that the shielding design for the SMR-300 is optimised and provide the necessary evidence to underpin the relevant safety claims. 
Out of core criticality
Due to the maturity of the design and safety analysis the RP was not able, at the end of Step 2, to demonstrate that out of core criticality risks for both normal operations and accident conditions have been reduced to ALARP. I focused my assessment on the most significant out of core criticality risk, the SFP. To inform my judgement, I benchmarked the RP’s approach for controlling and reducing out of core criticality risks against ONR’s SAPs ECR.1 and ECR.2 (ref. [41]).
In Chapter B10 (ref. [12]), the RP states that out of core criticality is principally controlled through the fuel lifecycle in the SFP by:
· Geometric spacing of the fuel assemblies.
· Using boronated stainless steel as neutron absorbers in the SFP storage racks. 
· Limiting the design basis effective neutron multiplication factor to a Keff which does not exceed 0.95.
The RP states that these measures are aligned with ONR’s SAP ECR.1 (ref. [41]). This principle stipulates that wherever a significant amount of fissile material may be present, there should be safety measures to protect against unplanned criticality. ONR’s expectations for ONR’s SAP ECR.1 (ref. [41]) specify that the hierarchy of controls should be considered when choosing safety measures. I raised RQ-02216, which asked the RP to justify how the hierarchy of controls had been considered in the selection of the SFP control measures. In its response, the RP highlighted that fixed neutron absorbers are commonly used with geometric spacing in SFPs in the US. The RP argues that to control criticality risks in the SFP by geometric constraints alone, which is considered the highest level of protection, would require significant changes to the design. 
I asked the RP, in RQ-01654, to justify how the neutron absorbers in the SFP will remain effective over the 80-year design life. In response to RQ-01654, the RP provided a summary of the evidence which qualifies the neutron absorbing material, Metamic™, for its use in the SFP over the SMR-300 design life. I sampled this evidence and found that the RP’s analysis has considered the key factors that impact the effectiveness of the neutron absorbing material in the SPF, and supports the RP’s assertion that neutron absorbing material can be effective over the 80 year design life. I am satisfied that the RP has taken due consideration of ONR’s SAP ECR.1 (ref. [41]). 
I sampled Chapter B10 (ref. [12]) to assess the RP’s approach to safety analysis for out of core criticality faults. I found that the safety case did not provide sufficient information for me to undertake a meaningful assessment in this area. I raised RQ-02215, which requested further information on the RP’s approach to criticality safety analysis. The RP’s responses highlighted:
· The accident conditions scenarios that will be considered in future criticality safety analysis. These scenarios were identified through a review of PWR OPEX and, in my opinion, represent the most common faults that could lead to a significant unintended criticality. I expect future safety cases and safety analysis to demonstrate how potential criticality faults for the SMR-300 design have been systematically identified. This expectation is discussed further in the Fault Studies assessment report and has been raised in RO-HOLTECSMR300-011 (ref. [94]). 
· The use of MCNP5 in its criticality safety analysis along with the Evaluated Nuclear Data File (ENDF/B-VII). Whilst this is not the latest version of MCNP, this is a proven and validated computer code for criticality safety analysis. The RP has also committed to an independent review of its criticality safety analysis. I found these aspects to be aligned with RGP, ONR TAG-097 (ref. [59]).
· A criticality safety criterion of 0.95 will be used when undertaking criticality safety analysis. This safety criterion is widely used across the world, as such, I consider its selection to be appropriate.
· The double contingency principle detailed in ONR’s SAP ECR.2 (ref. [41]), states that the design should demonstrate that at least two independent, unlikely, and concurrent events need to occur before a criticality accident is possible. This principle has been integrated into the RP’s design process through its use of American National Standards Institute (ANSI/ ANS 8.1-2014) (ref. [95]). 
These responses provide confidence that the RP’s approach for criticality safety analysis uses established codes and standards and has taken due cognisance of the principles in ONR’s SAP ECR.2 (ref. [41]). 
Conclusion
[bookmark: _Hlk207960321]I judge that the RP’s approach to control and reduce criticality risks in the SFP, for normal operations, is sufficiently aligned with RGP, ONR’s SAP ECR.1 (ref. [41]). I consider that the RP’s intent, outlined in response to RQ-02215, provides confidence that future criticality safety analysis can meet RGP, ONR’s SAP ECR.2 (ref. [41]). I expect future iterations of the design and safety case to provide the necessary substantiation to demonstrate that all out of core criticality risks, for both normal operations and accident conditions, have been reduced to ALARP.
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Conclusions
This report presents the Step 2 radiological protection 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:
· I judge that the RP’s safety case has appropriately covered the aspects of relevance to radiological protection. I have identified some aspects where the SSEC (ref. [12] [64]) does not fully align with RGP, TAG-051 (ref. [58]). I assessed the significance of these shortfalls and judged that these aspects did not undermine the RP’s key radiological protection claims. I expect future safety cases to provide the necessary evidence to underpin the claims and arguments made in the SSEC.
· The RP has assessed the SMR-160 Design Standard for Radiation Protection (ref. [73]), which has been used in the design of the SMR-300, against UK standards and expectations. The RP has identified what it believes to be shortfalls against IRR17 (ref. [48]). In my assessment, I concluded that due to the maturity of the design, the shortfalls identified by the RP represent risks of non-compliance rather than shortfalls against regulatory standards. The RP produced a new SMR-300 Radiation Protection Design Standard (ref. [65]). I sampled this document and found that the high level design principles are aligned with the relevant provisions of the IRR17 and the associated ACoP (ref. [48]). Although further evidence is required to demonstrate compliance with the relevant legal requirements, I have not identified any fundamental shortfalls in the RP’s approach to restrict exposures or the SMR-300 DRP 1.1 (ref. [37]) that would prevent future compliance with IRR17 (ref. [48]).
· The SMR-300 Radiation Protection Design Standard (ref. [65]) defines dose targets for workers, groups of workers and for any person off the proposed generic site. I found that these dose targets are below the pertinent ONR SAPs Targets 1, 2 and 3 BSLs (ref. [41]), which for Targets 1 and 3 are also legal limits (as stipulated within IRR17) (ref. [48]), and in most cases aligned with the relevant BSOs. 
· In the absence of detailed information on key design parameters, discussed in paragraph 77 of this report, I judge that the RP’s approach to restrict exposures, along with its analysis of PWR OPEX (ref. [67]), provides confidence that the SMR-300 can be below ONR’s SAP Targets 1 and 2 BSLs (ref. [12]). I also judge that the RP has provided sufficient safety analysis to demonstrate that dose to a representative person for a coastal site is below ONR’s SAP Target 3 BSL (ref. [41]).
· I judge that the RP has demonstrated that for a lakeside site dose to a representative person is above ONR’s SAP Target 3 BSL (IRR17 Legal Limit) (ref. [41]). During GDA, the RP recognised that this was an unacceptable level of dose and therefore did not present any further analysis for this specific site (ref. [33]). I judge that this appropriately resolves the risk of non-compliance against IRR17 (ref. [48]). Analysis by the RP indicates that discharges into larger lake systems can meet regulatory requirements (ref. [75]). I would expect future safety cases to demonstrate that dose emanating from the SMR-300 is below ONR’s SAP Target 3 BSL (ref. [41]).
· I judge that the RP has outlined an appropriate strategy (ref. [70]) for reducing the significant radionuclides that contribute to normal operations dose. I expect future safety cases to demonstrate that the risks associated the normal operation radiological source terms have been reduced to ALARP. 
· I judge that the RP has developed suitable approaches and processes (ref.  [66] [67] [89]) to demonstrate that radiological risks for the SMR-300 can be reduced to ALARP. Where the SMR-300 design does not meet RGP (for example IAEA SSG-90 (ref. [41])) or UK regulatory requirements (ref. [48]), I consider that the RP has developed a suitable mechanism to challenge or justify these differences.
· I consider that the RP’s approach to shielding analysis (ref. [67] [68]) is sufficiently aligned with IAEA SSG-90, TAG-002 and the relevant ONR SAPs (ref. [41] [55] [61]) for the purposes of a Step 2 assessment. I expect future safety cases to demonstrate that the shielding design for the SMR-300 is optimised and sufficiently substantiated to underpin the relevant safety claims.
· I judge that the RP’s approach to control and reduce criticality risks in the spent fuel pool (ref. [12]) is sufficiently aligned with RGP, ONR SAPs ECR.1 and ECR.2 (ref. [41]). I expect future iterations of the design and safety case to provide the necessary substantiation to demonstrate that all out of core criticality risks have been reduced to ALARP.
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

	RP.3 
	Designated areas 

	RP.4
	Contaminated areas

	RP.6 
	Shielding 

	RP.7
	Hierarchy of control measures

	NT.1
	Assessment against targets (Targets 1, 2 & 3)

	Target 1 
	Normal operation – any person on the site

	Target 2
	Normal operation – any group on the site

	Target 3
	Normal operation – any person off the site

	ECR.1 
	Safety measures 

	ECR.2 
	Double contingency approach 
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