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[bookmark: _Toc216084904][bookmark: _Toc109727646]Executive summary
This report presents the outcomes of my Nuclear Liabilities Regulation (NLR) 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 Environmental 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:
· Radioactive Waste Management	
· Spent Fuel Management
· Decommissioning
Based upon my assessment, I have concluded the following:
· Overall, I found the quality of the requesting party (RP’s) GDA Step 2 submissions was to a good standard, however due to the current maturity of the reactor design there are a number of aspects of the design development such as decisions on radioactive waste management and spent fuel (SF) management that will be made post-GDA. 
· The RP’s integrated waste strategy has been developed taking account of relevant United Kingdom (UK) legislation, codes and standards and government policy. The RP has demonstrated a good understanding of the principles of the waste management hierarchy, including the need to prevent and minimise the generation of radioactive waste, and has provided evidence of how the reactor design supports this. 
· The RP has presented a radioactive waste inventory commensurate with the maturity of the design and identified no novel or problematic waste streams that could arise over the lifecycle of the SMR-300 which could become a legacy waste without a disposal route. The RP has committed to carry out further quantification and categorisation of the radioactive waste inventories post-GDA, and has engaged with Nuclear Waste Services and sought an Expert View on disposability of the radioactive wastes and spent fuel expected to be generated over the lifecycle of the SMR.
· The RP has demonstrated that there are options available for the management of radioactive waste and spent fuel (including failed fuel) that would be considered RGP in the UK providing confidence that a UK compliant option exists and risks are capable of being reduced as  low as is reasonably practicable (ALARP). The RP has plans to select the preferred options for the management of both radioactive waste and SF and substantiate this as being ALARP through further design development and analysis post-GDA.  
· The RP has yet to design the facilities for the sorting, segregation and processing of dry solid low level radioactive waste (LLW) within the Reactor Auxiliary Building (RAB) prior to its export for offsite treatment or disposal and has recognised this as a design challenge. However, the RP has made a GDA commitment to undertake detailed design development of LLW handling facilities and to optimise the use of space allocated to this within the RAB post-GDA and therefore I do not consider this to be a fundamental shortfall. 
· The RP has self-identified a design gap related to long-term storage of higher activity radioactive waste (HAW)[footnoteRef:2] due to differences between UK and US practice relating to the interim storage of radioactive waste prior to disposal. In the US, LLW activity limits are less restrictive than UK LLW limits and therefore the majority of radioactive waste that would be considered ILW in the UK can be disposed of as LLW in the US using existing disposal facilities. As a result, the SMR-300 design does not include any facility for the long-term storage of HAW prior to disposal. The RP has considered UK and international good practice and operational experience (OPEX) to identify credible options for the long term storage of HAW waste and has made a GDA commitment to undertake further down selection and underpinning of the preferred option post-GDA and therefore I do not consider this to be a fundamental shortfall. [2:  Higher Activity Waste (HAW) is the term used in the UK to mean high level radioactive waste (HLW), intermediate level radioactive waste (ILW) and low level waste (LLW) for which there is currently no disposal route available. ] 

· The RP has provided information on its processes for identifying examination, inspection, maintenance and testing requirements and incorporating them into its operating schedule, and has made a GDA commitment to develop arrangements for managing ageing and degradation for the SMR-300 in the UK context, providing confidence that spent fuel can be safely stored for its full interim storage period prior to disposal in a geological disposal facility. 
· The RP has considered relevant decommissioning OPEX and has used its own decommissioning experience to inform the decommissioning design standards for the SMR-300 and has provided evidence that decommissioning has been considered in the SMR-300 design.
· The RP has acknowledged shortfalls in its proposed approach to decommissioning, specifically relating to the substantiation of the preferred prompt decommissioning strategy as being feasible and ALARP. Further work is also required to identify the safety systems and components to support decommissioning activities. The RP has made a commitment to address this as part of the post-GDA design development. I therefore do not consider this to be a fundamental shortfall at this stage. 
[bookmark: _Hlk168596328]Overall, based on my step 2 assessment, I have not identified any fundamental safety shortfalls from a NLR 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: _Toc216084906]Introduction
This report presents the outcomes of my Nuclear Liabilities Regulation (NLR) 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]) the Design Reference Point (DRP) (ref. [19]), and supporting documentation (ref. [20]).
Assessment was undertaken in accordance with the requirements of ONR’s management system. It follows ONR’s Risk Informed and Targeted Engagements policy (RITE) (Ref [21]), guidance on the mechanics of assessment (ref. [22]), ONR Safety Assessment Principles (SAPs) (ref. [23]) , 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. [24]) 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 (NRW), began Step 1 of the GDA for the Holtec SMR-300. Step 1, which is the preparatory part of the design assessment process and mainly associated with initiation of the project and preparation for technical assessment in later steps, was successfully completed in August 2024 (ref. [25]).
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. [24]).
Prior to the start of Step 2 I prepared a detailed assessment plan for NLR (ref. [26]). 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. [27]).
Scope
The assessment documented in this report is based upon the DRP and SSEC for the Holtec SMR-300 as summarised in the SSEC chapters and supporting documentation. 
The overall scope of the Holtec SMR-300 GDA is described in the PSR chapters A1 and A2 (ref. [1] [2]). The GDA scope was agreed in Step 1 although this has been modified, with agreement of the regulators, during Step 2 (refs. [28] [29]). 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 NLR assessment scope is defined in the assessment plan (ref. [26]) which is discussed in detail in section 4.1 and includes the following topics:
Radioactive Waste Management 
· Assurance that the design will not generate any novel radioactive waste streams compared to existing light water reactors and UK radioactive waste inventory data. 
· Structures, Systems and Components (SSC) associated with the control and containment of radioactive material and radioactive waste are designed to minimise the generation and accumulation of radioactive waste.
· Sufficient capacity and capability to process and store, in accordance with relevant good practice (RGP), all radioactive waste anticipated to be generated on the site for which there is no existing UK disposal route available. Where this cannot be demonstrated, the RP should demonstrate understanding of the status of UK RGP and that suitable options exist that could be taken forward during future site licensing.
· Evidence that the RP has sought appropriate advice from Nuclear Waste Services (NWS) on disposability of Higher Activity radioactive Waste (HAW)[footnoteRef:3] to inform its pre-disposal management. [3:  Higher Activity Waste (HAW) is the term used in the UK to mean high level radioactive waste (HLW), intermediate level radioactive waste (ILW) and low level waste (LLW) for which there is currently no disposal route available.] 

Spent Fuel Management
· Assurance that the strategy for managing all spent fuel (SF), including failed fuel, provides for its safe and secure storage in alignment with UK government policy, taking due account of RGP.
· Evidence that the RP has sought appropriate advice from NWS on disposability of SF to inform its on-site management.
Decommissioning
· Assurance that the design will adequately facilitate safe decommissioning of the plant at the end of its operational life.
· The RP has suitable arrangements to ensure adequate consideration of decommissioning during development of the design, including but not limited to consideration of materials selection to minimise and control activation products, design features to facilitate decommissioning and dismantling, and modularisation of the design.
· Implications for decommissioning from the partially-underground reactor containment structures and associated SSCs.


[bookmark: _Toc216084907]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. [23]) 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. [30]) are a cornerstone of the global nuclear safety 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 safety reference levels (ref. [31]), which represent good practices for existing nuclear power plants, and Safety Objectives for new reactors (ref. [32]).
2. The relevant SAPs, IAEA standards and WENRA safety reference levels are embodied and expanded on in the TAGs (ref. [33]).
1.1.1. Safety Assessment Principles (SAPs) 
3. The key SAPs applied within my assessment are focused on radioactive waste management (RW.1 to RW.6), SF management (ENM.1 to ENM.3, ENM.6 and ENM.7) and decommissioning (DC.1 to DC.4). I have also considered SAPs relevant to the fundamental design of the plant which contribute to minimising the generation of radioactive waste and to facilitate decommissioning (ECV.1 to ECV.3, ESR.8 and ECE.26).
4. A list of the SAPs used in this assessment is recorded in Appendix 1.
Technical Assessment Guides (TAGs)
5. The following TAGs have been used as part of this assessment:
· NS-TAST-GD-096 - Guidance on Mechanics of Assessment (ref. [22])
· NS-TAST-GD-005 – Regulating duties to reduce risks to ALARP (ref.  [34])
· NS-TAST-GD-024 – Management of radioactive materials and radioactive waste on nuclear licensed sites (ref. [35])
· NS-TAST-GD-026 – Decommissioning (ref. [36])
· NS-TAST-GD-081 – Safety aspects specific to storage of spent nuclear fuel (ref. [37])
National and international standards and guidance
6. The following international standards and guidance have been used as part of this assessment:
· IAEA, Format and Content of the Safety Analysis Report for Nuclear Power Plants, Specific Safety Guide No. SSG-61 (ref. [38])
· IAEA, Predisposal Management of Radioactive Waste, General Safety Requirements Part 5 No. GSR Part 5 (ref. [39])
· IAEA, Decommissioning of Facilities, General Safety Requirements Part 6 No. GSR Part 6 (ref. [40])
· IAEA, Storage of Spent Nuclear Fuel, Specific Safety Guide No. SSG-15 (ref. [41])
I have drawn upon joint guidance issued by ONR and the environment agencies on “the Management of Higher Activity Radioactive Waste on Nuclear Licensed Sites” (ref. [42]) as providing RGP for the safe storage of radioactive waste destined for geological disposal, in the context of assessing the fundamental adequacy of the SMR-300 design.
Integration with other assessment topics
7. I have worked closely with other topics (including the Environment Agency) as part of my NLR 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. 
8. The key interactions with other topic areas were:
· Chemistry – provides input to aspects of my assessment, primarily relating to the source term and materials selection in the design which will impact decommissioning. 
· Fuel & Core – provides input relating to safety aspects of SF management in terms of the spent fuel pool (SFP) sizing and SF criteria for onward management. 
· Radiological Protection – minimisation of exposures and implications for design of systems for management and storage of radioactive materials, radioactive waste and SF.
· Civil Engineering - civil structures and use of modularisation which are important areas in relation to incorporating features in the design to facilitate decommissioning and demonstrating the ability of the design to be safely decommissioned.
· Structural Integrity - assessment of integrity of components which will have an impact on claims made on the containment timescales required to safely store SF in the Independent Spent Fuel Storage Installation (ISFSI).
· Environment Agency - There is significant overlap and mutual interest, including assessment of the RP’s Radioactive Waste Management Arrangements (RWMA), application of Best Available Techniques (BAT), and disposability of radioactive waste and SF.
Use of technical support contractors
During Step 2 I have not engaged Technical Support Contractors (TSCs) to support my NLR assessment for the Holtec SMR-300.  

[bookmark: _Toc216084908]Requesting party’s submission
The RP’s principal submissions are a series of drawings and documents that make up the DRP and a series of SSEC chapters and other supporting references, which provides its preliminary safety, security, safeguards and environment cases for the generic SMR-300 design. This section presents a summary of the SMR-300 design and safety case for NLR. It also identifies the supporting documents submitted by the RP which have formed the basis of my NLR assessment of the SMR-300.
Summary of the Holtec SMR-300 design
The Holtec SMR-300 design is a Pressurised Water Reactor (PWR) with a single steam generator, including an integrated pressuriser and two Reactor Coolant Pumps (RCPs) providing forced circulation in normal operation. The target electrical power output of each SMR-300 unit is 320 MWe (from a thermal power of 1,050 MWth) with a design life of 80 years for non-replaceable components. The SMR-300 design submitted for assessment in GDA is a twin-unit design comprising two SMR-300 reactors and associated plant.
The SMR-300 is equipped with a number of supporting systems for normal operations and a range of safety measures to provide cooling, criticality control, and contain radioactivity under fault conditions. Passive safety features are preferred to active components, reflecting the RP’s design philosophy. 
The SMR-300 has a compact layout. The Reactor Pressure Vessel (RPV), which holds the fuel assemblies, the steam generator, RCPs and associated pipework, the SFP and the passive safety systems, are all held within a steel Containment Structure (CS) and a secondary steel and concrete Containment Enclosure Structure (CES). An Annular Reservoir (AR), containing a large volume of water, is located between the CS and CES.  The AR is used to provide the ultimate heat sink to the passive safety systems.  
The twin unit design is comprised of two separate reactors in separate containment buildings. Each reactor has dedicated normal operation systems, safety measures and SFP, however there is a single control room for the twin unit SMR-300.
The Holtec SMR-300 design has been developed by the RP based upon well-established PWR technology. The RP claims that the design of the SMR-300 is based upon the following principles:
· redundant and passive engineered safety features
· simplified plant design with structures designed to withstand all postulated external events
· ability to mitigate design basis accidents with no operator action
· ability to cope with an extended loss of all AC power for at least 72 hours
· defence-in-depth approach to beyond design basis accident mitigation
· highly reliable active systems to support normal plant operation
The RP has self-identified that there is a lack of radioactive waste storage capacity in the reference design owing to the radioactive waste categories and disposal routes currently available in the US. 
The Holtec SMR-300 design utilises the Holtec International Storage Module (HI-STORM) Underground Maximum Capacity (UMAX) Independent Spent Fuel Storage Installation (ISFSI) for long-term on-site storage of SF pending availability of a geological disposal facility (GDF). SF assemblies are stored within a welded stainless steel Multi-Purpose Canister (MPC). The MPC contains a honey-comb fuel basket made of Holtec’s proprietary neutron-absorbing Metamic-HTTM and is filled with inert gas. The HI-STORM UMAX system is a dry, in-ground spent fuel storage system consisting of Vertical Ventilated Modules (VVMs) each designed to store a single MPC. I will refer to the storage system as the ISFSI moving forward. Although detailed assessment of the ISFSI is out of scope of the GDA Step 2 assessment, I have included this description here to provide context for the assessment of the spent fuel management strategy. 
SSEC approach and structure
The SSEC for the SMR-300 consists of the PSR, the PER, the Generic Security Report (GSR) and the Preliminary Safeguards Report (PSgR), along with their supporting documents. The complete set of SSEC documentation submitted for the GDA is captured within the Master Document Submission List (MDSL) (ref. [20]). 
The SSEC has been developed for a twin-unit reactor design to be constructed, operated, and decommissioned on any generic site that is within the bounds of the generic SMR-300 Generic Site Envelope (GSE).
The fundamental purpose of the SSEC is to demonstrate that the SMR-300 can be constructed, commissioned, operated, and decommissioned on a generic site in the UK to fulfil the future licensee’s legal duties to be safe, secure and protect people and the environment (ref. [1]).
The SSEC and supporting documents have been prepared using the 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 NLR 
The aspects covered by the Holtec SMR-300 safety case for NLR can broadly be grouped under four headings which are summarised as follows:
1.1.2. Radioactive Waste Management 
9. The main radioactive waste management aspects covered include: 
· The claim that the design of the radioactive waste management and storage systems will minimise the release of radioactivity, so far as is reasonably practicable (SFAIRP). 
· The claim that the overall radioactive waste management strategy provides an appropriate means of safely managing operational activities throughout the lifecycle of the generic SMR-300. The RP’s radioactive waste management strategy addresses UK regulatory guidance, including expectations set out in the relevant SAPs, the application of the waste management hierarchy, and the need for consistency with UK government policy.
· The radioactive waste management arrangements, set out in the preliminary environmental report (PER) (ref. [13]) considers the full lifecycle of the reactor and includes the characterisation and segregation of waste to facilitate appropriate management and eventual disposal. 
· The RP has considered the requirement to process waste to facilitate recycling and reuse, in line with the waste hierarchy, and to produce conditioned waste that can be stored in a passively safe condition prior to disposal. Decisions on this aspect of the radioactive waste management systems design will be made post-GDA Step 2 and will consider the principles of as low as reasonably practicable (ALARP), and the waste management hierarchy. 
· The RP’s radioactive waste management arrangements (ref. [13]) recognise the need to record information on the provenance, history and management of radioactive waste over the lifecycle of the reactor to facilitate safe management of the waste. The information management system will be developed post-GDA Step 2.  
· The RP has developed an inventory for radioactive waste for the SMR-300 and engaged with NWS to seek an Expert View on the disposability of its radioactive waste streams (ref. [43]). 
1.1.3. Spent Fuel Management 
The main spent fuel management aspects covered include: 
· The RP’s baseline strategy is for the SF to be cooled in the SFP before being dried and packaged within an MPC and transferred to the on-site ISFSI dry fuel storage system pending planned disposal in the GDF (ref. [44]). 
· In addition to the baseline strategy, the RP has identified alternative options for the management of SF and the selection of the preferred option for SF management will be made by the developer/operator post-GDA Step 2. 
· The RP claims that each MPC provides sufficient capacity (with margin) to transport and reload the nominal core batch size of new fuel during refuelling. A MPC also has sufficient capacity (with margin) to discharge all SF from each refuelling outage for on-site dry storage, after as little as 3 years of cooling in the SFP. 
· Damaged fuel will be placed into a Damaged Fuel Container (DFC) located within an MPC for long-term storage. Non-Fuel Waste (NFW) arising from the SMR-300 is packaged in a Non-Fuel Waste Container (NFWC) once sufficient waste has been accumulated within the SFP and then transferred and processed for dry storage in the ISFSI system. 
· The RP claims that the SSCs which support operational fuel activities are designed to ensure safety functions and measures are delivered and radiation exposure and release of radioactivity are minimised SFAIRP. The RP has identified the safety functions performed by the SSCs used in the management of SF, namely control of criticality, containment of radioactive material, decay heat removal, and shielding against radiation (ref. [9]). 
· The ISFSI will be constructed during reactor construction and sized to accommodate the total lifetime SF arisings from both units. The RP recognises that SSCs associated with the ISFSI will need to perform their respective safety functions for a period of 100 years or more, during the interim on-site storage of SF and that an examination, inspection, maintenance and testing (EIMT) programme will be required throughout the lifetime of the facility to support this.
· The RP has engaged with NWS on the disposability of SF and recognises that MPCs are not disposable in the UK and therefore will need to be repackaged into NWS approved disposal containers following interim storage prior to disposal. No credible options for the repackaging of the SF have been foreclosed at this stage, however the repackaging of the SF is beyond the scope of the Step 2 GDA. 
Decommissioning
The main decommissioning aspects covered include: 
· The RP claims that the SMR-300 design incorporates features that facilitate decommissioning and can be decommissioned using current, proven technology (ref. [10]). The RP has provided evidence of how decommissioning has been considered in the design of the reactor, including material selection to reduce surface contamination and activation, and the utilisation of modular construction.
· The baseline strategy for the SMR-300 is for prompt decommissioning and the RP claims that this will enable decommissioning to be safely undertaken as soon as is reasonably practicable (ref. [45]). However, the RP has not foreclosed other decommissioning options and the most practicable decommissioning strategy will be determined post-GDA. 
· The RP has considered operational experience (OPEX) to identify areas of good practice in decommissioning for similar reactors. This includes OPEX related to materials selection in operating PWRs to minimise surface contamination and facilitate decommissioning, and a comparison of PWR waste streams to develop the qualitative decommissioning waste inventory and provide confidence that no novel wastes will be generated (ref. [46]).
1.1.4. Demonstrating Risks are Reduced ALARP 
PSR chapter A5 presents an overall summary of the RP’s demonstration that risks from the generic SMR-300 design are likely to be ALARP across the full lifecycle of the SMR-300 (ref. [5]). The chapter describes the approach and methodology to demonstrating ALARP, including consideration of ALARP during design development and design changes, consideration of OPEX from other PWRs, and the application of national and international guidance to justify RGP. For example, both options based on UK RGP and US ‘opportunity’ options based on OPEX have been considered for the management of radioactive waste and SF. 
PSR Chapters B13, B24 and B26 set out the explicit arguments to support the RPs claims that risks associated with radioactive waste management, SF management and decommissioning have, or will be, reduced to ALARP throughout the entire reactor lifecycle (ref. [7], [9], [10]). This includes the identification of available options for each of these areas that meet RGP in a UK context, and a description of the further work required to justify the approach as ALARP to be taken forward as a GDA commitment. These aspects are discussed in Section 4 and summarised in sub-section 4.2.4. 
Basis of assessment: requesting party’s documentation
The principal documents that have formed the basis of my NLR assessment are:
· PSR Chapters B13 – Radioactive Waste Management (ref. [7]), B24 – Fuel Transport and Storage (ref. [9]) and B26 – Decommissioning (ref. [10]) which set out the key claims, arguments and evidence. 
· The Integrated Waste Strategy (ref. [47]), which supports the claim that the overall radioactive waste management strategy provides an appropriate means of safely managing operational activities throughout the lifecycle of the generic SMR-300. 
· The SMR-300 ILW Interim Storage Options Assessment (ref. [48]) which identifies the options available for the interim storage of SMR-300 HAW prior to disposal. 
· PER Chapter 1 – Radioactive Waste Management Arrangements (ref. [13]) which presents the management arrangements for radioactive waste and SF over the lifecycle of the SMR-300. 
· The Radioactive Waste Inventory (ref. [49]) which provides quantitative estimates of the radioactive waste expected during SMR-300 operation based on OPEX from other PWRs, and the Decommissioning Inventory (ref. [46]) which provide qualitative estimates of decommissioning wastes, again based on OPEX from other PWRs.
· The RP’s response to the NWS Step 2 Expert View on the disposability of the radioactive waste and SF expected to be generated over the lifecycle of the SMR-300 (ref. [43]). 
· The Spent Fuel Management Strategy (ref. [44]) which sets out the baseline strategy and alternative options for the management of SF. 
· The Decommissioning Strategy Assessment (ref. [45]) which describes the preferred decommissioning strategy for the SMR-300 and the future work required to underpin this. 
· The Design Standard for Decommissioning (ref. [50]) which supports the RPs claim that the SMR-300 design incorporates features that facilitate decommissioning and can be decommissioned using current, proven technology. 

[bookmark: _Toc216084909]ONR assessment
Assessment strategy
My Step 2 assessment work has involved regular engagement with the RP’s NLR specialists via Level 4 progress meetings and routine keep-in-touch meetings. 
During my GDA Step 2 assessment, I have identified some gaps in the documentation submitted to ONR. Consistent with ONR’s Guidance to Requesting Parties (ref. [24]), this has resulted in three Regulatory Queries (RQs) being issued to facilitate my assessment. I have not raised any Regulatory Observations (ROs) or Regulatory Issues (RIs) during my assessment. 
In line with the GDA objectives for Step 2, the objective of my assessment was to reach an independent regulatory judgement on the fundamental claims and supporting arguments related to NLR; this included consideration of the suitability of the methodologies, approaches, codes, standards and philosophies used in the development of the design and safety case. 
The strategy for my assessment was to consider areas of concern identified during Step 1 and to identify any significant issues that may represent fundamental safety shortfalls that could prevent ONR permissioning the construction of a power station based on the SMR-300 design. In addition, I considered if there were any matters that may conflict with UK government policy or where the design may not meet regulatory expectations. 
In line with ONR’s guidance on the mechanics of assessment (ref. [22]), I targeted my assessment at the following: matters that would allow me to form a judgement on the fundamentals of the SMR-300 design and safety case relevant to NLR, areas of uncertainty in the design related to NLR and areas where the design or safety case differs from established RGP. 
Details of my GDA Step 2 assessment of the Holtec SMR-300 preliminary safety case and supporting documentation in the area of Radioactive Waste Management, Decommissioning and Spent Fuel Management, including the conclusions I reached, are presented in the following sub-sections of the report. My assessment highlights areas of good practice and shortfalls I have identified in the RP’s submission. The RP intends to progress to site licensing following Step 2 GDA; although there are no plans to progress to Step 3 GDA, where shortfalls and gaps have been identified I have discussed these with the RP and it has committed to address them as it develops the design ahead of any future site licence application. Details of this are provided in section 4.2. 
Assessment
Radioactive Waste Management
I have assessed Chapter 13 of the PSR against the expectations for radioactive waste management set out in the relevant SAPs (RW.1 – RW.6). These expectations include:
· The production of a radioactive waste management strategy
· The prevention and minimisation of generation of radioactive waste
· The minimisation of accumulation of radioactive waste
· Characterisation and segregation of radioactive waste
· Safe storage of radioactive waste
· The need to record and preserve information required for radioactive waste management
Chapter 13 of the PSR includes a number of claims that address these key expectations for radioactive waste management, including the preparation of a strategy for the management of radioactive waste, and information on how radioactive waste will be minimised. 
Radioactive Waste Management Strategy
A fundamental expectation (SAP RW.1) is that a credible strategy for management of radioactive waste is developed, which is consistent with government policy (ref. [51]) and integrated with other relevant strategies.
The RP has produced an Integrated Waste Strategy (IWS) for the SMR-300 to demonstrate that wastes arising from the SMR-300 can be managed safely and in line with UK government policy (ref. [47]). The IWS also supports the claim that the overall radioactive waste management strategy provides an appropriate means of safely managing operational activities throughout the lifecycle of the plant (claim 2.3.3). 
I am satisfied that the IWS has been developed taking account of relevant UK legislation, and codes and standards including the ONR SAPs and the joint guidance on the management of Higher Activity Radioactive Waste on nuclear licensed sites (ref. [42]). The RP has also demonstrated a good understanding of the principles of the waste management hierarchy, including the need to prevent and minimise generation of radioactive waste SFAIRP (ref. [47]). This is discussed in further detail in sub-section 4.2.1.2.
The baseline strategy for the management of solid radioactive waste is for sorting and segregation at source dependent on the waste characteristics and then processing in line with the waste hierarchy, taking into account the principles of BAT, which is a requirement of the Environment Agency, and ALARP. LLW will be sent for off-site treatment and disposal as soon as practicable to minimise the accumulation of radioactive waste on site. For HAW there is no disposal route currently available in the UK, meaning these wastes will be stored on-site pending disposal. There is currently no capacity for the interim storage of HAW within the SMR-300 design; waste storage is discussed in further detail in sub-section 4.2.1.3. I judge that the baseline strategy aligns with UK government policy and RGP (SAP RW.4). 
The RP identifies multiple options for radioactive waste processing and packaging that are based on international PWR OPEX and align with UK good practice. For example:
· The utilisation of currently available off-site waste treatment services for LLW under the NWS waste services framework, which include metallic waste treatment, incineration and super-compaction. 
· The use of mobile plant for waste treatment rather than permanently installed systems, the benefits of which include greater flexibility in plant layout, lower overall costs, and avoidance of ageing and obsolescence risks (ref. [47], [13]). 
· The option for ILW to either be conditioned (de-watered) and packaged within a Robust Shielded Container (RSC) for storage in an on-site lightly shielded store until the GDF is available (aligned with UK RGP), or to utilise the ‘opportunity’ option aligned to US OPEX by using the High Integrity Container (HIC) for waste packaging, with storage in Holtec’s proprietary HI-SAFE shielded overpack storage module (ref. [48]).
The purpose of the RP’s assessment of options for the management of radioactive waste is to demonstrate that an ILW management strategy can be developed and implemented for the Generic SMR-300. Neither ILW management option has been foreclosed at this stage and the RP has made a commitment (C_RWMA_078) to undertake further down-selection of the options, including container type, post-GDA (ref. [13]). Any option chosen will need to be suitably underpinned to demonstrate that risks have been reduced to ALARP. 
I consider that the RP has adequately considered radioactive waste management options currently available in the UK while also considering international OPEX and good practice, and has demonstrated that a credible option exists for safe management of ILW generated by the Holtec SMR-300 design pending availability of a GDF. On this basis I do not consider there to be a fundamental shortfall with the generic Holtec SMR-300 design, however, the lack of design maturity and detailed waste inventory limits the assessment and means that there are multiple design aspects to be developed post-GDA. 
Minimisation of radioactive waste generation and accumulation
The design for the SMR-300 is currently at the concept-design stage, as a result, it is not possible for detailed radioactive waste inventories to be developed at this stage. The IWS provides an overview of the RP’s inventory assumptions for the operational radioactive wastes which it states have been produced on a conservative basis, informed by OPEX from other PWR reactors. The inventory indicates that no HLW (heat-generating waste) is expected to be produced during the lifecycle of the SMR-300. I consider that the preliminary waste inventory provides confidence that no problematic or novel radioactive wastes are expected to be generated during the lifecycle of the SMR-300 (ref. [47], [49]). 
The RP has also provided an overview of the decommissioning waste inventory expected to be generated during the decommissioning of the SMR-300, again based on OPEX from other PWRs. The decommissioning waste inventory is limited in detail at this stage and information on waste masses, volumes and radionuclide fingerprint data is not available at this time due to the maturity of the SMR-300 design (ref. [46]). Radionuclide source term development is ongoing and is not available for assessment within the Step 2 GDA. The RP states that quantitative estimates for decommissioning wastes will be undertaken at the site-specific stage taking into account more detailed SMR-300 design, the selected decommissioning strategy and decontamination and dismantling processes, and a well-developed source term (ref. [46]). This is captured in GDA commitment C_DECO_079 in PSR Part B Chapter 26 (ref. [10]).
I consider the information presented on the radioactive waste inventory to be commensurate with the maturity of the design at this stage and note that the RP has acknowledged that this will need to be reviewed and developed as the reactor design matures, I therefore do not consider this to be a fundamental shortfall. 
The Solid Radwaste System will handle operational wastes and be available during the operational phase of the lifecycle and will service both reactor units (ref. [7]). The PER Ch.1 states that waste will be characterised and segregated at the point of generation to facilitate appropriate processing and final discharges to the environment or disposal in off-site facilities, in line with the expectations of SAP RW.4 (ref. [13]). The PER also recognises the need to collect and retain information on the non-radioactive properties, for example the physical and chemical characteristics, of the waste as part of the characterisation process to inform waste management (ref. [13]). I am satisfied that the RP recognises the need for waste characterisation and segregation to support waste minimisation and that this is being considered in the SMR-300 design. 
The RP has identified the opportunity to use decay storage for the management of boundary wastes; those wastes which have a level of radioactivity close to the boundary between two waste categories such as ILW and LLW (ref. [47]). Decay storage takes advantage of radioactive decay and is consistent with application of the waste hierarchy to minimise the volume of waste requiring disposal. I note that any waste at the boundary of LLW and very low level radioactive waste (VLLW) would be stored in the buffer store in the Reactor Auxiliary Building (RAB) before it can be disposed of as VLLW to an appropriate landfill facility and that sufficient buffer store capacity will be required for this. Storage requirements for LLW are considered further in sub-section 4.2.1.3.
The RP provides good examples of how the generation of radioactive waste will be minimised through the reactor design, including material selection around the reactor core to minimise susceptibility to neutron activation and corrosion, and adopting high-reliability and high-performance fuel to minimise fuel failure and fission product leakage (ref. [47]). This aligns to the expectations of SAPs RW.2 and ECE.26. The design aspects considered focus on the minimisation of failed fuel and high-level waste generation. I judge this to be appropriate for GDA Step 2 and considering the maturity of the reactor design. The generation of LLW is generally minimised via operating practices and therefore I do not expect this to be discussed in detail at the generic design stage.
I note that the RP acknowledges that the design and operations of systems, radiation zoning, layout of SSCs, optimal radioactive waste management, and practicable decommissioning strategy also support minimisation of radioactive waste, providing confidence that these aspects will continue to be considered as the design develops. However, because the design of the SMR-300 is currently immature, the layout of the plant is not finalised, and operating practices will be determined at the site-specific stage, there is currently limited information available on waste minimisation. This will require further development as the design matures to demonstrate that risks have been reduced ALARP.
Storage of Radioactive Waste
ONR expects radioactive waste to be stored in accordance with good engineering practice and in a passively safe state, and that it should be processed into a passively safe state as soon as is reasonably practicable (SAPs RW.5 and RW.6). Owing to differences between the radioactive waste classifications in the US and the UK, there is no long-term storage capacity for HAW within the SMR-300 reference design. The RP recognises this as a design gap against UK RGP and has prepared the ILW Management Strategy Options Assessment (ref. [48]), identifying the available viable options, taking into account UK RGP and international OPEX.  
The ILW Management Strategy Options Assessment focuses on key waste streams expected to be ILW on the basis of the radioactive waste inventory report (ref. [49]), which itself is based upon qualitative comparison of known and predicted radioactive waste arisings from other PWR technologies. It should be noted that the options assessment only covers ILW management options because the RP does not expect the SMR-300 to generate any HLW (heat-generating waste) over its lifecycle. The report identifies credible options for waste conditioning and compatible container selection (see sub-section 4.2.1.1). None of these options have been foreclosed at this stage and the RP has made a commitment (C_RWMA_078) to undertake further down-selection of the ILW management options and undertake detailed design development of the ILW storage facility (ref. [13]). Any option chosen will need to be suitably underpinned to demonstrate that risks have been reduced to ALARP. 
I judge that the RP has adequately considered radioactive waste management options currently available in the UK while also considering international OPEX and good practice from the US, and has demonstrated that a credible option exists for safe management of ILW generated by the Holtec SMR-300 design pending availability of a GDF, and therefore do not consider this to be a fundamental shortfall. 
At this stage of the design process, the RP has not yet defined the monitoring and inspection requirements for waste packages as these will depend on both the selected waste package and the store design. However, the RP has demonstrated awareness of UK RGP (ref. [52]), and will develop a Storage Implementation Plan supported by detailed optioneering for the waste management strategy, as part of normal business (ref. [7]). I consider this to be an appropriate level of detail for the Step 2 assessment.
The RP assumes a storage period of 100 years (ref. [47]) but notes that further engagement with NWS is required to confirm that this storage period is sufficient to align with the timescales for the GDF receiving new build waste. I consider this to be a reasonable period of time, however, the assumptions on the operational life of radioactive waste storage facilities and waste packages will need to be formally considered at the site-specific stage. I note that the RP has also recognised the risk that a GDF may not be available leading to longer storage times and potential challenges to storage capacity. 
ONR expects the total quantity of radioactive waste accumulated on site at any time to be minimised SFAIRP (RW.3). The RP acknowledges the design and spatial requirements necessary to facilitate radioactive waste management, such as sufficient space for handling, processing and buffer storage of LLW within the RAB, and this is captured within the top level plant design requirements for the SMR-300 (ref. [53]). At this stage, a specific location for the sorting, segregation and processing of dry solid waste within the RAB prior to export to an offsite treatment or disposal facility is yet to be designed and developed. As such, the RP has raised a design challenge (ref. [7]). 
However, the RP has made a commitment to undertake detailed design development of facilities for LLW handling and optimisation of the use of space allocated to radioactive waste management in the RAB as part of its post-GDA activities (C_RWMA_078) (ref. [13]) and therefore I am confident that this aspect of the design will be developed post-GDA. I consider this to be a routine activity as part of the ongoing SMR-300 design development and therefore do not consider this to be a fundamental shortfall. 
Disposability of Radioactive Waste
The RP has engaged NWS and sought an Expert View on Disposability for the wastes expected to be generated over the lifecycle of the generic SMR-300 (ref. [43]). Engagement with NWS as part of the design process is considered RGP for ensuring pre-disposal management of HAW is aligned to the developing GDF safety case. 
The NWS Expert View (ref. [43]) identified a small number of risks to disposability of HAW, although these are assessed by NWS to be ‘low’ severity (broadly consistent with existing endorsed waste packaging proposals or spent fuels) in relation to the baseline management option. The NWS Expert View confirms that the baseline ILW Management Strategy to package waste in an RSC would likely be acceptable to a GDF.   
The RP has made a commitment (C_RWMA_078) to engage with NWS regarding disposability assessment of the ILW packages following further detailed optioneering and ALARP underpinning of the selected package, and development of the radioactive waste inventory (ref. [13]). I judge the RP to have demonstrated a credible waste packaging solution exists for anticipated ILW waste streams, that aligns to UK RGP. I am confident that the RP has adequately captured the further design development and substantiation that will be required to fully underpin its preferred option as reducing risks to ALARP.
Conclusion
Based on the outcome of my Step 2 assessment of Radioactive Waste Management, I have identified shortfalls against UK RGP or requirements related to the management of LLW and HAW (SAPs RW.3, RW.5 and RW.6). However, the RP has self-identified the design gaps related to the facilities for the management of LLW and the long-term storage of HAW, and has acknowledged the differences between the UK and US practice relating to the storage of radioactive waste. The RP has raised a commitment to address these shortfalls post-GDA (C_RWMA_078) and I therefore judge that they do not represent fundamental shortfalls with the design and safety case. Whilst this shortfall will not be tracked, future project stages will be subject to appropriate regulatory assessment.
Spent Fuel Management 
I have assessed Chapter 24 of the PSR against the expectations for spent fuel management set out in the relevant SAPs (ENM.1-ENM.3, ENM.6 and ENM.7). These expectations include:
· The production of a strategy for the management of SF.
· The storage of SF in a condition of passive safety and in accordance with good engineering practice. 
· Retrieval and inspection of stored SF. 
Chapter 24 of the PSR includes a number of claims that address these key expectations including the preparation of a SF management strategy and the incorporation of features into the generic SMR-300 design that facilitate the safe management of SF. The processing of SF for dry storage within the fuel handling area of the RAB and the SF management options following the end of the interim storage period are out of scope of Step 2 GDA. 
Spent Fuel Management Strategy
A fundamental expectation (SAP ENM.1) is that a credible strategy for management of SF is developed, which is consistent with government policy (ref. [51]) and integrated with other relevant strategies.
The RP has developed a baseline strategy for the long-term management of SF based on an initial period of cooling of SF assemblies in the SFP for a minimum of 3 years. The SF assemblies will then be transferred within a MPC for processing in the Fuel Handling Area of the RAB, followed by transfer to the on-site ISFSI for long-term dry storage pending availability of the GDF (ref. [44]). The RP has assumed an on-site storage period in the ISFSI of 100 years (ref. [9]). The approach of initial cooling followed by processing for safe and secure on-site storage pending disposal to a GDF is aligned with government policy (ref. [51]). 
The RP claims that its strategy for transfer of fuel, including damaged fuel, to the ISFSI after shorter periods of in-pool cooling contributes to minimising the release of radioactivity into the SFP water thus minimising accumulation of radioactivity in the SFP cooling system filter and resin beds in line with SAP ENM.3, and ultimately the minimisation of discharges in line with SAP ECV.2 (ref. [44]). I consider the strategic aim to be aligned with a waste led approach and provides confidence that a demonstration of ALARP can be achieved.
A novel feature of SMR-300 is the relatively small SFP located within, and therefore constrained by, the reactor CS. The Fuel and Core inspector has considered the capacity of the SFP in the scope of their assessment and judges that the RP has given an adequate demonstration in GDA Step 2 that sufficient SFP cooling time should be available to allow SF safety limits for dry storage to be met, providing confidence that it can be safely managed (SAP ENM.2) (ref. [54]).
The baseline strategy recognises dry storage of SF as international RGP with significant OPEX available. There is also extensive OPEX for the Holtec dry storage systems; the HI-STORM UMAX system is licensed by the United States Nuclear Regulatory Commission (US NRC) and has been in service at two sites in the US since 2015. In addition, the HI-STORM UMAX concept builds upon the existing experience in the UK for dry storage at Sizewell B nuclear power plant (NPP) which also uses a variant of the Holtec HI-STORM dry storage technology. Whilst assessment of the detailed safety case for the ISFSI is out of scope of the GDA, high-level claims and evidence provided give confidence in the UMAX concept and the ability to achieve storage in a passively safe condition (SAP ENM.6) (ref. [9]). 
In addition to the baseline strategy, the RP presents alternative options based on UK expectations, recognising that some information will not be available until the site-specific stage and that there are design uncertainties that need to be addressed (ref. [9], [44]). The reference design makes use of variants of the MPC not currently used in the UK and are therefore novel in a UK regulatory context. The RP has confirmed that the MPC variants have the same external size and therefore there is no impact on the design of the ISFSI. There will however be operational impacts depending on which MPC design is selected due to variations in their capacity. The RP acknowledges that further underpinning of this option is required to demonstrate that risks have been reduced SFAIRP. I consider this to be in line with normal development of the design and that there are no fundamental issues at this stage of design maturity.
I judge that the RP has adequately considered the options available in the UK, whilst also considering international OPEX and good practice, in order to identify multiple credible options for the safe management of SF (SAP ENM.2 and ENM.6). No options have been foreclosed at this stage of the GDA process and I consider this to be appropriate given the current maturity of the design and noting that further ALARP justifications for the management of SF are yet to be made.
Failed Fuel and Non-fuel Waste Strategy
The SF management strategy scope includes failed fuel and NFW, which will be managed in a similar way as the SF and processed for long-term storage in the ISFSI. Damaged fuel will be placed in a DFC which will itself be placed into an MPC. The RP has identified limits on the number of DFCs permissible in a single MPC. The DFC does not provide a claimed containment barrier as it allows gaseous and liquid media flow (enabling circulation of helium for cooling, and drying for long-term storage) but does prevent dispersion of damaged fuel fragments and particulates within the MPC during storage and maintains retrievability for future processing in accordance with SAP ENM.7 (ref. [9]). 
I note that the underpinning safety case for processing of damaged fuel to ensure continued safety in storage and preservation of disposability remains to be made. However, I consider this to be beyond the scope of a Step 2 GDA and I am content with the maturity of the claims and arguments for damaged fuel management.
NFW, comprising high-dose-rate redundant metallic components such as in core instrumentation will be packaged in a NFWC, processed via drying and transferred to the ISFSI for long-term storage pending disposal to the GDF. Similar to the MPC, the NFWC is a welded stainless steel container, filled with helium to provide an inert, dry environment for storage and act as a medium for heat transfer (SAP ECV.3). Control rod assemblies (RCCAs) will be managed separately to other NFW and packaged with SF (ref. [44]). 
The RP has identified that some NFW components may be HLW at the time of removal from the core. Although the design is too immature to determine the exact activation and waste category, the acknowledgement at this stage that heat generation may need to be considered in the storage for NFW is positive and gives confidence this will be appropriately integrated as the design matures to enable its safe management (SAP ENM.2).
Spent Fuel Storage
The RP states that the design life of the SMR-300 is 80 years, but that SSCs associated with fuel storage, including the ISFSI, will need to perform their respective safety functions for a period of 100 years or more during the interim on-site storage of SF (the operational life) (ref. [9]). The RP states that the operation of the ISFSI beyond its design life will be achieved via an EIMT programme for managing ageing and degradation throughout the lifetime of the facility (Claim 2.3.1.3) (ref. [6]). 
ONR has raised RO-008 on the ageing and degradation considerations for the material selection process and design life justification of the SMR-300 (ref. [55]). The RP has provided a resolution plan for this RO and PSR Part B Chapter 9 provides more information on the RP’s processes and planned work to ensure that EIMT requirements will be identified and incorporated into the operating schedule of the SMR-300 (ref. [6]). This includes GDA commitment C_MQSA_109 to develop arrangements, including a strategy, for managing ageing and degradation for the SMR-300 in the UK context (ref. [4]). I have discussed this with the Structural Integrity assessor who has confirmed that the proposed approach to EIMT outlined is appropriate. 
The RP notes that during the operational lifetime, if there were any issues identified with SF stored in the ISFSI, the relevant MPC could be retrieved and returned to the SFP via the Fuel Handling Area to enable further inspection and management via an alternative route in line with regulatory expectations (SAP ENM.7) (ref. [9]).
At GDA Step 2, the Preliminary Fault Schedule (ref. [56]) is currently limited to ‘in-reactor’ faults due to the lack of design maturity.  This aligns with the fuel route activities being outside the scope of GDA since they are not deemed novel for SMR-300. However, the RP has identified potential faults associated with the fuel route based on OPEX (e.g. failure of fuel during forced helium drying to prepare fuel for dry storage) and provided high-level consideration of mitigations. The RP has conducted HAZOP studies on the fuel route and commitment C_Faul_103 (ref. [57]) identifies future action to incorporate these in to the fault schedule at the site specific stage, in accordance with the strategy outlined in PSR chapter B24.
Overall, I judge that the RP has adequately considered the storage requirements for SF at this stage of the design development and has plans in place to further develop its EIMT arrangements for managing ageing and degradation of the storage facilities to ensure safe storage of SF can be achieved for the full operational life of the facilities. From an NLR perspective, I consider that this provides confidence that the SF can be safely stored prior to its disposal in a GDF and does not represent a fundamental shortfall in the design.
Disposability of Spent Fuel
NWS has provided an Expert View on the disposability of SF and radioactive waste anticipated to arise from the operation and decommissioning of the Generic SMR-300 (ref. [43]). The Expert View confirmed that the general nature of the SF and NFW is not significantly different to those that would arise from existing and planned PWRs, giving confidence that a disposability case could be made. The Expert View identifies some risks and uncertainties to disposability; these are considered low-risk and none pose a fundamental shortfall against the SMR-300 design, however some will require further work to mitigate and address them as the design develops. 
For example, one such risk related to SF management is the initial enrichment of the Holtec SMR-300 fuel exceeding the envelope of the current knowledge base for post-closure criticality safety. However, the fuel proposed by the RP is standard and currently commercially available, and a path to closure of this risk has been identified as NWS extending the envelope of existing post-closure criticality safety methodology to include higher enrichment fuel. 
It should be noted that the RP has informed ONR that a change in fuel design is likely post-GDA due to a change in fuel assembly proposed for the SMR-300 in the US; this is addressed in further detail in the Fuel and Core assessment [54]. The change in fuel design is not part of the reference design for the SMR-300 and is therefore out of scope of the Step 2 GDA assessment, however, I would expect the RP to engage with NWS on the disposability of this fuel as part of the design change process. 
The RP acknowledges that, based on current NWS assumptions, the MPC will not be disposable to a GDF and therefore SF and NFW will require repackaging prior to disposal. However, this is beyond the scope of the GDA and will be subject to further design and safety case development. I note that this is not significantly different to any of the previous GDA assessments which proposed use of dry storage, nor the extant operations at Sizewell B utilising HI-STORM dry storage technology for PWR fuel.
Conclusions
Based on the outcome of my Step 2 assessment of Spent Fuel Management, I have concluded that the information submitted by the RP is consistent with UK RGP (SAP ENM.1-ENM.3, ENM.6 and ENM.7). If the RP continues to develop the SMR-300 design and SSEC on this basis, I consider it likely that the final design will be compliant with UK regulatory requirements and expectations. ONR will assess the final design and SSEC in future activities. 
Decommissioning 
I have assessed Chapter 26 of the PSR against the expectations for decommissioning set out in the relevant SAPs (DC.1-DC.4, noting that SAPs DC.5-DC.9 are of limited relevance to GDA). These expectations include:
· Design and operation to enable safe decommissioning
· The production of a decommissioning strategy
· The justification of continuing safety prior to decommissioning 
· The need for a decommissioning plan to be prepared 
Chapter 26 of the PSR includes a number of claims that address these key decommissioning expectations including the preparation of a decommissioning strategy and the incorporation of features into the generic SMR-300 design that facilitate decommissioning. 
Design for Decommissioning
ONR expects that facilities should be designed and operated so that they can be safely decommissioned (SAP DC.1). The RP’s Top Level Plant Design Requirements document highlights the need to consider the full design life of the plant, including future decommissioning and dismantling activities (ref. [53]) and specific design requirements are captured in the Design Standard for Decommissioning for the SMR-160[footnoteRef:4]. Although the RP has not yet updated the Design Standard for the SMR-300, I do not consider this to be an issue at this stage of the design process as the RP has confirmed that there are no substantive design differences between the SMR-160 and the generic SMR-300 that would require revision to the preferred decommissioning strategy (ref. [58]). [4:  The SMR-160 was the original concept 160MWe reactor design that the RP produced; the design was revised to the SMR-300 with a 300MWe output [2]. 
] 

The Design Standard for Decommissioning requires the designer to consider how plant layout can limit the spread of contamination during decommissioning and facilitate decommissioning activities (ref. [50]). This includes guidance on radiological zoning of areas to prevent the spread of contamination and the requirement for the plant layout to include sufficient space for the handling and processing of radioactive waste generated during decommissioning. 
Further evidence to support the claim that the design incorporates features that facilitate decommissioning, and can be decommissioned using current, proven technology, is provided in the Decommissioning Strategy Assessment for the SMR-300 (ref. [45]). Examples of where the design requirements have been applied include:
· The utilisation of modular construction of the SMR-300 design, enabling components to be removed whole during decommissioning and reducing the generation of secondary waste (ref. [45]).
· Hatches in the CES from the RAB will facilitate the removal of plant and equipment during decommissioning (ref. [45]). 
· The use of stainless steel cladding in the reactor pressure vessel and core internals to minimise fuel crud deposition and corrosion susceptibility (ref. [8]). 
· The avoidance of cobalt within stainless steel within the plant exposed to high neutron flux to minimise the overall inventory of activated corrosion products (ref. [8], [10]). 
· The location of the SFP inside the CS reduces the number of facilities requiring decommissioning and the prompt management of SF reduces the spread of contamination.
I consider that the evidence provided is appropriate given the maturity of the design and demonstrates that decommissioning is being considered at the design stage in accordance with the expectations of SAPs DC.1 and ECE.26. 
The Decommissioning Strategy Assessment also highlights design features in the SMR-300 that have been developed with consideration of international lessons learned and Holtec International’s own operational experience in decommissioning the Oyster Creek and Pilgrim sites in the US. OPEX from Oyster Creek includes the segregation of waste streams at source and the requirement for radiological zoning during decommissioning to facilitate waste minimisation and limit the spread of contamination, both aspects are included in the SMR-160 Design Standard for Decommissioning (ref. [50]). I am satisfied that the RP has sought to understand relevant decommissioning OPEX and has used its own decommissioning experience to inform the decommissioning design standards for the SMR-300. 
Whilst the Decommissioning Strategy Assessment is informed by the SMR-160 Design Standard for Decommissioning; the RP has confirmed that there are no substantive design differences between the SMR-160 and the generic SMR-300 that would require revision to the preferred decommissioning strategy (ref. [58]). The main design change from the SMR-160 to the current SMR-300 design relevant to NLR and decommissioning is the absorption of the Radwaste Building into the RAB.  The RP claims this has benefits to decommissioning as it reduces the number of buildings requiring decontamination and dismantling and reduces the number of structural interfaces and connections which may shorten decommissioning timescales (ref. [10], [59]). Whilst I am satisfied that the RP is considering the potential impacts of this design change on decommissioning, I note that there are also potential challenges to decommissioning, for example as a result of having more systems located in a constrained space, that will also need to be considered. 
I sought information from the RP on how the decommissioning of below-grade structures, and the challenges associated with this, has been considered in the design (RQ-01988). The RP’s response indicated that lessons learnt have been taken from UK legacy plants such as the Magnox fleet to avoid complex below ground structures as these can create decommissioning challenges. This requirement has been captured in the decommissioning design standard which requires plant layouts that facilitate dismantling and decommissioning of radioactive equipment to be considered by the designer (ref. [50]). The RP states that post-GDA, the Decommissioning Strategy Assessment will be revised to the Design for Decommissioning Justification Report which will present underpinning evidence of safety and environmental optimisation in the plant layout and SSCs in the detailed design of the generic SMR-300 to demonstrate that decommissioning risks have been reduced to ALARP (ref. [10]). I judge this response to be adequate on the basis that the RP has demonstrated that it has considered lessons learned from other facilities and that this aspect of the design will be considered as the detailed design of the SMR-300 is developed moving forward. 
Decommissioning Strategy
A fundamental expectation (SAP DC.2) is that a credible decommissioning strategy is prepared and maintained, which is consistent with government policy (ref. [51]) and integrated with other relevant strategies.
The baseline decommissioning strategy for the generic Holtec SMR-300 is for prompt decommissioning. The focus of this approach is on early hazard reduction and decommissioning will be undertaken as soon as is reasonably practicable (claim 2.3.2.1) with no period of care and maintenance to allow for radioactive decay. However, the RP recognises that complete decommissioning of the whole site will rely on the availability of a GDF in the UK and that, until this is available, an interim storage facility will be required on site for the SMR-300 ILW arisings (ref. [45]). I consider the prompt decommissioning strategy to be in line with ONR’s expectations for decommissioning to be carried out as soon as is reasonably practicable (SAP DC.3). 
The decommissioning strategy assessment only considers decay storage of radioactive waste that has been generated and does not appear to explicitly consider the potential for deferral of decommissioning activities to enable radioactive decay from highly activated plant components and potentially reducing dose uptake to deliver those activities. The RP states that, based on OPEX from other PWRs, delayed decommissioning would not benefit greatly from radioactive decay as the primary isotopes of concern are longer lived (ref. [58]). I challenged the relevance of OPEX from full-scale PWRs given that the compact design of the SMR-300 suggests potential for highly-activated components in SSCs close to the reactor. In addition, the lack of radionuclide data for decommissioning wastes prevents the analysis of the likely dose uptake associated with following the assumed prompt decommissioning strategy (ref. [46]).
In the absence of this analysis, it is unclear how the RP is able to underpin claim 2.3.2.1 and demonstrate that a prompt decommissioning strategy reduces risks ALARP. Whilst this strategy aligns with government policy (ref. [51]), RGP (SAP DC.3), and international OPEX from Holtec International decommissioning facilities in the US, I do not consider that the RP has provided sufficient evidence at this stage to support claim 2.3.2.1 that the assumed prompt decommissioning strategy is technically feasible and demonstrably ALARP.
However, the RP has made a commitment (C_DECO_079) to perform a comparative assessment of the potential decommissioning strategies (prompt or deferred), informed by the future quantitative decommissioning inventory, to substantiate that the preferred approach is ALARP. In addition, at the site specific stage, the RP intends to assess the potential benefits of deferring the decommissioning of specific high-dose activities within the overall prompt strategy to adopt a hybrid approach to decommissioning (ref. [10]). This will be captured in the Design for Decommissioning Justification Report. Given that the proposed strategy does not foreclose the option of deferring particular decommissioning activities, and that the RP has formally committed to carry out further work to demonstrate the ALARP underpinning for the prompt decommissioning strategy, I do not consider this to be a fundamental shortfall for GDA Step 2.  
In addition to a decommissioning strategy, ONR expects a decommissioning plan to be in place setting out how the facility will be safely decommissioned (SAP DC.4). The RP states that a decommissioning plan providing information on the proposed decommissioning activities, the dismantling and decontamination methodologies that will be used, and the associated timelines, will be developed at the site-specific pre-operational stage i.e. beyond GDA timescales (ref. [10]). In addition, the RP will produce a Decommissioning Waste Management Plan to provide further information on decommissioning source terms and waste inventory (ref. [45]). I consider this to be acceptable for the Step 2 GDA. 
ONR expects decommissioning plans to optimise the use of existing facilities and plant during decommissioning, identify existing SSCs required for decommissioning, and ensure that these are available when needed (SAP DC.4). I sought further information from the RP on the EIMT for SSCs important to support safe decommissioning (RQ-01988). The RP states that SSCs required to support decommissioning shall be subject to suitable through-life management to ensure they are available to support decommissioning activities (ref. [10]). The RP has made a formal commitment to develop the ageing and degradation strategy for the SSCs in C_MSQA_109 (ref. [4]) as understanding the ageing and degradation mechanisms of SSCs will inform the necessary EIMT activities during the lifecycle of the plant. 
In addition, the RP has made a commitment to identify the SSCs that are required to support decommissioning activities (C_DECO_079) which will support the demonstration that the preferred decommissioning strategy is both feasible and ALARP. I judge it to be adequate that the RP has recognised the additional work required to ensure existing SSCs will be available to support decommissioning and that this has been formally captured in GDA commitments, I therefore do not consider this to be a fundamental issue. 
Information Required to Facilitate Decommissioning 
ONR expects that documents and records that may be required for decommissioning purposes should be appropriately identified and managed so that they are available when needed (SAP DC.6). The RP recognises the need for a robust information management system to be available throughout the lifecycle of the plant from design through to decommissioning to ensure that information on the plant history is recorded and retained for future use (ref. [10]). The design requirements for the information management systems for the SMR-300 will be developed post-GDA, however, I judge that the RP has demonstrated an understanding of ONR’s expectations for information management and the types of information that will be required to support decommissioning, and consider this to be appropriate for GDA Step 2 and this stage of design maturity.  
Conclusions
I have identified shortfalls against regulatory expectations, specifically relating to the identification of SSCs to support decommissioning activities (SAP DC.4), and substantiation of the preferred prompt decommissioning strategy as being feasible and ALARP (SAP DC.2). However, I judge that they do not represent fundamental shortfalls with the design or safety case at this stage of the design development. Holtec has acknowledged these shortfalls and has raised a commitment to address them post-GDA as they continue to develop the SMR-300 design (C_DECO_079). Whilst this shortfall and associated commitment will not be tracked, future project stages will be subject to appropriate regulatory assessment. I am content that this will be addressed as part of the ongoing design developments post GDA Step 2, providing confidence that ONR’s expectations are likely to be satisfied as the design progresses.  
Demonstrating Risks can be Reduced ALARP 
A nuclear licensee or dutyholder in Great Britain has a legal requirement to reduce risks SFAIRP. NS-TAST-GD-005 (ref. [34]) provides guidance to ONR inspectors in regulating this topic. The term ALARP is usually used when referring to the level to which risks must be reduced in order to meet the legal requirement, and is considered equivalent to SFAIRP. 
RGP in a particular situation is the collection of controls that, if implemented, would usually lead to the risk being reduced to ALARP based on the experience of similar circumstances (ref. [34]). Throughout my assessment, I have considered the NLR aspects of the SMR-300 design against expectations guided by RGP. 
For each topic presented in the SSEC, the RP has aimed to demonstrate that good practice has been followed and that risks are reduced ALARP, or are capable of being reduced ALARP. Due to the current maturity of the SMR-300 design, the final options for the management of radioactive waste and SF, and the approach to decommissioning, have yet to be selected. While the RP has demonstrated that there are multiple options available that would be considered RGP in the UK, providing confidence that risks can be reduced ALARP, there is further work required once the final option has been selected to fully demonstrate this (see sub-sections 4.2.1, 4.2.2 and 4.2.3).  
Where additional evidence is needed to demonstrate that the preferred option meets UK expectations and reduces risks ALARP, the RP has raised Design Challenges and made GDA commitments to carry out further work post-GDA Step 2 (C_RWMA_078 and C_DECO_079) (ref. [7], [10]). In the case of SF management, development of the SSEC for fuel transport and storage, including development of the ALARP case, will be undertaken as normal business as the design develops (ref. [9]). 
Overall, I have not identified any fundamental shortfalls within my assessment of the SMR-300 design that would lead me to conclude that risks will not be able to be reduced ALARP with further design development and analysis. ONR will assess the final design and safety case in future activities.
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10. This report presents the Step 2 NLR 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 the assessment plan (ref. [26]), 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:
· Overall, I found the quality of the RP’s GDA Step 2 submissions was to a good standard, however, due to the current maturity of the reactor design there are a number of aspects of the design development such as decisions on radioactive waste management and SF management that will be made post-GDA. 
· The RP’s IWS has been developed taking account of relevant UK legislation, codes and standards and government policy. The RP has demonstrated a good understanding of the principles of the waste management hierarchy, including the need to prevent and minimise the generation of radioactive waste, and has provided evidence of how the reactor design supports this. 
· The RP has presented a radioactive waste inventory commensurate with the maturity of the design and identified no novel or problematic waste streams that could arise over the lifecycle of the SMR-300 which could become a legacy waste without a disposal route. The RP has committed to carry out further quantification and categorisation of the radioactive waste inventories post-GDA. 
· The RP has demonstrated that there are options available for the management of radioactive waste and SF (including failed fuel) that would be considered RGP in the UK providing confidence that a UK compliant option exists and risks are capable of being reduced ALARP. The RP has plans to select the preferred options for the management of both radioactive waste and SF and substantiate this as being ALARP through further design development and analysis post-GDA.  
· The RP has yet to design the facilities for the sorting, segregation and processing of dry solid LLW within the RAB prior to its export for offsite treatment or disposal and has recognised this as a design challenge. However, the RP has made a GDA commitment to undertake detailed design development of LLW handling facilities and to optimise the use of space allocated to this within the RAB post-GDA and therefore I do not consider this to be a fundamental shortfall for GDA Step 2 (C_RWMA_078). 
· The RP has self-identified a design gap related to long-term storage of HAW due to differences between the UK context and US practice relating to the interim storage of radioactive waste prior to disposal. The RP has considered UK and international good practice and OPEX to identify credible options for the long term storage of HAW and has made a GDA commitment to undertake further down selection and underpinning of the preferred option post-GDA and therefore I do not consider this to be a fundamental shortfall (C_RWMA_078).
· The RP has engaged with NWS and sought an Expert View on disposability of the radioactive wastes and SF expected to be generated over the lifecycle of the SMR-300 to minimise the risk that any radioactive wastes or SF arising from the design might represent a legacy waste issue. 
· The RP has provided information on its processes for identifying EIMT requirements and incorporating them into its operating schedule, and has made a GDA commitment to develop arrangements for managing ageing and degradation for the SMR-300 in the UK context (C_MQSA_109), providing confidence that the SF can be safely stored in the ISFSI for the duration of the storage period prior to disposal in a GDF. 
· The RP has considered relevant decommissioning OPEX and has used its own decommissioning experience to inform the decommissioning design standards for the SMR-300 and has provided evidence that decommissioning has been considered in the SMR-300 design.
· The RP has acknowledged shortfalls against regulatory expectations, specifically relating to the substantiation of the preferred prompt decommissioning strategy as being feasible and ALARP. Further work is also required to identify the SSCs to support decommissioning activities. The RP has made a commitment to address this as part of the post-GDA design development (C_DECO_079). I therefore do not consider this to be a fundamental shortfall for GDA Step 2 and have confidence that the RP will address this as the design develops. 
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

	ECE.26
	Provision for decommissioning

	ESR.8
	Monitoring of radioactive material

	ENM.1
	Strategies for managing nuclear matter

	ENM.2
	Provisions for nuclear matter brought onto, or generated on, the site

	ENM.3
	Transfers and accumulation of nuclear matter

	ENM.6
	Storage in a condition of passive safety

	ENM.7
	Retrieval and inspection of stored nuclear matter

	RW.1
	Strategies for radioactive waste

	RW.2
	Generation of radioactive waste

	RW.3
	Accumulation of radioactive waste

	RW.4
	Characterisation and segregation

	RW.5
	Storage of radioactive waste and passive safety

	RW.6
	Passive safety timescales

	DC.1
	Design and operation

	DC.2
	Decommissioning strategies

	DC.3
	Timing of decommissioning

	DC.4
	Planning for decommissioning
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