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[bookmark: _Toc216351171][bookmark: _Toc109727646]Executive summary
This report presents the outcomes of my External Hazards assessment of the Holtec SMR-300 as part of Step 2 of the Office for Nuclear Regulation (ONR) Generic Design Assessment (GDA). This assessment is based upon the information presented in revision 1 of Holtec’s Safety, Security and Environment Case (SSEC) (comprising a Preliminary Safety Report (PSR), Preliminary Environment Report (PER), Preliminary Safeguards Report (PSgR), and General Security Report (GSR)), the Design Reference Point (DRP) revision 1.1, and supporting documentation. 
ONR’s GDA process calls for a step-wise assessment, which increases in detail as the project progresses. The focus of my assessment in this step was towards the fundamental adequacy of the SMR-300 design and PSR, and the suitability of the methodologies, approaches, codes, standards and philosophies which form the building blocks for the design and generic safety and security cases.
[bookmark: _Hlk192240831]In accordance with my assessment plan I targeted my assessment at the aspects of the SMR-300 design that are novel, contentious, or where significant safety claims are made. My expectations were informed by ONR’s Safety Assessment Principles (SAPs), Technical Assessment Guides (TAGs) and other guidance which ONR regards as relevant good practice.
I targeted the following aspects in my assessment of the SMR-300 Design Reference Point (DRP) and SSEC:
Suitability for deployment in GB.
SMR-300 design aspects which are novel.
Lessons leant from previous GDAs. 
Based on my assessment, I have concluded the following:
Holtec International, the Requesting Party (RP) has provided sufficient information in the PSR and supporting documentation for a meaningful assessment to be undertaken in accordance with ONR GDA Step 2 guidance.
The documents submitted for external hazards assessment are of high quality and are comprehensive within the scope of the SMR-300 GDA. 
The RP’s Generic Site Envelope (GSE) defines a bounding site for the external hazards chosen to be in scope by the Requesting Party. The GSE meets the expectations of the GDA guidance. The GSE is focussed on candidate sites in the national policy statement for nuclear power generation (EN-6) plus Trawsfynydd. Use of the GSE may need to be revisited if the SMR-300 is to be licensed on a site significantly different in character to those in EN-6 or Trawsfynydd.
The safety claims against external hazards are clear for those hazards considered in the design. 
Clear GDA reference design parameters are provided.
The RP has taken ownership of the gaps between UK and US regulatory expectations and identified those external hazards which are not addressed in the original design and assigned forward actions.
The safety claims for external hazards provide the basis for demonstrating that risk is reduced so far as is reasonably practicable (SFAIRP) when the design is sufficiently mature to provide the arguments and evidence to support the claims.
For most external hazards the RP has provided evidence of margin between the GSE values and GDA reference design parameters. Where margin cannot be demonstrated the RP has committed to forward actions intended to close the gap. I consider the most important of these to be the forward action on high ambient air temperature, as this could have the largest implications for the design and operability.
The RP has considered beyond design basis external hazards. The PSR presents sufficient information to have confidence that the risk from beyond design basis external hazards can be reduced SFAIRP. This can only be achieved once site-specific design basis events can be determined to establish the margin between the reference design parameters and design basis events.
Protection from flooding is on a site-specific basis. The RP has assumed that a future site complies with the “dry site concept” as referenced in the ONR SAP EHA.12. The RP has identified potential flood protection measures but these are not yet integrated into the design and are claimed as providing beyond design basis protection.
The engineered protection against aircraft impact is less mature than that for other external hazards. As the SMR-300 design matures the claims on structures, systems and components (SSCs) and approach to reducing risk may change. Future assessments of the design making use of this assessment should ensure that changes to the design reference are clear and understood.
I have not raised any Regulatory Observations (RO) or Regulatory Issues (RI) on the topic of external hazards.
[bookmark: _Hlk168596328]Overall, based on my step 2 assessment, I have not identified any fundamental safety shortfalls from an external hazards perspective that would prevent ONR granting permission for the construction of a power station based on the generic Holtec SMR-300 design.
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[bookmark: _Toc216351173]Introduction
This report presents the outcomes of my External Hazards assessment of the Holtec SMR-300 as part of Step 2 of the Office for Nuclear Regulation (ONR) Generic Design Assessment (GDA). This assessment is based upon the information presented in version 1 of the Holtec SMR-300 Safety, Security, Safeguard, and Environment Case (SSEC) (refs. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36]) the Design Reference Point (DRP) (ref. [37]), and supporting documentation (ref. [38]).
Assessment was undertaken in accordance with the requirements of ONR’s management system. It follows ONR’s Risk Informed and Targeted Engagements policy (RITE) (Ref [39]), guidance on the mechanics of assessment (ref. [40]), ONR Safety Assessment Principles (SAPs) (ref. [41]), together with the principles detailed in the supporting Technical Assessment Guides (TAGs) (ref. [42]), have been used as the basis for this assessment. 
Background
ONR’s GDA process (ref. [43]) calls for a step-wise assessment of the Requesting Party's (RP) submissions with the assessments increasing in detail as the project progresses. Holtec International is the RP for the GDA of the Holtec SMR-300 design. Holtec International has designated Holtec Britain to manage the GDA project, including developing the SSEC. Holtec Britain is a wholly owned UK subsidiary of Holtec International.
SMR-300 is a small modular pressurised water nuclear power plant, producing approximately 320 Megawatts electric (MWe) power. SMR-300 is a twin-unit design with the primary circuit below ground level. The SMR-300 includes passive cooling systems for decay heat removal.
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. [44]).
The RP 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. [43]).
Prior to the start of Step 2 I prepared a detailed assessment plan for External Hazards (ref. [45]). 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. [46]).
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. [47] [48]). The RP has indicated that it intends to complete a two-step GDA with the objective of receiving a GDA Statement from ONR, and has aligned its GDA scope with this objective. The GDA scope defines the generic plant and layout and includes all systems, structures and components that are identified as being important to safety, security and safeguards, all modes of operation, and all stages of the plant lifecycle.
My External Hazards assessment scope is defined in my assessment plan (ref. [45]) which is discussed in detail in section 4.1 and includes the following topics:
· Definition of external hazard values in the Generic Site Envelope Report (GSE) (ref. [49]).
· Consideration of Relevant Good Practice (RGP) in the definition of the GSE external hazard events, including consideration of reasonably foreseeable climate change effects.
· Identification and screening of external hazards relevant to safety.
· Identification of options for nuclear safety risk reduction against external hazards in the Holtec SMR-300 design, for consideration when site-specific design basis events are known.
· External hazard design values[footnoteRef:2] for the SMR-300 against which substantiation will be provided as the design develops beyond GDA Step 2. [2:  Design values is used to refer to the external hazard loads which are specified for the SMR-300 reference design. The RP refers to these as GDA reference design parameters where they are included in the reference design specification.] 

· Comparison of GDA reference design parameters and the GSE external hazard values to provide an indication of potential margin in the design beyond a site design basis event.
· Combinations of hazards and consequential hazards, jointly with the internal hazards specialism as required.
· Beyond design basis risk management, including consideration of potential cliff edge effects.
· Implications of SMR-300 being a twin-unit design.
· Implications for external hazard risk reduction so far as is reasonably practicable (SFAIRP) from the design being partially below ground.
· Individual external hazard risk reduction SFAIRP, with particular focus on:
external hazards where no margin can be demonstrated between the GSE value and the design value.
external hazards where the margin between the GSE value and the design value is small.
external hazards which are considered relevant to UK deployment which are not considered in the original design or under US NRC regulatory requirements.
external hazards where the UK regulatory expectations differ to those of the US NRC.
external hazards where the approach to safety is novel.
The overall ONR focus of the assessment in Step 2 is:
· the fundamental adequacy of the design and safety, security and safeguards cases; and
· the suitability of the methodologies, approaches, codes, standards and philosophies which form the building blocks for the design and cases.
The objective of my assessment during Step 2 is to reach an independent regulatory judgement on the fundamental aspects of the Holtec SMR-300 design and safety case.
My assessment meets the original scope of the SMR-300 Step 2 external hazards assessment plan (ref. [45]). While the emphasis and focus has been determined by the design and RP submissions, no topics or SSCs originally included in my assessment plan are out of the scope.
The design of the Holtec SMR-300 is still developing and this is a fundamental assessment. Not all aspects of the facility design are within the GDA scope as defined by the RP.
The GDA assessment is focussed on the nuclear island. The Nuclear Island (NI) for the twin-unit generic SMR-300 consists of the following principal structures:
Containment Structure (one for each unit).
Containment Enclosure Structure (one for each unit).
Reactor Auxiliary Building (RAB).
Intermediate Building (IB) (one for each unit).
The RP has excluded the following buildings from the GDA scope:
Annex building.
Turbine building.
Diesel generator building.
The RP has undertaken a screening process to determine the external hazards in the scope of the SMR-300 GDA, excluded some external hazards from the scope of the GDA where they judge them to be better considered on a site-specific basis. The detailed process is contained in the Generic Site Envelope Report (ref. [49]). 
The following external hazards are screened as within the scope of the GDA with quantified Design Basis Events for each hazard:
Extreme Ambient Air Temperature.
Humidity.
Extreme Cooling Water Temperature.
Extreme Wind.
Tornadic Wind.
Tornado-Generated Missiles.
Icing.
Snow.
Lightning.
Extreme Rainfall.
Seismic.
Loss Of Off-Site Power (LOOP).
 The following external hazards are screened as within the scope of the GDA, but no quantified Design Basis Event has been derived:
Aircraft Impact.
Malicious Activity.
Electromagnetic Interference (EMI).
Space Weather.
No items in scope for the external hazards assessment upon commencement of Step 2 have been removed from scope by the RP during the step.


[bookmark: _Toc216351174]Assessment standards and interfaces
For ONR, the primary goal of the GDA Step 2 assessment is to reach an independent and informed judgment on the adequacy of the design as detailed in the DRP, and the safety, security and safeguards case for the reactor technology being assessed.
ONR has a range of internal guidance to enable inspectors to undertake a proportionate and consistent assessment of such cases. This section identifies the standards which have been considered in this assessment.
This section also identifies the key interfaces with other technical topic areas.
Standards 
The ONR SAPs (ref. [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.
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, and Safety Objectives for new reactors (ref. [53]).
The relevant SAPs, IAEA standards and WENRA reference levels are embodied and expanded on in the TAGs (ref. [42]). 
Safety Assessment Principles (SAPs) 
The key SAPs applied within my assessment of the fundamental adequacy of the design are EHA.1, EHA.2, EHA.3, EHA.6, EHA.7, EHA.18, EHA.19. 
I have applied SAPs specific to individual external hazards where the design is sufficiently mature, including SAPs: EHA.8, EHA.9, EHA.11, EHA.12.
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 External Hazards assessment:
· NS-TAST-GD-096 - Guidance on Mechanics of Assessment (ref. [54]).
· NS-TAST-GD-013 - External hazards (ref. [55]).
· NS-TAST-GD-014 - Internal hazards (ref. [56]).
· NS-TAST-GD-005 - Regulating duties to reduce risks to ALARP (ref. [57]).
· NS-TAST-GD-017 - Civil Engineering (ref. [58]).
· NS-TAST-GD-108 – Guidance on Production of Reports for Permissioning (ref. [59]).
 National and international standards and guidance
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. [60]).
· Hazards Associated with Human Induced External Events in Site Evaluation for Nuclear Installations No. SSG-79 (ref. [61]).
· Meteorological and Hydrological Hazards in Site Evaluation for Nuclear Installations No. SSG-18 (ref. [62]).
Guidance for assessment of the Generic Site Envelope
I have assessed the SMR-300 GSE against the expectations of the ONR Guidance to Requesting Parties (ref. [63]) and Generic Design Assessment Technical Guidance (ref. [64]) and the relevant ONR SAPs. EHA.1 – Identification and Characterisation, EHA.2 – Data sources and EHA.3 – Design basis events are relevant to inform my judgement. 
The GDA Technical Guidance states that for external hazards: an inspector will perform a detailed assessment of the screening process and analysis of the hazards retained within GDA, including combinations of hazards, and the way that external hazard definitions are input into DBA, interfacing with the fault studies discipline.
The GDA Technical Guidance (ref. [64]) states that the RP should specify the 'site envelope' within which the plant is designed to operate safely. If a subsequent site licence application is made for a site which has characteristics bounded by the GSE then the time taken for ONR's licensing assessment is likely to be minimised. 
Integration with other assessment topics
I have worked closely with other topics (including the Environment Agency and NRW assessors) as part of my External Hazards 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:
· Internal Hazards: 
Ensuring consistency of approach between the two hazard specialisms in screening and scope.
Coordinated assessment of the combined and consequential hazards topic, reported in this assessment.
Consultation between the two hazard topics on the implications for safety of the SMR-300 layout.
· Environment Agency and Natural Resources Wales: 
Coordinated feedback on the content and scope of the Generic Site Envelope with independent judgements made.
· Civil Engineering: 
Coordination on the safety implications of the design layout
Coordinated response on the approach to aircraft crash hazard
Coordination on the seismic hazard definition and response.
· Probabilistic Safety Assessment (PSA): 
Coordination to ensure consistency in scope and approach in deterministic and probabilistic risk contribution from external hazards 
Coordination to ensure consistency in hazard screening.
· Fault Studies: 
Coordination to ensure consistency in understanding the contribution of external hazards to over all risk. 
Coordination on the expectations and value of developing fault and hazard schedules.
· Radiation Protection: 
Coordinated feedback on the content and scope of the Generic Site Envelope .
· Human Factors: 
Coordination on the safety implications of the design layout.
Use of technical support contractors
During Step 2, I have not engaged Technical Support Contractors (TSCs) to support my External Hazards assessment for the Holtec SMR-300. 


[bookmark: _Toc216351175]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 External Hazards. It also identifies the supporting documents submitted by the RP which have formed the basis of my External Hazards 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 twin-unit design is comprised of two separate reactors in separate containment buildings. Each reactor has dedicated normal operation systems, safety measures and spent fuel pool (SFP), however there is a single control room for the twin-unit SMR-300. Layout details relating to the twin-unit are not fully developed. The SMR-300 GDA is the first time a twin-unit design has been considered in GDA. SMR-300 layout is illustrated in Figure 4 in appendix 4.
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. Note that the AR is not a separate component, instead using the inner face of the CS and outer face of the CES as the water boundary. The SMR-300 nuclear island is illustrated in Figure 5 in appendix 4.
The 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 (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 SMR-300 design includes design basis environmental conditions (ref. [65]) Table 3 for most external hazards, referred to by the RP as “GDA reference design parameters” in the PSR. In developing the SMR-300, Holtec International has adopted environmental conditions which would allow widespread deployment in the lower 48 states of the US, based on US NRC guidance and site characteristics of existing nuclear power plants (NPP). The design intent of the SMR-300 is for the design to be suitable for fleet deployment in the US and worldwide using the GDA reference design parameters to bound a wide variety of potential sites.
SSEC approach and structure
The SSEC for the SMR-300 consists of the PSR, the PER, the GSR and the PSgR, along with their supporting documents. The complete set of SSEC documentation submitted for the GDA is captured within the Master Document Submission List (MDSL) (ref. [38]). 
The SSEC has been developed for a twin-unit reactor design to be constructed, operated, and decommissioned on any generic site that is within the bounds of the generic SMR-300 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 External Hazards 
The aspects covered by the SMR-300 safety case for External Hazards can broadly by grouped under five headings:
· Generic Site Envelope.
· Suitability for deployment in GB.
· Hazard screening and combined hazards.
· External Hazards in design.
· Demonstrating risks can be reduced to as low as reasonably practicable (ALARP).
[bookmark: _Ref213176092]Generic Site Envelope
1. The RP has developed a GSE in support of the SMR-300 GDA. This document is a requirement of the GDA process and defined in the guidance to requesting parties (ref. [64]).
2. The SMR-300 GSE defines the characteristics of the generic site. These characteristics form the basis of the safety analysis and environmental assessments of the SMR-300 GDA. The screening and GSE value process is illustrated in Figure 2 in appendix 3.
3. The GSE composes the bounding characteristics and design parameters which envelope all the prospective sites considered within the GDA. The sites considered within GDA are those contained in the national policy statement (EN-6) plus Trawsfynydd. For SMR-300 the following sites are considered in the GSE:
· Bradwell.
· Sizewell.
· Hartlepool.
· Moorside.
· Heysham.
· Wylfa.
· Oldbury.
· Hinkley Point.
· Trawsfynydd.
4. The GSE presents values for the following external hazards:
· Seismic.
· Extreme rainfall.
· Extreme ambient air temperature (high and low).
· Humidity.
· Extreme cooling water temperature (high and low).
· Extreme wind.
· Tornadic wind.
· Tornado generated missiles.
· Icing.
· Snow.
· Lightning.
5. The GSE provides qualitative analysis for the following external hazards which the RP considers to not be suitable for the derivation of GSE values:
· Electromagnetic Interference (EMI).
· Space Weather.
· Accidental aircraft crash.
· Malicious aircraft crash.
6. The values derived for external hazards in the scope of the SMR-300 GSE are contained in appendix 2 . The report includes the details of the source data and discussion on assumptions and applicability. Where appropriate, climate change effects have been considered in the derivation of GSE values, using UK Climate Projections UKCP18 (ref. [66]) to year 2100. 
Suitability for deployment in GB
7. The RP has evaluated the SMR-300 design against the requirements for a generic site in GB as defined in the GSE Table 3. This process has identified where:
· The GDA reference design parameters have significant margin against the GSE values. 
· The GDA reference design parameters meet the requirements of the GSE values.
· A gap exists between the GSE values and GDA reference design parameters.
8. The RP has not sought to reduce margin by optimising the design to the GSE values, instead maintaining margin by retaining the reference design values. The engineered margin will be a decision for future design development, but the RP has not made any indication that it seeks to minimise margin and has expressed a desire to deliver a consistent design across the “fleet” of SMR-300 deployed worldwide.
Design values (GDA reference design parameters Table 3)
9. The SMR-300 reference design environmental conditions which provide the engineered natural external hazard magnitude and values are contained in the Holtec International report SMR-300 Specification - Environmental Conditions (ref. [65]). The RP refers to the design values as the “GDA reference design parameters”. The values are reproduced in Table 3 of this report. The RP has identified the GDA reference design parameters as commercially sensitive information, identified by {} in this report. I have assessed the GDA reference design parameters and the use of the information in the US – UK gap analysis report (ref. [67]). 
Gap analysis
10. The RP has identified (ref. [67]) the external hazards for which the GDA reference design parameters do not meet or exceed the requirements of the bounding GB site in the GSE (ref. [49]).
11. The external hazards; extreme ambient temperature, humidity, lightning, and icing are identified as hazards where the reference design does not meet the GSE values. The implications for the design and possible approaches to provide remediation are presented. This is reproduced in Table 4 in appendix 2.
12. Additionally, the external hazards from space weather and some aspects of aircraft impact are considered in the PSR (ref. [23]) as being addressed outside the reference design approach due to the differences in approach between the UK and US regulations. These are addressed separately from the gap analysis report because they are considered in a non-quantitative manner.
[bookmark: _Ref213163927]Hazard Screening and Combined Hazards
13. The RP sets out its hazard combinations, methodology, approach, results and beyond GDA approach in its Internal and External Combined Hazards Methodology report (ref. [68]). The report addresses:
· Internal and external hazards which are considered in the generic SMR-300 GDA.
· Relevant guidance, codes and standards used.
· High level approach applied for hazard combinations. This consists of a process flow of the adopted approach:
Step 1 – Identification of External Hazards and Internal Hazards.
Step 2 – Identification and Categorisation of Hazard Combinations.
Step 3 – Screening of Hazard Combinations.
· Detailed approach and methodology for hazard combinations. Including a demonstration of the methodology applied for each group of hazard combinations.
14. The RP’s 3 step approach for the identification and screening of combined hazards is reproduced as figure 1 in appendix 3.
15. Assessment of this topic is presented in Section ‎4.2.4.
External Hazards Safety Claims
16. The RP has developed a Claim structure for the safety claims for external hazards. It is the intent of the RP to develop the safety case in a CAE structure as the design and safety documentation develop. In accordance with the expectations on entry to the SMR-300 GDA Step 2, the safety claims are mature but the detailed arguments and evidence are not available for the concept design. This is in accordance with the expectations of GDA (ref. [64]) and the original intent of GDA.
17. The RP has produced the following claim structure (ref. [23]) to support its external hazards safety case development:
Claim 2.1.5 Risks from External Hazards and their combinations have been demonstrated to be tolerable and As Low As Reasonably Practicable (ALARP).
Claim 2.1.5.1 External Hazards are identified and characterised using appropriate Codes and Standards, taking cognisance of RGP and Operating Experience (OPEX).
Claim 2.1.5.2 A comprehensive set of External Hazards and their combinations are identified and screened for assessment.
Claim 2.1.5.3 Safety functions and safety measures are identified, categorised, and classified based on their importance to nuclear safety for all External Hazards and provide sufficient lines of protection based on the fault frequency and consequence.
Claim 2.1.5.4 Analysis demonstrates that for all External Hazards, the identified safety features, in conjunction with operator actions, enable the plant to reach a safe state.
18. The additional work to be undertaken to develop the safety case for the GB site and regulatory framework for external hazards is identified in the External Hazards US - UK Gap Analysis Report (ref. [67]). The additional work is identified as “forward actions”. Forward actions are considered as part of the submissions for GDA. 
19. Assessment of this topic is presented in Section ‎4.2.5.1‎4.2.5
Demonstrating Risks can be Reduced to ALARP 
20. A complete demonstration of risks due to external hazards being reduced to ALARP requires the site-specific characterisation of external hazards and SSC substantiation. The RP has sought to demonstrate that risks due to external hazards are understood and managed through the design. The stated purpose of the PSR is to “demonstrate that the generic SMR-300 design risks to people are likely to be tolerable and ALARP.” Specific demonstration of gross disproportion requires risk to be better defined both in terms of the site and the design response and substantiation. It is possible in this fundamental assessment to gain confidence that a design is likely to reduce risk ALARP in accordance with the scope of the GDA.
21. The RP has provided approach and methodology information on the development of evidence that the design reduces risk ALARP. This includes consideration of beyond design basis risk, cliff-edge effects and optioneering for design modification. The Beyond Design Basis (BDB) Strategy for External Hazards Report (ref. [69]) sets out:
· An outline of RGP, relevant guidance, codes, and standards on BDB evaluation relevant to UK nuclear industry.
· A preliminary BDB evaluation of GB GSE External Hazards against the GDA Reference Design, and with consideration of Cliff-Edge Parameters.
· A preliminary high-level strategy for consideration of ‘more severe’ BDB event.
22. Assessment of this topic is presented in Section ‎4.2.6.
Basis of assessment: Requesting Party’s documentation
23. The principal documents that have formed the basis of my External Hazards assessment are:
· Holtec SMR GDA PSR Part A (ref. [2]):
Chapter 2 General Design Aspects and Site Characteristics.
· Holtec SMR GDA PSR Part B (ref. [23]):
Chapter 21 External Hazards.
· Generic Site Envelope Report for SMR-300 – Revision 2 (ref. [49]).
· SMR-300 Internal and External Hazards Screening Review (ref. [70]).
· Beyond Design Basis Strategy for External Hazards (ref. [69]).
· External Hazards US – UK Gap Analysis Report (ref. [67]).
· Aircraft Impact Evaluation Methodology Report (ref. [71]).
· UK SMR-300 GDA Aircraft Impact Strategy Report (ref. [72]).
24. Documents not primarily related to the external hazards topic area have also informed my assessment, particularly in relation to collaborative work with other specialisms.
25. The RP’s response to Regulatory Queries (RQs) has also informed my assessment. These are identified where relevant in the assessment section of this report.
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Assessment strategy
26. My assessment has been undertaken in accordance with the external hazards step 2 assessment plan (ref. [45]). I have focussed on the aspects of the design which are novel and those with the biggest contribution to safety. The output from my assessment will be a statement on the identification of any fundamental safety shortfalls that could prevent ONR granting permission for construction of a power station based on the generic SMR-300 design.
27. Step 2 is the fundamental assessment of the generic safety and security cases, to identify any potential ‘showstoppers’ that may preclude deployment of the design.
28. The intent for GDA is that it is an enabler to future regulatory activities required to construct and operate a new NPP. The RP is required to provide evidence, to a proportionate extent, during Step 2 of how the GDA safety and security cases can be used to produce the site-specific pre-construction safety report (PCSR), necessary for permissioning nuclear safety related construction, and nuclear site security plan (NSSP), required under Nuclear Industries Security Regulations (NISR) (ref. [73]). The effective capture of safety and security related assumptions, commitments and requirements identified during the GDA is a vital part of this. 
29. The objectives for GDA Step 2 are (ref. [63]) for: 
· ONR to undertake an assessment of the design against regulatory expectations to identify any fundamental safety or security shortfalls that could prevent ONR permissioning the construction of a power station based on the design.
· ONR to form a judgement of whether the design is potentially capable of being built and operated on a site bounded by the generic site envelope, in a way that is acceptably safe and secure.
Assessment
GDA Scope, Documentation and RP Interactions
30. The RP has provided documentation in accordance with the SMR-300 GDA scope. I have been able to perform an assessment in accordance with my Step 2 assessment plan [45].
31. I have found the documents submitted for external hazards assessment to be of high quality and comprehensive within the scope of the SMR-300 GDA. 
32. Engagement with the RP has been positive and productive. The record of the major ONR and RP contact on the topic of external hazards is contained in the contact record CR-01251 (ref. [74]). The RP has responded positively to engagement on the topic of external hazards both informally and through Regulatory Queries (RQs).
Generic Site Envelope
33. The GSE is acting as a proxy for the site characterisation. The GSE is intended to provide confidence in the suitability of a design for deployment on a representative but bounding GB site. The RP has adopted the most onerous 1E-04 per year probability of exceedance for natural external hazards and 1E-05 per year probability of exceedance for man-made external hazards for the identified candidate sites. Conservatism is ensured for the natural external hazards through the selection of the most onerous site values rather than by analysis of uncertainties in the underlying data.
34. The GSE should include external hazards that could affect the safety of the plant. The detailed expectations for external hazards in the GSE are contained in the GDA Technical Guidance Section 3.7 (ref. [64]).
35. Some of the information identified for assessment is contained in the PSR (ref. [23]) and is assessed separately as discussed later in this report.
36. The RP has sought to derive GSE values in accordance with the expectations of the ONR guidance on GSE for external hazards (ref. [64]). These have been provided in the GSE and used in the PSR (ref. [23]). The RP has made use of the previously published GSE values for the candidate sites, design basis event derivation methodology has not been provided. The values used are a conservative selection of the representative sites (Section ‎3.3.1), the RP has used the data from previous GDA GSEs and applied updated climate change effects if appropriate. The screening and GSE value derivation process is illustrated in Figure 2 in appendix 3. For air temperature, water temperature and humidity the reasonably foreseeable effects of climate change have been included in the GSE values, based on UK climate change projections to year 2100.
37. The approach to reasonably foreseeable climate change for the GSE external hazards affected by climate change is to adopt the bounding value from the 90th percentile value of the RCP6.0 data and the 50th percentile value of the RCP8.5 data. This considers the median value for the high emission scenario and an extreme value from the medium emission scenario. The RP acknowledges that the UKCP18 projections do not go beyond the year 2100 and that the full design life of the facility will exceed this date. The RP has identified that the managed adaptive approach should be adopted by a future licensee for the full design life of the facility for affected hazards, especially sea flooding. 
38. The selection of representative sites is based upon the existing EN-6 national policy statement on the siting of nuclear facilities (ref. [75]) plus Trawsfynydd. While the national policy statement is not directly applicable to the SMR-300 as it concerns only large (GW scale) nuclear power stations, I consider it to be a suitable source for candidate sites for SMR-300 because; most sites remain undeveloped, there is no equivalent policy statement for smaller nuclear power stations and its use ensures consistency between GDAs. The purpose of the GSE is to provide a proxy in absence of specific site data, as such I judge that the selection of sites for the GSE data is suitable to demonstrate that SMR-300 can be deployed in England and Wales and is adequate to meet the intent of the ONR GDA Technical Guidance (ref. [64]).
39. The GSE external hazards values derived are conservative across the sites and consistent with previous GDA GSEs. The scope of the SMR-300 GSE is consistent with other GDAs (ref. [76]). Some differences between SMR-300 and previous GDAs are seen due to the differences in design, hazard vulnerability and the influence of US NRC expectations. The scope of GDA is agreed between the RP and ONR, I consider the scope of the SMR-300 GSE to be consistent with the ONR expectations and the GSE to be commensurate with that selected by other RPs. 
40. The GSE is also assessed by the radiological protection specialism and the environmental regulators (Environment Agency and Natural Resources Wales for England and Wales respectively). I have liaised with the specialist inspectors in these specialisms. I consider that overall the GSE meets the expectations of the ONR guidance for external hazards. The other specialisms have derived their own judgements on the GSE in relation to ONR, Environment Agency and Natural Resources Wales (NRW) expectations.
41. I judge that the RP has undertaken a thorough process to identify the external hazards for consideration in the GDA and has derived GSE values as appropriate in accordance with ONR expectations for a GDA GSE, including reasonably foreseeable effects of climate change.
42. The screening process for defining the external hazards suitable for consideration and those to be considered on a site-specific basis has been developed by the RP. I consider the process used to provide a clear set of external hazards in scope for the GSE. The screening process is appropriate and has been effectively applied for GDA when assessed against EHA.19 and the GDA guidance. The RP is clear that site-specific screening will be applied as part of site development.
43. I judge that the identification and definition of external hazards in the GSE (ref. [77]) is adequate to provide sufficient information to perform a meaningful assessment of the SMR-300 design in Step 2 of this GDA. The information submitted provides confidence that there is no fundamental reason why the SMR-300 could not comply with EHA.1.
44. I judge that the candidate site data used in the GSE is suitable to provide confidence that the SMR-300 GDA is applicable for England and Wales, including appropriate climate change effects. The data sources are consistent with previous GDAs with updated climate change effects. The approach to including the reasonably foreseeable effects of climate change is appropriate for the GDA. It includes uncertainty in both the emissions scenario and meteorological response to 2100. The approach is consistent or conservative when compared to the approach to climate change for external hazards for existing nuclear licensed sites (ref. [78]).
45. I judge that the GSE provides suitable example values to act as a proxy for site-specific design basis events to provide confidence that there are no fundamental reasons why the SMR-300 design cannot meet the expectations of EHA.3. The GSE bounding values derived for the representative sites are sufficient when compared to existing site design basis events and previous GDA GSEs. They provide me with confidence that the SMR-300 GDA could form the basis for the justification of suitability for be deployed in England and Wales, if the GSE values were adopted as design basis events. The requirement to demonstrate risk is reduced ALARP can only be completed at the site-specific stage.
Suitability for deployment in GB
46. The RP has sought to provide a logical and comprehensive case for the deployment of the SMR-300 in GB through the GDA reference design parameters, GSE, and US-UK gap analysis with associated forward actions, Table 3, Table 4.
47. The SMR-300 has a set of reference design environmental conditions (ref. [65]) Table 3, which are used as the GDA reference design parameters. These are the exterior “environmental conditions for the purposes of design of structures, systems and components for which environmental conditions are relevant, including systems which are located partially or entirely external to a conditioned structure or which must consider external conditions as part of their design analysis.” 
48. The RP has demonstrated that the GDA reference design parameters bound the GSE values for most natural external hazards. Significant margin between the GDA reference design parameters and GSE values exists for most external hazards, this is demonstrated in the US-UK gap analysis (ref. [67]). Where the GDA reference design parameters do not bound the GSE values or have small margin the RP has identified forward actions to address the potential shortfall. The proportionate design development or analysis will be determined on a site-specific basis when the GSE values can be replaced with a suitably derived design basis event, and assessed using SAP EHA.3.
49. The seismic hazard is an example of an external hazard where the GDA reference design parameters provide margin against the GSE Parameter. The margin is illustrated in the horizontal spectra graph in Figure 3 of appendix 3. There is significant margin between the seismic design response spectral acceleration and the EUR spectra selected for the GSE. The 0.40g anchored SMR-300 seismic design response spectrum bounds the EUR 0.275g anchored hard spectrum and the EUR 0.25g anchored medium and soft spectra at all frequencies. Detailed site evaluations of the seismic hazard for existing nuclear licensed sites indicate that the EUR spectra provide a conservative definition of the seismic hazard for a generic site in England and Wales. 
50. One aspect of the tornadic wind definition shows no margin between the GSE parameter and the GDA reference design parameter. The tornado radius of maximum rotation speed is set as a constant for all tornado regions design-basis tornado characteristics by the US NRC in its Regulatory Guide on Design-Basis tornado and missiles for nuclear power plants (ref. [79]) – Table 1. The absence of margin reflects the US NRC simplified tornado model and has no implications for the requirements on SSCs. The other tornado parameters demonstrate margin as would be expected for a design for deployment in the USA, as the tornado hazard is typically lower in the UK than USA.
51. The external hazards; extreme ambient temperature, extreme cooling water temperature, humidity, lightning and icing are identified as the reference design not meeting the GSE values. 
52. The external hazards extreme ambient temperature and lightning are assessed in section ‎4.2.5‎4.2.5 of this report. 
53. The current design of the service water system, which is the system affected by cooling water temperature, can accommodate the GSE extreme value including climate change allowance. Full demonstration will be provided on a site-specific basis as the nature of the cooling water varies between candidate sites (ref. [67]).
54. The approaches to quantify and close the gap for humidity and icing external hazards are captured in forward actions in the US-UK gap analysis report (ref. [67]). The gaps identified are in the hazard definition rather than fundamental, with the precise definitions of the hazards being different between US and UK regulatory environments. I judge the forward actions to be appropriate to ensure that the hazards are appropriately considered in a site-specific safety case. The gaps do not constitute a fundamental safety shortfall that could prevent ONR granting permission for construction of a power station based on the generic SMR-300 design.
55. The SMR-300 does not consider the external hazards arising from space weather in the GDA reference design parameters. The hazard is within the scope of the SMR-300 GDA but no GSE value is derived. The RP identifies that other EMI hazards are considered in the design and specification of potentially vulnerable equipment. The contribution to grid instability from space weather is included in the assumptions in the electrical calculation methodology. The RP has committed to a Space Weather Hazard Assessment, to be completed after the PSR (ref. [67] Table 20). This approach is consistent with other GDAs, where space weather is not considered in the home regulator’s list of external hazards, in this case the US NRC. The vulnerability of the design should be established and reasonably practicable risk reduction adopted SFAIRP as part of future permissioning activities.
56. I judge that there are no fundamental safety shortfalls that could prevent ONR granting permission for construction of a power station based on the generic SMR-300 design due to the gap between US and UK design bases for external hazards which the RP has identified. The space weather, humidity and icing external hazards gaps are being managed through the forward actions and commitments to further work by the RP. The RP has therefore demonstrated that the SMR-300 can be suitable for deployment in GB subject to the design demonstrating suitable arguments and evidence against the safety claims.
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57. The approach to hazard screening and hazard combinations (ref. [68]) used by the RP as shown in Figure 1 is based on the ASAMPSA_E approach (ref. [80]), this approach is listed in ONR TAG 13 as RGP and hence is an appropriate methodology to follow. It is important to note that using this methodology alone is not sufficient to capture all combined hazards as the ASAMPSA_E approach applies a 2-dimensional matrix potentially omitting hazards groups containing more than two hazards. The RP has analysed the combinations of three or more external hazards in order to meet this potential gap in the methodology outlined above, the RP has decided that at the site-specific stage the combination of three or more external hazards will be re-analysed in order to avoid any potential hazard combinations being omitted.
58. As a result of the RP’s screening process a total of 11 external-external hazard combinations have been sentenced and considered credible combinations considering the current design information available. The RP has also identified 164 external-external combinations which it considers to be site-specific and will be re-assessed when site-specific information becomes available.
59. The RP has also screened coincidental external hazards, where coincidental external hazards are combinations of randomly occurring independently with no causative link. Due to the overly onerous nature of assessing all possible combinations the RP has analysed non-discrete hazard combinations by considering the primary hazard at the 10-4/yr design basis alongside a secondary hazard with the expected maximum value for the design life of the plant. The RP will re-assess coincidental combinations at the site-specific stage when more design information is available. 
60. The RP identifies 11 combinations of three or more hazards using engineering judgement, the hazards identified will be re-assessed at the site-specific stage. A total of eight external-internal combinations were considered credible combinations by the RP considering the current design information available to them. Internal hazard combinations have been considered and 49 combinations have been identified by the RP but these will be considered further when the design is more mature. The report (ref. [68]) outlines the future work that will be undertaken on hazard combinations.
61. I judge that the RP has undertaken an adequate hazards screening process, including identification of hazard combinations. The RP has used a holistic approach to capturing combined hazards which is reasonable at GDA and in line with ONR guidance as set out in SAPs and TAG 13. I judge that the methodology used by the RP and the hazard combinations identified as a result of this screening process provide confidence that the design has considered reasonably foreseeable hazard combinations and there are no fundamental safety shortfalls that could prevent ONR granting permission for construction of a power station based on the generic SMR-300 design. Demonstration of risk reduction due to hazard combinations ensuring risk is ALARP will require site-specific hazard characterisation and can only be undertaken on a site-specific basis. 
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62. The SMR-300 safety claims have been developed by the RP for the GDA to meet the CAE structure of safety documentation which is an approach recognised in ONR SAPs and TAG 51 - The Purpose, Scope, And Content Of Safety Cases.
63. I judge that the claim structure (recorded in table 2 appendix 2) for the SMR-300 GDA is clear and appropriate for the development of the design and safety case through the regulatory engagement and permissioning required for operation in GB. The external hazards claim structure fits within the overall claim hierarchy. The arguments and evidence have not been fully provided at this stage, as the design and its substantiation are in development. I judge the maturity of the information to be appropriate for this step 2 of GDA and to provide a suitable framework for future development. The claims are sufficient to allow a meaningful assessment of the SMR-300.
64. I have not created regulatory observations (RO) when the RP has identified a shortfall and commits to close the shortfall by a forward action, if I judge the forward action to be reasonable and achievable within the design development. 
Novel Aspects of Design
65. I have sampled the novel aspects of the design of the SMR-300 design which could have the potential to contribute to fundamental safety shortfalls that could prevent ONR granting permission for construction of a power station based on the generic SMR-300 design. I have sampled:
· Partially underground design: To understand the below-grade aspects of the design. To determine the impact of this design feature on the safety case. 
· Multi-unit: To understand the implications of the multi-unit reference design and to identify any fundamental shortfalls therewith. 
· Passive Safety Measures: To judge whether the claims made on passive safety systems sufficiently reflect the challenge from external hazards where novel.
66. The SMR-300 is built partially underground. The RP claims that this provides safety benefits, including in providing protection against some external hazards. The civil engineering assessment report AR-01327 (ref. [81]) includes consideration of whether the below ground design presents a fundamental safety shortfall. The design is insufficiently mature to enable the RP to make a case that the optioneering has delivered a design with SSCs below ground demonstrably reducing risk SFAIRP. I have reviewed the protection against aircraft crash against SAP EHA.8, taking account of the immaturity of the design and evidence in the PSR. The target area for aircraft crash is reduced by the SSCs being below ground, but the design has not been analysed for its response to aircraft impact. The RP has yet to demonstrate that risk from aircraft crash is reduced by being below ground in the PSR.
67. The requirements to protect the safety systems from flooding are changed due to being below ground – see assessment of external flooding, Section ‎4.2.5.4. 
68. The response to seismic hazard of the below ground SSCs will require additional analysis due to the structural interaction with the ground. I have not identified any fundamental safety shortfalls due to the below ground design that could prevent ONR granting permission for construction of a power station based on the generic SMR-300 design. Further analysis will be required to demonstrate that the below ground design reduces risk SFAIRP. 
69. The SMR-300 twin-unit design is novel to GDA, which has previously only considered single unit designs, but not novel to UK NPPs. The RP has clearly identified the facilities which are common between the units. The twin-unit design is integral to the SMR-300 GDA DRP, including its response to external hazards. Multiple units present increased risk due to common cause effects, including from external hazards. A twin-unit design presents the opportunity for the designers to identify reasonably practicable risk reduction in the design phase rather than in site-specific layout design as occurs for two single units constructed on a single site. Natural external hazards will present risk from common cause effects, but this is captured in the SMR-300 safety claims. From an external hazards perspective, I have not identified any fundamental safety shortfalls due to the twin-unit design that could prevent ONR granting permission for construction of a power station based on the generic SMR-300 design.
70. The SMR-300 makes use of passive systems to provide safety functions. As the passive heat rejection route could be subject to single failure or common cause failure initiation of these events by external hazards could pose a significant challenge to the passive safety systems. The design substantiation of the passive systems will need to reflect the potential for common cause failure, especially under seismic loads. In common with all safety-claimed SSCs the passive systems will have to be substantiated against the relevant external hazard design basis events. 
71. From the external hazards perspective, I have considered the external hazards affecting the annular reservoir (AR). The AR is claimed as the ultimate heat sink and acts passively to deliver its safety function. This may present challenges as; a single system without redundancy, and due to its location between the Containment Structure (CS) and Containment Enclosure Structure (CES), illustrated in figure 5. Although the information presented by the RP is limited, I have focused on three main external hazards that could impact this system: the low air temperature, aircraft crash and the seismic hazard. 
72. The low air temperature response of the AR has yet to be demonstrated by the RP. I am content that the AR location inside the CES reduces the vulnerability to short-term low air temperatures because: 
· The CES structure provides thermal insulation from the outside air. 
· The thermal inertia of the CES and the AR water reduces the susceptibility to short-term low air temperatures. 
· The heat generation of the reactor and spent fuel will maintain a temperature gradient between the outside and in-containment air temperatures.
· The ground temperature responds much more slowly than air temperature, limiting the CES below-ground temperature. 
73. The RP has provided evidence that the AR response to aircraft crash is in development and in accordance with existing methodologies (ref. RQ-02105). 
74. The seismic claim on the AR will have to take account of the large volume of water and the response to long period ground motion with the potential to induce sloshing. The tank shape is novel, being toroidal, but the size is not novel for a nuclear safety claimed water filled tank. 
75. The consideration of single failure tolerance of passive components is part of the planned response to ONR Regulatory Observation RO-011 (ref. [82]).
76. The safety claims and response to external hazards for the passive systems will need to be developed further as the SMR-300 design matures beyond the DRP in the GDA. I have not identified any fundamental safety shortfalls due to the passive safety measures that could prevent ONR granting permission for construction of a power station based on the generic SMR-300 design.
Previous GDA Lessons Learnt Sample
77. I have sampled those external hazards requiring specific assessment as a result of lessons learnt from previous GDAs. The GDA Technical Guidance (ref. [64]) identifies several external hazards as requiring significant attention during previous GDAs. 
78. In order to gain confidence that there are no fundamental reasons why the SMR-300 design could not be permissioned to operate, I have considered the following specific hazards in greater detail in light of the lessons learnt:
· External flooding.
· Aircraft impact.
· High air temperature.
· Lightning.
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79. The RP has proposed that external flooding should be screened out of GDA on the basis that the reactor will be built on a “dry site”, i.e. that the platform height will be above the level of the design basis flood. However, some of the proposed GB sites for new NPPs will not meet the “dry site” criteria, and in addition, the “dry site” refers only to the design basis and does not address beyond design basis flooding. Therefore it is important that the RP is able to present the plant’s robustness against water on the platform, including any assumptions and operator actions. This is independent of the assumption of a “dry site” or flood defences.
80. The GSE includes rainfall but not platform flooding as it is deemed to be outside the scope of the GSE due to the site-specific nature of local flooding hazards and the assumption that a site will be protected from a design basis flooding event. This approach is consistent with that taken by other requesting parties in previous GDAs.
81. The SMR-300 is novel in locating many of the safety classified SSCs below ground level. This design decision could make the SSCs more vulnerable to flooding if water at or above platform level were able to flow into the below ground facilities. I have no indication that the challenge to prevent water ingress is more onerous or challenging than for other GB nuclear facilities with SSCs below ground or other SMRs which have systems similarly located. The civil engineering specialist assessment has identified the need to justify the design decision to have the primary circuit and containment below ground (ref. [81]). I have not repeated this because the flood protection is a contribution to the overall risk ALARP consideration rather than a separate or dominant risk factor.
82. The main control room (MCR) is located below ground level. The means of protection for the MCR is not yet specified, but the SMR-300 consideration of BDB flooding will include protection of the MCR as a nuclear safety related SSC. 
83. The PSR includes discussion of the potential design elements to provide waterproofing for the SSCs as appropriate. These are expected to provide additional lines of protection, but their feasibility and application are yet to be determined, no design details are available.
84. Beyond design basis flooding is considered in the PSR and BDB Strategy for External Hazards report (ref. [69]). The design includes the potential for raising entrances above the platform height with door thresholds, and making doors and openings to the buildings water tight to platform flooding. No analysis has been provided on the ability of operators to undertake required operations on the plant with flooding on the site, this will be required for the site-specific safety case. I judge that the RP has identified potential measures to address the challenge of BDB flooding, but detailed analysis will require site-specific layout and flood information. 
85. Assessment of the SMR-300 against the expectations of SAP EHA.12 – flooding can only be undertaken on a site-specific basis, as a design basis event has not been defined in GDA. The PSR places a commitment on the design that a future site is protected against a design basis flooding event, in such a way that it complies with the “dry site” concept. Any deviation from this approach will negate my judgement on the adequacy of the approach to protection of the plant in the GDA scope against flooding for the SMR-300. On that basis, I judge that this is an appropriate approach. The design basis flood definition and protection is outside the scope of the SMR-300 GDA and will be addressed on a site-specific basis. 
86. Any change to this approach would require the design to be fundamentally reassessed, including the demonstration that locating safety systems below-ground reduces risk SFAIRP.
Aircraft Impact
87. The treatment of the aircraft impact hazard is different in the US and UK regulatory frameworks. The SMR-300 design was developed in accordance with US NRC guidance 10 CFR 50.150(a). The RP has provided information on the SMR-300 protection against aircraft impact in the PSR (ref. [23] ), Aircraft Impact Safety Case Strategy Report (ref. [72]) and the Aircraft Impact Evaluation Methodology Report (ref. [71]). I have worked closely with the civil engineering inspector, and raised regulatory queries on the topic of aircraft impact (RQs 1800, 1858, 2105). The RP has provided a suggested approach to accidental aircraft crash site characterisation. The accidental aircraft crash provisional frequency demonstrates a methodology and indicative frequency in line with ONR SAP expectations. Detailed site-specific analysis will be required to reflect local flight patterns and site layout. 
88. The SMR-300 is designed to withstand aircraft impact and considers both malicious and accidental aircraft impact in the design. Accidental aircraft impact is presented as a beyond design basis hazard due to low frequency, this is consistent with previous GDAs and existing facilities. The site-specific aircraft crash rate and aircraft types will need to be evaluated in the development of the site-specific PCSR.
89. ONR provided information on the expectation for malicious aircraft impact to the RP. No information on malicious aircraft impact is provided in the PSR or this report due to the security marking of the information. Engagement with the RP has provided me with confidence that the threat is understood by the RP and can be addressed in the design. Quantitative analysis has yet to be undertaken.
90. The SMR-300 design includes the requirement for protection against aircraft impact. The details of the SSCs required to provide protection against aircraft impact and the analysis of the SSCs is not yet sufficiently mature to be incorporated in the PSR or ONR assessment. I consider the requirements and outline information on the approach to providing protection against aircraft impact provided in the PSR to be sufficient to judge that there is no fundamental reason why the design cannot be developed to meet the expectations of SAP EHA.8 and the expectations for malicious aircraft impact. The response to RQ 2105 provides confidence that the design is maturing to provide aircraft impact protection and that suitable analysis methodologies are available. 
High Air temperature
91. The High Air Temperature value is important for the design of heating, ventilation, and air conditioning (HVAC) systems. In previous GDAs it has been difficult for RPs to design these systems to meet the requirements of the high air temperature GSE value and this led to the requirement for design changes late in the process, including in the site-specific stage.
92. The RP has identified extreme ambient air temperature as a challenge to the reference design due to the different treatment of the hazard by the US and UK regulators (ref. [67]). When the reasonably foreseeable effects of climate change are included in the GSE high air temperature it exceeds the reference design parameters for the SMR-300. 
93. The US-UK gap analysis report identifies forward actions which the RP can undertake to ensure the design is able to meet the high air temperature loads and this can be demonstrated in the PCSR stage of development of the safety case. The actions include SSC classification analysis and identification of managed adaptive options. The response of SSCs to high air temperatures will include the duration as different systems respond over varied timescales, for example civil structures respond more slowly to air temperature than HVAC systems.
94. I have assessed the SMR-300 PSR and associated US-UK gap analysis report against the expectations of SAPs EHA.6 – Analysis and EHA.11 – Weather conditions. I am content that the identified actions are sufficient to provide confidence that the design’s response to high air temperatures does not pose a fundamental reason why the SMR-300 is not suitable for operation in GB. I judge that the forward actions provide sufficient commitment and opportunity to allow the design to be developed so that the risk from high air temperatures can be reduced SFAIRP.
Lightning Protection
95. The RP has identified a difference in regulatory expectations between US and UK for the lightning hazard. A peak lightning current has not been defined in the GDA reference design parameters. The RP has identified forward actions to assess the lightning hazard at the PCSR or site-specific stage.
96. The DRP lightning protection system is based on code-compliance rather than addressing a specific current value. The requirements on the lightning protection system for GB deployment will be comparable to those of other nuclear licensed facilities, providing building protection for the nuclear island. Lightning protection is not a novel requirement, but may require site-specific design once the design basis event is defined.
97. The RP has identified a forward action which will address the requirements for lightning protection. The lightning protection system is always site-specific, being dependent on the local ground conditions, surrounding buildings and the site-specific design basis event.
98. I judge that there are no fundamental reasons why the SMR-300 design cannot be permissioned for operation on a GB nuclear licensed site. The design includes lightning protection and the RP has identified forward action to ensure site-specific compliance with the expectations of the ONR SAPs on external hazards.
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Beyond Design Basis
99. The RP has applied the beyond design basis preliminary evaluation to (ref. [69]):
· Extreme ambient air temperature.
· Humidity.
· Extreme cooling water temperature.
· Extreme wind.
· Tornadic wind.
· Tornado-generated missiles.
· Icing.
· Snow.
· Lightning.
· Extreme flooding.
· Extreme rainfall.
· Seismic.
100. The preliminary evaluation covers both cliff-edge effects and more severe BDB analysis. Conceptual analysis methodologies are provided where the hazard is identified as being site-specific, for example for flooding. 
101. Where substantial margin exists between the GDA reference design parameters and the GSE values as a design basis, credit is taken for the margin in the first step for demonstrating the absence of cliff-edge effects, for example seismic hazards.
102. The report identifies external hazards which will require further BDB analysis as the design develops. The preliminary analysis concludes, that for all hazards in scope, that no impacts upon the generic SMR-300’s passive safety features have been identified in the preliminary hazard evaluation. Lightning has the caveat that this is only applicable once the plant is placed in safe shutdown.
103. Further detailed analysis will be required and evidence of the SMR-300 meeting the BDB risk reduction SFAIRP when the design is more mature and against the site-specific external hazards. The BDB methodology and analysis presented in GDA provides confidence that the risk BDB can be managed and is not disproportionate. The demonstration of BDB resilience is at an early stage for SMR-300. BDB risk understanding is not as mature as for the GSE design basis event external hazards, as such, risk due to BDB external hazards cannot yet be demonstrated to be ALARP. 
104. I have assessed the information provided on approach to BDB against the expectations of SAPs EHA.7 and EHA.18. The information is sufficient to make a meaningful assessment. I judge that the RP has demonstrated the absence of any fundamental safety shortfalls in beyond design basis external hazards that could prevent ONR granting permission for construction of a power station based on the generic SMR-300 design.
Risk reduction SFAIRP
105. Due to the design maturity the RP is not able to demonstrate that risks have been reduced SFAIRP for the SMR-300. A complete demonstration of risks due to external hazards being reduced to ALARP requires the site-specific characterisation of external hazards and SSC substantiation . With design basis events represented by the bounding GSE values, a GDA is able to form a judgement on whether the design could be shown to reduce risk ALARP. In step 2, the PSR is focussed on the claims against external hazards with evidence to be developed as the design matures.
106. I am therefore not able to form a final judgement on whether the risks from external hazards for the generic SMR-300 design are reduced ALARP as this requires site-specific information and justification. However, through my assessment I have sought confidence from the RP that external hazards are considered across the design development process and that the design process has included the need to identify risk reduction options. I have not identified any aspect of the design or any evidence that the design presents radiological risk which cannot be reduced ALARP. 
107. Some aspects of the design are not presented as reducing risk, such as the decision to locate systems below ground. These are presented as being inherent to the SMR-300 design rather than shown to have a safety benefit. Other aspects of the design, such as the protection against aircraft impact are developing and the RP has demonstrated that the design is being developed to actively reduce risk, including a willingness to alter the design and the classification of SSCs to reduce risk. 
108. From the external hazards perspective, I have not identified any fundamental reasons why the design could not be demonstrated to reduce risk ALARP that could prevent ONR granting permission for construction of a power station based on the generic SMR-300 design.
Known Design Changes
109. This assessment is undertaken against the reference design. Due to the immaturity of the SMR-300 design, some aspects of the design are known to be changing on the Palisades design. The approach to aircraft impact protection, including the SSCs which are claimed to have a safety function are subject to change. The design of the below-grade containment structures is likely to change significantly from the reference design. I have not sought to make a judgement against the potential new designs, but, from the external hazards perspective, do not consider them to reduce my confidence in making a judgement on the absence of fundamental reasons why the SMR-300 design may not be permissioned to operate in GB. 
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Conclusions
110. This report presents the Step 2 External Hazards assessment for the GDA of the 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. [45]), 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. 
111. Based on my assessment, I have concluded the following:
· Holtec International, the Requesting Party (RP) has provided sufficient information in the PSR and supporting documentation for a meaningful assessment to be undertaken in accordance with ONR GDA Step 2 guidance.
· The documents submitted for external hazards assessment are of high quality and are comprehensive within the scope of the SMR-300 GDA. Engagement with the RP has been positive and productive.
· The RP’s Generic Site Envelope (GSE) defines a bounding site for the external hazards chosen to be in scope by the Requesting Party. The GSE meets the expectations of the GDA guidance. The GSE is focussed on candidate sites in the national policy statement for nuclear power generation (EN-6) and Trawsfynydd. Use of the GSE may need to be revisited if the SMR-300 is to be licensed on a site significantly different in character to those in EN-6 or Trawsfynydd.
· The safety claims against external hazards are clear for those hazards considered in the design. 
· Clear GDA reference design parameters are provided.
· The RP has taken ownership of the gaps between UK and US regulatory expectations and identified those external hazards which are not addressed in the original design and assigned forward actions.
· The safety claims for external hazards provide the basis for demonstrating that risk is reduced SFAIRP when the design is sufficiently mature to provide the arguments and evidence to support the claims.
· For most external hazards, the RP has provided evidence of margin between the GSE values and GDA reference design parameters. Where margin cannot be demonstrated the RP has committed to forward actions intended to close the gap. I consider the most important of these to be the forward action on high ambient air temperature, as this could have the largest implications for the design and operability.
· The RP has considered beyond design basis external hazards. The PSR presents sufficient information to have confidence that the risk from beyond design basis external hazards can be reduced SFAIRP. This can only be achieved once site-specific design basis events can be determined to establish the margin between the reference design parameters and design basis events.
· Protection from flooding is on a site-specific basis. The RP has assumed that a future site complies with the “dry site concept” as referenced in the ONR SAP EHA.12. The RP has identified potential flood protection measures but these are not yet integrated into the design and are claimed as providing beyond design basis protection.
· The engineered protection against aircraft impact is less mature than that for other external hazards. As the SMR-300 design matures the claims on SSCs and approach to reducing risk may change. Future assessments of the design making use of this assessment should ensure that changes to the design reference are clear and understood.
· I have not raised any Regulatory Observations (RO) or Regulatory Issues (RI) on the topic of external hazards.
112. 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 text

	EHA.1
Identification and Characterisation
	An effective process should be applied to identify and characterise all external and internal hazards that could affect the safety of the facility. 

	EHA.2
Data sources
	For each type of external hazard, either site-specific or, if this is not appropriate, best available relevant data should be used to determine the relationship between event magnitudes and their frequencies.

	 EHA.3
Design basis events
	For each internal or external hazard which cannot be excluded on the basis of either low frequency or insignificant consequence (see Principle EHA.19), a design basis event should be derived. 

	EHA.4
Frequency of initiating event
	For natural external hazards, characterised by frequency of exceedance hazard curves and internal hazards, the design basis event for an internal or external hazard should be derived to have a predicted frequency of exceedance that accords with Fault Analysis Principle FA.5. 
The thresholds set in Principle FA.5 for design basis events are 1 in 10 000 years for external hazards and 1 in 100 000 years for man-made external hazards and all internal hazards (see also paragraph 629). 

	EHA.6
Analysis
	The effects of internal and external hazards that could affect the safety of the facility should be analysed. The analysis should take into account hazard combinations, simultaneous effects, common cause failures, defence in depth and consequential effects. 

	EHA.7
‘Cliff-edge’ effects
	A small change in design basis fault or event assumptions should not lead to a disproportionate increase in radiological consequences.

	EHA.8
Aircraft crash
	The total predicted frequency of aircraft crash, including helicopters and other airborne vehicles, on or near any facility housing structures, systems and components should be determined.

	EHA.9
Earthquakes
	The seismology and geology of the area around the site and the geology and hydrogeology of the site should be evaluated to derive a design basis earthquake (DBE).

	EHA.10
Electromagnetic interference
	The facility design should include preventative and/or protective measures against the effects of electromagnetic interference. 

	EHA.11
Weather conditions
	Facilities should be shown to withstand weather conditions that meet design basis event criteria. Weather conditions beyond the design basis that have the potential to lead to a severe accident should also be analysed.

	EHA.12
Flooding
	Facilities should be shown to withstand flooding conditions up to and including the design basis event. Severe accidents involving flooding should also be analysed.

	EHA.18
Beyond design basis events

	Fault sequences initiated by internal and external hazards beyond the design basis should be analysed applying an appropriate combination of engineering, deterministic and probabilistic assessments.

	EHA.19
Screening

	Hazards whose associated faults make no significant contribution to overall risks from the facility should be excluded from the fault analysis. 
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Table 1 – Generic site envelope parameters and values
extracted from Gap analysis report (ref. [67]) 
	Hazard
	Parameter
	GB GSE Value

	Extreme
Ambient Air
Temperature
	Maximum Peak Hourly Dry Bulb Temperature (present-day)
	42.1 °C

	
	Minimum Peak Hourly Dry Bulb Temperature (present-day)
	-31.1 °C

	
	Maximum Peak Hourly Wet Bulb Temperature (present- day)
	27.8 °C

	
	Maximum Peak Hourly Dry Bulb Temperature (Year 2100 climate change adjusted)
	49.1 °C

	
	Maximum Peak Hourly Wet Bulb Temperature (Year 2100 climate change adjusted)
	33.1 °C

	Humidity
(including climate change adjustment)

	Minimum Relative Humidity
	12%

	
	Average Relative Humidity
	84%

	
	Maximum Relative Humidity
	100%

	Extreme
Wind
	Wind Speed (3 second gust)
	52.3 m/s

	
	Wind Speed (10 minute mean)
	36.4 m/s

	Tornadic
Wind
	Rotational Wind Speed
	57 m/s

	
	Maximum Wind Speed
	72 m/s

	
	Translational Speed
	14 m/s

	
	Radius of Maximum Rotation Speed
	45.7 m

	
	Atmospheric Pressure Drop
	4.1 kPa

	
	Rate of Pressure Drop
	1.4 kPa/s

	Tornadic
Generated
Missiles
	Schedule 40 Pipe Missile Velocity
Dimensions: 0.168 m diameter x 4.58 m long
Mass = 130 kg
	24 m/s

	
	Automobile Missile Velocity
Dimensions: 4.5 m x 1.7 m x 1.5 m
Mass = 1178 kg
	24 m/s

	
	Solid Steel Sphere Missile Velocity
Dimensions: 2.54 cm diameter
Mass = 0.0669 kg
	6 m/s

	Extreme
Rainfall
	5-minute Rainfall Depth
	51 mm

	
	1 hour Rainfall Depth
	217 mm

	
	6-hour Rainfall Depth
	293 mm

	
	24-hour Rainfall Depth
	392 mm

	Snow
	Normal Snow load
	1.50 kN/m2

	Extreme
Cooling
Water
Temperature
	Maximum Temperature (climate change adjusted value)
	32.3 °C

	
	Maximum Temperature (present-day value)
	28 °C

	
	Minimum Temperature
	-2.0 °C

	
	Average Temperature
	13 °C

	Seismic
	Design Basis Earthquake Peak Ground Acceleration (PGA)
(European Utility Requirements (EUR) Hard)
	0.275 g

	
	Design Basis Earthquake PGA
(European Utility Requirements (EUR) Medium & Soft)
	0.25 g

	
	Operating Basis Earthquake, PGA
	0.1 g

	Lightning
	Peak Lightning Current
	300 kA

	
	Thunderstorm Days
	15 days

	
	Mean Flash Frequency
	1.40 flashes/km2/year

	Icing
	Radial Ice Thickness, (without wind)
	117.1 mm

	
	Radial Ice Thickness, (with wind)
	25.7 mm

	
	Unit Weight of Ice (without wind)
	5.0 kN/m3

	
	Unit Weight of Ice (unfavourable action with wind)
	9.0 kN/m3

	
	Unit Weight of Ice (favourable action with wind)
	5.0 kN/m3

	Aircraft
Impact
	A design basis event for accidental aircraft impact has not been derived at GDA due to the site-specific nature of the hazard. It is anticipated that it will be demonstrated that the initiating frequency of accidental aircraft impact is below the design basis threshold at the site-specific stage and that the malicious aircraft impact case will govern the design.
The External Hazard of malicious aircraft impact is defined by the ONR through the Regulatory Expectations Letter. Aircraft types and parameters such as impact velocity, impact angle and missile mass are outside of the scope of the GB GSE due to the sensitive nature of the hazard.

	EMI
	A GB GSE Parameter for EMI has not been derived in the development of the GB GSE. Further information is provided in the GSER [49] and PSR Part B Chapter 21 [23].

	Space
Weather
	A GB GSE Parameter for space weather has not been defined in the development of the GB GSE. Further information is provided in the GSER [49] and PSR Part B Chapter 21 [23].

	LOOP /
ELOG
	LOOP, including Extended Loss of Grid (ELOG) is to be treated as a design basis fault in the safety analysis. The initiating LOOP events to be considered in the generic SMR-300 safety analysis are provided in Table 5-2 of the GSER [49].




Table 2 - External Hazards Claims structure
SMR-300 Claim structure for external hazards (ref. [23]) section 21.3
	Claim 2.1.5 Risks from External Hazards and their combinations have been demonstrated to be tolerable and As Low As Reasonably Practicable (ALARP).

	
	Claim 2.1.5.1 External Hazards are identified and characterised using appropriate Codes and Standards, taking cognisance of RGP and Operating Experience (OPEX).

	
	Claim 2.1.5.2 A comprehensive set of External Hazards and their combinations are identified and screened for assessment.

	
	Claim 2.1.5.3 Safety functions and safety measures are identified, categorised, and classified based on their importance to nuclear safety for all External Hazards and provide sufficient lines of protection based on the fault frequency and consequence.

	
	Claim 2.1.5.4 Analysis demonstrates that for all External Hazards, the identified safety features, in conjunction with operator actions, enable the plant to reach a safe state.




Table 3 - SMR-300 GDA reference design parameters, also referred to as, Reference Design Environmental Conditions, extracted from PSR Chapter 21 (ref. [23]){

REDACTED

}


Table 4 – Summary of Identified External Hazard Gaps
	Hazard
	Gap Description

	Extreme Ambient Air Temperature
	A difference in regulatory approach between US NRC and the ONR in the topic of climate change has been identified with the field and application of climate change projections more developed in the UK nuclear industry. 
An unfavourable difference or delta in hazard magnitude between the GB GSE Parameters and the GDA Reference Design Parameters has been identified, predominately caused by the application of the UK Climate Projections in the derivation of the GB GSE Parameters.

	Humidity
	A difference in the characterisation and evaluation of the humidity hazard has been identified between the GDA Reference Design and the GB GSE. 
Humidity hazard is accounted for in combination with the ambient temperature hazard defined in the environmental envelope for the GDA Reference Design. However, the full range of reasonably foreseeable relative humidities expected to be experienced by the plant, has not been explicitly defined in the development of the GDA Reference Design. 
A maximum credible event of 100% humidity has been defined in the development of the GB GSE.

	Extreme Cooling Water Temperature
	An unfavourable difference or delta in hazard magnitude between the GB GSE Parameters and the Lake Michigan temperatures specified in HI-2240117 [5] has been identified. 
The delta in minimum water temperatures is due to the differences in the salinity of freshwater and seawater. 
The difference in maximum temperatures is caused by the application of the UK Climate Projections in the derivation of the GB GSE Parameters for the year 2100.

	Lightning
	A difference in the characterisation and evaluation of the lightning hazard has been identified between the GDA Reference Design and the GB GSE. 
A peak lightning current has not been explicitly defined in the development of the GDA Reference Design.

	Icing
	Icing, with respect to the formation of rime, clear and glaze ice on the surface of lightweight structures, has not been explicitly defined as an External Hazard in the GDA Reference Design.

	Aircraft Impact
	A difference in hazard characterisation and the regulatory approach between the US NRC and the ONR has been identified for the hazard of malicious aircraft impact as to be expected. 
Design Basis Threats (DBT) are unique to a regulatory jurisdiction with the UK DBT differing from the US DBT. An assessment on the design basis of malicious aircraft impact is to be undertaken post GDA Step 2.





[bookmark: _Toc216351181]Appendix 3 – Figures
Figure 1 – The RP’s 3 step approach for the identification and screening of combined hazards (ref. [68])
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Figure 2 – Process to derive the external hazard GB GSE Parameters (ref. [49]) Figure 4.2
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Figure 3 – Comparison of GDA Reference Design Horizontal Seismic Design Response Spectra Against European Utility Requirement Horizontal Spectra (5% Damping) (ref. [23]){
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Figure 4 – SMR-300 Layout Illustration – Provided by the RP for ONR Reports
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Figure 5 – SMR-300 Nuclear Island - Provided by the RP for ONR Reports
[image: A diagram of a machine
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