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[bookmark: _Toc209021135][bookmark: _Toc109727646]Executive summary
This report presents the outcomes of my internal 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 DRP and SSEC:
Adequacy of hazard identification;
Adequacy of hazard characterisation methodologies;
Adequacy of analysis to support the design of the annular reservoir and other passive systems;
Adequacy of plant layout to support resilience to hazards (including multi-unit considerations);
Adequacy of the claims, arguments and available evidence detailed in the PSR;
Adequacy of As Low As Reasonably Practicable (ALARP) demonstration.
Based upon my assessment, I have concluded the following:
The Requesting Party (RP) has identified a suitable set of internal hazards for analysis to support the development of the SMR-300 design. Further work is required by the RP to demonstrate that a fully systematic and complete hazard identification process has been implemented;
The RP has identified or is developing suitable methodologies to enable analysis of the identified internal hazards. Further work is required by the RP to refine its methodologies for the specific hazards present in the SMR-300 design and provide assurance that the methods will provide a robust deterministic assessment of identified hazards. Some hazards will require further work to develop complete methodologies once sufficient site-specific information is available;
The RP has recognised shortfalls against regulatory expectations raised within Regulatory Observation RO-HOLTECSMR300-007. The RO considered shortfalls related to the definition of flooding scenarios within containment, identification of SSCs and flood timing, equipment qualification, plant tolerance to flooding and the demonstration of ALARP. The RP has developed an adequate resolution plan to address those shortfalls;
The RP has in place sufficient internal hazards requirements to inform design decisions and plant layout. Further work is needed to implement these requirements once full categorisation and classification of Structures, Systems and Components (SSCs) and the deterministic assessment of internal hazards is sufficiently mature. This may require changes to, or enhancements of the civil structure to form further divisional barriers. The RP has demonstrated credible hazard management strategies for a sample of key hazard sources and this provides confidence that a layout that is resilient to hazards and meets regulatory expectations could be achieved;
The RP’s safety case and Claims Arguments Evidence (CAE) structure for internal hazards is clear and the RP has successfully demonstrated a safety case golden thread in this area. If the RP continues to develop the SSEC on this basis, and in line with the proposed approach to evidencing claims and arguments, a safety case compliant with regulatory requirements and expectations could be achieved;
The RP has not yet demonstrated a complete deterministic assessment for internal hazards and hence a complete demonstration that risks have been reduced ALARP is not available. However, the RP has presented sufficient arguments and evidence, such that a demonstration that risks have been reduced in line with the ALARP principle could be made in the future. This is subject to further design development, analysis, substantiation, and resolution of shortfalls identified in this report.
[bookmark: _Hlk168596328]Overall, based on my assessment to date, and subject to the provision and assessment of suitable and sufficient supporting evidence as well as the resolution of potential shortfalls identified, I have not identified any fundamental safety shortfalls from an internal hazards perspective that would prevent ONR permissioning the construction of a power station based on the generic Holtec SMR-300 design.





Step 2 Assessment of Internal Hazards | Issue: 1


Page | 1
[bookmark: _Toc209021136]List of abbreviations
AC		Alternating Current
ACI		American Concrete Institute
ANS		American Nuclear Society
AR		Annular Reservoir
ALARP	As low as reasonably practicable
ASME		American Society of Mechanical Engineers
BAP		Breathing Air and Pressurisation System
C&I		Control and Instrumentation
CAE		Claims Arguments Evidence
CDF		Core Damage Frequency
CES		Containment Enclosure Structure
CFL		Consolidated Fault List
CRD		Control Rod Drive System
CRV		Control Room Normal Ventilation System
CS		Containment Structure
DBAA		Design Basis Accident Analysis
DRP		Design Reference Point
EMI		Electromagnetic Interference
ESF		Essentially Safety Feature
FDT		Fire Dynamics Tools
FEA		Finite Element Analysis
FOAK		First of a Kind
GDA		Generic Design Assessment
GSE		Generic Site Envelope
GSR		General Security Report
HazID		Hazard Identification
HAZOP	Hazard and Operability Study
HEAF		High Energy Arcing Fault
HSE		Health and Safety Executive
IAEA		International Atomic Energy Agency
IB		Intermediate Building
IEEE		Institute of Electrical and Electronics Engineers
ISFSI		Interim Spent Fuel Store Installation
JIP		Joint Industry Project
LBB		Leak Before Break
MCR		Main Control Room
MDSL		Master Document Submission List
MSL		Main Steam Line
MSLB		Main Steam Line Break
MWe		Mega Watts Electrical
MWth		Mega Watts Thermal
NFPA		National Fire Protection Association
NRC		Nuclear Regulatory Commission
NRW		Natural Resources Wales
NUREG	US Nuclear Regulatory Commission Regulation
ONR		Office for Nuclear Regulation
OPEX		Operating Experience
P&ID		Piping and Instrumentation Diagram
PAU		Physical Analysis Unit
PCMWT	Passive Core Make-Up Water Tank
PDH		Primary Decay Heat Removal System
PER		Preliminary Environmental Report
PRA		Probabilistic Risk Assessment
PSA		Probabilistic Safety Analysis
PSR		Preliminary Safety Report
PSgR		Preliminary Safeguards Report
PSS		Plant Safety System
PWR		Pressurised Water Reactor
RAB		Reactor Auxiliary Building
RCP		Reactor Coolant Pump
RGP		Relevant Good Practice
RHR		Residual Heat Removal System
RITE		Risk Informed and Targeted Engagements
RG		Regulatory Guide
RO		Regulatory Observation
RP		Requesting Party (Holtec International)
RPV		Reactor Pressure Vessel
RQ		Regulatory Query
RWB		Radioactive Waste Building
SAP		Safety Assessment Principle(s)
SDD		System Design Description
SDH		Secondary Decay Heat Removal System
SFP		Spent Fuel Pool
SMR		Small Modular Reactor
SSC		Structure, System and Component
SSEC		Safety, Security (and Safeguards), Environmental Case
SSG		Specific Safety Guide
TAG		Technical Assessment Guide(s) (ONR)
TNT		Trinitrotoluene
TSC		Technical Support Contractor
UHS		Ultimate Heat Sink
UK		United Kingdom
US		United States
WENRA	Western European Nuclear Regulators’ Association

Contents
Executive summary	3
List of abbreviations	5
1.	Introduction	8
2.	Assessment standards and interfaces	12
3.	Requesting party’s submission	15
4.	ONR assessment	24
5.	Conclusions	57
References	59
Appendix 1 – Relevant SAPs considered during the assessment	68



[bookmark: _Toc209021137]Introduction
This report presents the outcomes of my internal 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), have been used as the basis for this assessment. 
Background
ONR’s GDA process (ref. [42]) calls for a step-wise assessment of the Requesting Party's (RP) submissions with the assessments increasing in detail as the project progresses. Holtec International is the RP for the GDA of the Holtec SMR-300 design. Holtec International has designated Holtec Britain to manage the GDA project, including developing the SSEC. Holtec Britain is a wholly owned United Kingdom (UK) subsidiary of Holtec International.
In October 2023 ONR, together with the Environment Agency and Natural Resources Wales (NRW), began Step 1 of the GDA for the Holtec SMR-300. Step 1, which is the preparatory part of the design assessment process and mainly associated with initiation of the project and preparation for technical assessment in later steps, was successfully completed in August 2024 (ref. [43]).
Holtec International confirmed that it only intends to complete GDA up to the end of Step 2. The output of Step 2 GDA is a GDA Statement.
Step 2 commenced in August 2024. The focus of ONR’s assessments in this step is towards the fundamental adequacy of the design and SSEC, and the suitability of the methodologies, approaches, codes, standards and philosophies which form the building blocks for the design and generic SSEC. The objective is to undertake an assessment of the design against regulatory expectations to identify any fundamental safety, security, or safeguards shortfalls that could prevent ONR granting permission for construction of a power station based on the design (ref. [42]).
Prior to the start of Step 2 I prepared a detailed assessment plan for internal hazards (ref. [44]). This has formed the basis of this assessment and was also shared with the RP to maximise openness and transparency.  
This report describes one of a series of assessments which support ONR’s overall judgements at the end of Step 2 which are recorded in the Step 2 Summary Report (ref. [45])
[bookmark: _Ref207111184]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. [46] [47]). Holtec International has indicated that it intends to complete a two-step GDA with the objective of receiving a GDA Statement from ONR and has aligned its GDA scope with this objective. The GDA scope defines the generic plant and layout, and includes all systems, structures and components that are identified as being important to safety, security and safeguards, all modes of operation, and all stages of the plant lifecycle.
My internal hazards assessment scope is defined in my assessment plan (ref. [44]) which is discussed in detail in section 4.1 and includes the following topics:
Adequacy of hazard identification – assessment of the adequacy of the RPs hazard identification work including hazards identified for the purposes of Probabilistic Safety Analysis (PSA), the completeness of hazards in the scope of assessment and identification of hazard combinations.
Adequacy of hazard characterisation methodologies – assessment of the applicability and fundamental adequacy of the RP’s proposed methods to assess hazard magnitudes and potential consequences of hazard effects on SSCs.
Adequacy of analysis to support the design of the annular reservoir and other passive systems – assessment of internal hazards risks to and from the SMR-300 designs novel aspects accounting for changes which have been introduced as part of the power uprating from the SMR-160, which has necessarily introduced new internal hazards into the design such as higher energy pipelines and Reactor Coolant Pumps (RCPs). Focussing regulatory scrutiny on novel aspects of design is in line with ONR’s GDA Technical Guidance (ref. [48]).
Adequacy of plant layout to support resilience to hazards (including multi-unit considerations) – assessment of design layout optimisation to support resilience to hazards. This includes both internal and external layout.
Adequacy of the claims, arguments and available evidence detailed in the PSR – assessment of the safety case “Golden Thread” as it pertains to hazards and commensurate with a two-step GDA i.e. that the safety case is sufficient to perform a fundamental assessment of the RPs claims, arguments and evidence (CAE).
Adequacy of ALARP demonstration – Adequacy of the RP’s demonstration and justification that risks from internal hazards have been reduced to levels which are ALARP.
Given that this is a fundamental assessment and the design of the Holtec SMR-300 is still developing, not all aspects of the facility design are within the GDA scope. I have not identified any significant exclusions which would prevent a fundamental assessment of the RP’s design with respect to internal hazards, however, the following aspects are relevant to the overall scope of my assessment:
The scope of buildings considered within the GDA was originally defined in the SMR-300 UK Generic Design Assessment Scope document (ref. [49]). This included the Containment Enclosure Structure (CES), Containment Structure (CS), Reactor Auxiliary Building (RAB), Intermediate Building (IB), Radioactive Waste Building (RWB) and the Interim Spent Fuel Storage Installation (ISFSI). The scope of buildings has been reduced throughout GDA to remove or reduce the information provided on the ISFSI and the RWB. The RWB has been consolidated into the RAB as part of an update to the RP’s DRP (ref. [46]) it is therefore no longer a standalone building. The consolidated systems and structures are included in the scope of GDA. Internal hazards is relevant to most buildings on site and whilst the defined scope does not include some of the buildings which will contain significant hazards sources (such as the Turbine Hall), I am content that the scope is sufficient for the purposes of a two-step GDA. This is because the RP confirmed that site hazards which could have a significant impact on nuclear safety (primarily disintegration of the main steam turbine) will be considered within GDA to de-risk the site plot plan.
The SMR-300 UK Generic Design Assessment Scope document (ref. [49]) also lists Structures, Systems & Components (SSC) within GDA scope as well as those out of scope. The RP confirmed that systems which are not safety related but could constitute a hazard which could impact upon safety critical SSCs would be included within GDA scope (ref. [50]).
The identification and categorisation of safety functions and classifications of SSCs has been undertaken according to a process that does not meet UK regulatory expectations. Therefore selection of systems for hazard analysis based on classification e.g. focus on safety Class 1 system, has not been possible. I have worked with the RP throughout Step 2 to target potential hazard effects on those systems which are most critical to delivering safety case claims or those systems which are most vulnerable to identified hazards. Regulatory Observation RO-HOLTECSMR300-011 (ref. [51]) has been raised by the fault studies inspector to seek a suitable resolution to this shortfall.


[bookmark: _Toc209021138]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 SSEC for the reactor technology being assessed.
ONR has a range of internal guidance to enable inspectors to undertake a proportionate and consistent assessment of such cases. This section identifies the standards which have been considered in this assessment.
This section also identifies the key interfaces with other technical topic areas.
Standards 
1. The ONR SAPs (ref. [41]) constitute the regulatory principles against which the RP’s case is judged. Consequently, the SAPs are the basis for ONR’s assessment and have therefore been used for the Step 2 assessment of the Holtec SMR-300.
The International Atomic Energy Agency (IAEA) safety standards (ref. [52]) and nuclear security series (ref. [53]) are a cornerstone of the global nuclear safety and security regime. They provide a framework of fundamental principles, requirements and guidance. They are applicable, as relevant, throughout the entire lifetime of facilities and activities.
Furthermore, ONR is a member of the Western European Nuclear Regulators Association (WENRA). WENRA has developed reference levels (ref. [54]), which represent good practices for existing nuclear power plants, and Safety Objectives for new reactors (ref. [55]).
2. The relevant SAPs, IAEA standards and WENRA reference levels are embodied and expanded on in the TAGs (ref. [56]).
1.1.1. Safety Assessment Principles (SAPs)
3. The key SAPs applied within my assessment are:
ELO – Layout – I have used this set of SAPs to support my assessment of the fundamental adequacy of the internal hazards aspects of the RP’s layout.
EKP – Engineering Key Principles – I have used this set of SAPs to support my overall judgement of the RP’s safety case with respect to internal hazards.
EHA – External and Internal Hazards – I have used this set of SAPs to support my judgement of the adequacy of the RP’s approach to fundamental hazards assessment topics such as hazard identification, approach to cliff edges, data sources etc.
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. [40])
· NS-TAST-GD-014 – Internal Hazards (ref. [57])
· NS-TAST-GD-015 – Electromagnetic Interference (ref. [58])
· NS-TAST-GD-005 – Guidance on the demonstration of ALARP (ref. [59])
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 (SSG) No. SSG-61 (ref. [60])
· IAEA, Protection against internal hazards in the design of nuclear power plants No. SSG-64 (ref. [61])
· IAEA, Safety of Nuclear Power Plants: Design, Specific Safety Requirements No. SSR-2/1 (ref. [62])
Integration with other assessment topics
7. I have worked closely with other topics as part of my Internal 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. 
8. The key interactions with other topic areas were:
Civil Engineering – Design of barriers and the associated codes and standards proposed to be used in their design.
Fault Studies – Adequacy of overall fault identification and the development of fault sequences.
Mechanical Engineering – Design and consideration of hazards with respect to mechanical components e.g. the arrangement of lift paths for lifting devices.
PSA – Methodologies to be used within the hazards PSA and the selection of hazards to be modelled.
External Hazards – Identification and screening of external-internal hazard combinations.
Use of technical support contractors
During Step 2 I have not engaged Technical Support Contractors (TSCs) to support my internal hazards assessment for the Holtec SMR-300.  


[bookmark: _Toc209021139]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 provide 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 internal hazards. It also identifies the supporting documents submitted by the RP which have formed the basis of my internal 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 RCPs providing forced circulation in normal operation. The target electrical power output of each SMR-300 unit is 320 Mega Watts Electrical (MWe) (from a thermal power of 1,050 Mega Watts Thermal (MWth)) with a design life of 80 years for non-replaceable components. The SMR-300 design submitted for assessment in GDA is a twin-unit design comprising two SMR-300 reactors and associated plant.
The SMR-300 is equipped with a number of supporting systems for normal operations and a range of safety measures to provide cooling, criticality control, and contain radioactivity under fault conditions. Passive safety features are preferred to active components, reflecting the RP’s design philosophy. 
The SMR-300 has a compact layout. The Reactor Pressure Vessel (RPV), which holds the fuel assemblies, the steam generator, RCPs and associated pipework, the Spent Fuel Pool (SFP) and the passive safety systems, are all held within the steel CS and a secondary steel and concrete 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 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 RP has developed the SMR-300 design from a previous iteration, the SMR-160, shortly before commencing GDA. This design change increased the reactor power included design modifications which impact the internal hazards topic area, such as the introduction of RCPs into the CS. Whilst the SMR-160 is not the subject of this GDA, and has not been assessed by ONR or any other regulator, the work conducted for the SMR-160 has formed the foundation for many of the GDA submissions and is therefore referenced, where relevant, within my assessment.
Design of Buildings in Scope
The CS is a large, cylindrical structure extending -20.1m below ground level and 35.0m above ground level (noting that the full height is not readily accessible). The CS has two access points, the personnel hatch, and the equipment hatch, located at the -6.4m and 0m levels, respectively. These correspond to the ground and first basement levels of the RAB (ref. [63]). The CS contains the primary decay heat removal system (PDH), passive core make-up water tank (PCMWT), polar crane, RCPs and various other hazard sources.
The CES is a large, cylindrical structure which surrounds the CS and is proposed to be constructed on the same concrete pad. The CES extends to 40.8m above ground level. The AR is normally filled to a height of 35.0m so that only a small annular walkway around the edge of the CES is accessible during normal operations. Access to the CES is via ladder from the roof of the RAB (ref. [64]).
The RAB is a three-storey structure which wraps around the two CES of the two-reactor design. The three levels of the building are at ground level, a first basement floor at -6.4m and a second basement floor at -12.8m. The roof is also accessible via vertical ladder. The RAB contains the Main Control Room (MCR), truck bay, battery rooms and other SSCs as well as radwaste systems which were previously contained within a separate radwaste building (ref. [65]).
The IB is a long, corridor-like structure which connects the CS with the turbine hall (noting the turbine hall is not in GDA scope). The IB contains the feedwater and main steam lines. Access to the IB is via a single staircase on the turbine building side (ref. [66]).
SSEC approach and structure
The SSEC for the SMR-300 consists of the PSR, the Preliminary Environmental Report (PER), the Generic Security Report (GSR) and the Preliminary Safeguards Report (PSgR), along with their supporting documents. The complete set of SSEC documentation submitted for the GDA is captured within the Master Document Submission List (MDSL) (ref. [38]). 
The SSEC has been developed for a twin-unit reactor design to be constructed, operated, and decommissioned on any generic site that is within the bounds of the generic SMR-300 Generic Site Envelope (GSE).
The fundamental purpose of the SSEC is to demonstrate that the SMR-300 can be constructed, commissioned, operated, and decommissioned on a generic site in the UK to fulfil the future licensee’s legal duties to be safe, secure and protect people and the environment (ref. [1]).
The SSEC and supporting documents have been prepared using the CAE concept. SSEC Chapter A3 (ref. [3]) provides a high-level route map which links the claims made throughout the SSEC to the fundamental purpose.
[bookmark: _Ref207196506]Summary of the requesting party’s case for Internal Hazards 
The aspects covered by the Holtec SMR-300 safety case for internal hazards (ref. [24] [67] [68] [69] [70] [71]) can broadly be grouped under four headings which are summarised as follows, and each support topics within the scope of my assessment plan:
Hazard Identification – Claim 2.1.6.1 states “A comprehensive set of internal hazards and their combinations are identified and screened for assessment”. This claim is directly relevant to my assessment of the adequacy of hazard identification and also supports my overall assessment of the adequacy of CAE within the PSR relevant to internal hazards.
Hazards Analysis and Methodologies – Claim 2.1.6.2 states “Internal hazards are characterised and evaluated using appropriate methodologies taking due cognizance of RGP and OPEX”. This claim is directly relevant to my assessment of the adequacy of hazard characterisation methodologies and also supports my overall assessment of the adequacy of CAE within the PSR relevant to internal hazards.
Safety Measures & Novel Features – Claim 2.1.6.3 states “Safety functions and safety measures are identified, categorised, and classified based on their importance to nuclear safety for all internal hazards and provide sufficient lines of protection based on the fault frequency and consequence”. Claim 2.1.6.4 states “Analysis demonstrates that the identified safety features (in conjunction with operator actions) enable the plant to reach a safe shutdown state for all Internal Hazard DBEs”. These two claims taken together cut across multiple topics within the scope of my assessment including, the adequacy of analysis to support the design of the annular reservoir and other passive systems, adequacy of overall CAE and the adequacy of the demonstration that risks have been reduced in line with the ALARP principle.
Plant Layout – The RP has not made a specific claim on plant layout for internal hazards within the PSR, however, demonstrating adequacy of the plant layout is implicit in demonstrating that risks from internal hazards have been reduced to ALARP and therefore meeting Claim 2.1.6 which states “Risks from internal hazards and their combinations have been demonstrated to be tolerable and As Low As Reasonably Practicable (ALARP)”. The following claims which are associated with other chapters of the PSR are also relevant:
Claim 2.2.11.3 from the civil engineering chapter (ref. [22]) of the PSR states “the civil engineering design utilises good engineering practice to ensure that Civil SSCs are robustly designed to resist design basis loads and load combinations, with appropriate beyond design basis margins”.
Claim 2.2.10.1 from the mechanical engineering chapter (ref. [21]) of the PSR states “Design processes and procedures have been established to ensure mechanical specific safety requirements, functional requirements and architecture requirements are captured in the design, procurement and manufacturing steps”
The civil engineering claim above relates to establishing design basis loads (such as fire and flood loadings) and the assessment of the loads on the civil design. This is a key aspect of hazards analysis for any barriers which are claimed to withstand hazard loads or prevent hazard propagation. The mechanical engineering claim relates to the inclusion of potential hazard derived requirements in the design of mechanical components. Such requirements are relevant to the demonstration of defence in depth with respect to internal hazards where they may reduce hazard magnitude or risk of a hazard derived initiating event, for example the retention of missile sources.
[bookmark: _Ref207202303]Hazard Identification
9. The RP identified (ref. [50]) an initial list of internal hazards based on work completed during the development of the SMR-160 concept during Step 1 of GDA. This was primarily based upon guidance published by the United States (US) Nuclear Regulatory Commission (NRC) and previous GDA experience (ref. [50]), and has been further refined during Step 2. Chapter B22 of the RP’s PSR (ref. [24]) provides a comprehensive set of references used to derive the list of hazards to be assessed. The hazards identified by the RP are:
Internal Fire
Internal Explosions (including internal blasts)
Internal Flooding
Pipe Whip and Jet Impact
Internal Missiles (including turbine disintegration)
Dropped Load
Toxic and / or Corrosive Solid, Liquid or Gaseous Release
Vehicle Impact
Electromagnetic Interference (EMI)
Combined Hazards
The RP has described its proposed approach to hazard identification within Chapter B22 of the PSR (ref. [24]). This describes a systematic hazard identification exercise utilising a room by room or location by location approach. The RP has stated that the approach would utilise supporting system design information such as Piping & Instrumentation Diagrams (P&IDs), layout drawings and the plant 3D model. The RP has also stated that the exercise would identify any SSCs in the area being reviewed and also record any dependents of those SSCs which could potentially be damaged.
The RP has undertaken a high level assessment of hazards combinations (ref.[67] [67]). This process has identified a significant number of internal-internal hazard combinations which the RP has acknowledged will require further study beyond Step 2. The methodology used to derive the combinations is discussed in Section ‎4.2.2.10.
The identification of internal hazards is also discussed within the RP’s Preliminary Fault Schedule Report (ref. [72]). The RP notes that hazard induced faults will be considered within the fault schedule and where hazard effects are not bounded by an existing internal fault they will be recorded in the Consolidated Fault List (CFL). Generic entries for internal hazards are included in the RP’s Preliminary Fault Schedule (ref. [72]) as well as some discrete hazards where relevant to an established fault such as a Main Steam Line Break (MSLB). 
[bookmark: _Ref206587816]Hazards Analysis and Methodologies
10. The RP has described its proposed approach to hazard analysis across several documents including the Impact Hazard Assessment Report (ref. [69]), Impact Hazards Substantiation Methodologies Report (ref. [70]), Internal Hazards Methodology and Alignment Report (ref. [68]) and the Internal Hazards and External Hazards Combined Hazards Methodology Report (ref. [67]).
11. The RP’s overarching approach to internal hazards assessment is described within Chapter B22 of the PSR (ref. [24]), which is supported by hazard-specific details contained in the documents referenced above. The RP stated that plant faults caused by internal hazards shall be identified and the unmitigated consequences derived for the plant fault utilised alongside a frequency for the initiating event. This process will in turn determine the safety categorisation of the hazard induced fault and the classification and number of safety measures required in the design. 
Safety Measures and Novel Features
The RP has defined an acceptance criteria which must be met by the SMR-300 for all design basis internal hazards (ref. [24]) to guide the identification and implementation of safety measures. The RP’s acceptance criteria for each design basis hazard are:
The fundamental safety functions (control, cool, contain, monitor and control releases) shall remain available;
There shall be no failure of fuel or the reactor coolant pressure boundary;
The containment function shall be maintained;
The ability to monitor the state of the plant shall be maintained;
Dose acceptance criteria for design basis accidents from internal hazards shall be met.
A key novel aspect of the SMR-300 is the use of the AR surrounding the CS as the Ultimate Heat Sink (UHS). The inner boundary of the annular reservoir forms a key heat transfer service for heat removal from within the CS and the AR water acts as part of the heat exchange process for the Secondary Decay Heat Removal System (SDH). The RP has produced the Containment Structure System Based Review (ref. [71]) to provide additional information and high level analysis of the design’s tolerance to a potential failure of the CS.
Plant Layout
The layout of the SMR-300 is described primarily within Chapter A2 of the PSR (ref. [2]), which is supported by other relevant chapters, such as Chapter B9 (ref. [11]), and through DRP documents, notably the general arrangement drawings for each building in scope (ref. [64] [63] [65] [66]).
The external layout of the generic site is described within Chapter A2 of the PSR and also shown in the Conceptual Plot Plan (ref. [73]).
Demonstrating Risks are Reduced ALARP
The RP’s overarching claim with respect to internal hazards is Claim 2.1.6 which states “Risks from internal hazards and their combinations have been demonstrated to be tolerable and As Low As Reasonably Practicable (ALARP)”. This claim supports the overarching PSR chapter on ALARP, Chapter A5 “Summary of ALARP” (ref. [5]). Claim 2.4 within A5 states “The risk to workers and the public is tolerable and is as low as reasonably practicable, for the design, construction, commissioning, operation and decommissioning of the generic Holtec SMR-300”.
The RP’s process for considering design changes and reducing risk to ALARP is described within Chapter A5 of the PSR, the RPs ALARP Guidance Document (ref. [74]), and Design Stability Toolkit (ref. [75]). Additionally, the RP has described some high level hazard management strategies through ongoing regulatory engagements and responses to regulatory queries (ref. [76] [77] [78]).
Basis of assessment: requesting party’s documentation
The principal documents that have formed the basis of my internal hazards assessment are:
Impact Hazard Assessment Report (ref. [69]) - This document outlines the RP’s proposed approach to the assessment of dropped loads and pipe whip / jet hazards. The RP considered these hazards separately as it perceives that the differences between UK and US regulatory expectations are greatest with respect to the assessment of these hazards. The document discusses the calculation of hazard magnitudes.
Impact Hazard Substantiation Methodologies Report (ref. [70]) – This document outlines the RP’s proposed approach to the substantiation of dropped loads and pipe whip / jet hazards. The RP considered these hazards separately as it perceives that the differences between UK and US regulatory expectations are greatest with respect to the assessment of these hazards. The document discusses the assessment of hazard impacts (magnitudes) on selected SSCs.
Internal Hazards Methodology and Alignment Report (ref. [68]) – This document outlines the RP’s proposed approach to the assessment of hazards other than dropped loads or pipe whip / jet hazards. The document discusses both the calculation of hazard magnitudes and the assessment of hazard impacts on selected SSCs.
Internal Hazards and External Hazards Combined Hazards Methodology Report (ref. [67]) – This document outlines the RP’s proposed approach to the identification, screening and selection for analysis of hazard combinations. The RP has not identified specific combinations of internal hazards which may require assessment.
SMR-300 Valve Selection Guideline (ref. [79]) – This document is a design aid document for engineers providing guidance on the selection of valves and actuators for SMR-300 systems. The document provides descriptions of various valve types and their acceptable uses within the SMR-300. The RP considers this document draft for the purposes of GDA. 
SMR-300 Design Standard for Grouping and Separation (ref. [80]) – This document describes the design rules used by the RP to layout cable runs and other equipment. The document covers proposed separation distances and grouping approaches for safety related and non-safety related cables.
Fundamental Design Philosophy Report (ref. [81]) – This document describes the overarching principles which have been used to develop the RP’s design into its current form. The document introduces high level principles which have led to design and layout decisions which have implications for internal hazards.
Containment Structure System Based View (ref. [71]) – This document was produced by the RP following regulatory challenges from several disciplines on the design of the CS and the AR. It provides a cross cutting view of the safety case specifically focussed on the CS heat transfer surface and the potential failure of the AR.
GDA Design Challenge Paper on Internal Hazards (ref. [82]) – This document is an example of a design challenge paper produced as part of the RP’s overarching design management process. For the purposes of internal hazards, it describes potential shortfalls in the segregation scheme of the SMR-300 particularly with respect to internal fires and flood.
SMR-160 Design Standard for Fire Protection (ref. [83]) – This document outlines the RP’s generic approach to fire protection for the initial SMR-160 design. It includes general requirements on fire compartmentation and fire systems. Requirements are aligned with National Fire Protection Association (NFPA) 804 [84]. The RP has also applied these requirements to the SMR-300 design.
Holtec SMR GDA PSR Part B Chapter 22 Internal Hazards (ref. [24]) – This document outlines the key claims covering internal hazards.
· Holtec SMR GDA PSR Part B Chapter 20 Civil Engineering (ref. [22]) – This document outlines the key claims covering civil engineering including the codes and standards to which civil structures will be designed.
Holtec SMR GDA PSR Part A Chapter 5 Summary of ALARP (ref. [5]) – This document outline the RP’s approach to demonstrating ALARP at a project level and also describes the process for identifying and assessing potential design changes or improvements.
· General Arrangement of Containment Enclosure Structure for SMR-300 (ref. [64]) – This forms part of the DRP and identifies room and equipment information in the CES.
· General Arrangement of Containment Structure Internals for SMR-300 (ref. [63]) – This forms part of the DRP and identifies room and equipment information in the CS.
· General Arrangement of Intermediate Building for SMR-300 (ref. [66]) – This forms part of the DRP and identifies room and equipment information in the IB.
General Arrangement of Reactor Auxiliary Building for SMR-300 (ref. [65]) – This forms part of the DRP and identifies fire rated barriers as well as room and equipment information in the RAB.
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Assessment strategy
My assessment strategy for GDA Step 2 was set out in my assessment plan and agreed with the RP at the end of Step 1. This plan focussed on ‘Targeted Matters’ against which I would seek evidence-based confidence that the plant was fundamentally safe to build, operate and decommission in the UK (ref. [44]).
The scope of my assessment is outlined in Section ‎1.2 and this has not deviated within Step 2. The status of each of the areas of my assessment is discussed in the following sections.
Adequacy of hazard Identification
My sampling strategy to judge the fundamental adequacy of the RP’s hazard identification was to assess the methods used to undertake hazard identification. I also aimed to sample how the RP’s methods had been extended to cover hazards not previously considered or where known gaps exist between UK and US regulatory approaches; such as with pipe whip hazards, and dropped loads. This included assessment of the adequacy and physical basis of any screening criteria which had been applied during hazard identification to reduce the number of individual hazard sources to be considered. This also included hazard combinations. Following receipt of the RP’s submissions I am content that the information provided is sufficient to complete a meaningful assessment of fundamental adequacy, which is reported in Section ‎4.2.1‎4.2.1.
[bookmark: _Ref211246272]Adequacy of hazard characterisation methodologies
My sampling strategy to judge the fundamental adequacy of the RP’s hazard characterisation methodologies, was to assess the methods the RP plans to use to assess individual hazards in later stages of design. This included both methods to characterise hazards (establish design loads) and methods to substantiate SSCs against the potential impact of hazards. Following receipt of the RP’s submissions I am content that the information provided is sufficient to complete a meaningful assessment of fundamental adequacy, which is reported in Section ‎4.2.2‎4.2.2.
Adequacy of analysis to support the design of the annular reservoir and other passive systems
My sampling strategy to judge the fundamental adequacy of the RP’s safety measures, was to assess the vulnerability of SSCs forming novel systems to any identified hazard loads inside and outside of primary containment. I noted the need to work with the fault studies and structural integrity inspectors to consider the collective safety case for these novel systems, including any highest reliability claims which may be made. In the case of the AR, I also sampled the potential for AR drain down and the potential for the AR to act as a source of internal flooding. Following receipt of the RP’s submissions I am content that the information provided is sufficient to complete a meaningful assessment of fundamental adequacy, which is reported in Section ‎4.2.3‎4.2.3.
Adequacy of plant layout to support resilience to hazards
My sampling strategy to judge the fundamental adequacy of the RP’s plant layout was to assess how the RP had optimised the SMR-160 (and then SMR-300) design to provide resilience against potential hazard effects, particularly new or more significant hazards which may have been introduced into the SMR-300 design following the reactor power uprating process. This included both the internal layout of the buildings considered within the scope of GDA and the layout of buildings on the proposed plot plan noting that a two unit reference design is being submitted.
With respect to the internal layout, I sampled the application of segregation and any claims made on the withstand of barriers to prevent hazard propagation. I also sampled the identification and consideration of any exceptions to divisional segregation which may exist within the design and the impact of a significant proportion of the design being below grade on potential hazard propagation. With respect to the layout of structures on the site plot plan, I sampled hazards which have the potential to damage multiple SSCs either through hazard magnitude or through propagation. This was primarily in respect to the hazard of turbine disintegration. Following receipt of the RP’s submissions, I am content that the information provided is sufficient to complete a meaningful assessment of fundamental adequacy, which is reported in Section ‎4.2.4.
Adequacy of the claims, arguments and available evidence detailed in the PSR
My sampling strategy to judge the fundamental adequacy of the RP’s internal hazard safety case was to assess the case’s “Golden Thread” to determine if the PSR contained adequate claims, arguments and, where relevant, evidence commensurate with Step 2. Following receipt of the RP’s submissions I am content that the information provided is sufficient to complete a meaningful assessment of fundamental adequacy, which is reported in Section ‎4.2.5‎4.2.5.
Adequacy of ALARP demonstration
My sampling strategy to judge the fundamental adequacy of the RP’s justification that the risks to nuclear safety from internal hazards will be reduced to ALARP, was to sample the RP’s identification of RGP, identification of risk gaps and associated assessment and optioneering. Following receipt of the RP’s submissions, I am content that the information provided is sufficient to complete a meaningful assessment of fundamental adequacy, which is reported in Section ‎4.2.6‎4.2.6, noting that a complete ALARP demonstration has not been provided and is not expected at Step 2.
Assessment
My assessment is structured against the following topics, and overall CAE, which I have outlined in Section ‎3.3:
Hazard Identification
Hazard Analysis Methodologies
Safety Measures and Novel Features
Plant Layout
Claims, Arguments and Evidence
Demonstrating Risks are Reduced ALARP
These topics are aligned with my inspection plan and generally follow the structure of a typical hazards assessment. Whilst not all aspects of an internal hazards safety case are assessed, I judge that this is commensurate with the expectations of a Step 2 fundamental assessment. In any future assessment steps, the RP would be expected to demonstrate a complete safety case with respect to internal hazards.
[bookmark: _Ref208412852]Hazard Identification
I sampled the RP’s description of its approach to hazard identification, which is described within Chapter B22 of its PSR (ref. [24]). The process is in three sections covering identification of generic hazards, formal specific hazard identification (HazID) and the identification of hazard combinations.
The generic hazards identified by the RP are listed in Section ‎3.3.1. The RP stated that the listed hazards had been identified through a codes and standards review as well as internal hazards Operating Experience (OPEX) and extant GDA documentation from reactor technologies considered in previous GDAs. I consider the list of selected hazards identified by the RP, are in line with UK regulatory expectations (ref. [57]) and I am satisfied they are adequate for the purposes of developing a generic safety case for the SMR-300 design.
The RP has not completed systematic hazard identification of specific hazard sources based on the current DRP. Whilst some detail is available for some areas of the plant, the RP has argued (ref. [24]) that the design maturity is currently insufficient for a meaningful hazard identification exercise. I am in agreement with the RP on this point, noting that complete and systematic hazard identification would be expected at a future assessment step.
The RP has outlined its proposed hazard identification process for future assessment within Chapter B22 of the PSR (ref. [24]). The RP stated that this would be a systematic room by room assessment for all plant states. The RP has proposed to utilise Hazard and Operability Studies (HAZOPs) as the basis of the hazard identification studies which could be supplemented by further formal techniques as required. These HAZOPs would also involve the identification of SSCs contained within the area of study. I judge that the proposed approach, if applied systematically, would likely generate the data required to meet the expectation that all hazards are systematically identified and characterised (EHA.1).
I note that the RP’s identification and categorisation of safety functions and classification of SSCs has been undertaken according to a process that does not currently meet UK regulatory expectations. The fault studies inspector has raised RO-HOLTECSMR300-011 (ref. [51]) to seek a suitable resolution to this shortfall. The outcome of this RO will be relevant to the identified of SSCs during the HAZOP studies described above.
The RP has undertaken a generic identification process for hazard combinations (ref. [67]). The RP utilised screening criteria for combinations of internal and external hazards, and combinations of external hazards. The adequacy of the screening approach for external hazards will be considered by the ONR external hazards specialist inspector (ref. [85]). For combinations of internal hazards, the RP stated that insufficient design information is currently available to identify specific hazard combinations and therefore only classification of hazards into correlated, consequential or independent had been undertaken. The RP identified 49 combinations which will require further consideration in future assessments steps. This represents most possible combinations of the generic identified hazards with the exception of some combinations involving EMI which the RP has provisionally screened out.
I have sampled the screening judgements made for the screened out hazard combinations. Whilst evidence will be required to validate these judgements at a later assessment stage, I consider that the combinations screened out are likely to be demonstrably small or negligible contributors to risk, this is in line with SAP EHA.19 and in my view does not undermine the fundamental aspects of the design.
Conclusion of Hazard Identification Assessment
The information submitted by the RP defining its hazard identification process is consistent with the expectations of SAP EHA.1 and international RGP IAEA SSG-64 (ref. [61]), noting that the RP has yet to perform plant specific hazard identification. If the RP continues to develop the SMR-300 design and SSEC on this basis, and in line with the proposed hazard identification techniques, I consider that a final design compliant with regulatory requirements and expectations (complete and systematic hazard identification) can be achieved. ONR will assess the final design and SSEC in future activities.
[bookmark: _Ref209779005]Hazard Analysis Methodologies
I have sampled the RP’s hazard analysis methodologies, as I consider that appropriate methodologies, when applied correctly, are a fundamental component towards building confidence in design tolerance to hazards. Through my assessment I noted that the RP had undertaken a significant amount of hazards analysis work for its SMR-160 design of which the SMR-300 is based, analysis includes hazards PSA studies for both fire and flooding (ref. [18] [86] [87]). This work has been based largely on US guidance produced by the US NRC including US Nuclear Regulatory Commission Regulations (NUREGs) and Regulatory Guides (RG). The RP has further supplemented this work by utilising guidance produced by other US based standards bodies such as the American Society of Mechanical Engineers (ASME) and the NFPA. It should be noted that neither the SMR-160 or SMR-300 have been subject to assessment by the US NRC at the time of writing this report.
The RP has committed (ref. [18]) to updating these studies to align with the design changes required by the change to the SMR-300 as well as ongoing design development. Additionally, the RP has recognised that whilst UK expectations with respect to hazard analysis are similar to those in the US, they diverge in some discrete areas. In particular, the requirement that analysis should include deterministic hazard assessment (SAP EHA.5) has no direct analogue in the US. Despite this, I do not consider this a fundamental shortall. This is because the US plant design approach is based on many of the same internationally recognised nuclear safety principles as in the UK and therefore, I am satisfied that the completed analysis is likely to include much of the content I would normally expect as part of a deterministic demonstration of hazard tolerance in the UK.
The RP’s approach has been to describe the work done to satisfy the US regulatory regime and identify any gaps against UK expectations. I have therefore assessed the depth of analysis completed for each hazard to determine the significance of any gaps against UK expectations. This is discussed in the sub-sections below. 
Internal Fire
I sampled the RP’s methodology for analysing internal fires, both deterministic and probabilistic, as it covers many general hazard analysis aspects such as hazard screening, quantitative modelling and the approach to sensitivity analyses (SAPs EHA 19, EHA 6, EHA.7). These are particularly important for hazards with the potential to spread to multiple areas of the plant such as internal fire. The RP described its analysis completed to date and its proposed future analysis approach for internal fire within the Internal Hazards Methodology and Alignment Report (ref. [68]). This is supported by the RP’s Internal Fire PSA Methodology (ref. [86]), which was prepared for the SMR-160 design. The fire PSA methodology stated it was completed in line with NUREG/CR-6850 (ref. [88], [89]), which I consider an internationally recognised standard for the development of fire PSA. The RP’s approach is split into a series of discrete tasks which includes many of the steps which I would expect as part of a deterministic internal fire assessment. I have therefore sampled the tasks to guide my assessment on the overall adequacy of the RP’s approach to analysing fire hazards. The tasks I have sampled include:
Fire Probabilistic Risk Assessment (PRA) Component and Cable Selection – The RP states (ref. [86]) that the purpose of this task is to “identify the equipment to be included in the fire PSA, determine where in the plant, and in which Physical Analysis Unit (PAU) the equipment is located”. The equipment to be identified would be that “credited for safe shutdown by either being in the same area as the credited equipment or by being in the same area as the cables related to the credited equipment”. In the UK the set of equipment required for safe shutdown would be derived as part of the categorisation and classification process (SAPs ECS.1, ECS.2) which has yet to be fully undertaken by the RP. I judge that it is therefore likely that the set of safety equipment considered may be incomplete in the context of UK regulatory expectations. A suitable demonstration that the component selection step in the fire modelling is informed by the initial categorisation and classification will be required at a future assessment step. The RP has committed to identify safety functions and categorise them based on their significance to nuclear safety and to identify SSCs which deliver safety functions and classify each SSC based on the importance of its role in delivering safety functions, within its resolution plan to RO-SMR300-011 (ref. [90]), therefore I do not consider this a fundamental shortfall.
Qualitative and Quantitative Screening – The RP has stated (ref. [86]) that these tasks involve the screening of areas of the plant from detailed fire modelling utilising screening criteria. The RP’s screening criteria (ref. [86]) considers the following:
The type of equipment in the PAU
The types of ignition sources in the PAU and the ability to introduce transient ignition sources into the area
Impact of the ignition sources on mitigating systems.
The quantitative screening by the RP utilises estimates of Core Damage Frequency (CDF) to screen out areas of the plant (PAUs) which have low contribution to the CDF. The RP stated the screening criteria used is taken from NUREG 6850 (ref. [86]). I am satisfied that the screening process followed by the RP provides a reasonable approach to screening key fire sources and judge that this process is aligned with SAP EHA.19 and contributes to meeting EHA.1. I note that given the status of the design layout maturity, complete evidence of equipment data used for the RP’s screening process will be required in any future detailed assessment step.
Detailed Fire Modelling – The RP stated (ref. [86]) that “Detailed fire modelling will be used to perform fire ignition source (scenario) specific fire modelling to address risk significant scenarios”. These scenarios have been informed by the RP’s screening process, which includes scoping fire modelling. The RP has stated that the methods used during this step are based on NUREG-6850 (ref. [89]), NUREG-2178 (ref. [91]) and NUREG-1805 – Fire Dynamics Tools (FDTs) (ref. [92]). I am familiar with the quoted methods proposed by the RP. I am satisfied that they are internationally recognised tools for the development of fire models, I consider them good practice and they are commonly applied within the UK. I judge that this meets the expectations of SAPs AV.2 and AV.4. The RP has stated that this step will also include consideration of multi-compartment scenarios i.e. if a divisional barrier were to fail. This is presented as a probability within the PSA. This provides me with additional confidence of the SMR-300 designs fire hazard tolerance. However, a complete deterministic assessment of the loss of multiple compartments would be expected if a failure of a divisional barrier is demonstrated as credible, in line with SAP EHA.6. At the current stage of design layout maturity, I do not consider this a fundamental shortfall given that the RP has in place adequate analysis methods, and its design is still maturing, thus I am satisfied that any significant barrier challenges would be identified and addressed in future stages. 
Uncertainty and Sensitivity Analysis – The RP identified various areas of uncertainty in its methodology (ref. [86]) which may be present within the intended analysis. These include parameter uncertainty, frequency uncertainty and plant completeness. The RP stated that sensitivity analysis will be performed to determine the sensitivity of PSA results to input assumptions, models and data. I am satisfied the tools identified by the RP have well established validity ranges and extensive validation packages as well as adequate guidance on the modelling of uncertainties. I judge that the fundamental approach for uncertainty and sensitivity analysis by the RP, is in line with good practice and satisfies SAP AV.6.
In addition to the fire PSA, the RP has stated that its approach will include a fire hazard analysis and safe shutdown analysis (ref. [68]). These methodologies are aimed at demonstrating that the design complies with guidance documentation identified by the RP, primarily US NRC RG.1.189 (ref. [93]) and NFPA 804 (ref. [84]). The RP has stated that the analysis will demonstrate that safe shutdown can be achieved, assuming that all equipment in any one fire area (except for the control room and containment) will be rendered inoperable. I judge that this approach is consistent with my expectations on the completion of deterministic analysis informed by SAP EHA.6.
Through my assessment, I noted that the RP identified that its analysis utilising US guidance does not fully meet UK regulatory expectations in all cases. This is, in my view, largely due to the prescriptive nature of US regulations, where further analysis is not required if full compliance can be demonstrated, when compared to the UK specific requirement to demonstrate that risk has been reduced in line with the ALARP principle.
In response, the RP proposed additional analysis to produce a safety case for internal fire to satisfy UK regulatory expectations (deterministic and probabilistic analysis (SAP EHA.6)). The RP proposed the following additional actions:
Additional justification where the RP has initially utilised a fire influence approach is used - The RP’s approach utilises guidance within RG1.189 (ref. [93]), which allows for separation of redundant trains by distance in the presence of suitable fire suppression. The RP has proposed to provide additional justification that the risk of multiple trains being affected, by the same fire event, has been reduced in line with the ALARP principle;
Explicit identification of design basis fires;
Identification of defence in depth safety measures and ALARP assessment of further options to reduce risk.
I judge that the RP’s proposed additional analysis, when taken together with the PSA, fire hazard analysis and safety shutdown analysis, should provide an adequate basis for satisfying UK regulatory expectations with respect to deterministic assessment and the duty to demonstrate risks are reduced ALARP. I note that fire PSA models are generally based on best estimate values for fire parameters and further work will be required by the RP to ensure its overall safety case can demonstrate suitable conservatism in line with SAP EKP.3 where the PSA is utilised. This should include sufficient detail on how design basis fire events are identified, characterised and screened utilising PSA insights.
Overall, based on the RP’s submissions, I judge that the fundamental aspects of the RPs methodology are adequate for the purposes of undertaking an internal fire analysis and meets my expectations, informed by the EHA and AV series of SAPs, for a Step 2 fundamental assessment.
Internal Explosions and Internal Blasts
I have sampled the RP’s internal explosion and blast methodologies. ONR expects consideration of how explosion and blast effects can potentially damage SSCs important to nuclear safety (ref. [57]). Additionally, explosive effects can produce concurrent hazards such as fire, missiles and flooding depending on the type of equipment failure. The RP described the work completed to date and its proposed future approach to internal explosion and internal blast within the Internal Hazards Methodology and Alignment Report (ref. [68]). My assessment noted that the RP’s current approach to this hazard has been informed primarily by the US regulatory guide RG.1.189 (ref. [93]), which does not require explicit quantification and assessment of explosion or blast effects. The current design is therefore, in my view not informed by the outputs of any explosion or blast assessment.
I have assessed RG.1.189 and I note that it does specify design requirements for some specific explosion sources, however, it is my view that this is not systematic and does not consider explosion effects in the unmitigated case. This approach therefore, in my opinion, does not meet UK regulatory expectations informed by SAP EHA.1. In response to this, the RP provided a high level methodology (ref. [68][68]) for the assessment of blast and explosion sources which it proposes to implement. The RP’s high level methodology (ref. [68]) identified a series of assessment steps which are generic to both hazards as follows:
Identification of safety classified SSCs
Identification of explosion or blast hazards
Characterisation of explosion or blast hazards
Identification and assessment of safety measures
The RP also outlined proposed criteria (ref. [68]) for the identification of each hazard type and proposed methodologies for their characterisation. For explosions, the RP has focussed on oil mists, sources of hydrogen, and equipment which could produce a High Energy Arcing Fault (HEAF). For blast hazards, the RP has focussed on pressurised vessels and piping. It is my view that these sources are consistent with blast and explosion sources identified in previous GDAs of similar technologies and are in line with recognised sources of hazards within TAG-14 and other international guidance (ref. [61]). However, given the lack of design layout maturity at this stage, a systematic demonstration that all potential sources of explosion and blast will be required by the RP during future assessment steps.
I have sampled the RP’s proposed methodologies for each of the identified hazards which are summarised below:
For oil mist hazards, the RP stated that all systems which contain oil and are pressurised will be considered. The characterisation methodology proposed by the RP for oil mists is based on the Health and Safety Executive (HSE) Joint Industry Project (JIP) research on classifying oil mists and the potential to form an explosive atmosphere (ref. [94]). The RP’s proposed methodology for barrier withstand assessment is described within American Concrete Institute (ACI) 349-06 (ref. [95]). This assumes a uniform distributed load and outputs utilisation values in both bending and sheer potential failure modes. I note that the ACI standard (ref. [95]) proposed by the RP has now been superseded, by ACI 349-13 and ACI-349-23 (ref. [96] [97]). As part of the RP’s further work, it should ensure that all superseded standards are identified. It should also undertake appropriate gap analysis and implement appropriate resolution pathways. I judge that the gap identified so far is surmountable as the RP has not yet carried out specific hazard substantiation work and therefore changes to proposed standards should be possible to accommodate. 
For hydrogen hazards the RP stated (ref. [68][68]) that all systems containing, or capable of generating hydrogen will be considered. The characterisation methodology (ref. [68]) proposed by the RP for hydrogen is based on establishing a flammable cloud size or flammable volume depending on the type of leak/accumulation. The proposed methodology for barrier withstand assessment is again to utilise ACI methods (ref. [95]) to apply the pressure wave either as a uniform distributed load or as a trinitrotoluene (TNT) equivalent charge.
For HEAF hazards the RP has stated (ref. [68]) that any electrical panels with an operating voltage above 440V will be considered as potential sources of HEAF. The characterisation methodology proposed by the RP for HEAF is based on deriving an arc energy based on Institute of Electrical and Electronics Engineers (IEEE) 1584 (ref. [98]) guidance. The proposed methodology for barrier withstand assessment is again to utilise ACI methods (ref. [95]) to apply a TNT equivalent charge.
For blasts the RP proposed (ref. [68]) a hazard identification approach based on pressurised vessels and piping which operate above 1.9MPa (or 95°C for pipework containing water). The characterisation methodology proposed by the RP (ref. [68]) is based on determining a bounding case blast scenario. The RP has identified parameters which may influence the choice of bounding case, including, geometry medium, temperature, pressure etc. The proposed methodology for barrier withstand assessment is again to utilise ACI methods (ref. [95]) to apply a TNT equivalent charge.
The RP acknowledged (ref. [68]) that it has not undertaken analysis of explosion or blast hazards to date, based on the US approach. The methodologies presented by the RP, in my opinion are high level and do not contain adequate details on the determination and use of specific parameters necessary for detailed design. I am satisfied the RP has generally identified appropriate screening values to identify fundamental hazard sources, such as 440V for HEAF as recommended by NUREG/CR-6850 (ref. [88]) and 1.9MPa for pressurised components which aligns with TAG-014 and other international guidance (ref. [61]). I judge that some aspects of the RP’s proposed methodologies require further refinement to fully meet the expectations of SAPs EHA.1, EHA.6 and EHA.7 as follows:
The RP has not provided details on its application of sensitivity analyses to defined criteria applied for its hazard analysis to meet expectations in SAP AV.4. For example, vessels operating at high pressure but potentially lower temperature. It is my view that the RP needs to justify its applied analysis criteria to ensure that any cliff-edges are identified in line with EHA.7 for any future assessment step.
The RP has not provided details on the application of the identified methods to specific equipment, where the identified methods contain ranges of validity or modifications for different applications. Examples include the application of IEEE 384 methodology for determining arc energy, as proposed by the RP, which includes guidance on different types of electrical equipment, and contains validity ranges linked to voltage and equipment size.
The methods described for explosive phenomena by the RP do not consider the simultaneous application of correlated effects on potential targets, for example potential missiles generated by the failure of pressurised equipment (SAP EHA.6).
Additionally, I sampled the RP’s approach to barrier substantiation for explosive hazards. From my assessment, I am satisfied that the RP’s approach (ref. [68]) focusses on determining the potential for damage to concrete barriers from explosion effects. This is in line with my expectations for a Step 2 GDA (see para. 87), however, the RP has not fully justified the completeness of its segregation approach and therefore assessment methods considering damage, from explosive effects, to non-concrete targets may be required. The RP has acknowledged that, in some areas of the plant, arguments and evidence may be based on separation or local protection and stated that potential hazard impacts on safety measures other than divisional barriers will be subject to detailed investigation beyond Step 2 (ref. [78]).
Overall, from my sampling I judge that the RP has presented adequate high level methodologies for the fundamental characterisation and assessment of blast and explosion hazards. I am satisfied that the RP’s methods are based on internationally recognised practices and the hazards considered are likely to be representative of most of the hazards present in the final SMR-300 design. However, further work is required by the RP to explain the detailed application of its analysis parameters and ensure the analysis methods remain valid for all specific applications in the SMR-300 design. I judge that the required work is commensurate with future detailed assessment. I therefore consider the information provided by the RP provides sufficient confidence that the methodology for blast and explosion analysis does not represent a fundamental shortfall.
Internal Flooding
I sampled the RP’s methodology for analysing internal flooding, both deterministic and probabilistic as it covers many general hazard analysis aspects such as hazard screening, quantitative modelling and the approach to sensitivity analyses (SAPs EHA 19, EHA 6, EHA.7). These are particularly important for hazards with the potential to spread to multiple areas of the plant such as internal flooding. The RP presented the work completed to date and its proposed future approach to internal flooding analysis within the Internal Hazards Methodology and Alignment Report (ref. [68]), this report was supported by the Internal Flooding PSA Methodology (ref. [87]) which was prepared for the SMR-160. The RP’s flooding PSA methodology notes that work has been completed in line with several US standards including RG 1.200 (ref. [99]) and ASME-ANS RA-S-1 (ref. [100]). I have sampled the methodologies described and I am satisfied that they contain some of the steps which I would expect for a deterministic flooding assessment. These include:
Internal Flooding Qualitative Screening – The RP stated that the aim of this step is to qualitatively screen out many low risk internal flood scenarios. This is based on several high level screening criteria such as there being no credible flood source in the area, no credible propagation pathway or no safety equipment which is credited within the PSA model. The RP did not provide details how such criteria was applied, such as how potential pathways are judged as not credible, or if any flood sources are screened out at this stage. However, I judge that the general fundamental approach is aligned with the expectations of SAP EHA.19. I requested clarification from the RP on whether any flooding sources would be excluded from the analysis based on temperature or pressure within RQ-01803 (ref. [78]). The RP clarified that when performing flooding analysis, all flooding sources will be identified. In response the RP raised a GDA commitment (ref. [24]) related to the consideration of flood sources which stated “Regulatory expectations related to the consideration of internal flooding differ between the US and the UK, notably in the areas of moderate energy and non-seismically qualified pipes. A Commitment is raised to assess if the SMR-300 design is sufficiently robust against the more conservative UK internal flooding expectations through the Design Management process”. I am satisfied that this position is adequate at Step 2 and does not represent a fundamental shortfall as the RP has recognised the most significant differences between UK and US expectations. ONR expectations concerning the failure modes of pipework are discussed in Section ‎4.2.2.4.  
Flood Source Identification and Characterisation – The RP stated the aim of this step is to characterise the consequences of each flood-induced initiating event by considering factors such as type of flood source and pressure boundary, capacity, spill rate, flood location, time to reach critical flood volumes and the impact on SSCs modelled in the PSA. I judge that this approach involves much of the same work which is required to assess flooding hazards deterministically and meets my expectations informed by SAP EHA.1, noting that a demonstration that the identification approach is systematic and complete would be required at any future detailed assessment step.
Internal Flood Scenarios – The RP described how it derived flooding scenarios; this considered propagation pathways, mitigation measures (such as equipment mounting and flood doors), and affected equipment. I consider that this approach only partially meets the expectations of SAP EHA.6, because the current approach does not provide visibility of the unmitigated consequences to, in turn, define the classification and reliability requirements of the above measures. The RP should provide this in future analysis work to demonstrate that measures are adequately identified and designed to adequately address the unmitigated case scenarios. 
Sensitivity Analysis – The RP stated that sensitivity analysis will be performed as part of the flooding PSA to determine the sensitivity of the results to input assumptions, models and data. The RP indicated (ref. [87]) that this will be completed for both PSA wide assumptions and individual scenarios with higher risk significance. I judge that this is aligned with the expectations of SAP AV.6.
The RP identified that its flooding analysis utilising US guidance does not meet UK regulatory expectations in all cases (ref. [68]). To address this gap the RP committed to (ref. [24]) additional analysis for internal flooding to satisfy UK regulatory expectations (deterministic and probabilistic analysis). The RP has proposed the following additional actions (ref. [68]):
To analyse line breaks that have been excluded within the US analysis based on time or operator action. Specifically, systems which are excluded when operating only for short periods and operator action will not be assumed within the first 30 minutes in line with SAP ESS.9;
Explicit identification of design basis floods;
Identification of defence in depth safety measures and ALARP assessment of further options.
I judge that the proposed additional analysis (ref. [68]) and identified commitments (ref. [24]) should satisfy UK regulatory expectations. However, flooding PSA models are generally based on best estimate values for flood parameters and it is my view that further work will be required by the RP to demonstrate the overall safety case is suitably conservative in line with SAP EKP.3. This should include sufficient detail on how design basis flooding events are identified, characterised and screened utilising PSA insights.
Overall, based on my sampling of the RP’s submissions I judge that the described methodology is adequate for the purposes of developing an internal flooding safety case and meets my expectations, informed by the EHA and AV series of SAPs, for a Step 2 fundamental assessment. Further work is necessary to demonstrate the RP’s analysis provides visibility of unmitigated consequences and utilises screening criteria in line with UK regulatory expectations which the RP has appropriately acknowledge in their commitments.
[bookmark: _Ref208493397]Pipe Whip and Jet Impact
I have sampled the RP’s pipe whip and jet impact methodologies. ONR considers that both pipe whip and jet impact on safety significant SSCs, including nuclear safety significant barriers, can cause them to fail and impair delivery of safety functions. The RP presented its approach to the analysis of pipe whip and jet hazards within its Impact Hazard Assessment Report (ref. [69]). Pipe whip and dropped loads are considered separately within the RP’s safety case as differences between UK and US analysis expectations are considered to be the largest for these two hazards.
The RP’s methodology (ref. [69]) is to identify pipework for analysis based on temperature and pressure. The RP utilised IAEA guidance (ref. [61]) as the basis of its screening criteria which defines high energy pipes as those with operating temperatures exceeding 95°C or pressures exceeding 1.9MPa. I am satisfied that this is aligned within the expectations of TAG-014 (ref. [57]). The RP also defined moderate energy pipework as those with operating parameters less than both of the identified values. I consider this an appropriate definition.
A key expectation of design basis analysis within the UK is that pipework failures are considered conservatively. ONR TAG-014 (ref. [57]) outlines ONR’s expectations on this point with respect to the consideration of moderate energy pipes and the failure mechanisms of pipework. ONR expects that the consequences of a full bore rupture of identified pipework is considered as a conservative failure mechanism and that moderate energy pipework is also considered to demonstrate no cliff edges associated within discrete criteria based on pressure or temperature. ONR’s view of the Leak Before Break (LBB) approach, where a pipe is assumed to fail over an extended time period thus allowing for isolation before full bore break, is that it should not be the primary argument in a pipe whip assessment (ref. [57]). The RP stated that LBB will not be used as a standalone requirement for the prevention of pipe whip or jet hazards and that analysis of moderate energy pipes, approaching the defined screening criteria, will be undertaken (ref. [69]). The RP also stated (ref. [69]) that it intends to analyse pipework based on the systems’ most onerous state. I am satisfied that the RP’s methodology (ref. [69]) meets expectations for the identification of pipe whip and jet impact hazards in ONR SAPs EHA.1 and EHA.7.
With respect to consequences analysis of pipe break hazards, the RP identified multiple potential consequences. These include physical impact of the pipe, jet impacts from spray, environmental effects associated with direct steam discharge, steam flashing or other gas discharge and flooding from fluid contents (ref. [69]). 
The RP stated that the principal means of protection against pipe break hazards will be through the use of spatial separation such that all identified consequences are remote from SSCs or physically cannot impact SSCs important to safety. The RP also identified the potential to utilise pipe whip restraints in areas of the plant where full segregation or separation is not possible (ref. [69]). A key regulatory expectation is that pipe break hazards cannot lead to effects propagating between divisions of safety equipment. It is my view that analysis of the robustness of barriers to prevent hazard propagation is therefore required. The RP’s proposed method for assessing impacts on SSCs is discussed within the Impact Hazard Substantiation Methodologies Report (ref. [70]). The RP discusses hazard effects in terms of local and global responses i.e. the potential for local damage to barriers such as cone cracking or localised scabbing of concrete and global failure modes such as bending or sheer fracture.
For local effects, the RP identifies three potential methods for assessment:
Empirical Formula Assessments
Energy Based Evaluation of Perforation/Penetration
Finite Element Analysis (FEA).
Further refinements for different material types are also discussed.
I note through my assessment that the RP’s proposed approach is to initially assess pipe impacts as hard missiles and utilise established formula to derive barriers utilisations in penetration, spalling, perforation and scabbing. I am satisfied that this fundamental approach meets expectations for pipe whip analysis for the purposes of GDA. For global barrier response, the RP proposed to utilise either FEA models such as LS-DYNA or lumped parameter models. I am satisfied that each of the proposed methods by the RP has significant verification and validation catalogues and have been applied in previous GDAs. I judge this approach meets expectations on the selection of calculation methods and models in SAPs AV.2 and AV.4.
I note through my sampling that the RP did not provide a detailed methodology for the assessment of jet hazards. However, the RP indicated (ref. [69]) that the approach for jet analysis will likely be based on American Nuclear Society (ANS) guidance (ref. [101]) which applies a thrust force based on pipe pressure and area. The RP has also stated that the assessment of jet impacts will follow IAEA (ref. [61]) guidance and consider all potential impacts of the jet on an SSC including, mechanical and thermal loads as well as impacts of the fluid. I judge that the RP’s proposed approach is adequate and aligned with ONR SAPs EHA.6.
Overall, I judge that the RP has presented adequate methodologies for the fundamental characterisation and assessment of pipe whip and jet hazards. The RP’s methods are based on internationally recognised practices and meets expectations of ONR’s SAPs (EHA.1, EHA.6, EHA.19) for a Step 2 fundamental assessment.
[bookmark: _Ref213843606]Internal Missile and Turbine Disintegration
I have sampled the RP’s missile impact and turbine disintegration methodologies. ONR considers that pressurised components and rotating machinery can fail disruptively ejecting highly energetic fragments which can damage SSCs important to safety. The RP described its proposed approach to the assessment of missile hazards within the Internal Hazards Methodology and Alignment Report (ref. [68]). The RP notes that hazard identification work has already been completed for the SMR-160 with respect to this hazard. However, the RP has acknowledged that they have dismissed specific cases based on arguments which may not fully meet UK regulatory expectations (ref. [68]). The hazard identification work would therefore require updating based on both the new design and UK project derived criteria.
I assessed the RP’s methodology (ref. [68]) which characterises both missiles generated by pressurised components and missiles produced by rotating components. Within the US methodology (ref. [68]), I note that some missile sources have been qualitatively dismissed based on criteria such as:
Lack of energy (moderate energy systems);
Fitting types including valves fitted with retaining rings or other missile prevention measures;
Vessel design to specific ASME codes;
Vessels which are secured;
Catastrophic failure of equipment (missile assumed to be retained within equipment housing);
Rotating equipment in use less than 2% of the time.
Regulatory expectations within the UK for internal hazards include that hazards are firstly assessed in the unmitigated case i.e. retention of potential missiles by fittings, casings or attachments should not be assumed unless suitably evidenced e.g. through design or calculation. This is because the robustness and reliability of any measures or design features claimed should be commensurate with the consequences of the failure they are preventing or protecting against. Arguments which preclude missile impact onto SSCs such as equipment location or orientation are considered stronger but need to be justified. The RP acknowledged this and stated that full hazard analysis will be performed on missiles sources which have previously been considered non-credible (ref. [68]). Given the RP’s commitment to address this gap I am satisfied that their future analysis will meet my expectations as informed by SAP EHA.1.
My assessment also noted that the RP’s methodology (ref. [68]), does not provide details to characterize missile energies or assess their consequences on SSCs. However, the RP has noted the requirement for sufficient verification and validation of any models used and quoted the R3 Impact Assessment Procedure (ref. [102]) as an example of such a model. The methodologies applied by the RP for dropped load and pipe whip impact hazards are based principally on modelling the hazards as missiles. I judge that taken together this provides me with adequate evidence that the RP has suitably robust methods for assessing impactive hazards satisfying ONR SAP (EHA.1). These hazards are discussed further in sections ‎4.2.2.4‎ and 4.2.2.6 of this report.
I have sampled the RP’s approach to the turbine disintegration hazard which the RP considers as a special case within the assessment of internal missiles. The RP notes that the focus of its turbine missile analysis will be on the orientation of the turbine with respect to safety classified buildings and SSCs. Based on the generic site plot plan (ref. [73]) which identifies the CS, CES, IB and RAB I am satisfied that they appear to be outside the most likely impact zones, for low trajectory missiles, based on the turbines proposed location, which are typically taken to be within 25° of the turbine disc plane of rotation (ref. [57]). Whilst the RP has not completed a full assessment of potential targets at the current stage of design maturity, the RP has stated that it intends to consider all SSCs delivering a safety function within its turbine disintegration safety case. I am satisfied that this is adequate for the purposes of GDA Step 2 and meets my expectations with respect to the analysis of this hazard informed by SAP EHA.6 and (ref. [57]).
Overall, I judge that the RP has presented adequate methodologies for the characterisation and assessment of missiles. I judge the risk from turbine missile is significantly reduced by the orientation of the turbine with respect to buildings containing, or likely to contain safety classified SSCs. This is consistent with RGP (ref. [61]). I consider the information provided is sufficient for the purposes of a Step 2 fundamental assessment.
[bookmark: _Ref208493399][bookmark: _Ref211607975]Dropped Loads
I have sampled the RP’s methodology for dropped load hazards. Generally speaking and depending on design choices, dropped load hazards can lead to damage to containment of nuclear matter, redistribution of nuclear material into hazardous configurations, loss of bulk shielding or damage to SSCs important to safety. The RP described its proposed approach to the assessment of dropped loads within the Impact Hazard Assessment Report (ref. [69]). Pipe whip and dropped loads are considered separately within the RP’s safety case due to differences between UK and US analysis expectations.
The RP has stated (ref. [69]) that all lifting devices to be used within the SMR-300, even those classified as single failure proof, are to be considered as potential dropped loads. This meets my expectations with respect to the assessment of hazards in the unmitigated case in line with SAP EHA.6, noting that this differs from the US approach to dropped loads which allows single failure proof classified lifting devices to be discounted from explicit analysis. As discussed in Section ‎4.2.2.5 the unmitigated approach ensures that the robustness and reliability of any measures or design features claimed is commensurate with the consequences of the failure the design feature is protecting against.
The RP has identified specific locations where SSCs could be affected by a potential dropped load (ref. [69]). These include the load pathway, areas within the swing radius of the load and areas within the throw/launch area of the load. However, I noted that the RP did not provide an explicit calculation method for determining these areas. Notwithstanding this, I am satisfied that the fundamental principles defined by the RP to identify dropped loads are likely to be sufficient to demonstrate that all credible dropped load impacts on SSCs are identified. Furthermore, the RP stated that once dropped load sources are identified, a bounding scenario will be derived for each lifting device this will be based both the characteristic of the lift and also the potential consequences. The RP stated (ref. [69]) that selection of the bounding scenario will primarily be based on:
Mass of the lifted load
Lift height
SSCs within the vicinity
Operational state of the plant
Angle of impact of the load
Shape/orientation of the load
Safety measures and protective guards
Drop ‘medium’
Type of dropped load (the RP has identified sub-categories of dropped load including swinging load, hangman’s drop, snagged load, overlift, double blocking, overspeed, operator error)
I consider that the engineering principles proposed by the RP present an adequate basis for the derivation of bounding dropped load scenarios which meets my expectations informed by SAP EHA.5 and ONR TAG-014 (ref. [57]).
The RP stated that the principal means of protection against dropped loads shall be to eliminate the possibility of dropped load consequences by preventing lifting operations over or close to SSCs. It plans to support this by the design of lifting devices to reduce the probability of dropped load, drop withstand of items to be lifted and withstand of SSCs to dropped loads as required (ref. [69]). The RP has stated that the withstand of SSCs will likely be limited to civil barriers such as floors slabs (ref. [70]). A key regulatory expectation is that dropped load hazards cannot lead to effects propagating between divisions of safety equipment (SAP EKP.3). An assessment of the robustness of barriers to hazard propagation is therefore required. The RP’s proposed method for assessing impacts on SSCs is discussed within the Impact Hazard Substantiation Methodologies Report (ref. [70]). The initial characterisation methodology is proposed to be a simple energy balance between the potential energy of the dropped load based on the lift height and mass and the kinetic energy the dropped item could have when striking a target. This defines a maximum impact energy and velocity. This meets my expectations informed by SAP EHA.1. The RP’s proposed methodology for establishing impact effects on a target is the same as that discussed for pipe whip within section ‎4.2.2.4, as both hazards are treated initially as a hard missile. This approach is aligned with previous GDAs and meets my expectations for dropped load analysis and the use of calculation and computer models, as discussed in Section ‎4.2.2.4.
The RP also presented a proposed methodology to assess dropped loads into water. I have assessed this methodology and note that the RP’s analysis approach is based on analysis of the buoyancy and drag forces acting on the dropped load countering gravitational forces. The RP explained that this method of analysis was potentially necessary for dropped items into the SFP. I discussed this point with the RP and reviewed the RP’s 3D model of the CS layout. The RP explained that the scenario of dropped load into the SFP will be limited as much as possible by both lift path design and operational measures, see section ‎4.2.4. The RP’s strategy is also described within the RP’s response to RQ-01778 (ref. [103]), where the RP has committed to conduct a dropped load assessment to identify risks. I consider the proposed methodology, based on physical principles, to be adequate should analysis of a dropped load into water be required noting the preference to eliminate such as scenario where possible, which the RP has recognised. This meets my expectations informed by SAPs ELO.4 and EHA.1.
Overall, I judge that the RP has presented adequate methodologies for the characterisation and assessment of dropped loads. The RP’s methods are based on internationally recognised practices (ref. [61] [57]), guidance or physical principles and meet my expectations based on ONR’s SAPs EHA.5 and EHA.6. I consider the information provided sufficient for the purposes of a Step 2 fundamental assessment.
Vehicle Impact
I have sampled the RP’s methodology for vehicle impact. ONR considers that the loss of control of vehicles during the transport of materials and equipment in nuclear plant has the potential to trigger events with nuclear safety consequences (ref. [57]). The RP described its proposed approach to the assessment of vehicle impacts within the Internal Hazards Methodology and Alignment Report (ref. [68]). The RP stated that no relevant US standards on vehicle impact had been identified and therefore no assessment of potential accidental vehicle impacts had been carried out prior to GDA.
The RP presented a high level methodology which follows a typical hazard assessment approach in line with UK regulatory expectations (ref. [57]). The RP stated that the starting point would be to identify all vehicle movements that have the potential for collision or impact. In terms of hazard characterisation, the RP did not provided a detailed methodology but stated that its approach would consider the vehicle type, weight, speed, road layouts as well as potential additional mitigation measures. The RP also acknowledged that the current design includes the facility for vehicles to enter the RAB (lorry delivery of new fuel) but has not yet identified any specific safety measures to mitigate a potential collision.
Vehicle impact assessments are typically completed in later stages of design once site specific details are available and characteristics of vehicles are better understood. On this basis, I judge that the RP has identified the most significant vehicle movement for the purposes of nuclear safety, that being vehicles entering the RAB, thus satisfying ONR SAP EHA.1. It is my view that further work is required by the RP to refine its assessment methodology for vehicle impact and demonstrate sufficient conservatism in e.g. the consideration of vehicle maximum speed and mass. Overall, I judge that the information provided by the RP is sufficient to provide confidence that vehicle impact risk does not represent a fundamental shortfall and the high level methodology is sufficient at this stage. 
Toxic / Corrosive Solid, Liquid or Gaseous Release
I have sampled the RP’s methodology for analysing potential toxic or corrosive solid, liquid or gaseous releases. ONR considers (ref. [57]) that the release of such substances could disable plant items important to safety or affect personnel carrying out actions important to safety. The RP described its proposed approach to the assessment of toxic / corrosive solid, liquid and gaseous releases within the Internal Hazards Methodology and Alignment Report (ref. [68]). The RP stated that no relevant US standards on toxic / corrosive solid, liquid and gaseous releases have been identified and therefore no assessment of this hazard has been carried out prior to GDA.
To address this gap the RP presented a high level methodology which follows a typical hazard assessment approach in line with UK regulatory expectations (ref. [57]). The RP’s methodology (ref. [68]) stated that the starting point for its analysis would be to identify safety classified SSCs, including operators who could potentially become incapacitated. The RP identified broad categories covering the potential consequences of this hazard, these include asphyxiation, chemical or corrosive attack on SSCs and brittle or structural failure of SSCs. Whilst I acknowledge that no detailed assessment methodology has been provided for specific substances, I am satisfied that the fundamental aspects of this hazard have been addressed by the RP’s methodology. It is my view that further assessment of this hazard will be required once the design layout is sufficiently mature, and detailed aspects defined including those that are site specific.
The SMR-300 design includes an MCR habitability system which includes several sub-systems including the Control Room Normal Ventilation System (CRV) and the Breathing Air and Pressurisation System (BAP) (ref. [104]). The System Design Description (SDD) for the habitability system (ref. [104]) states that upon detection of smoke or toxic gas in the outside air duct, the outside air isolation dampers in the CRV are closed and the MCR is isolated from the environment. This is explicitly identified as one of the system safety requirements. From my sampling I note that the RP has not provided detail on the detection approach and therefore in my view, it is not clear if the system is inclusive of all potential toxic hazards. However, I judge that this level of detail is not required at Step 2 as the specific hazardous substances which may require analysis have not been fully identified at this stage of design development.
It is my view that further work is required by the RP to refine its overall methodology for toxic and corrosive hazards and demonstrate sufficient conservatism in key system designs such as the MCR habitability systems. However, based on the RP’s internal and external layouts and MCR design information available at this stage, I judge that the high level methodology is sufficient at this stage, and the consideration of risks from toxic and corrosive substances does not constitute a fundamental shortall.
Electromagnetic Interference
I have sampled the RP’s proposed methodology for analysing EMI. ONR considers (ref. [57]) that EMI disturbances may interrupt, obstruct, degrade, or limit the performance or electrical and C&I circuits performing nuclear safety significant functions. The RP described its proposed approach to the assessment of EMI within the Internal Hazards Methodology and Alignment Report (ref. [68]). ONR expects that the potential for EMI to initiate faults is adequately considered, that SSCs which are susceptible to EMI and the associated risks are identified and that adequate safety measures are in place to manage those risks (SAP EHA.10).
The RP stated that EMI is addressed for individual systems within the SMR-300 and that safety systems comply with relevant EMI standards (ref. [68]). The RP presented the example of the Plant Safety System (PSS), which is the primary automated C&I protection system for the SMR-300. The RP states the PSS complies with US NRC RG 1.180 (ref. [105]) and the IES 61000 series of standards (ref. [106] [107] [108] [109] [110] [111]). Both these standards are recognised sources of international good practice and I am satisfied are aligned with ONR expectations within TAG-015 (ref. [58]). Additionally, the RP has identified a suite of generic approaches which it claims could be considered as part of a future ALARP demonstration, these include suppression of EMI at source, separation and isolation of Control and Instrumentation (C&I) signals form power signals and shielding of equipment from external sources. I am satisfied that these approaches are aligned with international RGP (ref. [61]). The RP has defined specific separation distances between current carrying cables and other cable types within (ref. [80]). Demonstration that the identified separation distances are adequate for all potential EMI scenarios will be required at future detailed design stages, however, I judge that the fundamental approach stated by the RP is aligned to RGP and thus meets my expectations in line with SAP EHA.10 at Step 2. 
I note from my assessment that the RP has not identified sources of potential EMI and therefore a full demonstration that risks are adequately considered has not been made. Additionally, the RP’s definition of safety related systems is currently not aligned with UK regulatory expectations in that it is not based on a dedicated categorisation and classification approach, see RO-HOLTECSMR300-011 (ref. [51]). This may lead to additional systems requiring compliance within the RP’s selected EMI standards.
Further work is required by the RP to refine its approach to identify EMI sources and characterise them. However, I acknowledge that detailed system designs are not expected at Step 2 and therefore, I am satisfied that a demonstration of full compliance with EMI standards can be undertaken post GDA. Given the weight placed by the RP on system design to be resilient to EMI hazards, I consider that the standards and high level protective and preventative measures identified by the RP provides confidence that the overall design has tolerance to EMI hazards, and thus I am satisfied that there are no fundamental shortfalls. I consider the information provided to be adequate at Step 2 of GDA.
[bookmark: _Ref208411910]Combined Hazards
I sampled the RP’s methodology for the identification and screening of combined hazards. ONR considers (ref. [57]) that whilst internal hazards are usually studied individually, they rarely occur in isolation therefore credible hazard combinations should be identified and characterised. The RP described its approach to the assessment of combined hazards within the Internal Hazards and External Hazards Combined Hazards Methodology (ref. [67]). No detailed assessment of specific hazard combinations has been carried out by the RP within Step 2, with work being limited to the identification of hazard combinations for future assessment based on generic screening criteria. As discussed within Section ‎4.2.1 the adequacy of the screening approach for external-internal hazard combinations will be considered by the external hazards specialist inspector. 
The RP has stated (ref. [67]) that the screening of internal hazards cannot be undertaken at the current design stage due to the lack of overlap in hazard phenomena for some combinations and insufficient design information. I note that the 49 combinations which are identified by RP, as described in see Section ‎4.2.1, are generic and will require a detailed methodology to further reduce their number or generate bounding examples at a future assessment stage. The RP has acknowledged this within the Internal Hazards and External Hazards Combined Hazards Methodology (ref. [67]). 
Whilst I consider that significant work is still required by the RP to develop a complete methodology and assessment approach for combined hazards, I judge that this is not required at the current stage of design maturity. Particularly the derivation and justification of bounding cases cannot be completed prior to single hazard analysis being suitably mature. The information provided by the RP acknowledges this future work (ref. [67]). I consider the high level information provided by the RP to be adequate for the purposes of a Step 2 fundamental assessment.
Conclusion of Hazard Analysis and Methodologies Assessment
I have identified shortfalls against relevant good practice or requirements across several discrete hazard assessment methodologies, however I judge that they do not represent fundamental shortfalls with the design or safety case. Holtec has acknowledged these shortfalls and has raised a commitment to address these in future project stages which will be subject to appropriate regulatory assessment. I judge that the shortfalls identified are primarily due to differences between UK and US approaches to hazard analysis or a lack of design maturity. I am satisfied that the RP has demonstrated sufficient understanding of the UK regulatory requirements for the assessment of internal hazards. I am therefore content that the RP’s methodologies are adequate for the purposes of a Step 2 GDA.
[bookmark: _Ref208933554]Safety Measures and Novel Features
A key expectation within GDA is that features of new reactor designs which are novel or First of A Kind (FOAK) are suitably examined. ONR’s technical guidance to requesting parties (ref. [48]) notes that if a design employs novel features or makes strong claims on passive features which are difficult to test during the operational life of the facility, the RP should expect this to be an area for additional regulatory attention. In line with this, within my assessment plan, I sampled the AR as a key novel feature and also potential source of internal flooding. I initially raised RQ-01659 (ref. [77]) to gain clarity on the extent of assessment undertaken by the RP on this point and to ensure the requirement to consider this aspect sufficiently within GDA timescales was understood by the RP. Related RQs focussing on the CS/AR boundary were also raised in the structural integrity topic area (ref. [112]).
In response, the RP produced the Containment Structure System Based Review (ref. [71]). The RP presented several arguments related to the structural integrity of the CS/AR boundary which in turn defines the internal flooding scenarios which could be initiated by various failures of the AR structure into containment. Additionally, the RP presented some high level hazard management arguments related to other components within the CS which could act as initiators to CS failure e.g. internal missiles or pipe whipping hazards. Particularly relevant for internal hazards is that the RP does not currently intend to make a highest reliability claim on the CS and therefore further weight is placed on the internal hazards part of the overall safety case. 
From my assessment I noted that the main arguments presented by the RP are that the CS steel will have a low frequency of failure and that any failures which could lead to AR drain down would be of limited size. As such, the time to fill the portion of the CS designated as the “floodable” volume would be sufficiently long that operators could take action before key SSCs could be compromised. ONR expectations with respect to the definition and assessment of internal flooding scenarios are outlined within TAG-014 (ref. [57]) and the EHA set of SAPs. Whilst I accept that a complete assessment of the detailed design is not required at Step 2, and I consider that the work completed by the RP on this point to be generally of an adequate standard, I judged that the depth of analysis presented in (ref. [71]) was not sufficient given the critical role the AR plays in the SMR-300 safety case as well as the novelty of the AR concept. 
To address this gap, I raised RO-HOLTECSMR300-007 (ref. [113]). My RO consisted of five actions broadly covering the definition of flooding scenarios within containment, identification of SSCs and flood timing, equipment qualification, plant tolerance to flooding and the demonstration of ALARP. These actions are based on UK and international guidance (ref. [61] [57]). RO-HOLTECSMR300-006 (ref. [114]) was also raised in the structural integrity discipline to seek assurance on design aspects of the CS. This clearly has a significant impact on the potential failure modes and subsequent potential flooding scenarios which require assessment within internal hazards.
In response to RO-HOLTECSMR300-007, the RP produced a detailed resolution plan (ref. [115]). The resolution plan identified multiple actions to address the RO which the RP plan to evidence across several documents as follows:
Update to the Containment Structure System Based View – To summarise the golden thread of the CS safety case;
Production of a Containment Structure Failure Modes Study – To present the identification and completeness of CS failure modes, consider the basis for leak sizes and discuss the sensitivity to analysis parameters;
Update to the Preliminary Fault Schedule – To present a schedule of initiating events and bounding initiating events including those in the CS noting that I judge that a complete fault schedule is not required to close the RO;
Update to the Safety Assessment Handbook – To provide the methodology, or reference the detailed methodology, for a conservative approach to the deterministic assessment of plant faults, internal hazards and external hazards. I judge that a complete safety assessment handbook is not required to close the RO provided the section covering internal hazards assessment methods is sufficiently mature;
Production of Internal Flooding Topic Report – To provide a summary of the results of hazard verification studies including those relating to the CS, noting that I judge that complete flooding hazard analysis / verification studies is not required to close the RO provided scenarios involving the annular reservoir are sufficiently mature;
Production of Hazard Verification Studies – To provide the detailed assessment of hazards originating from or impacting the SMR-300 Essential Safety Features (ESFs) including those relating to the CS;
Production of Design Basis Accident Analysis (DBAA) – To provide the results of the deterministic assessment of design basis faults.
I have assessed the RP’s resolution plan and the proposed approach to each of the discrete RO actions. I judge that the RP’s plan is thorough, its intent aligns UK regulatory expectations and, if completed as described, it would likely be sufficient to close the actions associated with the RO. Additionally, I judge that the RO recognises the depth of analysis required to provide the robust demonstration of safety for the CS/AR.
Conclusion of Safety Measures and Novel Features Assessment
I have identified a potential fundamental shortfall against international RGP (ref. [61]) and UK regulatory expectations, primarily SAPs EHA.3, EHA.6, EHA.7 and EHA.12 and I have raised RO-HOLTECSMR300-007. The RP has produced a resolution plan to address the actions identified in the RO. I consider this plan to be adequate and judge that if completed as described, it would likely be sufficient to close the RO.
[bookmark: _Ref208507381][bookmark: _Ref208914739]Plant Layout to Support Resilience to Hazards
I sampled the RP’s internal and external plant layouts. ONR expects that the layout of sites and facilities should be such that the effects of faults or accidents is minimised. With respect to hazards this is primarily achieved through the use of segregation and separation of hazard sources from SSCs. This expectation is captured in SAP ELO.4 and international guidance such as IAEA SSG-64 (ref. [61]). ONR also expects the defence in depth principle to be applied to hazards which can include layout aspects such as the design of lifting paths or orientation of equipment. This expectation is captured in SAP EKP.3 and EHA.6.
Chapter A2 (ref. [2]) of the PSR describes both the internal and external layout of the generic SMR-300 design. The chapter describes that the internal layout of the plant is driven primarily from the top level safety and design principles defined for the project. The impact of these principles on the plant layout has been further described within cross-cutting regulatory engagements (ref. [116]). The RP explained that the requirement to utilise passive cooling and natural forces necessitated that large bodies of water were included within the design, principally the AR and the PCMWT. The PCMWT is required to be higher than the RPV to allow for gravity fed cooling following reactor depressurisation. Additionally, Chapter A2 of the PSR describes that the pressuriser is sized to increase the operational margin of the SMR-300 and eliminate the need for power operated relief valves. The sizing of these vessels alongside other required equipment for plant operation effectively sets the height and width of the CS. Whilst I accept the described philosophies do improve aspects of nuclear safety, particularly a reduction in the required number of penetrations through containment for e.g. core flooder systems, they do also introduce new internal hazard sources such as internal flooding or more energetic dropped loads.
The RP described its general approach to the separation and segregation of equipment within its SMR-300 design standard for grouping and separation (ref. [80]). The RP has identified that separation is required to assure protection from a sub-set of hazards and also identifies four general methods of implementation, these being plant arrangement (layout), barriers, spatial separation and hardening of equipment. Through my assessment I noted that the RP’s design standard (ref. [80]) is not inclusive of all the internal hazards which are identified in Chapter B22 of its PSR (ref. [24]). I queried this point through RQ-01803 (ref. [78]) and the RP confirmed that UK hazard assessment submissions would consider all identified hazards.
My assessment identified that the RP has a large number of requirements for grouping and separation (ref. [80]) which have been based on US design guidance such as RG1.189 (ref. [93]), RG1.115 (ref. [117]) and IEEE 384 (ref. [98]). The RP has converted the identified requirements into a set of criteria for discrete hazards such as pipe break, missile and fire. I have assessed these criteria and I am content that the identified criteria are extensive and that the RP has stated that any departures from the regulations or alternative compliance with requirements shall be identified and justified during its design process. I queried the RP on the status of this work within RQ-01803 (ref. [78]) and the RP responded that no departures were currently planned or identified.
I note that the RP provided some example applications of its hazard segregation principle, such as civil barriers and hazard rated hatches, on its general arrangement drawings (ref. [65]) for buildings in scope. These align with the RP’s SMR-160 Design Standard for Fire Protection (ref. [83]) which requires fire resisting barriers in the following cases:
Separation of safety related areas from non-safety related areas (3-hours)
Separation of redundant trains (3-hours)
Separation of redundant cable systems (3-hours)
Escape routes, access routes for firefighting, access routes to areas containing equipment necessary for safe shutdown (2-hours)
I consider this high level approach to segregation an adequate starting point for demonstrating hazard resilience. A demonstration of the adequacy of the identified barriers for hazards specific to the SMR-300 will be required at a future assessment step.
The RP’s approach to segregation and separation is based on both the definition of divisions and equipment which are located in those divisions. It is my view that the RP is yet to complete a full categorisation and classification analysis in line with regulatory expectations. There is in my view a risk that systems previously non safety significant may require nuclear safety functions being allocated, thus requiring segregation. Additionally, it is my understanding that full segregation of the four C&I channels across the two safety divisions is not included in the current design iteration. I note that the RP has developed a design challenge paper (ref. [82]) to consider these issues and associated risks, particularly with respect to hazards which can affect multiple areas of the plant such as fire and flood. The RPs paper identified that improvements to the segregation scheme within the SMR-300 informed by developed fire and flood PSA is the preferred option. The RP has also raised a GDA commitment (ref. [24]) to progress its design challenge exercise throughout its design management process. I consider the RPs option selection and commitment to progress the design challenge to completion provides me with sufficient confidence that a design containing adequate separation and segregation could be demonstrated in the future.
It is my view that further work is required by the RP to fully demonstrate that its approach to segregation and separation is inclusive of all hazards and is aligned with UK regulatory expectations based on the definition of systems important to safety. Whilst I acknowledge that this represents significant future effort, I judge that the criteria identified for grouping and separation are extensive, based on recognised sources of good practice and appropriate at Step 2 of GDA. In addition, the RP has already identified a number of segregation shortfalls and committed to address them. Specific examples are discussed in the below sections. 
Layout of the RAB
I sampled the layout of the RAB as this contains SSCs critical to nuclear safety as well as the MCR. The RAB is split into an RCA and a non-RCA which are separated by 3-hour fire resisting construction (ref. [65]). The non-RCA contains the MCR, battery and switchgear rooms for safety significant electrical supplies and Control Rod Drive (CRD) rooms for each reactor. Each of these are segregated 3-hour fire resisting construction. Division A equipment is generally located at the -6.4m level and Division B equipment is generally located at the -12.8m which are separated by compartment floors (ref. [14]) and equipment hatches through floors are identified as fire and flood resisting (ref. [65]). 
It is my opinion from my sampling that further work will be required by the RP to identify any potential exceptions to segregation and justify the layout in line with the ALARP principle. I noted that at the -12.8m and -6.4m levels each unit is separated by fire resisting construction, however, there is no separation at the 0.0m level as the truck bay and overhead crane currently serve both units. Further work will be required by the RP to justify this arrangement and demonstrate that the potential for hazards to impact both units simultaneously is accounted for in order to satisfy international segregation principles (ref. [62]).  
As noted in Section ‎4.2.4, it is my view that some areas of the RAB may require enhancements of segregation to support safety functional requirements or demonstrate defence in depth, in line with ONR SAP EKP.3 and depending on the definition of the safety system adopted for the UK project. This may require changes to or enhancements of the civil design to withstand hazard loads and form a divisional barrier. For example, currently the Residual Heat Removal (RHR) heat exchanger rooms for divisions A and B are located next to each other and are not fire separated. This in my view potentially presents a risk of common cause failure to both heat exchanges and a degradation of available nuclear safety measures noting that the heat removal functions of the RHR are considered non-safety functions by the RP (ref. [118]). Further work will be required by the RP to demonstrate this arrangement, and similar arrangements, are tolerant to hazards and reduce risk in line with the ALARP principle.
[bookmark: _Ref209778078]Layout of the CS
I sampled the CS as this contains SSCs critical to nuclear safety as well as the primary circuit. The CS is split into various gantry levels between the -20.1m level (base of the CS) and the operating deck at 0.0m. Above this level are the PCWMT tower, the integral steam-generator and pressuriser and the polar crane. The CS contains multiple potential hazard sources and locations where full segregation is unlikely to be possible due to space constraints. Additionally, the design is known to be evolving with the location of significant components not fixed at the current stage of design maturity. I have therefore sampled the currently proposed hazard management strategies for some specific hazard sources within the CS that I judged to be of most relevance to nuclear safety. My sampling was primarily completed through assessment of the RP’s 3D model. Whilst the 3D model does not form part of the DRP, visibility of the model provided me with initial confidence of alignment with the RP’s hazard management strategies and their implementation feasibility. ONR is aware of a prospective design change to the CS which would potentially change the civil structure. Whilst I judge that the credibility of the sampled hazard management strategies, discussed below, would not be significantly impacted by the change my assessment represents a point in time and is subject to further ongoing design development.
Reactor Coolant Pumps – The RCPs and specifically the flywheel represent a potentially significant missile hazard in the event of pump disintegration. Each RCP is surrounded on three sides with a concrete wall forming a ‘bunker’. The lid of the bunker is also concrete with a metallic access plate. The side of the bunker closest to the CS boundary is open. The flywheel appears to be mounted with its plane of rotation perpendicular to the reactor pressure vessel mounting (horizontal plane) such that any potential missile would mostly likely impact the bunker wall or the CS boundary below the level of the AR. The RP has indicated that the pumps will be specified to be able to retain the flywheel within the pump casing if possible (ref. [76]). I judge that the arrangement of the flywheel and the intention to retain the potential missile within the pump casing should provide an adequate hazard mitigation strategy which is aligned with RGP (ref. [61]) and SAP EKP.5 if suitably implemented, noting that analysis of consequences in the unmitigated case will still be required to drive appropriate robustness and reliability requirements for the casing design.
Polar Crane – The polar crane will likely carry out the heaviest lifts within the SMR-300 design. I queried with the RP the approach to the design of lift paths within the CS (ref. [76]). The RP stated that generally lifting over the SFP and the RPV head was not required for lifts which did not involve re-fuelling or fuel movements with the exception of the south side RCP (ref. [76]). The RP further stated that its current strategy would be to lift over the pressure vessel when defuelled and therefore lifts over the SFP would not be required. The RP also noted that the alternative to this would be to reconfigure the pressuriser or lift significantly higher to move over the PCMWT. I judge that this provides evidence of the RP’s process for assessing plant resilience to hazards and reducing risks in line with the ALARP principle. I am also satisfied that the RP’s hazard management strategies (lift scheduling and layout optimisation) are also aligned with international RGP (ref. [61]). The RP is expected to demonstrate that the hazard management strategies for dropped loads, particularly in the vicinity of the SFP, are inclusive of all potential scenarios including drops onto SSCs located in the swing/throw radius of the polar crane as outlined in Section ‎4.2.2.6.
Main Steam Lines – The main steam lines represent a potentially significant pipe whip hazard. The lines are currently laid out to run along the edge of the CS containment with limited bends before dropping downwards below the level of the AR to exit the CS. The most significant bends (“dog leg” arrangement) which would represent the greatest potential whipping arc in the event of pipe break are below the level of the AR. The RP noted that concrete walls which form equipment bunkers at the base of containment would also offer some protection from potential pipe whips. I judge that the RP’s hazard management strategies, including the routing of pipework away from significant SSCs and utilising layout to reduce potential hazardous effects are aligned with the expectations of SAP ELO.4.
From my assessment I am satisfied that the RP has demonstrated a fundamental plant layout, for the CS, that has considered minimising the impact of internal hazards in line with ONR SAP ELO.4. However, further work is required by the RP to formalise its hazard management strategies and provide a systematic analysis of the hazard sources within the CS. I judge the sampled examples provided sufficient evidence of the RPs process for analysing plant resilience to hazards, applying the hierarchy of risk reduction (ONR SAP EKP.5) and reducing risks in line with the ALARP principle.
Layout of the IB
I sampled the IB which is a single room which contains the main steam and feedwater lines (ref. [66]). Whilst these pipelines are significant sources of potential flooding, pipe whip or missile hazards (valves) no other SSCs, or nuclear material, are currently identified as being located within the IB. Whilst further work will be required to demonstrate that hazard effects cannot propagate to adjacent structures, or impact nuclear safety upstream, I consider the information provided to be sufficient at Step 2.
Layout of the CES
Through my assessment I am satisfied that the CES does not contain any significant additional sources of hazards which are not already covered through my assessment of the plant novel features / annular reservoir, see Section ‎4.2.3. SSCs are limited to the civil structure forming the CES. I have therefore not considered the layout of the CES further within my assessment.
Conclusion of Plant Layout to Support Resilience to Hazards Assessment
Through my assessment of the plant layout, I have identified shortfalls against relevant good practice or requirements, these relate primarily to the implementation of segregation to prevent hazards potentially propagating between divisions of equipment fulfilling the same safety function. I note that the categorisation and classification approach used by the RP is not currently aligned with UK regulatory expectations and I therefore expect further consideration of segregation as part of RO-HOLTECSMR300—011 (ref. [51]). 
I judge that the identified shortfalls do not represent fundamental shortfalls with the design or safety case. My judgement is based on both the sample of hazard management strategies I have undertaken and the high level of segregation by civil barriers or structures present in the current design iteration which should provide design resilience to internal hazard loads. Holtec has acknowledged these shortfalls and has raised a commitment to address these in future project stages which will be subject to appropriate regulatory assessment. 
[bookmark: _Ref209779472]Claims, Arguments and Evidence
The RP presented its safety case structure for internal hazards within Chapter B22 of the PSR. I have assessed the content and structure against ONRs TAG-051 (ref. [119]) which is benchmarked against international standards such as SSG-61 (ref. [60]). The RP has identified four internal hazards specific claims, see Section ‎3.3. I judge that the claims presented, alongside overarching claims related to ALARP, are sufficient (if adequately evidenced) to demonstrate that the SMR-300 design is tolerant to internal hazards. I also judge that the claims and wider safety case for internal hazards sets out an adequate scope which meets my expectations informed by SAPs EHA.1, EHA.3 and EHA.6.
For each individual claim the RP has presented a set of underpinning arguments which are individually numbered and referenced within the chapter. The RP has also presented an initial set of evidence consisting of existing documents and those planned for future design stages. I have sampled the available evidence which is primarily related to claims 2.1.6.1 and 2.1.6.2, see Section ‎3.3, and I judge that the described contribution to meeting the arguments presented by each document is achieved, subject to further analysis work which the RP has identified.
The overarching internal hazards claim 2.1.6 is part of a set of claims which underpin claim 2.1 (level 2) – nuclear safety and more widely claim 2 (level 1) – design and safety assessment. Chapter A3 of the RP’s PSR (ref. [3]) presents the project claim tree and indicates that that internal hazards and engineering disciplines such as civil and mechanical engineering support separate level 2 claims. I have therefore sampled the integration of the PSR chapters to inform my judgement on how the RP has considered transverse requirements between topics. Based on my sample focussing on identified interfaces with the civil and mechanical engineering chapters, I am satisfied that the PSR is sufficiently integrated and that commitments which are relevant to multiple topic areas are suitably referenced within each relevant chapter.
Summary of Claims, Argument and Evidence Assessment
Through my assessment I am satisfied that the RP’s CAE approach, is consistent with RGP such as IAEA SSG-61 (ref. [60]), noting that the RP has yet to perform plant specific hazard identification and analysis which will form the bulk of evidence to support identified claims. It is my view that if the RP continues to develop the SSEC on this basis, and in line with the proposed approach to evidencing claims and arguments, that a safety case compliant with UK regulatory requirements and expectations can be achieved. ONR will assess the final design and SSEC in future activities.
[bookmark: _Ref209779657]Demonstrating Risks can be Reduced ALARP or Secure by Design or Safeguards by Design
ONR’s guidance on the duty to reduce risks ALARP is contained within (ref. [59]). This guidance states the expectation that dutyholders take all reasonably practical steps to reduce risks to levels which are ALARP. This is typically achieved through demonstrating compliance with recognised RGP and through the assessment of further options to reduce risk
The RP has presented its overall summary of ALARP within Chapter A5 (ref. [5]) of the PSR. This includes the following relevant claims:
Claim 1.5 – An appropriate ALARP methodology is applied to the design process to ensure ongoing design decisions support the reduction of risks to ALARP.
Claim 2 - The design and safety assessment shows that the generic Holtec SMR-300 can be constructed, commissioned, operated, and decommissioned on a generic site in the UK with risks that are tolerable and ALARP.
Within my assessment I have considered various aspects of the RP’s safety case for internal hazards. For each of these aspects I am satisfied that the RP has identified sources of good practice and has derived requirements and methodologies consistent with these sources. Additionally, the RP has identified further analysis required to fully meet regulatory expectations which has been derived through a structured process (ref. [75]) and has been evidenced through the production of a DAC paper for internal hazards (ref. [82]). Additionally, the RP has provided some evidence of hazard management strategies applying the hierarchy of risk reduction as discussed in Section ‎4.2.4.2.
The RP has not yet demonstrated a complete deterministic assessment for internal hazards and hence a complete demonstration that risks have been reduced ALARP is not available. However, I judge that the RP has presented sufficient arguments and evidence, such that a demonstration that risks have been reduced in line with the ALARP principle could be made in the future.
[bookmark: _Toc209021141]Conclusions
Conclusions
12. This report presents the Step 2 internal hazards assessment for the GDA of the Holtec SMR-300 design. The focus of my assessment in this Step was towards the fundamental adequacy of the design and safety case. I have assessed the SSEC, SMR-300 design, and relevant supporting documentation provided by the RP to form my judgements. I targeted my assessment, in accordance with my assessment plan (ref. [44]), at the aspects of the SMR-300 design that are novel, contentious, or where significant safety claims are made. My expectations were informed by ONR’s SAPs, TAGs and other guidance which ONR regards as relevant good practice. 
Based on my assessment, I have concluded the following:
The RP has identified a suitable set of internal hazards for analysis to support the development of the SMR-300 design. Further work is required by the RP to demonstrate a fully systematic and complete hazard identification process has been implemented.
The RP has identified or is developing suitable methodologies to enable analysis of the identified internal hazards. Further work is required by the RP to refine its methodologies against the specific hazards present in the SMR-300 design and provide assurance that the methods will provide a robust deterministic assessment of identified hazards. Some hazards will require further work to develop complete methodologies once sufficient site specific information is available.
The RP has recognised shortfalls against regulatory expectations raised within RO-HOLTECSMR300-007. These shortfalls related to the definition of flooding scenarios, identification of SSCs and flood timing, equipment qualification, plant tolerance to flooding and the demonstration of ALARP. The RP has developed an adequate resolution plan to address those shortfalls.
The RP has in place sufficient internal hazards requirements to inform design decisions and plant layout. Further work is required to implement these requirements once full categorisation and classification of SSCs and the deterministic assessment of internal hazards is sufficiently mature. This may require changes to, or enhancements of the civil structure to form further divisional barriers. The RP has demonstrated credible hazard management strategies for a sample of key hazard sources and this provides confidence that a layout that is resilient to hazards and meets regulatory expectations could be achieved.
The RP’s safety case and CAE structure for internal hazards is clear and the RP has successfully demonstrated a safety case golden thread in this area. If the RP continues to develop the SSEC on this basis, and in line with the proposed approach to evidencing claims and arguments, a safety case compliant with regulatory requirements and expectations could be achieved.
The RP has not yet demonstrated a complete deterministic assessment for internal hazards and hence a complete demonstration that risks have been reduced ALARP is not available. However, the RP has presented sufficient arguments and evidence, such that a demonstration that risks have been reduced in line with the ALARP principle could be made in the future. This is subject to further design development, substantiation, analysis and resolution of shortfalls identified in this report.
Overall, based on my assessment to date, and subject to the provision and assessment of suitable and sufficient supporting evidence as well as the resolution of potential shortfalls identified, 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

	EHA.1
	External and Internal Hazards – Identification and Characterisation

	EHA.5
	External and Internal Hazards – Design Basis Event Operating States

	EHA.6
	External and Internal Hazards – Analysis

	EHA.7
	External and Internal Hazards – Cliff Edge Effects

	EHA.10
	External and Internal Hazards – Electromagnetic Interference

	EHA.12
	External and Internal Hazards – Flooding

	EHA.19
	External and Internal Hazards – Screening

	AV.2
	Assurance of validity of data and models – Calculation Methods

	AV.4
	Assurance of validity of data and models – Computer Models

	AV.6
	Assurance of validity of data and models – Sensitivity Studies

	ECS.1
	Safety Classification and Standards – Safety Categorisation

	ECS.2
	Safety Classification and Standards – Safety Classification of Structures, Systems and Components

	EKP.3
	Engineering Key Principles – Defence in Depth

	EKP.5
	Engineering Key Principles – Safety Measures

	ESS.9
	Safety Systems – Time for Human Intervention

	ELO.4
	Layout – Minimisation of the Effects of Incidents
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