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[bookmark: _Toc211367622][bookmark: _Toc109727646]Executive summary
This report presents the outcomes of my Fire Safety assessment of the Holtec Small Modular Reactor (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 primarily informed by fire safety specific guidance which ONR regards as Relevant Good Practice (RGP) noting that ONR’s Safety Assessment Principles (SAPs) and Technical Assessment Guides (TAGs) are primarily focussed on nuclear safety.
I targeted the following aspects in my assessment of the SMR-300 DRP and SSEC:
Adequacy of selected design codes for fire safety;
Compliance with selected design codes focussed on the adequacy of structural fire protection;
Adequacy of process for assessing non-compliance with selected fire safety guidance;
Adequacy of plant layout to support fire safety functional requirements;
Demonstration that risks are reduced As Low As Reasonably Practicable (ALARP).
Based upon my assessment, I have concluded the following:
The Requesting Party (RP) has identified suitable design codes and standards to support the construction and operation of its design;
The RP has performed an adequate assessment of compliance with selected design codes and United Kingdom (UK) RGP;
The RP has demonstrated an adequate process for identifying and assessing significant departures from selected design codes and UK RGP;
I consider the DRP provided by the RP to be an adequate basis for future design development. Design options endorsed by the RP for post GDA implementation, and captured within GDA commitments, provide additional confidence that a design which demonstrates risks with respect to fire safety have been reduced ALARP is achievable;
I have identified some significant gaps against UK RGP (BS 9999), noting that full compliance is not required provided fire safety functional requirements can be demonstrated. The RP has undertaken proactive work to identify design improvements and provided confidence, through the raising of GDA commitments, that these will be carried through to completion. I therefore judge that they do not represent fundamental shortfalls with the design or safety case and therefore a Regulatory Observation (RO) is not required.
[bookmark: _Hlk168596328]Overall, based on my Step 2 assessment, I have not identified any fundamental safety shortfalls from a fire safety perspective that would prevent ONR permissioning the construction of a power station based on the generic Holtec SMR-300 design.
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[bookmark: _Toc211367624]Introduction
This report presents the outcomes of my Fire Safety assessment of the Holtec Small Modular Reactor (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]), together with the principles detailed in the supporting Technical Assessment Guides (TAGs) (ref. [41]) and fire safety specific guidance which ONR considers to be Relevant Good Practice (RGP) have been used as the basis for this assessment.
The term ‘fire safety’ used throughout this report refers to fire safety for the protection of life. Within ONR publications it may also be referred to as ‘life fire safety’ or ‘conventional fire safety’. These terms are considered equivalent for the purposes of this report.
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 (EA) 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 Fire Safety (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: _Ref204951685]Scope
The assessment documented in this report is based upon the DRP and SSEC for the Holtec SMR-300 as summarised in the SSEC chapters and supporting documentation. 
The overall scope of the Holtec SMR-300 GDA is described in the Preliminary Safety Report (PSR) chapters A1 and A2 (ref. [1] [2]). The GDA scope was agreed in Step 1 although this has been modified, with agreement of the regulators, during Step 2. 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 (including life safety), security and safeguards, all modes of operation, and all stages of the plant lifecycle.
My fire safety assessment scope is defined in my assessment plan (ref. [44]) which is discussed in detail in section 4.1 and includes the following topics:
[bookmark: _Hlk199947964]Adequacy of selected design codes – assessment of the adequacy of selected codes and standards for their intended application in the RP’s design;
Compliance with selected design codes focussed on the adequacy of structural fire protection – assessment of fire safety provisions and structural/architectural design against the requirements of the selected design codes. My assessment focussed on the requirements linked to structural fire protection (compartmentation strategy) to secure both means of escape and provisions for firefighting;
Adequacy of process for assessing non-compliance with selected fire safety design guidance – assessment of the RP’s methodology for assessing non-compliances with selected design codes. Where possible, I have sampled examples of optioneering undertaken to assess the risk gap and demonstrate an equivalent level of fire safety provision where full compliance is not possible;
Adequacy of plant layout to support fire safety functional requirements – assessment of whether fire safety has been adequately considered in the design of the plant layout such that the functional requirements of the Building Regulations (defined in Approved Document B) are met, noting that full compliance is not required;
Demonstration of ALARP – assessment of the RP’s justification that the risks to life from fire will be reduced to As Low As Reasonably Practicable (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. The following aspects are relevant to the scope of my assessment:
The scope of buildings considered within the GDA was originally defined in the SMR-300 United Kingdom (UK) Generic Design Assessment Scope document (ref. [46]). 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) Installation. The scope of buildings has been reduced throughout GDA to remove the ISFSI and the RWB. The RWB has been consolidated into the RAB as part of an update to the RPs DRP (ref. [47]) it is therefore no longer a standalone building. Fire safety is relevant to all buildings on site and whilst the defined scope does not include some of the buildings which will contain significant conventional hazards (such as the Turbine Hall) I am content that the scope is adequate for the purposes of a two-step GDA. Facilities with more significant conventional hazards and/or larger occupancies would be expected to attract commensurate regulatory scrutiny at a future stage of design;
Multiple Structures Systems & Components (SSC) relevant to fire safety are listed as out of scope within (ref. [46]). These include the fire pump house, fire water storage tank and other site services such as diesel stores. Based on the goal of Step 2 being a fundamental assessment of the RP’s design and noting the primarily site-specific design of these systems I am content that the GDA scope of SSCs is adequate for the purposes of a two-step GDA;
My assessment has focussed on power operations and some aspects of outage operations (for example when occupancy levels may be greater). Specific fire safety aspects related to construction, commissioning, maintenance, decommissioning, and demolition are not covered within my assessment;
My assessment has focussed on aspects of fire safety which have the potential to influence the civil design of the buildings in scope. Some aspects of compartmentation are derived from guidance primarily associated with nuclear safety. These aspects are referenced within my report where relevant, see Section ‎4.2.3. This is aligned with my assessment plan [44]. Whilst I have considered information provided on fire safety systems, I have not undertaken any assessment of proposed fire safety system designs or proposed implementation.
[bookmark: _Toc211367625]Assessment standards and interfaces
For ONR, the primary goal of the GDA Step 2 assessment is to reach an independent and informed judgement 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 Safety Assessment Principles (SAPs) (ref. [48]) constitute the regulatory principles against which the RP’s safety case is judged. Consequently, the SAPs are typically the basis for ONR’s assessment and are used for the Step 2 assessment of the Holtec SMR-300. 
2. ONR SAPs exclude consideration of site health and safety hazards associated with a nuclear facility, except where they have a direct effect on nuclear safety or radioactive waste management. The standards and criteria most relevant to fire safety are therefore national and international standards and other RGP informed from existing practices adopted on UK nuclear licensed sites. Whilst I have not explicitly referenced any SAPs within my assessment (noting their primary applicability being to nuclear safety), I have used the SAPs, listed in Appendix 1, in my overall consideration of the adequacy of the RPs design at Step 2.
3. Additionally, there is no Technical Assessment Guide (TAG) for fire safety and therefore the ONR guidance used in my assessment is limited to TAGs covering general assessment topics such as ALARP (ref. [49]) or the mechanics of assessment (ref. [40]). 
The International Atomic Energy Agency (IAEA) safety standards (ref. [50]) 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. [51]) which represent good practice for existing nuclear power plants, and safety objectives for new reactors.
Similarly to ONRs SAPs and TAGs, IAEA and WENRA guidance is written primarily for nuclear safety and therefore the international guidance most relevant to fire safety is that produced by standards bodies such as British Standards Institute (BSI) or the National Fire Protection Association (NFPA).
National and International Guidance relevant to Fire Safety
4. The key national and international guidance that I have used within my assessment are:
BS 9999 – Fire safety in the design, management, and use of buildings – Code of practice (ref. [52]) – ONR’s technical guidance to requesting (ref. [53]) parties identifies that buildings on the nuclear island would benefit from benchmarking against BS 9999. The standard has been utilised in multiple past GDAs and is accepted as UK specific RGP.
Approved Document B (ADB) – Volume 2: Buildings other than dwellings (ref. [54]) – ONR’s technical guidance to requesting (ref. [53]) parties identifies that ADB is generally appropriate for the fire safety design of conventional smaller buildings on a nuclear licensed sites. It is generally not utilised within GDA as the focus is necessarily on the more complex, nuclear specific structures. However, ADB defines the five fire safety functional requirements which all buildings within England and Wales are expected to meet.
NFPA 101 – Life Safety Code (ref. [55]) – This code is specific to fire safety provision for the protection of life in the United States of America (US). The principles of fire protection are similar to those in the UK however, the guidance diverges in some areas of detail for example the specific provisions for firefighting in different buildings.
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-005 – Regulating duties to reduce risks to ALARP (ref. [49])
Integration with other assessment topics
6. I have worked closely with other topics as part of my fire safety 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. 
7. The key interactions with other topic areas were:
The Nuclear Site Health & Safety (NSHS) topic has covered the assessment of Holtec’s approach to compliance with the Construction (Design and Management) Regulations (CDM) (ref. [56]). CDM includes requirements to consider fire safety aspects early in the design stage of any potential construction project (ref. [57]); 
The Internal Hazards topics has covered the assessment of fire safety from a nuclear safety perspective. This included the consideration of provisions to project specific plant such as fire rated barriers (ref. [58]);
Civil Engineering covered the assessment of the adequacy of the proposed civil/structural loads and load cases including fire [59].
Use of technical support contractors
During Step 2, I have not engaged Technical Support Contractors (TSCs) to support my fire safety assessment for the Holtec SMR-300. 
[bookmark: _Toc211367626]Requesting party’s submission
The RP’s principal submissions are a series of drawings and documents that make up the DRP and a series of SSEC chapters and other supporting references, which provides its preliminary safety, security, safeguards, and environment cases for the generic SMR-300 design. This section presents a summary of the SMR-300 design and safety case for fire safety. It also identifies the supporting documents submitted by the RP which have formed the basis of my fire safety assessment of the SMR-300.
Summary of the Holtec SMR-300 design
The Holtec SMR-300 design is a Pressurised Water Reactor (PWR) with a single steam generator, including an integrated pressuriser and two Reactor Coolant Pumps (RCPs) providing forced circulation in normal operation. The target electrical power output of each SMR-300 unit is 320 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 a steel Containment Structure (CS) and a secondary steel and concrete Containment Enclosure Structure (CES). An Annular Reservoir (AR), containing a large volume of water, is located between the CS and CES. The AR is used to provide the ultimate heat sink to the passive safety systems. 
The twin unit design is comprised of two separate reactors in separate containment buildings. Each reactor has dedicated normal operation systems, safety measures and SFP, however there is a single control room for the twin unit SMR-300.
The Holtec SMR-300 design has been developed by the RP based upon well-established PWR technology. The RP claims that the design of the SMR-300 is based upon the following principles:
redundant and passive engineered safety features
simplified plant design with structures designed to withstand all postulated external events
ability to mitigate design basis accidents with no operator action
ability to cope with an extended loss of all 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 CS is a large, cylindrical structure extending -20.1m below ground level and 35.0m above ground level. 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. [60]).
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 ~35m 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. [61]).
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 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. For the purposes of this GDA the RAB is the building which would be expected to contain the largest occupancy. The RAB contains four staircores. Stairway 003 and 004 are located in the non-Radiologically Controlled Area (RCA) of the building whilst stairway 001 and 002 are located in the RCA (ref. [62]). The roof is also accessible via vertical ladder which rises to ~9.6m on the non-RCA side and ~18.8m on the RCA side.
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. [63]).
The design of the buildings in scope has evolved over the course of GDA (ref. [47]), including civil engineering changes, and are expected to change further. The assessment of the layout is therefore a point in time.
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 Claims Arguments Evidence (CAE) concept. SSEC Chapter A3 (ref. [3]) provides a high-level route map which links the claims made throughout the SSEC to the fundamental purpose.
Summary of the requesting party’s case for Fire Safety 
The aspects covered by the Holtec SMR-300 safety case for Fire Safety can broadly by grouped under three headings which are summarised as follows:
Means of Escape – Claim 2.3.5.2 states “The generic Holtec SMR-300 is designed so that occupants are able to evacuate their building safely, without assistance; and that the fire and rescue service can undertake firefighting activities in the event of a fire”. This claim cuts across multiple topics within the scope of my assessment including, the use of codes and standards, identification of departures, plant layout and the demonstration of ALARP;
Means of Access and Provision (for fire-fighting) – Claim 2.3.5.2 also covers means of access for the fire and rescue service. This aspect of the claim cuts across the same topics within the scope of my assessment in the context of means of access and provision for fire-fighting;
Structural Fire Protection – The RP has not made a specific claim on structural fire protection for life safety within the PSR however, the adequacy of the structural fire design is implicit in meeting the two claims above and demonstrating a suitable compartmentation approach for life safety. The following claims, which are associated with the Civil Engineering and Internal Hazards topics are relevant:
Claim 2.2.11.3 states the civil engineering design utilises good engineering practice to ensure that civil structures are robustly designed to resist design basis loads and load combinations, with appropriate beyond design basis margins;
Claim 2.1.6.2 states internal Hazards are characterised and evaluated using appropriate methodologies taking due cognizance of RGP and Operating Experience (OPEX);
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 Design Basis Events (DBEs).
The three claims above relate to establishing design basis loads (fire hazards are characterised within the internal hazards topic area) and the assessment of those loads on the civil engineering design. These claims implicitly cover the identification and substantiation of fire barriers. Taken together they cover multiple topics across the scope of my assessment including, the use of codes and standards and particularly the adequacy of the plant layout to support fire safety functional requirements (focussed on structural fire protection).
Means of Escape
8. The RP has selected NFPA Standards as the design basis for escape route layout and provision. Primarily the RP has used guidance within NFPA 101. The RP has performed an analysis of the SMR-300 design against the high-level requirements of the NFPA codes and a comparison with BS 9999. This analysis is contained within the RPs deliverable “Risk Identification Report for UK Conventional Fire Safety Design” and the Chapter B12 of the PSR (ref. [64] [14]). The RP has stated that where the design and provision of escape routes meets NFPA recommendations this is considered adequate however, further improvements to reduce risk to levels which are ALARP may be considered as part of ongoing Qualitative Design Review (QDR) (ref. [65]).
9. As part of this analysis the RP has identified areas of the design where means of escape arrangements do not meet UK fire safety guidance or there is a significant difference between US and UK expectations. In cases where the departure from guidance is considered safety significant by the RP, a Design Adaptation Committee (DAC) paper has been produced to consider potential changes to the design (ref. [66]). Further departures which are less safety significant are considered through optioneering recorded in the RP’s “UK SMR-300 GDA High Level Fire Strategy Document” (ref. [65]).
Means of Access & Provision for Firefighting
10. The RP has also utilised NFPA 101 and NFPA 804 as the primary source of design guidance with respect to provision for firefighting. Similarly, the RP has performed an analysis of the SMR-300 design against this guidance alongside a comparison of British Standards guidance (ref. [64] [14]). The RP has stated that where the design meets NFPA recommendations in full with respect to firefighting provision this is considered adequate, however, further improvements to reduce risk to levels which are ALARP may be adopted as part of ongoing QDR.
11. As part of this analysis the RP has identified areas of the design where provisions for firefighting do not meet UK fire safety guidance, or there is a significant difference between US and UK expectations. In cases where the departures from guidance are considered safety significant by the RP, a DAC paper has been produced to consider potential changes to the design (ref. [66]). Further departures which are less safety significant are considered through optioneering recorded in the RP’s supporting documentation (ref. [65]).
Structural Fire Protection
The RPs approach to structural fire protection has been informed primarily by the requirements within NFPA 804, the approach is outlined within the RPs submission “SMR-160 Design Standard for Fire Protection” (ref. [67]). The requirements of NFPA 804 are focussed primarily on nuclear safety. The RPs design is therefore supplemented by guidance contained within both NFPA 101 and BS 9999. The RP has provided an optioneering assessment which considers options for additional compartmentation within (ref. [65]).
Specific examples of fire resisting construction are shown on the RPs general arrangement drawings (ref. [61] [60] [63] [62]). Whilst the RP has not identified a specific claim related to structural fire protection, the level of compartmentation outlined in the RP’s design supports explicit claims related to means of access and egress. The RP has further supported this through optioneering work (ref. [65]).
As compartmentation within the RP’s design is primarily intended to support nuclear safety functions the adequacy of the proposed substantiation is considered, by ONR, within the internal hazards’ topic area, noting that SMR-300 specific substantiation has not yet been completed by the RP. The ability of the fire resisting construction to support personnel egress, firefighting access and other life safety functions is covered in the fire safety topic area.
Demonstrating Risks are Reduced ALARP
The RP has not made any claims on the demonstration of ALARP specifically in the context of fire safety. The RPs fire safety assessment is under the umbrella of 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”.
For fire safety, the RP has presented their identification of relevant codes and standards, and their assessment of design options, primarily within (ref. [65]). This is supported through design assessment presented in (ref. [66]) and (ref. [64]).
The assessment of departures from identified guidance and subsequent consideration of potential design changes is assessed specifically for fire safety in (ref. [65]). The overarching process, referred to as the design stability process, is described within Chapter A5 of the PSR, the RPs ALARP Guidance Document (ref. [68]), and Design Stability Toolkit (ref. [69]).
Basis of assessment: requesting party’s documentation
The principal documents that have formed the basis of my fire safety assessment are:
· Risk Identification Report for UK Conventional Fire Design (ref. [64]) – This document contains the RPs initial review of the SMR-300 design against guidance outlined in BS 9999. At the time of writing, the review was based on the RPs original DRP Rev.0 (ref. [47]) which included a separate Radwaste Building. Additionally, the UK SMR-300 design basis was originally planned to be BS 9999 however, this was changed to be NFPA standards following the issue of this document. Despite these changes the document provides the basis for the RPs derivation of safety significant departures from fire safety guidance. Noting that British and American fire safety standards are written largely based on the same principles;
· UK SMR-300 GDA High Level Fire Strategy Document (ref. [65]) – This document is the principal fire safety submission prepared by the RP. It outlines the RPs intended approach to most fire safety topics as well as a summary of endorsed design changes based on the safety significant departures identified in the Risk Identification Report (ref. [64]);
· SMR-160 Design Standard for Fire Protection (ref. [67]) – This document outlines the RPs 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 NFPA 804. These requirements have also been applied to the SMR-300 design;
· Holtec SMR GDA PSR Part B Chapter 12 Nuclear Site Health and Safety and Conventional Fire Safety (ref. [14]) – This document outlines the key claims covering conventional safety for the SMR-300. This includes fire safety in the context of protecting life and nuclear site health and safety;
· Holtec SMR GDA PSR Part B Chapter 22 Internal Hazards (ref. [24]) – This document outlines the key claims covering internal hazards which includes nuclear fire safety;
· 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 outlines 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. [61]) – This forms part of the DRP and identifies fire rated barriers as well as room and equipment information in the CES;
· General Arrangement of Containment Structure Internals for SMR-300 (ref. [60]) – This forms part of the DRP and identifies fire rated barriers as well as room and equipment information in the CS;
· General Arrangement of Intermediate Building for SMR-300 (ref. [63]) – This forms part of the DRP and identifies fire rated barriers as well as room and equipment information in the IB;
· General Arrangement of Reactor Auxiliary Building for SMR-300 (ref. [62]) – This forms part of the DRP and identifies fire rated barriers as well as room and equipment information in the RAB;
· System Description for Fire Fighting System [70] – This document provides an overview of systems designed to fight fire including, suppression, extinguishers, ring main, tanks and pumps. The concept is written for the SMR-160 design however, the system design principles are applicable for the SMR-300 design;
Metrication Hazard Assessment Process and Affected Areas (ref. [71]) – This document describes the RPs approach to the assessment of specific risks associated with metrication;
Hazard Analysis Report on Metrication (ref. [72]) – This document presents the results of an example study performed on a single representative system assessing the risks associated with metrication.

[bookmark: _Toc211367627]ONR assessment
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 selected design codes
I intended to assess the adequacy of the RPs selected design codes and standards for their intended application to the RP’s design within the UK regulatory context. 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.
Compliance with selected design codes focussed on the adequacy of structural fire protection
I intended to assess the RP’s fire safety provisions and architectural design against the requirements of its selected design codes and the expectations of UK RGP. I intended to focus on the RP’s provision of structural fire protection in line with ONR’s technical guidance to requesting parties (ref. [53]). 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.
Adequacy of process for assessing non-compliance with selected fire safety design guidance
I intended to assess the RP’s process for identifying areas of the design which do not, or cannot, comply with the requirements of its selected design codes and the expectations of UK RGP. Additionally, I intended to assess the adequacy of optioneering undertaken to further reduce risks ALARP following identification of a non-compliance. 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.
Adequacy of plant layout to support fire safety functional requirements
I intended to assess whether fire safety has been adequately considered in the design of the plant layout and whether fire safety functional requirements (expected as part of UK RGP) could be met by the RP’s design. 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.
Demonstration of ALARP
I intended to assess the RP’s justification that the risks to life from fire will be reduced to levels which are ALARP. This includes the identification of RGP, the identification of risk gaps, the assessment of the extent of any gaps and optioneering to reduce the risk gap or otherwise further reduce risk where reasonably practicable. 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.
[bookmark: _Ref209617453]Assessment
My assessment is structured against the following topics which align with the RP’s safety case in Section 3.3:
Means of escape
Means of access & provision for firefighting
Structural fire protection
These topics are aligned with the fire safety functional requirements (ref. [54]) expected of all building designs within Great Britain (GB). Whilst not all functional requirements are assessed I judge that this is commensurate with the expectations of a Step 2 fundamental assessment. In any future detailed assessment stages the RP would be expected to demonstrate that all fire safety functional requirements can be met.
[bookmark: _Ref204934134]Means of escape
The RP has stated within PSR Part B Chapter 12 that the fire safety design of the SMR-300 is based primarily on NFPA standards 804 and 101. NFPA 804 is guidance written primarily for nuclear safety purposes but is written specifically for light water reactors. NFPA 101 is guidance written for all building types and focusses on the protection of people from the effects of fire (life safety). The NFPA is an internationally recognised codes and standards body whose codes are used within the UK and abroad noting that fire safety principles are generally common across international standards. However, NFPA codes do differ from British Standards in some areas of detail which vary depending on the specific codes in use. ONR technical guidance to requesting parties (ref. [53]) therefore, recommends benchmarking against BS 9999 (ref. [52]) for nuclear island structures which are assumed to be the most complex buildings from a fire safety perspective. This approach has been undertaken for previous GDAs (ref. [73] [74]).
The RP’s approach to fire safety has been to comply with NFPA standards whilst also identifying and assessing any residual risk gaps between US and UK fire safety expectations, noting that full evidence of compliance with NFPA standards has not been provided. The fire safety principles used to develop both BSI and NFPA codes are the same. On this basis the RP has argued that the key risks identified are likely to be similar for the two sets of codes. I agree with the RPs assessment on this point. I therefore judge that the overall approach to demonstrating compliance with design codes is adequate.
With respect to means of escape the RP completed an initial assessment of the SMR-300 means of escape provision against the expectations of BS 9999 within (ref. [64]). The RP’s assessment considered various aspects of means of escape provision including:
Travel distances – The RP measured the actual travel distances within the design to a place of relative safety and compared with numerical (metric) values stated within BS 9999 against an assumed risk profile;
Inner rooms – The RP reviewed room layouts against the definition of an inner room described in BS 9999;
Means of horizontal escape – The RP measured the length of corridors within the design and compared against the numerical (metric) requirements for corridor sub-division stated within BS 9999;
Means of vertical escape – The RP compared the siting and discharge arrangements of the staircores in the design with those described within BS 9999;
Building occupancy – The RP provided an estimate of the likely maximum occupancy allowable within the buildings in scope, based on storey exit and stairs widths in the design.
The RP’s assessment was based on the version of the SMR-300 design within DRP 0 and therefore included the RWB which was later subsumed into the RAB as part of DRP 1. The RP also made further changes as part of  DRP 1.1. Despite these changes I consider the assessments, made against DRP 0, remain valid as I judge they do not impact the individual judgements made by the RP or introduce further significant departures beyond what has already been identified within DRP 0. I judge that these topics, and the approach described above, provide an adequate basis for assessing means of escape provision and identifying any significant departures.
Based on this initial assessment of the design, the RP identified sixteen areas of difference (departures) between the SMR-300 US design basis and UK RGP (BS 9999). Of these the RP categorised three of these as potential major risks. “Risk” in this context is understood to mean regulatory risk i.e. the gap between the design and UK regulatory expectations is significant. A full list of the identified differences and the status at the end of Step 2 is provided in Appendix 2.
Two of the major risks the RP identified were related specifically to means of escape. These were:
Two staircores within the RAB did not discharge directly to outside;
The fire safety provisions for means of escape with the RAB staircores did not meet the expectations of BS 9999. Primarily this related to lack of a smoke control system within the stairs, and basement areas, as well as lobbies not being provided in all staircores.
These departures are also relevant to the means of access and provision for firefighting. They are discussed in this context in Section ‎4.2.2.
The RP also identified that the escape travel distance from the CS was extended significantly as compared to BS 9999 and many of the escape options involved traversing vertical ladders. In the UK, ladder escape is not considered an acceptable means of escape except during specific circumstances such as infrequently accessed areas (ref. [52]). It is noted that BSI and NFPA fire safety design guidance is written generically for all building types and the CS represents an atypical space however, international nuclear industry guidance such as IAEA SSG-64 (ref. [75]) is also relevant in this context and states “Means should be provided to allow quick evacuation of the reactor containment through airlocks. The measures should be adequate to deal with the largest number of personnel expected to be present during maintenance periods and outages”. Following further regulatory engagements with the RP on this point, the RP concluded that this departure also constituted a major risk.
The RP considered the departures, noted as major risks, related to means of escape within its design stability determination process. The RPs process begins with what is referred to as the design management process. The adequacy of the overall design management process is considered within the Management for Safety and Quality Assurance (MSQA) inspectors assessment. I have therefore not considered this further within my assessment. Based on the RPs assessment of risk significance for the identified departures the RP developed a fire safety specific DAC paper. The RPs paper focussed on three key areas relevant for means of escape which consolidated several departures under a single topic, these were:
Means of escape from the CS space
Means of escape from the RAB including the layout and fire safety provisions within staircores
Means of smoke control within the RAB
The RP subsequently identified further departures from NFPA 101 and NFPA 804 within (ref. [76]). I judge that these additional departures are either functionally the same shortfall as identified in the initial BS 9999 review or do not represent a new major design risk. I judge that the selected topics represent the most significant departures from UK fire safety expectations related to means of escape and are therefore consistent with a fundamental assessment.
The RP has considered potential options to address the identified departures and demonstrate risks have been reduced in line with the ALARP principle. The identified options are presented in (ref. [66] [65]) and are discussed below.
Means of escape from the CS
The RP identified three options to mitigate the departures related to means of escape within the CS. Broadly this consisted of:
Option 1 - Do nothing;
Option 2 - Implementation of a protected stair, protected spiral stair (split into A and B options) or spiral stair;
Option 3 - Implementation of an evacuation lift.
I judge that Option 1 represents a potentially unacceptable risk to personnel evacuating from the CS in the event of fire. The RP has acknowledged this position (ref. [66]). The RP stated that Option 3 would not be recommended based primarily on space constraints, the requirement to provide protected lift lobby (in both UK and US codes) and the limited number of personnel who could be evacuated simultaneously. The RPs DAC has endorsed Option 2 as the recommended option for post GDA implementation. Additionally, the RP has identified a specific GDA commitment (C_Fire_121) related to this point (ref. [14]), which commits to progressing this topic through the design management process to completion. The RP has identified locations for spiral staircases within the CS linking the lowest level of the CS to the level of the personnel access hatch. The status of this design challenge is discussed in Appendix 2.
Whilst Option 2 would mitigate the most extended travel distance within the CS (reducing the time taken to reach a point of relative safety as compared to ladders) other extended travel distances involving ladders are still present within the CS. These include escape from platforms above the level of the Passive Core Make-Up Water Tank (PCMWT) and the Polar Crane. The RP has argued that these areas would only be accessed infrequently and the fire loading within the CS is likely to be low (ref. [14]). Detailed fire loading and occupancy information is not available at the current stage of design maturity. I judge that whilst this uncertainty represents a future risk it does not constitute a fundamental issue with the design. 
In my discussions with the RP, I stated my opinion that a fire engineered approach demonstrating that the functional requirement (ref. [54]) for means of escape from the CS would still be required, independent of the optioneering already undertaken. I judge that the full implementation of a spiral stair or protected stair will significantly reduce the regulatory risk associated with this demonstration.
Overall, I judge that the selected endorsed option and associated commitment, alongside arguments presented on the use of the CS provide sufficient confidence that the means of escape from the CS does not represent a fundamental shortfall. Further work will be required in any future assessment or licensing stages to consider the feasibility of further risk reduction measures and confirm the design decisions made at this stage.
Means of escape from the RAB
The RP identified a suite of options to mitigate the departures related to means of escape within the RAB (ref. [65]). Broadly these consisted of:
Addition of protected lobbies to all staircores;
Arrange protected lobby within stairway 003 such that it discharges directly to outside at ground level;
Addition of a new accessway between the RCA and non-RCA areas;
Sub-dividing the corridor linking stairway 003 and 004 with fire resisting construction (this would provide a true alternative escape route for personnel evacuating from the MCR).
The RPs DAC has endorsed all these options for post GDA implementation. Additionally, the RP has identified a specific GDA commitment (C_Fire_122) related to this point (ref. [14]), which commits to progressing this topic through the design management process to completion. The status of these changes alongside other changes is discussed in Appendix 2.
Whilst the proposed changes will not bring the RAB design into full compliance with UK recognised RGP, I judge that they do represent a tangible reduction in risk to personnel evacuating from the RAB.
Overall I judge that the selected endorsed option and associated commitment, alongside the RPs assessment of compliance against BS 9999 for this aspect, provide sufficient confidence that means of escape from the RAB does not represent a fundamental shortfall. Further work will be required in any future assessment or licensing stages to consider the feasibility of further risk reduction measures and confirm the design decisions made at this stage.
Means of smoke control within the RAB
The RP considered the provision of a system of smoke control within its fire safety DAC paper. This considered two key departures from BS 9999:
Basement areas exceeding 200m2 or with depths exceeding 3m should be provided with a means of smoke relief;
Both the stair and lobby of a firefighting shaft should be provided with a means of venting smoke and heat.
The RP has provided a design intent only for smoke control within GDA (ref. [65]). The RP has stated that they do not intend to provide a system of smoke control to the basement areas of the SMR-300, arguing that this could potentially compromise the contamination control arrangements required for nuclear safety (ref. [65]). Whilst this is a departure from both UK and US fire safety (life safety) guidance, I consider it to be adequate based on the functional constraints of a nuclear power plant (ref. [53]). The design intent does include the provision of pressurisation systems to the staircores within the non-RCA part of the RAB. This aspect is further discussed in Section ‎4.2.2. I judge that this is an adequate design compromise noting the balance of risk within the RAB.
The RP has recorded this design intent within its DAC paper on fire safety (ref. [66]) and within the Step 2 fire safety strategy (ref. [65]) however, the RP has not raised a GDA commitment on this point. The RP has stated that the development of the smoke control strategy is normal business and will be considered in further depth in future assessment or licensing stages.
The RP demonstrated through 3D model review that adequate space is currently reserved in the design for the significant ductwork and fans required to deploy pressurisation systems within staircores (ref. [77]). Whilst the 3D model does not constitute the formal DRP, this provided additional confidence in the feasibility of the RPs design intent.
Overall, I judge that the RPs approach to this aspect, and the arguments presented are adequate. Further work will be required in any future assessment or licensing stages to fully develop the strategy for smoke control and demonstrate deployed systems are consistent with the expectations of RGP.
Means of escape from other areas
The RP has also performed an assessment of the adequacy of the means of escape from the CES and the IB. The RP has completed this against both the expectations of BS 9999 (ref. [52]) and partially against NFPA 101 (ref. [55]) noting that the fire safety principles are the same across both codes.
The RP identified that both the CES and the IB have extended single direction travel distances in the current version of the design. Additionally, escape from the CES uses a vertical ladder to the building roof.
The RP has argued that the IB can be considered a pipe tunnel and as such should be considered under the utility chase definition within NFPA 101. This would mean that the design does not have to explicitly comply with travel distance requirements. There is no analogous building type within UK fire safety codes however, industry specific guidance such as those used for power networks or transport tunnels do allow for greater travel distances. I judge that the use of the utility chase definition with respect to the IB is appropriate for its current function and therefore a future demonstration of compliance with the RPs selected standards is likely to be possible. Additionally, the RP has argued that fire loading within the IB is likely to be minimal based on the buildings function (primarily as a tunnel to run main steam and feedwater lines) and that enhancements of the means of escape provision from the IB are likely to be possible without major structural changes (ref. [14]).
The RP has argued that the CES will have very limited fire loading, based on the current understanding of its functions and will only be accessed infrequently (ref. [14]). The RP demonstrated through 3D model review that adequate space is currently reserved in the design for potential additional risk reduction measures such as an additional accessway or a spiral staircase. Whilst the 3D model does not constitute the formal DRP this provided additional confidence that the current design does not foreclose options to reduce risk further in line with the ALARP principle.
Overall, I judge that the RPs approach to this aspect, and the arguments presented are adequate.
Conclusion of means of escape assessment
I have identified shortfalls against UK RGP. These concern the means of escape provision across several buildings within GDA scope. Due to the proactive work which the RP has undertaken to identify design improvements, I judge that they do not represent fundamental shortfalls with the design or safety case and therefore a Regulatory Observation is not required. Holtec has acknowledged these shortfalls and has raised a commitment to address these in future project stages or as part of ongoing design development. Whilst this commitment will not be tracked, future project stages will be subject to appropriate regulatory assessment.
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My assessment of the adequacy of selected design codes presented in Section ‎4.2.1 is applicable to this section also and is therefore not repeated here.
With respect to means of access and provision for fire-fighting the RP completed an initial assessment of the SMR-300 provision against the expectations of BS 9999 within (ref. [64]). The RP’s assessment considered various aspects of access and firefighting provision including:
Requirement for firefighting shafts – The RP assessed whether any of the buildings required firefighting shafts based on BS 9999 requirements;
Firefighting shaft facilities – Where firefighting shafts were found to be required to comply with BS 9999, the RP assessed what facilities to aid firefighting the shaft should be provided with;
Access to firefighting shafts - The RP compared the siting and access arrangements of the staircores in the design with those described within BS 9999;
Compartmentation requirements - The RP assessed the requirement for compartmentation linked to firefighting and building tenability.
The RP’s assessment was based on the version of the SMR-300 design within DRP 0 and therefore included the RWB which was later subsumed into the RAB as part of DRP 1. Despite these changes the majority of the assessment remains valid, and I judge that these topics, and the approach described above, provide an adequate basis for assessing means of access and provision for firefighting.
Based on this initial assessment of the design, the RP identified sixteen areas of difference (departures) between the SMR-300 US design basis and UK RGP (BS 9999). Of these the RP categorised three of these as potential major risks. “Risk” in this context is understood to mean regulatory risk i.e. the gap between the design and UK regulatory expectations is significant. A full list of the identified differences and the status at the end of Step 2 is provided in Appendix 2.
One of the major risks the RP identified was related specifically to means of access and provision for firefighting. This was:
The RAB is not provided with firefighting shafts.
Based on the size and depth of the RAB, BS 9999 recommends the building is provided with two firefighting shafts. Other departures related to the provision of fire safety features in staircores and the siting of staircores are also relevant. See Section ‎4.2.1.
The RP identified that firefighting shafts within the RAB should be equipped with a lobby space, stair, and firefighting lift. Additionally, the RP identified that the shafts should be accessible directly from outside or, access provided via a protected route, and should be provided with a means of preventing smoke logging.
The RP considered the identified departures related to access and provision for firefighting within its design stability determination process. Based on the RPs assessment of risk significance for the identified departure the RP developed a fire safety specific DAC paper. The RPs paper focussed on a single key area relevant for access and provision for firefighting, which consolidated several departures under a single topic, this was:
Firefighting access to the RAB (provision of firefighting shafts).
I judge that the selected topic represents the most significant departure from UK fire safety expectations related to access and firefighting provision and is therefore consistent with a fundamental assessment.
The RP has considered potential options to address the identified departures and demonstrate risks have been reduced in line with the ALARP principle. The identified options are presented in (ref. [66]) and (ref. [65]) and are discussed below.
The RP also identified that based on BS 9999 guidance the CS should be provided with a firefighting shaft. The RP has stated that they do not intend to comply with guidance on this aspect and have presented arguments on this point, as follows. The RP has stated that no entry into the CS would be expected during normal operation and any entry would be subject to a safe system of work (ref. [14]). The CS space contains the RPV, the primary circuit and multiple engineered safety features. It is therefore a unique space where fire code applicability is challenging, and full compliance is not required. The RP has stated that personnel access and fire loading in the CS space will be strictly controlled and therefore administrative arrangements, alongside the inherent non-combustibility of components, will form a significant part of the overall package of fire protection. On this basis the RP has also assumed that fires within the CS would be relatively small and limited in scope and severity, even in the event of non-suppression. This assumption will require further definition within later design steps to ensure the engineering design is adequate for the assumed requirement for firefighting access. Overall, I consider this arrangement, and the arguments presented, to be adequate based on the functional constraints of a nuclear power plant (ref. [53]). Assessment of further reasonably practicable measures will be required as part of future assessment steps beyond Step 2.
Firefighting access to the RAB
The RP identified a suite of options to mitigate the departures related to firefighting access and provision within the RAB (ref. [66]). Broadly these consisted of:
Designation of stairways 003 and 004 as firefighting shafts (firefighting access to the RAB would be made by these stairways only). These would include 2-hour fire resisting walls (see Section ‎4.2.3);
Addition of protected lobbies to all staircores;
Arrange protected lobby within stairway 003 such that it discharges directly to outside at ground level;
Modification of the lift associated with stairway 003 so that it is entered from the protected lobby and brought up to the standard of a firefighting lift (stairway 004 is proposed to not be provided with a firefighting lift);
Provision of standpipe connections to all stair cores;
Reconfiguration of stairway 002 such that it is accessed from non-RCA portion of the RAB (this allows for a bridgehead to be formed in relative safety in the event of a fire inside the reactor side portion of the RAB).
Pressurisation of stairways 003 and 004.
The RPs DAC has endorsed all these options for post GDA implementation except the staircase pressurisation, which is considered separately as part of overall HVAC design development. Additionally, the RP has identified a specific GDA commitment (C_Fire_122) related to this point (ref. [14]), which commits to progressing this topic through the design management process to completion. The status of these changes alongside other changes is discussed in Appendix 2.
Whilst the proposed changes will not bring the RAB design into full compliance with UK recognised RGP, I judge that they represent a tangible reduction in risk to first responders entering the RAB, noting that full compliance with standards is not required provided the functional requirement can be demonstrated. In particular the proposed changes would bring stairway 003 to full compliance with BS 9999 for firefighting shaft features and stairway 004 to near compliance noting the lack of firefighting lift.
Overall, I judge that the selected endorsed options and associated commitment, alongside arguments presented provide sufficient confidence that firefighting access to the RAB does not represent a fundamental shortfall. Further work will be required in any future assessment or licensing stages to consider the feasibility of further risk reduction measures and confirm the design decisions made at this stage.
Firefighting access to other areas
The RP has performed an assessment of the adequacy of access and provision for firefighting from the CES and the IB. The RP identified that no specific provisions would be required in either space based on BS 9999 recommendations (ref. [64]).The RP also identified that fire loading in both spaces would be expected to be minimal and in the case of the CES no entry for firefighting is envisaged (ref. [14]).
Overall, I judge that the RPs approach to this aspect, and the arguments presented, are adequate.
Conclusion of means access and provision for firefighting assessment
I have identified shortfalls against UK RGP. These concern the means of access and provisions for firefighting in both the RAB and the CS. Due to the proactive work which the RP has undertaken to, present arguments, identify design improvements, I judge that they do not represent fundamental shortfalls with the design or safety case and therefore a Regulatory Observation is not required. Holtec has acknowledged these shortfalls and has raised a commitment to address these, or further develop arguments presented, in future project stages. Whilst this commitment will not be tracked, future project stages will be subject to appropriate regulatory assessment.
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The RP has stated within PSR Part B Chapter 12 that the fire safety design of the SMR-300 is based primarily on NFPA standards 804 and 101. NFPA 804 is guidance written primarily for nuclear safety purposes but is written specifically for light water reactors. Compartmentation requirements within NFPA 804 are generally more stringent than those required for solely life safety purposes. These include:
Separation of building or areas serving different purposes (fire resistance rating of at least 3-hours)
Separation of areas containing nuclear safety related systems and as defined by hazards analysis (fire resistance rating of at least 3-hours or distance)
Separation of areas containing heaving concentrations of cables (fire resistance rating of at least 3-hours)
Separation of vertical risers and shafts (including stairways) (fire resistance rating of at least 2-hours)
Based on my sampling of the drawings provided as part of the RPs DRP (ref. [62]), the design complies with these requirements for aspects related to stairways, areas serving different purposes and some areas containing nuclear safety related systems. It has not been possible, at the current stage of design maturity, to assess the compartmentation of all shafts and risers, cable runs and areas requiring segregation following fire analysis. I consider that the level of compartmentation in the design provides an adequate basis for the protection of personnel and first responders. The protection of stairways by at least 2-hour fire resisting construction is also aligned with BS 9999. The RP has also confirmed that this protection will encompass the lobby spaces which form part of the firefighting provisions (ref. [65]), see Section ‎4.2.2.
The RPs design also includes compartmentation around areas of higher hazard or risk potential, such as battery and electrical rooms and the MCR. I consider these additions to be aligned with the expectations of UK RGP (ref. [52] [54]).
A key expectation of BS 9999 is that in buildings which contain basement levels below 10m that each floor is a compartment floor. This is an essential aspect of any building design to ensure the tenability of both escape routes and protect firefighters during response activities and providing a safe environment to perform their dynamic risk assessment.
Based on this requirement, the CS and RAB buildings should be provided with compartment floors at all basement levels. The CS is a large cylindrical, open structure containing reactor plant. As such, it is not a traditional building, and no complete floors are provided (floors are formed of both structural slabs and steel gantry). I judge that the provision of compartment floors in this case would be overly onerous, and the use of steel gantries and platforms is adequate based on the functional constraints of a nuclear power plant. This is consistent with ONRs technical guidance (ref. [53]) which notes that where departures are necessary to achieve the function of a nuclear power plant assessment should consider the provisions of BS 9999 with the application of fire engineering principles. 
For the RAB, the RP has indicated that the expectation is to provide the RAB with 3-hour rated floors at all basement levels (ref. [65]). This aligns with my expectations and UK RGP (ref. [52]). This requirement is particularly relevant to the -6.4m and 0.0m levels of the RAB as these correspond to the personnel and equipment access hatch levels in the CS. Robust compartmentation is essential in this case to ensure a true alternative escape route remains available from the CS. Further work will be required in any future assessment stages to provide this demonstration including the appropriate rating of any penetrations through the compartment barriers.
Conclusion of structural fire protection assessment
The information that has been submitted on this topic is consistent with UK RGP (BS 9999) or I consider it to be adequate based on the functional constraints of a nuclear power plant (ref. [53]). I have not identified any fundamental shortfalls within my assessment of structural fire protection. ONR will assess the final design and SSEC in future activities.
Demonstrating Risks can be Reduced ALARP
ONR’s guidance on the duty to reduce risks ALARP is contained within TAG 096 (ref. [49]). This guidance states the expectation that dutyholders take all reasonably practical steps to reduce risks to levels which are ALARP. This is commonly achieved through demonstrating compliance with recognised RGP and through the assessment of further options to reduce risk. Holtec’s approach for fire safety has been to demonstrate compliance with US standards and assess any significant residual gaps between US and UK regulatory expectations through optioneering (ref. [65]).
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 means of escape, means of access & provision for firefighting and structural fire protection across each of the points within my assessment plan. For each topic I judge that the RP has identified suitable sources of good practice and has provided an adequate assessment of the risk gap between the current design and applicable fire safety codes and standards.
For the major risks identified the RP has conducted optioneering to identify potential design improvements which would reduce the risk gap. Whilst the optioneering conducted is not inclusive of all identified departures from RGP I judge that it provides sufficient confidence that the risks can be managed and a complete ALARP demonstration could be made in the future. This is subject to continued design development and substantiation as well as implementation of identified design improvements and the close out of associated commitments.
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Conclusions
12. This report presents the Step 2 Fire Safety 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 national and international standards and other RGP informed from existing practices adopted on UK nuclear licensed sites which are most relevant to fire safety. I have utilised ONRs SAPs and TAGs and other guidance where relevant to my assessment. 
Based on my assessment, I have concluded the following:
[bookmark: _Hlk204609215]The RP has identified suitable design codes and standards to support the construction and operation of its design;
The RP has performed an adequate assessment of compliance with selected design codes and UK RGP;
The RP has demonstrated an adequate process for identifying and assessing significant departures from selected design codes and UK RGP;
I consider the DRP provided by the RP to be an adequate basis for future design development. Design options endorsed by the RP for post GDA implementation, and captured within GDA commitments, provide additional confidence that a design which demonstrates risks with respect to fire safety have been reduced ALARP is achievable;
I have identified some significant gaps against UK RGP (BS 9999), noting that full compliance is not required provided fire safety functional requirements can be demonstrated. The RP has undertaken proactive work to identify design improvements and provided confidence, through the raising of GDA commitments, that these will be carried through to completion. I therefore judge that they do not represent fundamental shortfalls with the design or safety case and therefore a Regulatory Observation is not required.
13. Overall, based on my assessment to date, and subject to the provision and assessment of suitable and sufficient supporting evidence, I have not identified any fundamental safety shortfalls that could prevent ONR granting permission for construction of a power station based on the generic Holtec SMR-300 design. 
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Whilst I have not explicitly referenced any SAPs within my assessment (noting their primary applicability being to nuclear safety), I have used the SAPs listed below in my overall consideration of the adequacy of the RPs design at Step 2.
	SAP reference
	SAP title

	EKP.3
	Defence in depth

	ELO.1
	Access

	ELO.4
	Minimisation of the effects of incidents
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The RP has identified multiple departures from BS 9999 within (ref. [64]). Departures which the RP considers major risks are discussed in detail within my assessment. Other departures which the RP considers to be less risk significant are captured in the complete list below. The status of all departures is recorded for completeness and for reference in future project stages. My regulatory expectation is that departures not explicitly addressed at Step 2 will be considered and suitably analysed as part of ongoing design development.
	Departure Summary
	Status

	Extended single direction travel distances in the RAB
	The RP has not specifically addressed this departure within Step 2. It will be considered as part of future assessments and ongoing QDR.

	Inner-inner rooms in the RAB
	The RP has not specifically addressed this departure within Step 2. It will be considered as part of future assessments and ongoing QDR.

	Length of corridors in the RAB
	This departure has been addressed as part of proposed improvements to the RAB layout. This is captured within (ref. [65] [14]). It is understood that this change will be incorporated into the next iteration of the RAB general arrangement drawings (forming the formal design).

	Siting of stairways 002 and 001 in the RAB (internal discharge)
	The RP has not specifically addressed this departure within Step 2 however, the RP has indicated that the locations of these staircores is proposed to remain internal (ref. [66]). The RAB contains a significant level of fire compartmentation such that personnel should be able to reach an area of relative safety. Stairways 003 and 004 do discharge to outside. This will be further considered as part of future assessments and ongoing QDR.

	Provision of firefighting lobbies in the RAB 
	The RP has proposed to add firefighting lobbies to stairways 003 and 004 [66]. Lobby spaces are present for stairways 002 and 001 however, the RP has indicated that these would not be used as entry points for firefighting (ref. [65]). It is understood that this change will be incorporated into the next iteration of the RAB general arrangement drawings (forming the formal design).

	Provision of firefighting shafts in the RAB
	The RP has proposed to designate stairways 003 and 004 as firefighting shafts with associated lobby space, compartmentation, standpipe connections, and pressurisation (ref. [66]). This meets the requirement of two firefighting shafts within UK RGP BS 9999 guidance for a building of the RABs size and depth. It is understood that this change will be incorporated into the next iteration of the RAB general arrangement drawings (forming the formal design).

	Smoke venting from basement areas in the RAB
	The RP has proposed to not meet this requirement primarily due to the complexities associated with contamination control. I judge that this is consistent with fire safety expectations for reactor plant within the UK.

	Separation of rising and descending portions of stairs in the RAB
	The RP has not specifically addressed this departure within Step 2. It will be considered as part of future assessments and ongoing QDR.

	Extended single direction travel distances in the IB
	The RP has not specifically addressed this departure within Step 2. It will be considered as part of future assessments and ongoing QDR.

	Extended single direction travel distances in the CES
	The RP has not specifically addressed this departure within Step 2. It will be considered as part of future assessments and ongoing QDR.

	Ladders forming part of escape route from the CES
	The RP has not specifically addressed this departure within Step 2. It will be considered as part of future assessments and ongoing QDR.

	Extended single direction travel distances in the CS
	The RP has proposed to add spiral staircases to the CS connecting the lowest level to the level of the personnel access hatch. This is captured within (ref. [65] [66]). This reduces the distance personnel may be required to travel via ladder but does not fully address the departure. The RP has argued that access to the CS and associated fire loading will be controlled through a safe system of work. Further options to improve egress arrangements should be considered as part of future assessments and ongoing QDR. It is understood that the introduction of spiral staircases has now been incorporated into the current design reference point but beyond that which was considered for GDA.

	Ladders forming part of escape route from the CS
	

	Provision of firefighting shafts in the CS
	The RP has proposed to not meet this requirement primarily due to the space requirement for such infrastructure and fundamental impact on the layout of primary components. I consider it to be adequate based on the functional constraints of a nuclear power plant (ref. [53]). 

	Provision of compartment floors in the CS
	The RP has proposed to not meet this requirement primarily due to the space requirement for such infrastructure and fundamental impact on the layout of primary components. I consider it to be adequate based on the functional constraints of a nuclear power plant (ref. [53]). 

	Smoke venting from basement areas in the CS
	The RP has proposed to not meet this requirement primarily due to the complexities associated with contamination control. I consider it to be adequate based on the functional constraints of a nuclear power plant (ref. [53]). 
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