[bookmark: _Toc466022543]
	

	ONR Assessment Report
Holtec SMR-300 Step 2 Civil Engineering Assessment Report


[image: ]

ONR Assessment Report
Project Name: Generic Design Assessment of the Holtec SMR-300
Report Title: Holtec SMR-300 Step 2 Civil Engineering Assessment Report

Authored by: Inspector
Report issue: 1
Document ID: ONRW-2126615823-739
Published: December 2025












© Office for Nuclear Regulation, 2025


For published documents, the electronic copy on the ONR website remains the most current publicly available version and copying or printing renders this document uncontrolled. If you wish to reuse this information visit www.onr.org.uk/copyright for details. 
	Page | 1 
[bookmark: _Toc224064136][bookmark: _Toc109727646]Executive summary
This report presents the outcomes of my Civil Engineering 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 stepwise 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:
· Civil engineering safety case
· Codes and standards
· Basis of design
· Structural analysis, design methodology and aircraft impact methodology
· Layout
· Modularisation
· Construction, Examination, Inspection, Maintenance and Testing (EIMT) and decommissioning
· Construction (Design and Management) (CDM) 
· Metrication
· Civil engineering structures within the GDA scope: 
· Containment Enclosure Structure (CES), 
· Reactor Auxiliary Building (RAB), 
· Intermediate Building (IB)
· Demonstrating risks can be reduced as low as reasonably practicable by design. 
Based upon my assessment, I have concluded the following:
· From my assessment of the Preliminary Safety Report (PSR) which forms the basis of the civil engineering safety case, I consider that the philosophy and structure for a Step 2 GDA aligns with Relevant Good Practice (RGP) and the intent of SAP SC.1 and Format and Content of the Safety Analysis Report for Nuclear Power Plants, Specific Safety Guide No. SSG-61. 
· From my assessment of the codes and standards proposed for the civil engineering design, I consider that the submission aligns with the RGP set out in “Requirement 9: Proven engineering practices” of IAEA Safety of Nuclear Power Plants: Design, Specific Safety Requirements SSR 2/1, SAPs ECE.1 and ECE.2
· From my assessment of the design basis, structural analysis, design methodology and aircraft impact methodology for nuclear island structures, I consider that the information submitted is consistent with UK RGP.
· From my assessment of the proposed layout of civil engineering structures I consider that some aspects of the design do not fully align with my regulatory expectations. However, I judge that these can be addressed as part of ongoing design developments post GDA. 
· I judge from my assessment of the RP’s proposal for modularisation using the Concrete Strengthened Steel Module (CSSM) system that it provides advantages, notably the elimination of formwork and reinforcement installation. 
· My assessment of the RP’s analysis and design methodologies for the proposed use of CSSM for construction of the CES has revealed a potential shortfall. I consider that, given the safety significance of the CES, there are still significant gaps in the justification of the CES that the RP needs to address. In view of the ongoing development of a design methodology, I have issued a Regulatory Observation (RO) entitled ‘Design methodology for the justification of the Concrete Strengthened Steel Modules’.
· From my assessment of the construction, EIMT and decommissioning strategies for civil engineering structures I consider that they align with RGP such as the SAPs ECE.25, ECE.20 and ECE.26 and the Civil Engineering TAG. 
· From my assessment of the application of CDM principles, I observe that the RP has not undertaken all the duties of a designer in Step 2 of the GDA in line with RGP such as the Civil Engineering TAG and has presented a methodology for meeting UK specific requirements. I note that this has the potential to impact aspects of construction in the UK. However, I am satisfied that this can be considered post Step 2 GDA. 
· I consider the International System of units (SI) to be RGP for the design and operation of a Nuclear Power Plant in the UK. From my assessment of metrication, I note that the RP, in the absence of a design wholly based on SI units, has proposed a strategy to demonstrate that the risks associated with the adopted units are reduced ALARP. 
· From my assessment of the RP’s proposals for the design of the RAB and the IB, I consider that the information submitted is consistent with UK relevant good practice such as the Civil Engineering TAG.
· From my assessment I consider that the proposed strategy to reduce risks to ALARP is consistent with UK relevant good practice in ONR, Guidance on the Demonstration of As Low As Is Reasonably Practicable (ALARP), NS-TAST-GD-005. 

[bookmark: _Hlk168596328]Overall, based on my step 2 assessment, I have not identified any fundamental safety shortfalls from a Civil Engineering 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: _Toc224064138]Introduction
This report presents the outcomes of my Civil Engineering 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] and [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 stepwise assessment of the Requesting Party's (RP) submissions with the assessments increasing in detail as the project progresses. Holtec International is the RP for the GDA of the Holtec SMR-300 design. Holtec International has designated Holtec Britain to manage the GDA project, including developing the SSEC. Holtec Britain is a wholly owned UK subsidiary of Holtec International.
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.
[bookmark: _Ref198044517]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 civil engineering (ref. [44]). This has formed the basis of this assessment and was also shared with the RP to maximise openness and transparency. 
This report describes one of a series of assessments which support ONR’s overall judgements at the end of Step 2 which are recorded in the Step 2 Summary Report (ref. [45]).
Scope
The assessment documented in this report is based upon the DRP and SSEC for the Holtec SMR-300 as summarised in the SSEC chapters and supporting documentation. 
The overall scope of the Holtec SMR-300 GDA is described in the Preliminary Safety Report (PSR) chapters A1 and A2 (ref. [1] and [2]). The GDA scope was agreed in Step 1 although this has been modified, with the agreement of the regulators, during Step 2 (refs. [46] and [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 (SSC) that are identified as being important to safety, security and safeguards, all modes of operation, and all stages of the plant lifecycle.
[bookmark: _Ref214285530]My civil engineering assessment scope is defined in my assessment plan (ref. [44]) which is discussed in detail in section 4.1 and includes the following topics:
Civil engineering safety case,
[bookmark: _Hlk198122209]Codes and standards, 
Design basis,
Structural design method statement and aircraft impact methodology,
Layout,
[bookmark: _Hlk198122555]Containment Enclosure Structure (CES), Annular Reservoir and Modularisation,
[bookmark: _Hlk198122589]Construction, Examination, Inspection, Maintenance and Testing (EIMT) and decommissioning,
Construction (Design and Management) (CDM)
With respect to the embedment of the CES and CS below grade, the design is being subject to a significant design change that is not formally presented in the DRP. In view of this my civil engineering assessment has not targeted the layout and form of the CS and CES below grade and this should be assessed in detail post GDA.
Some topics and Systems, Structures and Components (SSCs) originally included in my assessment plan are out of the scope due to ongoing design development and exclusion by the RP. I cover those in detail in section ‎3.1. 
However, given that this is a fundamental assessment and the design of the Holtec SMR-300 is still developing, not all aspects of the facility design are within the GDA scope. The following aspects are therefore out of scope for this assessment:
Radioactive Waste Building.
The Radioactive Waste Building (RWB) has been removed from the design reference, (ref. [37]). The functions associated with the separate RWB have been incorporated into the Reactor Auxiliary Building (RAB) for the SMR-300 project at the Palisades site as well as all future locations, (ref. [48] and [49]).
[bookmark: _Hlk197074713]Aircraft Impact Safety Case Strategy
This assessment has been undertaken by the ONR External Hazards topic lead, (ref. [50]).
Containment Structure
This assessment has been undertaken by the Structural Integrity topic lead, (ref. [51] ).
Interim Spent Fuel Storage Installation
The Interim Spent Fuel Storage Installation (ISFSI) is excluded from the scope of the civil engineering PSR (ref. [22]) as its design development is still at an early stage.
Spent Fuel Pool
The Containment Structure (CS) Internals, including the Spent Fuel Pool (SFP), are excluded from the scope of the Design Basis (ref [49] and RQ-01705).
Detailed design substantiation. 


[bookmark: _Toc224064139]Assessment standards and interfaces
For ONR, the primary goal of the GDA Step 2 assessment is to reach an independent and informed judgment on the adequacy of the design as detailed in the DRP, and the safety, security and safeguards case for the reactor technology being assessed.
ONR has a range of internal guidance to enable inspectors to undertake a proportionate and consistent assessment of such cases. This section identifies the standards which have been considered in this assessment.
This section also identifies the key interfaces with other technical topic areas.
Standards 
The ONR SAPs (ref. [41]) constitute the regulatory principles against which the RP’s case is judged. Consequently, the SAPs are the basis for ONR’s assessment and have therefore been used for the Step 2 assessment of the Holtec SMR-300.
The International Atomic Energy Agency (IAEA) safety standards (ref. [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]).
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)
The key SAPs applied within my assessment are ECE.1, ECE.2, ECE.12, ECE.14, ECE.15, ECE.20, ECE.25, ECE.26 and SC.1 
A list of the SAPs used in this assessment is recorded in Appendix 1.
1.1.2. Technical Assessment Guides (TAGs)
The following TAGs have been used as part of this assessment:
· NS-TAST-GD-096 - Guidance on Mechanics of Assessment (ref. [57])
NS-TAST-GD-005 - Guidance on the Demonstration of As Low As Reasonably Practicable (ALARP) (ref. [58])
NS-TAST-GD-017 - Civil Engineering (ref. [59])
1.1.3. National and international standards and guidance
The following international standards and guidance have been used as part of this assessment:
· IAEA, Format and Content of the Safety Analysis Report for Nuclear Power Plants, Specific Safety Guide No. SSG-61 (ref. [60])
· IAEA, Seismic Design for Nuclear Installations, Specific Safety Guide No. SSG-67 (ref. [61]).
· IAEA, Safety of Nuclear Power Plants: Specific Safety Requirements, SSR-2/1 (ref. [62])
Integration with other assessment topics
I have worked closely with other topic areas as part of my Civil Engineering assessment. Similarly, other assessors sought input from my assessment. These interactions are key to the success of GDA to prevent or mitigate any gaps, duplications or inconsistencies in ONR’s assessment. 
The key interactions with other topic areas were:
Nuclear Site Health and Safety on civil engineering Construction (Design and Management) Regulations 2015 (CDM) requirements.
External Hazards on the safety functional requirements for the justification of the Containment Enclosure Structure (CES) and Annular Reservoir (AR) following aircraft impact
Structural Integrity on interfaces between the CES and CS, and aging and degradation requirements of embedded components.
Internal Hazards and Fire Safety on layout requirements for fire safety.
Use of technical support contractors
During Step 2 I have not engaged Technical Support Contractors (TSCs) to support my civil engineering assessment for the Holtec SMR-300.


[bookmark: _Toc224064140]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 civil engineering. It also identifies the supporting documents submitted by the RP which have formed the basis of my civil engineering assessment of the SMR-300.
[bookmark: _Ref212037149]Summary of the Holtec SMR-300 design
The Holtec SMR-300 design is a Pressurised Water Reactor (PWR) with a single steam generator, including an integrated pressuriser and two Reactor Coolant Pumps (RCPs) providing forced circulation in normal operation. The target electrical power output of each SMR-300 unit is 320 MWe (from a thermal power of 1,050 MWth) with a design life of 80 years for non-replaceable components. The SMR-300 design submitted for assessment in GDA is a twin-unit design comprising two SMR-300 reactors and associated plant.
The SMR-300 is equipped with 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 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 US Design Authority, Holtec International, have made a decision to change the general arrangement of the CS and CES for the SMR-300, (ref. [63]), after formal submission of the initial GDA DRP (ref. [37]). The below grade portion of the CS will expand to the boundary of the CES and a Concrete Strengthened Steel Modules (CSSM) solution will be used for the outer wall (ref. [63]). The design change was presented in a decision paper primarily driven by the excessive amount of material required along with the space occupied by the 8’ (2.438m) additional concrete fill between CES and CS below grade, which was introduced during the transition from SMR-160 to SMR-300. The design change was categorised and presented to a committee for formal UK acceptance from Holtec GB before issue to US Holtec International for challenge and endorsement, (ref. [64]). This design change modifies the safety functional requirements placed on the CES below grade, and I have covered the implications on the civil engineering design in section ‎‎4.2.11.1.
The outputs from GDA, UK Prospective Design Changes and associated commitments identified in GDA will be used to inform a future DRP. Given this prospective design change has not been implemented into the DRP it has limited my ability to assess this aspect of the civil engineering design.
SSEC approach and structure
The SSEC for the SMR-300 consists of the PSR, the PER, the Generic Security Report (GSR) and the Preliminary Safeguards Report (PSgR), along with their supporting documents. The complete set of SSEC documentation submitted for the GDA is captured within the Master Document Submission List (MDSL) (ref. [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 United Kingdom (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 Civil Engineering
The aspects covered by the Holtec SMR-300 safety case for civil engineering can be broadly summarised as follows:
The CES consists of a cylindrical structure partially embedded below grade that envelops the CS and forms the outer wall of the AR, PSR Part B Chapter 20 Civil Engineering (ref. [22]). The top lid of the CES will provide access for steam generator removal and replacement through the CS using an external crane. Openings are to be provided in the CES top lid for the vent pipes to allow water vapour to escape from the AR, Design Specification for CES (ref. [65]).
The RP states that the CES shall be designed to withstand and provide support for safety-related SSCs for external events such as wind, tornadoes, hurricanes, floods, and earthquakes. The CES will withstand the effects of a Design Basis Threat (DBT) including malicious aircraft impact and protect the structures that it encloses (ref. [65]).The CES will provide radiation shielding around containment to reduce exposure to the plant personnel and the public (ref. [65]).
The Passive Containment Heat Removal System (PCH) is an Engineered Safety Feature (ESF) system or a safety system of the SMR-300. The PCH consists of the AR water and its associated instrumentation, the AR water recirculation loop, and containment pressure and temperature instrumentation (ref. [66]). 
The PCH interfaces with the outer face of the CS and the inner face of the CES that form the AR to perform its safety functions. The CS contains sufficient heat transfer area for PCH to remove heat from the containment atmosphere to the CS, then to the AR, and finally to the environment. The CES has a vent opening to the atmosphere (ref. [22]).
The AR is structurally contained by the CS and the CES and it is not part of the civil engineering scope. The safety functional requirements (SFRs) of the PCH are presented in PSR Chapter B1 (ref. [6]). The RP states that the justification of the safety functional requirements is presented in PSR Chapter B19 (ref. [21] and RQ-01611).
The RP has selected a modular CSSM option consisting of steel faceplates filled with concrete for the construction of the CES. This concept joins the faceplates with vertical and horizontal steel stiffener plates, (ref. [67]). The RP states that this type of construction enables parts to be shop manufactured as modular sections and field assembled, which significantly reduces construction time compared to reinforced concrete (ref. [65]).
The RP presents the schedule benefits of modularisation in preference to conventional reinforced concrete as a major driver for the selection of the CSSM (ref. [67]). The RP argues that this schedule reduction will lead to an overall construction cost benefit. The RP acknowledges that a detailed design methodology has not been developed yet for the CSSM concept, and this will be developed following relevant guidance from nuclear-specific US codes and standards together with testing and analysis.
The RP presents an overview of the AISC Design Guide 32, (ref. [68]), which highlights the construction timeline and cost benefits from incorporating a steel-concrete modular construction approach compared to a conventional reinforced concrete option (ref. [67]).
1.1.4. [bookmark: _Hlk198556494][bookmark: _Hlk196745806]Civil engineering structures within the GDA scope
The civil engineering scope of work for the GDA is defined in SMR-300 UK Generic Design Assessment Scope (ref. [69]).
The applicable NI civil engineering structures included in the scope of the GDA are:
1. Containment Enclosure Structure (CES)
1. Reactor Auxiliary Building (RAB)
1. Intermediate Building (IB)
Containment Enclosure Structure
The general arrangement of the CES is presented on drawing DRG-15268-R1, (ref. [70]).
The RP has stated that the CES is comprised of CSSM (ref. [67]). The RP claims this novel form of modular construction results in easier and faster procurement, as well as faster construction timescales (ref. [67]).
The RP states (ref. [22]) that the CES provides the following safety functions:
Provide support to Seismic Category I SSCs housed inside the CES.
Provide shielding to plant and personnel from radioactive sources inside the CS during power operations and postulated accidents.
Act as a physical barrier and provide protection to the CS and other SSCs enclosed within the CES from environmental hazards, such as tornado and heavy wind, and manmade hazards such as aircraft and missile impacts.
The CES is constructed using CSSM modular walls above and below grade with a composite deck lid at the top. The RP states that the design of the CES roof is not yet fully developed and when design details are established, the potential for aircraft impact on the roof will be assessed in line with UK regulatory expectations, (ref. [22]).
The RP states that the CES is to provide a water tight enclosure for the AR and the safety functional requirements of the AR are presented in Part B Chapter 1 (ref. [6]) and the justification in Part B Chapter 19 (ref. [21]). 
The RP states that the CSSM modular design of the generic SMR-300 will utilise relevant guidance from ANSI/AISC N690-18 (incl. Appendix N9) (ref. [71]), ACI 349-13 (ref. [72]) and ASME BPVC (ref. [73]) but the design methodology and substantiation will be based on ongoing analytical and experimental studies being undertaken by the Purdue Applied Research Institute (PARI). These ongoing studies will not be completed within the Step 2 GDA timescale.
Reactor Auxiliary Building
The RAB is a partially embedded five-level structure with two levels below grade. The basemat is located at -42' (-12.802m) below grade, and the highest level at 61'-6'' (18.745m) above ground (ref. [74]). 
The RP defines two main sections of the RAB: the non-Radiologically Controlled Area which houses the Main Control Room (MCR) and electrical equipment and the Radiologically Controlled Area (RCA) containing systems to support normal primary plant operations. 
The RAB is designed to perform the following safety functions (ref. [74]):
Provide protection and separation for the Seismic Category I (C-I) structures, mechanical and electrical equipment located outside the CS. Seismic Category I applies to both functionality and integrity. Seismic Category I applies to safety-related SSCs and those required to support or protect safety-related SSCs.
Provide the control room with provisions for plant operators to monitor and operate the plant during normal conditions and safely shutdown the plant following a Design Basis Accident (DBA).
The RP states that the RAB design approach, (ref. [75]) is based on complying with the applicable guidance requirements of 10 CFR 50 Appendix A Generic Design Criteria for Nuclear Power Plants (ref. [76]), 10CFR50 Appendix S Earthquake Engineering Criteria for Nuclear Power Plants (ref. [77]) and NUREG 0800 Standard Review Plan ( ref. [78]). The RAB concrete structures shall be designed per applicable guidelines in ACI 318 (ref. [79]) and ACI 349 (ref. [72]).
Intermediate Building
The RP states the IB structure is divided into two parts (ref. [80] and [49]):
One part is classified as Non-seismic Category and
The other as Seismic Category I (C-I) structure, both detailed in Section 6 of HI-2240312 (ref. [81]).
The IB is envisaged to be a reinforced concrete structure which interfaces with the CES and protects the Main Steam System (MSS) and Main Feedwater System (MFS) lines following their exit from the CES and before entering the Turbine Building, as shown on the general arrangement drawing DWG-15300 (ref. [82]).
The RP states that the IB design approach, (ref. [80]), is based on complying with the applicable guidance requirements of 10 CFR 50 Appendix A Generic Design Criteria for Nuclear Power Plants (ref. [76]), 10CFR50 Appendix S Earthquake Engineering Criteria for Nuclear Power Plants (ref. [77]) and NUREG 0800 Standard Review Plan (ref. [83]). The IB concrete structures shall be designed per applicable guidelines in ACI 318 (ref. [79]) and ACI 349 (ref. [72]).
1.1.5. Civil engineering safety case
The RP provides the high-level civil engineering claims and arguments for the Holtec SMR-300 in PSR Part B Chapter 20 (ref. [22]). The RP recognises that the design is conceptual (ref. [22]) and both the design and the safety case require further development.
The safety functional requirements of civil structures are outlined in the design basis documents (refs. [74], [84], [65], [75] and [81]). 
The RP states that the civil structure safety functional requirements are preliminary pending development of the fault schedule (ref. [22]). 
The RP states that the civil engineering SSCs will meet the high-level claims of the SSEC and that the SSCs can be substantiated at Pre-Construction Safety Report (PCSR) stage in PSR Chapter B Part 20, (ref. [22]).
The RP summarises claims, arguments and evidence (CAE) in Appendix A-1 (ref. [22]) and states that the primary purpose of a CAE approach is to capture the golden thread of a safety case narrative to demonstrate how plant and operational evidence is brought together and to justify a high-level or fundamental claim.
The RP confirms that the claims, arguments and evidence structure adopts the following approach:
Overarching SSEC Claim
Claim
Sub-Claim
The RP affirms that the overarching SSEC claim in the PSR Chapter B Part 20, (ref. [22]) is:
‘The design of the systems and associated processes have been developed taking cognisance of Relevant Good Practice (RGP) and substantiated to achieve their safety and non-safety functional requirements.’
The RP further decomposes this claim for civil engineering in PSR Chapter B Part 20, (ref. [22]) to:
‘The overall design and architecture of Civil SSCs ensure that safety functions and non-safety functions are delivered and faults arising from failures of the SSCs are minimised.’
The RP cites that an associated sub-claim is:
‘Civil SSCs are designed using appropriate Codes and Standards, taking cognisance of RGP and Operational Experience (OPEX).’

1.1.6. Demonstrating Risks are Reduced ALARP by Design
PSR Chapter B Part 5, (ref. [5]), states that the RP’s approach to the demonstration that risks can be reduced ALARP includes: 
1. Ensuring that legislative/regulatory requirements are complied with. 
Justification of the claim that the design follows RGP and that it has been used in the development of the design.
Assessment of the Tolerability of Risk (ToR) through comparison with the nine numerical Targets in ONR’s Safety Assessment Principles (SAPs), demonstrating that the risk is at least in the tolerable region and meets Basic Safety Levels (BSL). Options should only be disregarded if the sacrifice is grossly disproportionate to the benefits gained.
The RP provides a summary and conclusion of the demonstration that risks are reduced ALARP for Civil Engineering SSCs in PSR Part B Chapter 20 Civil Engineering, (ref. [22]).
[bookmark: _Hlk213404960]Basis of assessment: requesting party’s documentation
The principal documents that have formed the basis of my civil engineering assessment are:
Holtec SMR-300 GDA PSR Part B Chapter 20 Civil Engineering, HI-2240357 Revision No. 0 (ref. [22]).
Design Basis Report for Nuclear Classified Civil Engineering Structures, HI-2241296 Revision No. 0, (ref. [49]).
Codes and Standards Applicability Report for Civil Engineering, HI-2241293 Revision No. 0, (ref. [85]).
Structural Analysis and Design Methodology Report, HI-2241295 Revision No. 0, (ref. [86]).
Aircraft Impact Evaluation Methodology Report, HI-2241210 Revision No. 0, (ref. [87]).
Evaluation of Design Concept for SMR-300 Containment Enclosure Structure, HI-2241238 Revision No. 0.1, (ref. [67]).



[bookmark: _Toc224064141]ONR assessment
Assessment strategy
My assessment strategy was cognisant of the Step 2 objectives identified in ONR’s Generic Design Assessment Guidance to Requesting Parties (ref. [42]) as summarised in paragraph ‎6 of this report, ONR’s Risk-informed and targeted engagements (RITE) (ref. [39]) and ONR’s Guidance on Mechanics of Assessment (ref. [40]). The focus of my civil engineering assessment in Step 2 was to undertake a fundamental assessment of the concept design and safety case presented by the RP to identify any potential shortfalls that could prevent ONR permissioning the construction of a power station based on the design. This included engagement with various specialists within the RP in technical meetings and use of regulatory queries. This assessment does not capture all matters but presents my key findings in respect of the overall Step 2 objectives.
[bookmark: _Ref198041552]The focus of my assessment was identified in the Step 2 Civil Engineering Assessment Plan (ref. [44]), and summarised as:
Holtec SMR-300 civil engineering PSR: I assessed the PSR to identify SFRs of civil engineering structures. The SFRs inform the intended design and substantiation of the structures and demonstration that risks have been reduced ALARP. I sampled topics to gain confidence that the safety case development is in accordance with RGP. This aspect is covered in section ‎4.2.1.
Design principles and methods: I assessed the RP’s proposed approach to the design to gain confidence that the adopted approach is commensurate with RGP, with a focus on the approach for safety related SSCs. This aspect is covered in section ‎4.2.4.
Sample of proposed design features: I sampled the proposed design of the safety significant structures, focussing on the novel aspects of the design, in particular the CSSM and the embedment of the CES. The purpose of this was to undertake a fundamental assessment of the design to identify any potential ‘showstoppers’ which could preclude the deployment of the design in the UK. This aspect is covered in section ‎4.2.6. 
The concept design for Step 2 was defined in the GDA Design Reference Point (ref. [37]). The RP defined a single design option for Step 2 GDA and some aspects of the design were less mature than others. Through the assessment programme the layout of the nuclear island has developed and modified. In view of this, I have modified my assessment scope and some aspects of my sample of design solutions are limited. The design development and the subsequent post DRP modification of the nuclear island has not been reflected in the reference design. My sample has therefore been limited as is reflected by the change to the general arrangement of the CS and CES for the SMR-300 after formal submission of the initial GDA DRP. The below grade portion of the CS will expand to the boundary of the CES and a CSSM solution will be used for the outer wall, see §‎3.1. In view of this my civil engineering assessment has not targeted the layout, form and design of the CS and CES below grade.
My Step 2 assessment represents my view of the assessment topics (as stated in paragraph ‎11) for the Design Reference point (ref. [37]). I have conducted my assessment based on whether the design is likely to meet UK RGP based on proposed methodologies and principles and has reduced risks ALARP. In some areas where insufficient detail has been available in Step 2, or where further justification is required, I have identified these as a Regulatory Observation (RO). These are not necessarily fundamental shortfalls but will require consideration in post Step 2 development (as per ONR’s Guidance to Requesting Parties (ref. [88]). Some items will be addressed as part of ongoing design developments post GDA and are not specifically identified. 
The RP has acknowledged that the design is at a conceptual stage. This is reflected in the level of detail in my assessment.
Assessment
[bookmark: _Ref205904984]Civil engineering safety case
In this section, I have assessed sampled submissions against the RGP contained within IAEA SSR 2/1, requirement 4, ‘fundamental safety functions’ and requirement 14, ‘design basis for items important to safety’ (ref. [62]), Safety case production process SAP SC.1, Functional Performance SAP ECE.1 (ref. [41]) and TAG NS-TAST-GD-017-1 (ref. [59]).
These guides call for a coherent safety case that is accurate, objective, and capable of deriving and allocating safety functions and associated functional and design requirements to civil structures. Furthermore, it should explicitly set out the argument for why risks will be reduced ALARP (ref. [58]).
I sampled PSR Part B Chapter 20 (ref. [22]) and supporting documentation (refs [1], [2] [14], [63], [67] and [87]) focusing on the overall architecture of the civil engineering safety case, traceability of the civil engineering requirements and the RP’s arguments to reduce the risks to ALARP.
Due to the immaturity of the design, the SFRs cited by the RP for the civil engineering SSCs are high level and lack the accuracy required to fully underpin a safety case. 
The RP has proposed an approach to the development of a fault schedule (ref. [22], ref. [89] and [90]), categorisation and classification, (RQ-02105), for the SSCs which I consider may be used to develop the design requirements. In my judgement this will assist the RP to develop the golden thread from the SFRs through to the safety case post GDA.
[bookmark: _Hlk206068126]The architecture of the PSR generally aligns with the IAEA guidance for safety cases, SSG-61 (ref. [60]). In my opinion the high-level structure of the PSR reflects the early design stage of the project and this is acknowledged by the RP. As the design of the Holtec SMR-300 matures post GDA and based on my sample, I am satisfied that the safety case will also develop.
The RP has also provided a chapter (ref. [5]) on As Low as Reasonably Practicable (ALARP), which is applicable to all safety chapters. On this topic, the RP generally relies on equivalency between the ONR SAPs and the USNRC’s 10 CFR Part 50 and the codes and standards identified for the design as being RGP, and this is supported by the benchmarking carried out by the RP and covered in section 4.2.11.2. From my review, I am satisfied that the codes and standards proposed by the RP align with RGP subject to a review of their applicability in the UK context. In my opinion the RP’s commitments to reduce risks and application of the Design Management process (ref. [22]) will provide an attainable path for the final design to be demonstrated to reduce risks ALARP.
From my assessment I consider that the safety case is immature in view of SAPs EKP.4 and ECE.1. However, in my opinion the high level framework and principles submitted on this topic, at the Step 2 GDA stage, are consistent with UK relevant good practice IAEA SSR 2/1, (ref. [62]), SAP ECE.1 (ref. [41]) and TAG NS-TAST-GD-017-1 (ref. [59]). Based on my sample, I have not identified any fundamental shortfalls regarding the civil engineering safety case. 
Codes and standards
[bookmark: _Hlk206747409]In this section, I have assessed the submission against the RGP set out in “Requirement 9: Proven engineering practices” of IAEA SSR 2/1 (ref. [62]), SAPs ECE.1, ECE.2, ECS.3, ECS.4 and ECS.5 (ref [41]). 
The RP identifies principal codes and standards in the Codes and Standards Applicability Report for Civil Engineering, HI-2241293, (ref. [85]), used for the substantiation of SSCs against SFRs within the Nuclear Island (NI).
The proposed codes and standards are listed in Table 1, (ref. [85]), for justification of the SMR-300 civil engineering design. Seismic Category I requires maintaining the functionality and integrity of the structure, whereas Seismic Category II requires only to maintain the integrity of the structure. Seismic Category I applies to safety-related SSCs and those required to support or protect safety-related SSCs. Seismic Category II applies to SSCs that need to be designed to preclude their structural failure during SSE conditions or interaction with Seismic Category I SSCs.
[bookmark: _Ref215137810]Table 1 - Principal Civil Engineering Codes and Standards for SMR-300 Civil Structures (refs. [85] and [86])
	SSC Structure Type/Technical Topic
	Seismic Category I
	Seismic Category II
	Non-seismic

	Design of containment structures
	ASME BPVC
	N/A
	N/A

	Design of RC structures
	ACI 349-13
	ACI 349-13
	ACI 318-19

	Design of steel structures
	ANSI/AISC N690-18
	ANSI/AISC N690-18
	ANSI/AISC 360-22

	Design of CSSM structures
	ANSI/AISC N690-18, Appendix N9
	N/A
	N/A

	Seismic analysis
	ASCE/SEI 4-16
	ASCE/SEI 4-16
	IBC

	Aircraft Impact Evaluation
	NEI 07-13
	N/A
	N/A



I have identified that Table 1 does not include the latest standards, for example ACI 349-23 and N690-24. The RP has committed to undertake a post-GDA review for any new revisions of the principal codes and standards to establish whether the applied codes and standards still represent current RGP, (ref. [85]). I consider that the RP’s commitment adequately captures the potential shortfall. In addition, there is no explicit mention of ASCE-43-19, Seismic Design Criteria for Structures, Systems, and Components in Nuclear Facilities, a key standard for seismic design. The ASCE standard is indirectly mentioned by reference to NUREG-0800 (ref. [83] and [91]). I consider that this adequately addresses the potential shortfall.
[bookmark: _Ref214287315]The RP has identified the risk that the US design may encounter difficulty in achieving UK legislation and qualification requirements through CE/UKCA marking for structural steelwork and Certification Authority for Reinforcing Steels (CARES) (ref. [92]). During my assessment, I identified that steelwork designed in accordance with US standards will need to be reconciled for CE/UKCA marking. In accordance with TAG17, I expect compliance of structural steel products and reinforcing steel against UK standards and quality requirements. The RP acknowledged this requirement and captured it in the PSR, and I consider this to be an acceptable approach. 
The RP does not include the use of Eurocodes for the design of structures, however, it does recommend the application of certain clauses for crack widths, leakage, deflection, concrete strength and reinforcement detailing.
The RP has considered the applicability of these codes and standards in the UK context, to identify any significant gaps in the application of RGP (ref. [22]). Potential non-compatibility risks for the application of the adopted codes and standards in the UK context have been identified in HI-2241293 Codes and Standards Applicability Report for Civil Engineering (ref. [85]). It is recognised that the potential to use a combination of US design codes and standards combined with local metric material or product codes at the site-specific stage could potentially introduce compatibility risks. Work will be undertaken beyond the GDA to justify such potential incompatibilities
From my assessment, I consider that the codes, (ref. [85]), adopted for the design of steel and reinforced concrete structures align with RGP.
I have not identified any fundamental shortfalls against UK RGP for the design of reinforced concrete and steel structures. However, I have identified some aspects where the design/SSEC does not fully align with my regulatory expectations with regards to the use of these codes and standards for UK application of CE/UKCA marking for structural steelwork, see paragraph ‎94. The RP has acknowledged these in the PSR (ref. [22]), and I am content that they will be addressed as part of ongoing design developments post GDA.
I am satisfied that the RP recognises that use of ANSI/AISC N690-18 Appendix N9 is not fully valid for the design of the structural form proposed for the CSSMs. The RP has put forward a commitment to undertake a programme of analysis and testing of the CSSMs to provide the required level of substantiation for all SFRs (ref. [93] and ref. [22]), see ‎4.2.11.1 of this report for my assessment of the CSSM structural form.
My opinion on the use of the guidance in NEI 07-13 is discussed in paragraph ‎‎131.
From my assessment, I have not identified any fundamental shortfalls for this topic and I judge that the information submitted is consistent with UK RGP (IAEA SSR 2/1 (ref. [62])).
 Basis of Design
The RP presents the overall design philosophy for the US Reference Design of the Civil Engineering SSCs located in the NI in the Design Basis Report for Nuclear Classified Civil Engineering Structures (ref. [74]). The report provides an overview of each SSC and the layout philosophy, SFRs and safety classification, details of the applicable codes and standards, design principles and processes, materials, loads, load combinations and acceptance criteria used in the US Reference Design.
The RP claims that the SMR-300 has an operating life of 80 years in the Design Specification for the CES (ref. [65]), and further periods will be required for construction and decommissioning. 
I sampled the design basis for NI structures (ref. [49]) which states that the seismic category for all the NI civil engineering SSCs is Seismic Category I except for the Intermediate Building adjacent to the Turbine Hall which is non-seismic. In my opinion, I consider this approach to be reasonable although the SFRs of the civil engineering SSCs require identification and categorisation based on their safety significance post GDA, both during normal operation and in the event of a fault or accident. 
The detailed justification for the durability of materials comprising the structures of the NI has not been provided. Detailed requirements for examination, inspection and testing have not been provided in Step 2 of the GDA. I am satisfied that this evidence can be provided in post GDA design assessments.
The information provided by the RP in the Design Basis (ref. [49]) gives an overview of the overall design basis of the US reference design of the SMR-300. The RP acknowledges that this may need to be further developed to meet UK regulatory expectations. In my opinion, the current design reference point is at an early stage and as design development progresses this will affect design changes, and the Design Basis will require updates to become a basis of design which provides more detail and the rationale behind design decisions.
[bookmark: _Hlk204177905]From my assessment, I have not identified any fundamental shortfalls for this topic and I judge that the information that has been submitted on this topic is consistent with UK RGP such as the Civil Engineering TAG (ref. [59]).
[bookmark: _Ref205905357]Structural analysis and design methodology 
The RP has set out its analysis and design philosophy to ensure the civil engineering structures meet the design requirements for normal operational and accidental loads resulting from internal and external hazards in the Structural Analysis and Design Methodology Report, (ref. [86]). 
The RP has adopted a two-step approach for the analysis and design of the SMR-300 structures. 
The first step consists of analysing the NI structures with the soil under seismic and static conditions so the interaction of these structures with the soil is evaluated using commercially available Finite Element (FE) analysis software capable of performing Soil Structure Interaction (SSI) analyses. The first step obtains system-level responses such as floor acceleration time-histories and in-structure response spectra. 
The second step uses a decoupled soil-structure model which analyses structures and/or parts of structures separately. Design demands are used for sizing structural members and deformation checks.
The analysis and design of the structures is undertaken using a combination of FE software packages and software for manual/automated calculations. The principal software packages used for the analysis of the SMR-300 civil structures are presented in Table 2.
Table 2 - Software Packages used for the Analysis of SMR-300 Civil Structures (ref. [86])
	Software
	Purpose

	LS-DYNA
	3-D global FE analysis of the NI structures.

	ACS SASSI
	SASSI is used to validate the results of the SSI analysis obtained using LS-DYNA.

	SHAKE2000
	1-D seismic ground response analysis.

	ANSYS
	3-D local FE analysis of structures or parts of structures subjected to localised loads.



The RP states that the seismic analysis methodology adopted for the design of the SMR-300 NI structures is aligned with:
NUREG-0800 SRP 3.7.1 Seismic Design Parameters, (ref. [83]).
NUREG-0800 SRP 3.7.2 Seismic System Analysis, (ref. [91]).
ASCE/SEI 4-16, Seismic Analysis of Safety-Related Nuclear Structures, (ref. [94]).
ASCE/SEI 43-05, Seismic Design Criteria for Structures, Systems, and Components in Nuclear Facilities, (ref. [95])
The RP proposes to use LS-DYNA to undertake a global seismic analysis that comprises the following features:
NI structures modelled to behave elastically.
Soil-structure contact interfaces modelled to capture any potential geometric nonlinearities. Elsewhere, the soil is modelled as a linear-elastic material.
The seismic input is applied in the form of acceleration time-histories to the bottom of the modelled subgrade.
Validation of the seismic and SSI is ongoing, and the RP proposes to use Section 5.1.11 of ASCE 4-16 for this purpose.
Results obtained from the local analyses carried out in ANSYS are used to calculate the design demands on structures, which are used for undertaking the following designs:
Strength design
Serviceability design
Foundation design (stability and structural)
The RP has stated that sensitivity studies are undertaken to address the variability and uncertainties relating to the following aspects (ref. [22]):
Soil material
Soil-structure contact interface
Groundwater level
Mesh size
Concrete cracking
Structure-soil-structure interaction
I am content that both ANSYS, ACS SASSI and LS-DYNA are well-recognised software packages capable of completing advanced structural analysis that are widely used for analysis of nuclear facilities and align with SAP ECE.12 (ref [41]).
The generic design parameters, including wind, rain, temperature, ground and soil properties for safety related structures are defined in the Environmental Conditions report (ref. [96]). Although further work will be required during site specific, I have not found any significant shortfalls against RGP in this area.
The loads, load cases and load combinations for Seismic Category I structures are identified in the SMR-300 Design Standard for Basic Civil Structural Requirements according to Seismic Class, (ref. [97]). This Design Standard document also establishes civil structural design requirements for Seismic Category II and Non-Seismic category structures. The load cases and load combinations are aligned with ACI 349 (ref. [72] and AISC N690 [71]) and include sloshing effects in the AR due to a SSE. It should be noted that the RP is applying a seismic design response spectrum with a zero period acceleration of 0.4g (ref. [23]) to NI buildings for the seismic design to allow the deployment of the technology across different countries with limited modifications to the design. This loading is above what would normally be expected for the UK and I have highlighted this to the RP.
I have not found any significant shortfalls against RGP in this area.
I am content that the RP’s proposed two stage design methodology, which firstly analyses the NI structures with the soil under seismic and static conditions and then secondly analyses a decoupled soil-structure model is consistent with RGP for SSI, Soil Structure Soil Interaction (SSSI) and structural analyses (ref. [59]).
With respect to the design methodology for the CSSM my assessment is presented in §‎4.2.10.1.
The RP proposes to undertake both code verification and calculation verification through manual extraction of results to verify automated results under the Holtec Quality Assurance program, (ref. [86]). The RP proposes to independently validate the software packages, using suitably qualified personnel, for different versions of the software, on different computer machines, and comparing the simulation results to reference results for a variety of vendor-supplied validation cases. I consider that this approach aligns with RGP.
[bookmark: _Hlk201060521]I consider that the information that has been submitted on the structural analysis and design methodology is consistent with UK relevant good practice for example ECE.14 - Sensitivity studies (ref. [41]), ECE.15 - Validation of methods (ref. [41]) and §5.26 of SSG-67 (ref. [61]). 
Aircraft Impact methodology
The RP states that the aircraft impact evaluation methodology is based on the provisions of the NEI 07-13 standard [98] while considering explicitly the specific safety features of the SMR-300 such as the Containment Enclosure Structure and Annular Reservoir. 
The RP presents a description of the aircraft impact evaluation methodology focusing on performance requirements and acceptance criteria, overall evaluation principles and processes, local and global response analysis approaches, induced vibration evaluation and fire effects evaluation is presented in the Aircraft Impact Evaluation Methodology Report, (ref. [87]). The RP states that future site-specific evaluations may further consider the provisions of the IAEA Safety Reports where necessary.
Malicious and accidental aircraft impact for SMR-300 are defined as Beyond Design Basis Events (BDBEs) as stated in the Aircraft Impact Safety Case Strategy Report, section 2.1.2 (ref. [99]). It is worthwhile to note that, in the IAEA guidance BDBEs are classified as Design Extension Events (DEEs).
I note that past experimental and analytical experience of aircraft impact is lacking for this new and novel CSSM structural form. In my opinion it is important to recognise that these new design features, such as CSSM, may be subject to failure modes that are outside the existing experience base, and therefore require further experimentally verified analytical evaluations, (ref. [98] and ECS.5 ref. [41]).
I assessed the Aircraft Impact Evaluation Methodology Report, (ref. [87]) and found that the impact scenarios did not explicitly address malicious aircraft impact on the RAB and the CES “lid” with regard to SFRs, impact angle and impact location. I raised RQ-01595 for further information about the CES “lid” and RQ-01858 about the SFRs associated with the RAB. In response the RP stated that the design will be assessed in line with ONR regulatory expectations after Step 2 of the GDA.
In my judgement the presence of CSSM faceplates together with diaphragm plates naturally leads to increased missile impact resistance of the CES as the scabbing, perforation, penetration and through thickness cracking risks are removed or reduced.
I am satisfied that the additional justification for the current CES roof and aspects of the RAB to meet UK expectations can be undertaken post GDA as the RP has acknowledged this, PSR Part B Chapter 20 (ref. [22]) and has raised a Design Challenge HI-2250436-R0.0 to address this issue.
[bookmark: _Ref205541917][bookmark: _Ref214287389]I have reviewed the use of NEI 07-13 for this design as the aim of this guidance is to prevent global collapse. I have also considered the safety case claims on the availability of passive cooling (i.e. availability of the AR) after an aircraft crash. In my opinion the use of the guidance found in NEI 07-13 (ref. [98]) for the justification of the CES is adequate for overall stability and protection of the CS. However, given the post event requirement for core cooling the prevention of leakage from the Annular Reservoir should be reviewed by the RP and the performance criteria quantified, (see RQ-01601, RQ-01611 and RQ-01800). The use of stress limitation in addition to strain limits should be considered. I am content that this will be addressed as part of the ongoing design developments post GDA.
From my assessment, I have not identified any fundamental shortfalls for this topic and I judge that the information that has been submitted on the structural analysis, design methodology and aircraft impact methodology is consistent with UK RGP as articulated in the Civil Engineering TAG (ref. [59]).
Layout
In the absence of a formal design control process (RQ-01767 and ref. [100]) the initial approach to layout are set out by the RP in the SMR-300 Top Level Plant Design Requirements Paper (ref. [101]), which presents the Design Philosophy, along with Electric Power Research Institute Utility Requirements Document (EPRI URD) derived plant requirements. The RP has now issued a design control process (ref. [102]).
The RP’s plant layout requirements are captured initially in the civil design of structures and buildings. The high-level information in the Requirements Paper is laid out as design specification documents, which informs the preparation of the building general arrangement drawings where equipment is located, and rooms are sized accordingly:
Design Specification for the Containment Structure (ref. [84])
Design Specification for Containment Enclosure Structure (ref. [65]) 
Design Specification for Reactor Auxiliary Building (ref. [75])
Design Specification for Intermediate Building (ref. [81])
The RP presents Nuclear Site Health and Safety and Conventional Fire Safety in Part B Chapter 12 (ref. [14]). The management of Nuclear Site Health and Safety applies to the full lifecycle of all Civil Engineering SSCs. The RP also states that Conventional Fire Safety was considered when establishing the layout of escape routes and firefighting access (ref. [103]). The fire safety inspector has considered this aspect in their report (ref. [104]).
The RP has provided justification for layout considerations for the below grade embedment of the CS and CES based on passive cooling and hydraulic head requirements, (RQ-01775). The RP stated in RQ-01775 that the justification for this embedment was attributed to the passive cooling and hydraulic head requirements, for the CS and CES.
I consider the embedment of the CES, CS and RAB below grade layout to be novel, §20.1.1 of Part B Chapter 20 (ref. [22]), with respect to their application in the UK. Although embedding part of the buildings presents advantages (e.g. limit the target area for a MAI and passive cooling), the embedded structures proposed by the RP bring challenges (e.g. large scale excavation, construction safety, flooding, fuel fire and decommissioning). 
The RP provided some additional justification for the embedment on the basis that the additional perimeter stability from surrounding soil embedment improves the seismic performance of the CES and reduces the risk of overturning or sliding (ref. [67]). In view of the seismic gap at the interfaces of the CES/RAB and the CES/IB, which extends to a significant depth, I consider this performance improvement to be limited and the justification misaligned with the requirement for a balanced account for the safety case (ref. [105]).
[bookmark: _Ref204084261][bookmark: _Ref213769860]I note that IAEA SSG-67 (ref. [61]) recommends that different embedment depths of adjacent buildings and lack of symmetry are avoided, in the preliminary design stage, to minimize seismic interaction.
[bookmark: _Ref205882573]The RP has not presented the justification for the embedment of the RAB below grade in the absence of a formal design process at the layout development stage. 
From my assessment, I have not identified any fundamental shortfalls against UK RGP, ELO.1 (ref. [41]), however I have identified some aspects where the design/SSEC does not fully align with my regulatory expectations, see paragraph ‎137. However, I judge that these can be addressed as part of ongoing design developments post GDA. I have not identified any fundamental shortfalls for this topic.
[bookmark: _Ref205905434]Modularisation
The RP’s approach to modularisation is presented in the Evaluation of Design Concept for SMR-300 CES (ref. [67]) which gives an overview of the US reference design for the CES, CSSM and AR which aligns with the DRP (ref. [46]).  
The RP states that the CSSM modularisation construction technique includes prefabrication off-site for improved quality, reduced on site schedule and increased overall safety. The CSSM system provides advantages, notably the elimination of formwork and reinforcement installation. The RP claims that this results in reduced labour demands and shorter construction schedules although this requires confirmation. In my judgement the CSSM system does have the potential to reduce labour demands and construction periods which may be confirmed during construction at Palisades.
From my assessment, with the exclusion of the CES design change I have not identified any fundamental shortfalls for this topic and I judge that the information that has been submitted is consistent with UK relevant good practice such as the Civil Engineering TAG (ref. [59]).
Construction, EIMT and decommissioning
The RP has presented an overview of the construction philosophies adopted in PSR Part B Chapters 20 and 25 and Part A Chapter 2 (refs. [22], [27] and [2]) which I consider to align with the requirements of SAP ECE.25 at this stage of the design.
The generic SMR-300 design will use standardised component sizes, types, and installation details to improve construction, maintenance, and operations. ‘Off-the-shelf’ components as opposed to ‘special-order/design’ components are used to the maximum extent practical (ref. [27]). 
The RP cites prefabrication, preassembly, and modularisation as methods to reduce capital cost and construction time. The RP also cites simplification and facilitation of construction activities as considerations to mitigate onsite risk to personnel (ref. [27]).
Although the RP states that the site construction requirements will be developed during the detailed design (ref. [65]), construction of the NI is comprised of a deep excavation, extending 78' (23.774m) below grade for the construction of a reinforced concrete basemat. The DRP (ref. [37]) shows that the CES and the CS layout, adopted for the GDA, will be founded on a common reinforced concrete basemat. The CES extends up to an elevation of 134' (40.843m) above grade. 
The RP also indicates that the construction of the RAB will be a reinforced concrete structure founded on a reinforced concrete basemat, embedded in a deep excavation, 42' (12.802m) (top of concrete) below grade.
Although the RP has acknowledged that deeply embedded structures can pose challenges during the different phases of a project; for example, health and safety during excavation, confined spaces, inaccessible areas for EIMT, SAP ECE.20 (ref. [41]), during operation of the plant, these will be considered post GDA and with Learning From Experience (LFE) (ref. [27]) from construction of the SMR-300 at Palisades.
The RP states in response to Claim 2.2.11.4 – A2 that the generic SMR-300 design takes into consideration of Examination, Inspection, Maintenance and Testing (EIMT) requirements, to ensure that civil SSCs will continue to meet their design intent throughout the lifetime of the SMR-300, including provision for appropriate access. The RP states that an effective EIMT programme will be in place throughout the lifetime of the facility (ref [22]).
I judge that there are important aspects of EIMT regarding the embedded structures that must be reviewed by the RP post GDA.
The RP states that the Fundamental Purpose of the GDA SSEC is to demonstrate that the generic Holtec SMR-300 can be constructed, 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. [28]).
The RP states that extensive OPEX and RGP associated with Pressurised LWRs gives confidence that the design processes and associated management arrangements will identify the appropriate operational activities within the maintenance schedule to support the EIMT programme. The RP also states that the use of ASME design codes, NRC regulations and EPRI guidance also gives confidence that the SMR-300 design will adequately account for key degradation and ageing mechanisms. 
[bookmark: _Ref214287649]The RP confirms that additional work may be required after the GDA phase, which would focus on further evaluating degradation and ageing mechanisms with particular attention on novel aspects of the SMR-300 design that are important to safety, such as the AR, the subterranean RAB and the embedded CES (ref. [11]). The RP's GDA commitment C_MSQA_109 is identified in Part A Chapter 4 (ref. [4]) to develop an ageing and degradation strategy to verify SMR-300 arrangements and activities for degradation management in the UK context.
The RP is cognisant that EIMT considerations are captured using the Design Change Procedure (ref. [63]) during the design development post GDA.
The RP claims that a strategy for decommissioning is presented in PSR Part B Chapter 26 (ref. [28]) to justify Claim 2.3, that the design of the Holtec SMR-300 considers the entire reactor lifecycle and in particular Claim 2.3.2 that the Holtec SMR-300 can be safely decommissioned.
The RP states that there is little benefit in delayed decommissioning as the primary isotopes include longer lived ones (ref. [22]) and it has proposed that a seven year schedule for the main activities is feasible. 
The RP has presented tangible evidence, in line with the SAP ECE.26, that decommissioning has been considered in the design process by the inclusion of a polar crane for lifting and openings in the CES lid for the removal of the RPV and steam generator (ref. [65]). The RP demonstrated that the absorption of the RWB into the RAB reduces the number of separate buildings requiring decontamination and dismantling.
The information provided by the RP in the PSR (ref. [22]) gives an overview of the construction, EIMT and decommissioning basis of the US reference design of the SMR-300. From my assessment, I consider the current design reference point to be preliminary and as design development progresses this will affect design changes and will require updates to construction, EIMT and decommissioning activities to align with ECE.25, and ECE.26 which provide more detail and the rationale behind design decisions. The RP has acknowledged this, see paragraph ‎‎157, and I am content that they will be addressed as part of ongoing design developments post GDA. On this basis, I judge that there are no fundamental shortfalls.
CDM
The RP assumes that a future licensee/operator will take the responsibility for the Duties of Designers as set out in Regulation 9, (ref. [106]). The RP states (ref. [106]) that Holtec Britain will discharge the duties set out for designers in the Construction (Design and Management) Regulations (CDM 2015) post GDA in Phase 2 of the design process.
The RP claims, in PSR Part B Chapter 25 Construction and Commissioning (ref. [27]), that the adopted approach to construction and commissioning ensures all required substantiation evidence is generated whilst ensuring nuclear safety related risks are appropriately controlled by the implementation of a CDM Strategy (ref. [106]) and the Nuclear Site Safety Management System Report (ref. [107]) which sets out the process by which Holtec Britain will discharge their responsibilities as a Duty Holder under CDM 2015 and that the Management of Safety and Quality Assurance (MSQA) arrangements are in place.
The RP stated, in RQ-01611, that they will not provide a comprehensive Designer's Risk Assessment during Step 2 of the GDA. I consider this to be inconsistent with the requirements of CDM.
In my opinion the RP holds a position of designer under the requirements of CDM 2015 and the responsibilities to eliminate or reduce risk have not been fully discharged during Step 2 of the GDA with the confirmation that the RP would not issue a comprehensive Designer’s Risk Assessment in Step 2 of the GDA.
I note that the proposal to fulfil the duties of Principal Designer post GDA in Phase 2 risks design change at later stages in the project.
I have identified shortfalls against UK relevant good practice and the requirements of CDM 2015, in the Civil Engineering TAG (ref. [59]), however I judge that they do not represent fundamental shortfalls with the design or safety case. Holtec has acknowledged these shortfalls and has issued a strategy (ref. [106]) to address these in future project stages and I judge that the final design could be compliant with UK regulatory requirements and expectations. 
Metrication
The RP identified three options for the plant design units when developing the Holtec SMR-300 design for deployment in the UK:
Fully US Imperial
Fully SI Metric
A mixture of US Imperial and SI Metric (“Hybrid design”).
The RP has set out a strategy to review the need for metrication through a Metrication Safety Justification Overview, (ref. [108]). The RP has undertaken some preliminary studies to assess the associated hazards Pilot Desktop HAZID Study (Spent Fuel Pool Cooling System), (ref. [109]), Hazard Analysis Report on Metrication, (ref. [92]) and Metrication Hazard Assessment Process and Affected Areas, (ref. [110]).
In my opinion the application of the International System of Units (SI) is good practice for engineering work in the UK due to its consistency, ease of use, and international standardisation. It promotes clarity, reduces errors, and facilitates global communication.
ONR guidance, (ref. [88]), states that where existing safety documentation is used, ONR requires that the generic safety and security cases are presented in, and the NPP will be built and operated using SI (International System) Units. The RP has presented US Imperial units in the reference design which I consider to be inconsistent with the requirements of Guidance to Requesting Parties on the Generic Design Assessment (GDA) process for safety and security assessments of new Nuclear Power Plants (NPP) (ref. [88]).
I consider SI units to be RGP for the design and operation of an NPP in the UK. Notwithstanding this, Holtec have proposed a strategy to review the use of SI and US Imperial units, see ref. [108].
I have identified shortfalls against UK relevant good practice, however I judge that they do not represent fundamental shortfalls with the design or safety case and Holtec has raised a commitment to address these in future project stages. 
Civil engineering structures within the GDA scope
[bookmark: _Ref204697436][bookmark: _Ref213660948][bookmark: _Ref213999605]Containment Enclosure Structure
The concept design of the Holtec SMR-300 Nuclear Island includes a CES which is comprised of a novel structural form, CSSM. The CES is a nuclear safety-related structure that encloses the CS and forms the outer face of the AR. The CES is deeply embedded below the ground surface. The CES will be designed to withstand external event loadings including seismic events and design basis threat loads such as malicious aircraft impact.
The RP has excluded the AR from the civil engineering design. I have not considered the interfaces between the AR and the CES, but as stated before the SFRs are being developed. As the design progresses I judge that the SFRs for the SSCs associated with the AR will be clarified and this will enable the design of the CES, CS and any interfaces to develop post GDA, Fault Analysis Maturity (ref. [90]).
The design changes affected by the design challenge (ref. [64]) have a major impact on the design philosophy of the CES and CS below grade as the CSSM structural form converts to a containment structure. The post GDA design process (ref. [64]) and subsequent assessment must take cognisance of this and in particular the requirements that will be imposed on the CSSM as a containment structure.
To gain further insight into the RP’s design methodologies applicable to the CES and its use of CSSM, I have issued RQ-01595, RQ-01601, RQ01611 RQ-01616, RQ-01639, RQ-01678 and RQ-01705. 
The RP recognises that the CSSM construction utilised for the CES is novel and has had limited previous civil nuclear applications. One of the available nuclear-specific steel plate concrete composite design codes is Appendix N9 of ANSI/AISC N690-18 (ref. [71]). The AISC Steel Design Guide 32, (ref. [68]) contains design guidance for modular steel-plate concrete composite walls. The absence of some of the composite and profile features in the proposed CSSM necessitates further consideration of the applicability of ANSI/AISC N690-18 Appendix N9. The AISC Design Guide 32 has limited data for curved module walls and so has limited applicability. I consider that, given the safety significance of the CES, this is a shortfall and further work is required to fully identify the functional performance requirements and to substantiate that the design can deliver these requirements throughout the proposed lifetime of the plant.
[bookmark: _Hlk211238622]From my assessment of this information and in view of the ongoing development of a design methodology, and the absence of nuclear industry design codes that are wholly applicable to the CSSM, I judge that insufficient information has been presented to form a judgement on the fundamental adequacy of the SMR-300 design or safety case in this topic area. Therefore, I have issued a Regulatory Observation (RO-HOLTECSMR300-014, AR-01796) entitled ‘Design methodology for the justification of the Concrete Strengthened Steel Modules’ (ref. [111]), https://www.onr.org.uk/publications/regulatory-reports/generic-design-assessment/holtec-smr-300-regulatory-observations-and-resolution-plans.
The RP has provided a Resolution Plan (ref. [112]) for the RO (ref. [111])) which provides a post GDA strategy for the resolution of the shortfall. I judge that the strategy will provide a framework for the resolution of the RO post GDA and there are no fundamental shortfalls with the strategy, https://www.onr.org.uk/publications/regulatory-reports/generic-design-assessment/holtec-smr-300-regulatory-observations-and-resolution-plans.
Therefore, in summary I judge that, given the safety significance of the CES, there are still potential gaps in the justification of the CES that the RP needs to address. 
Reactor Auxiliary Building
The RP’s design approach, (ref. [49]) for the RAB is based on the US SMR-300 reference design for Palisades which focuses on complying with the applicable guidance requirements of 10 CFR 50 Appendix A Generic Design Criteria for Nuclear Power Plants (ref. [76]), 10CFR50 Appendix S Earthquake Engineering Criteria for Nuclear Power Plants (ref. [77]) and NUREG 0800 Standard Review Plan (ref. [78]). The RP has undertaken a review of the 10 CFR Part 50, Appendix A, General Design Criteria for Nuclear Power Plants against the requirements of the civil engineering SAPs, (ref. [113]). Whilst this review is high level both the US and the UK regulations, regulatory requirements and guidance are consistent with IAEA requirements. The RP concluded that approximately half of the civil engineering SAPs are aligned with the US regulations and guidance. The RP considers the remaining civil engineering SAPs are considered to be Aligned Once Resolved (AOR) and will be subject to Design Challenges during or post GDA. I judge that this approach is reasonable and if the RP continues with this strategy the final design could be consistent with UK RGP.
The RP has clarified, in RQ-02058, that the intended structural form of the RAB is reinforced concrete, consistent with the general arrangement drawing DWG-15299-R3.0 (ref. [114]). The RP also states that the post GDA design of the RAB may evolve to use CSSM. The RP reports a similar status for the IB, RQ-02058. I judge that this highlights the immaturity of the design and further assessment on the structural form is unnecessary within Step 2 of the GDA.
The information that has been submitted on this topic is consistent with UK RGP such as the Civil Engineering TAG (ref. [59]). If the RP continues to develop the SMR-300 design and SSEC in line with this design approach the final design could be consistent with UK RGP. I have not identified any fundamental shortfalls.
Intermediate Building
The RP’s design approach, (ref. [49]), for the IB is based on the US SMR-300 reference design for Palisades which focuses on complying with the applicable guidance requirements of 10 CFR 50 Appendix A Generic Design Criteria for Nuclear Power Plants (ref. [76]), 10CFR50 Appendix S Earthquake Engineering Criteria for Nuclear Power Plants (ref. [77]) and NUREG 0800 Standard Review Plan (ref. [78]). Based on the RP’s review of 10 CFR Part 50, Appendix A and the proposed way forward, I judge this to be reasonable and if the RP continues with this strategy the final design could be consistent with UK RGP.
Although there is limited information on the IB, the information that has been submitted on this topic is consistent with UK relevant good practice such as the Civil Engineering TAG (ref. [59]). I have not identified any fundamental shortfalls. 
Demonstrating Risks can be Reduced ALARP by Design 
The format and structure of the PSR largely aligns with the IAEA guidance for safety cases, SSG-61 (ref. [60]), supplemented to include UK specific chapters such as Structural Integrity and Chemistry. The RP has also provided a chapter on As Low as Reasonably Practicable (ALARP), which is applicable to all safety chapters.
The RP has presented a process for the assessment of risk reduction options in the Design Management process (ref. [64]). This is intended to give the RP the opportunity to raise retrospective Design Challenges as part of the Design Management process to assess whether any of the challenges have an impact on the Civil Engineering topic. Whilst this is applied retrospectively to the US concept design, I consider that if the RP continues with this strategy the final design could reduce risks ALARP.
The information that has been submitted on this topic is consistent with UK RGP in regulating duties to reduce risks to ALARP (ref. [58]). I have not identified any fundamental shortfalls.


[bookmark: _Toc224064142]Conclusions
This report presents the Step 2 Civil Engineering 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:
From my assessment of the PSR which forms the basis of the civil engineering safety case, I consider that the philosophy and structure for a STEP 2 GDA aligns with RGP and the intent of SAP SC.1 (ref. [41]) and SSG-61 (ref. [60]).
From my assessment of the codes and standards proposed for the civil engineering design I consider that the submission aligns with the RGP set out in “Requirement 9: Proven engineering practices” of IAEA SSR 2/1 (ref. [62]), SAPs ECE.1 and ECE.2 (ref. [41]).
From my assessment of the design basis, structural analysis, design methodology and aircraft impact methodology for nuclear island structures, I consider that the information submitted is consistent with UK RGP such as ECE.14 - Sensitivity studies (ref. [41]), ECE.15 - Validation of methods (ref. [41]) and §5.26 of SSG-67 (ref. [61]). 
From my assessment of the proposed layout of civil engineering structures, I consider some aspects of the design do not fully align with my regulatory expectations. However, I judge that these can be addressed as part of ongoing design developments post GDA (ref. [59]). 
I judge from my assessment of the RP’s proposal for modularisation using the CSSM system that it provides advantages, notably the elimination of formwork and reinforcement installation. 
My assessment of the RP’s analysis and design methodologies for the proposed use of CSSM for construction of the CES has revealed a potential shortfall. I consider that, given the safety significance of the CES, there are still significant gaps in the justification of the CES that the RP needs to address. In view of the ongoing development of a design methodology I have issued a Regulatory Observation (RO) entitled ‘Design methodology for the justification of the Concrete Strengthened Steel Modules’ (ref. [111]).
From my assessment of the construction, EIMT and decommissioning strategies for civil engineering structures I consider that they align with RGP such as the Civil Engineering TAG (ref. [59]).
From my assessment of the application of CDM principles, I observe that the RP has not undertaken all the duties of a designer in Step 2 of the GDA in line with RGP such as the Civil Engineering TAG (ref. [59]) and has presented a methodology for meeting UK specific requirements. I note that this has the potential to impact aspects of construction in the UK. However, I am satisfied that this can be considered post Step 2 GDA. I am satisfied that there are no fundamental shortfalls associated with the application of CDM principles. 
From my assessment of metrication, I note that the RP, in the absence of a design wholly based on SI units, has proposed a strategy to demonstrate that the risks associated with the adopted units are reduced ALARP. Whilst I consider SI units to be RGP (ref. [88]) for the design and operation of an NPP in the UK I am satisfied that there are no fundamental shortfalls associated with the application of this strategy.
From my assessment of the RP’s proposals for the design of the RAB and the IB I consider that the information submitted is consistent with UK relevant good practice such as the Civil Engineering TAG (ref. [59]).
From my assessment I consider that the strategy that has been submitted on regulating duties to reduce risks are reduced ALARP is consistent with UK relevant good practice in Guidance on the Demonstration of As Low As Is Reasonably Practicable (ALARP) (ref. [58]). 
Overall, based on my assessment to date, and subject to the provision and assessment of suitable and sufficient supporting evidence, I have not identified any fundamental safety shortfalls that could prevent ONR granting permission for construction of a power station based on the generic Holtec SMR-300 design.
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	SAP reference
	SAP title

	ECE.1
	Functional performance

	ECE.2
	Independent arguments

	ECS.3
	Codes and standards

	ECS.4
	Absence of established codes and standards

	ECS.5
	Use of experience, tests or analysis

	ECE.12
	Structural analysis and model testing

	ECE.14
	Sensitivity studies

	ECE.15
	Validation of Methods

	ECE.20
	Inspection, testing and monitoring

	ECE.25
	Provision for construction

	ECE.26
	Provision for decommissioning

	SC.1
	Safety case production process
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