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[bookmark: _Toc118892109][bookmark: _Toc216793024][bookmark: _Toc109727646]Executive summary
In August 2024, following completion of Step 1, the Office for Nuclear Regulation (ONR), together with the Environment Agency and Natural Resources Wales, began Step 2 of the Generic Design Assessment (GDA) of the Holtec SMR-300 design. Holtec International is the Requesting Party (RP) for the GDA. Holtec International appointed its wholly owned UK subsidiary, Holtec Britain, to manage the GDA on its behalf. 
The SMR-300 is a pressurised water reactor with a power of ~1050 MW (thermal) and a generating capacity of ~ 320 MW (electrical) and is designed to have an operational life of 80 years. The GDA is being conducted on a twin unit design, comprising two SMR-300 reactors and associated plant. Innovation comes from the extensive use of passive safety systems and using a single steam generator per reactor. The RP states the design is at an advanced concept stage of development and is being further developed during the GDA in parallel with the RP’s safety, security, safeguards and environmental cases (SSEC). Holtec International is undertaking pre-licencing engagement with the United States Nuclear Regulatory Commission (US NRC), however we are the first regulator to undertake formal assessment of the SMR-300 design.
The RP has stated that, at this time, it has no plans to undertake Step 3 of GDA. It anticipates that any further assessment by the UK regulators of the SMR-300 design will be on a site-specific basis. 
During this step, we have undertaken an assessment focused on the adequacy of the design, and the safety, security and safeguards cases, with the intent of identifying any fundamental shortfalls in meeting regulatory expectations. These activities are defined within our GDA guidance document, 'New Nuclear Power Plants: Generic Design Assessment Guidance to Requesting Parties’, ONR-GDA-GD-006 Revision 1, August 2024. 
This report has been produced:
To summarise ONR’s judgement on whether we have identified any fundamental shortfalls with the generic SMR-300 design that could challenge future deployment in Great Britain; 
To summarise ONR’s judgement on whether the objectives for Step 2 have been met; and
To summarise the activities undertaken by both the Requesting Party and ONR during the step.
Our assessment considered all of ONR’s statutory purposes relevant to GDA (nuclear safety, nuclear site health and safety[footnoteRef:2], nuclear security and safeguards) across 21 technical topics. We used ONR’s standards and guidance as the basis for our assessments, and we also actively considered relevant International Atomic Energy Agency standards and requirements, given the RP’s objective to have an international standardised design. We targeted our assessment using a sampling approach, based on the significance, novelty, or hazard potential to determine an overall view on the adequacy of the design and the methodologies, approaches, codes and standards used for its development.  [2:  Nuclear site health and safety is referred to as conventional health in our guidance this will be updated to nuclear site health and safety in the next revision (ref. [2]).] 

We have raised 14 regulatory observations during this GDA. These were raised in a number of our assessment topic areas and relate to the design, safety case, and methodologies. The RP has produced credible resolution plans for all of the regulatory observations, to which we have agreed. If adequately implemented, we consider the work identified by the RP should be sufficient to resolve our concerns and support a future design and safety case demonstration.
The SSEC submitted by the RP is GB-specific but is based on information and analysis under development for the Palisades SMR-300 project in the US, where Holtec is intending to submit a construction permit application to the US NRC Commission in 2026.
Our assessments have concluded the following:
The SSEC submitted in Step 2 was to an acceptable quality and reflected the operating experience and expertise in the nuclear industry of Holtec International, the designer of the SMR-300. The SSEC was comprehensive, logical, and suitably structured, and we consider it provides the RP with a basis to support the ongoing development of the SMR-300.
We have identified a number of potential regulatory shortfalls, and additional work is required to address them as set out in the 14 regulatory observations raised. Any or all of these could become fundamental shortfalls if not satisfactorily resolved. 
A number of aspects of the SMR-300 design are of limited maturity, and some continue to be developed in parallel and beyond the GDA. This has impacted our ability to determine the adequacy of these areas of the design.
In several areas the fault analysis presented in the SSEC is of insufficient maturity, given the novelty of some aspects of the SMR-300 design, to draw a conclusion on the fundamental adequacy of the design. 
The preliminary analysis presented for normal operations and faults gives us confidence that ONR’s numerical targets can be met, including those which are legal limits in the Ionising Radiations Regulations, with the exception of the specific lakeside site within the scope of the Generic Site Envelope (Llyn Trawsfynydd). Sensitivity analysis shows that a larger lake with higher river flow could result in doses below the Target 3 BSL.
We are satisfied that the RP’s approach to demonstrating safety risks are reduced to As Low As Reasonably Practicable (ALARP) is adequate. Whether the generic design achieves this requirement can only be judged once a matured design and SSEC are available. 
Further design, substantiation and analysis is required to support a UK SMR-300 project. The RP should consider at what stage these activities are conducted, the interaction with the Palisades SMR-300 project, and when to engage with UK regulators. Waiting until a future licensee seeks permission for construction of a power station based on the SMR-300 design assessed here could result in increased risk of additional cost or delay.
Based on the work carried out by ONR, we consider that the RP has completed all of the relevant requirements for Step 2 from our guidance.
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We have not identified any fundamental safety, security, or safeguards shortfall that would prevent ONR from granting permission for the construction of a power station based on the generic SMR-300 design. We have also not identified any potential conflicts with relevant government policy. However, there are several areas, captured in regulatory observations, where we have identified potential shortfalls in the design and fault analysis presented in the safety, security, and safeguards cases. In some areas we have been unable to form a complete judgement owing to insufficient maturity and the novelty of some aspects of the design. 
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Table 1: List of abbreviations.
	Term/Acronym
	Description

	AC
	Alternating current

	ADS
	Automatic depressurisation system

	AGR
	Advanced gas reactor

	AR
	Annular reservoir

	ALARP
	As low as reasonably practicable 

	ASME
	American Society of Mechanical Engineers

	ASTM
	American Society of Testing and Materials

	ATWS
	Anticipated transient without SCRAM

	BAT
	Best available technique

	BSL
	Basic safety level

	BSO
	Basic safety objective

	CAR
	Commitments Assumptions Requirements

	CCF
	Common cause failure

	CDM
	Construction (Design and Management) Regulations 2015

	CES
	Containment enclosure structure

	CFR
	Code of Federal Regulations

	CNSC
	Canadian Nuclear Safety Commission

	COMAH
	Control of major accident hazard regulations 2015

	CPS
	Cyber protection system

	CS
	Containment structure

	CSRAM
	Cyber security risk assessment methodology

	CSSM
	Concrete strengthened steel modules

	C&I
	Control and instrumentation

	DAC
	Design acceptance confirmation

	DAS
	Diverse actuation system

	DBA
	Design basis analysis

	DBT
	Design basis threat

	DRP
	Design reference point

	FLEX
	Flexible coping strategies

	FNEF
	Future nuclear enabling fund

	GB
	Great Britain

	GDA
	Generic design assessment

	GSE
	Generic site envelope

	GSR
	Generic security report

	HI STORM UMAX
	Holtec International storage module underground maximum capacity

	HLW
	High level waste

	HSE
	The Health and Safety Executive

	HSWA
	Health and Safety at Work Act 1974

	IAEA
	The International Atomic Energy Agency

	ILW
	Intermediate level waste

	ISFSI
	Interim spent fuel storage installation

	LOCA
	Loss of coolant accident

	LLW
	Low level waste

	LWR
	Light water reactor

	MDSL
	Master document submission list

	MPC
	Multi-purpose container

	NFPA
	(US) National Fire Protection Agency

	NISR
	Nuclear Industry Security Regulations (2003)

	NMACS
	Nuclear material accountancy and control system

	NPP
	Nuclear power plant

	NPT
	The Treaty on the Non-Proliferation of Nuclear Weapons

	NRC
	(US) Nuclear Regulatory Commission

	NRW
	Natural Resources Wales

	NSR
	Nuclear Safeguards (EU Exit) Regulations 2019

	NSHS
	Nuclear site health and safety

	OFGEM
	Office for Gas and Electricity Markets

	ONMACS
	ONR guidance for nuclear material accountancy and control

	ONR
	Office for Nuclear Regulation 

	OPEX
	Operational Experience

	OSHA
	(US) Occupational Safety and Health Administration

	PAM
	Post accident monitoring

	PARI
	Purdue Advanced Research Institute

	PCC
	Primary core cooling

	PCH
	Passive containment heat removal system

	PCM
	Passive core makeup water system

	PCS
	Plant control system

	PCSR
	Pre-construction safety report

	PER
	Preliminary Environment report

	PDH
	Primary decay heat removal system

	PPS
	Physical protection system

	PSA
	Probabilistic safety analysis

	PSgR
	Preliminary safeguards report

	PSR
	Preliminary safety report

	PSS
	Plant safety system

	PWR
	Pressurised water reactor

	PZR
	Pressuriser

	RAB
	Reactor auxiliary building

	RCP
	Reactor coolant pump

	RCS
	Reactor coolant system

	RGP
	Relevant good practice

	RHR
	Residual heat removal system

	RI
	Regulatory issue

	RITE
	Risk informed and targeted engagements

	RO
	Regulatory observation

	RP
	Requesting party (Holtec International)

	RPV
	Reactor pressure vessel

	SAA
	Severe accident analysis

	SAP
	Safety assessment principle 

	SDH
	Secondary decay heat removal system

	SFAIRP
	So far as is reasonably practicable 

	SF
	Spent fuel

	SFP
	Spent fuel pond

	SGE
	Steam Generator

	SI
	Système international d'unités

	SMR
	Small modular reactor

	SSC
	Structure, system and component

	SSEC
	Safety, Security & Safeguards, and Environment Case

	SyAP
	Security assessment principles

	TAG
	Technical assessment guide (ONR)

	TSC
	Technical support contractor

	UHS
	Ultimate heat sink

	UK
	United Kingdom of Great Britain and Northern Ireland

	URC
	Unacceptable radiological consequence

	US
	United States (of America)

	USA
	United States of America

	VAI
	Vital area identification

	VAI&C
	Vital area identification and categorisation

	VDR
	Vendor design review

	VVM
	Vertical vented module

	WENRA
	Western European Nuclear Regulators Association




Table of contents
Executive summary	4
1.	Purpose	14
2.	Background	15
2.1.	Generic Design Assessment	15
2.2.	Objectives for Step 2	16
2.3.	Requesting Party	17
2.4.	Holtec SMR-300 Design	18
2.4.1.	Design Status	18
2.4.2.	Design Overview	19
2.5.	Safety, Security, and Safeguards Cases	29
2.5.1.	SSEC Structure, Scope, and Contents	29
2.5.2.	SSEC Maturity	30
3.	Work Carried out by ONR in Consideration of this Request	31
3.1.	Assessment of submissions	31
3.2.	Interactions with the requesting party	32
3.3.	Joint Working with other Regulators	32
3.4.	International collaboration	32
3.5.	Use of Technical Support Contractors	33
3.6.	Public comments	33
4.	Matters arising from ONR’s work	34
4.1.	Basis of Assessment	34
4.2.	Design Process and Organisational Capability	35
4.2.1.	GDA Scope	35
4.2.2.	Design Process and Requirements Management System	36
4.2.3.	Organisational Capabilities	37
4.2.4.	Future Work and Commitments	37
4.3.	Safety, Security, and Safeguards Cases	38
4.3.1.	Safety Case	38
4.3.2.	Generic Security Report	46
4.3.3.	Generic Safeguards Report	48
4.3.4.	SSEC Summary and Judgement	49
4.4.	Adequacy of the SMR-300 Design	49
4.4.1.	Design Overview and Principles	50
4.4.2.	Reactor Core and Reactor Coolant System	55
4.4.3.	Engineered Safety Systems	60
4.4.4.	Containment Structures	63
4.4.5.	Plant Control and Safety Systems	67
4.4.6.	Operations	69
4.4.7.	Radioactive Waste	70
4.4.8.	Design for decommissioning	72
4.5.	Optimisation of Safety, Security, and Safeguards Risks	73
5.	Conclusions	74
5.1.	Regulatory Observations	75
5.2.	Recommendations	76
6.	Future Works	77
7.	References	78
Appendix 1 – Step 2 GDA Requirements	84

Figure 1: SMR-300 Conceptual Site Layout	20
Figure 2: Arrangement of the containment enclosure structure, annular reservoir and containment structure	22
Figure 3: Reactor Coolant System layout	23
Figure 4: SMR-300 Passive Core Cooling Systems	26
Figure 5: An overview of the containment structure	27
Figure 6: Overview of the HI-STORM UMAX	28

[bookmark: _Toc216793025][bookmark: _Toc109727647]Purpose
In August 2024, having successfully completed Step 1(ref. [1]) the Office for Nuclear Regulation (ONR), the Environment Agency and Natural Resources Wales (NRW) announced that Holtec Internationals SMR-300 reactor design could progress to Step 2 of the Generic Design Assessment (GDA). Holtec International intends to complete a two-step GDA, with the objective of receiving a statement that the design meets regulatory expectations and no fundamental safety, security, or safeguards shortfalls exist that would prevent ONR granting permission for construction of a power station based on the design. 
During Step 2 we have undertaken those activities identified within our GDA guidance document (ref. [2]). The assessment focused on the adequacy of the design; the safety, security, and safeguards cases; and the Requesting Party’s (RP’s) arrangements, methodologies, and approaches, with the intent of identifying any fundamental shortfalls in meeting regulatory expectations. 
This report has been produced:
To summarise the activities undertaken by both Holtec International and ONR during the step;
To summarise ONR’s judgement on whether we have identified any fundamental shortfalls with the generic Holtec SMR-300 design; 
To summarise ONR’s judgement on whether the objectives for Step 2 have been met. 


[bookmark: _Toc216793026]Background
[bookmark: _Toc213137041][bookmark: _Toc216793027]Generic Design Assessment
ONR is the Great Britain’s (GB) independent nuclear regulator, with the legal authority to regulate nuclear safety, civil nuclear security and safeguards, and nuclear site health and safety (N.B. nuclear site health and safety is referred to as conventional health and safety in Guidance to Requesting Parties (ref. [2]) at the 37 licensed nuclear sites in GB. We also regulate the transport of civil nuclear and radioactive materials by road, rail and inland waterways. ONR’s mission is to protect society by securing safe nuclear operations.
The environmental protection aspects of the generic design are assessed and reported separately (ref. [3]) by the environment agencies (the Environment Agency and NRW) whom we work with closely during GDA. Whilst we have independent responsibilities and regulate within our own legal frameworks, we recognise the benefits of building on our close working relationship to align our processes and regulatory positions when we can. The Environment Agency has published separate guidance on the process it follows (ref. [4]).
The GDA process was developed in response to the government's 2006 energy review; in particular lessons learnt from experience with new Nuclear Power Plants (NPPs) indicated that the use of a standardised design, where the design and safety case are well developed much earlier in the project, would facilitate a reduction in the time for regulatory assessment as well as minimise any potential regulatory uncertainty for a future site licensee wishing to build such a design.
The objective for GDA is to provide confidence that the proposed design is capable of being constructed, operated and decommissioned in accordance with the standards of safety, security, safeguards and environmental protection required in GB. For the RP, the organisation(s) who requested the GDA, this offers a reduction in uncertainty and project risk regarding the design and safety, security, safeguards and environmental cases so as to be an enabler to future licensing, permitting, construction and regulatory activities.
To fulfil this objective, GDA progresses in steps, with the regulatory assessments becoming increasingly detailed. The assessment considers the majority of ONR’s statutory purposes, using inspectors from the full range of technical topics, as defined in Guidance to Requesting Parties (ref. [2]).
The GDA process has three steps, noting that earlier GDAs had four steps; a change that resulted from lessons learnt and efficiency improvements implemented in 2019. The overall intent is that:
Step 1 is the initiation step where matters such as the scope and timescales are agreed, and ONR’s knowledge of the design and the RP’s safety, security and safeguards cases increases;
Step 2 is the fundamental assessment of the generic design and safety, security and safeguards cases, to identify any potential ‘showstoppers’ that may preclude deployment of the design; and
Step 3 is the detailed assessment of the generic safety, security and safeguards cases on a sampling basis.
In this case Holtec International has indicated that it intends to complete a two-step GDA ending with the provision of a Step 2 Statement. A Design Acceptance Confirmation (DAC) will not be awarded as the GDA will conclude at Step 2 without a detailed assessment being undertaken. This was the first GDA commenced with the intention to end at Step 2.
The Holtec SMR-300 design is the eighth design to begin a GDA. The first round of GDA started in 2007 when ONR and the Environment Agency began assessment of four designs, although two of these first-round designs were withdrawn by the respective RPs part-way through the assessment process. The remaining two designs, the EDF and AREVA UK EPR™ and the Westinghouse AP1000® designs, subsequently completed GDA in 2012 and 2017 respectively (noting the latter included a pause of several years). In 2013, the Hitachi-GE UK ABWR entered the GDA process and this was completed in 2017. Also in 2017, the CGN/EDF/GNI UK HPR1000 started a GDA which was completed in 2022. The GE Vernova Hitachi BWRX-300 commenced GDA in 2024 and completed Step 2 in 2025. Full details of completed GDA projects are available on the joint regulators’ website (ref. [5]). At the time of writing, there is one other GDA currently in progress, the Rolls-Royce SMR, which started Step 3 in 2024. 
[bookmark: _Toc213137042][bookmark: _Toc216793028]Objectives for Step 2
Step 2 is the first substantive technical assessment step and builds upon the work undertaken during Step 1. The focus of the assessment in this step is towards the fundamental adequacy of the design and safety, security, and safeguards cases, and the suitability of the methodologies, approaches, codes, standards and philosophies which form the building blocks for the generic design and cases.
The intent of the assessment is to identify any fundamental shortfalls in the generic design, based upon the submitted information, and to present a balanced, holistic view of the generic design when compared to regulatory expectations. A fundamental shortfall is defined as one that could prevent ONR granting permission for the construction of a power station based upon the generic design; in effect where we judge that the design cannot meet regulatory expectations in such a manner that it cannot be operated safely, securely or to ensure safeguards compliance. Where the design is not fully developed we have reviewed the design process methodologies, codes and standards being applied to form a judgement as to whether we consider it possible that a reactor based on the preliminary design presented can meet the standards required. 
To ensure we undertook a holistic, balanced and proportionate assessment during Step 2 we mobilised all of our technical topics. In total we have performed assessments for 21 topics, that feed into this summary report (refs. [6], [7], [8], [9], [10], [11], [12], [13], [14], [15], [16], [17], [18], [19], [20], [21], [22], [23], [24], [25] and [26]). Further details of the key findings from these assessments are provided in Section 4.
Guidance to Requesting Parties (ref. [2]) provides details of what the RP is required to do and what ONR will do during Step 2. A number of the requirements on the RP are to submit information to ONR. These cover matters which are necessary for undertaking GDA (such as project management activities and demonstration of adequate resources) along with matters of a more technical or regulatory nature. They are targeted at ensuring that sufficient information is provided to allow ONR to form a judgement on the fundamental adequacy of the design during Step 2, and that the RP understands ONR’s regulatory expectations should they chose to progress to Step 3 or licensing. 
The administrative arrangements were completed in line with the GDA requirements (ref. [2]) and to our satisfaction. This report therefore focuses on summarising the technical and regulatory judgements resulting from our assessments. Appendix 1 details where the relevant requirements are discussed in this report. Whilst these have not been explicitly highlighted we are satisfied all relevant requirements have been met.
[bookmark: _Toc213137043][bookmark: _Toc216793029]Requesting Party
For the purposes of the GDA, Holtec International is the RP. Holtec International designated Holtec Britain to manage the GDA project, including providing the Regulatory Interface Office, Project Management Office and transmitting all documentation between Holtec International and the Regulators. Holtec Britain is a wholly owned UK subsidiary of Holtec International. Holtec Britain was the primary point of contact for the regulators.
Holtec International was founded in 1986 in the United States of America (USA) and its principal business has been in the development and manufacture of spent fuel casks and decommissioning of American Light Water Reactor (LWR) sites. It is owned by private shareholders and public funding has also been provided by the Future Nuclear Enabling Fund (FNEF) for undertaking this GDA. 
Holtec International, and its wholly owned subsidiaries, is the designer responsible for undertaking all aspects of the design, analysis, engineering and production of the safety, security, safeguards, and environmental submissions which justify the design. During GDA Holtec Britain was supported by a number of technical support contractors, principally Mott MacDonald and Risktec, who assisted Holtec Britain in the development of the Safety, Security, Safeguards and Environment case (SSEC) and other technical documents for the GDA.
[bookmark: _Toc213137044][bookmark: _Toc216793030]Holtec SMR-300 Design
[bookmark: _Toc213137045][bookmark: _Toc216793031]Design Status
Holtec states that the SMR-300 is based on proven technology and minimises first-of-a-kind engineering to minimise technology development and licensing risks. Holtec has set out to regulators that the design draws on the operating experience and lessons learned from six decades of operating nuclear power plants, resulting in a simplified plant with respect to construction, operation, inspection, and maintenance as compared to previous generations of LWR.
Holtec has been developing a SMR since 2011, undergoing several design evolutions. Many fundamental aspects have remained unchanged, such as the use of Pressurised Water Reactor (PWR) technology, reliance on passive decay heat removal systems and using an annular reservoir (AR) as an ultimate heat sink. However, some important aspects have undergone significant modification. In 2023 Holtec implemented a major design modification to increase reactor power from 160 MWe to 300 MWe and introduce two Reactor Coolant Pumps (RCPs) to provide forced flow in the Reactor Coolant System (RCS) during normal operation. Following this modification the reactor design was rebranded from SMR-160 to SMR-300. Evolution and modification of the SMR-300 design continues, as the design and safety, security, and safeguards cases are developed. During the course of this GDA Holtec further increased the power to 320MWe through further development of the design of the turbine and steam systems. This modification is outside the scope of GDA as it has no impact on the fundamental aspects of the SMR-300 design and therefore has not been assessed by ONR.
The RP intends for the first SMR-300 to be a twin unit facility deployed at the Palisades nuclear site in Michigan in the United States (US). Holtec is intending to submit a Construction Permit Application to the US Nuclear Regulatory Commission (NRC) in 2026. Holtec has explained that the SMR‑300 is designed to meet US NRC regulatory requirements and that design and safety analysis to support the construction permit application was a significant input to the GDA. Holtec is undertaking pre-licensing engagement with US NRC on the SMR-300, however to date there has been no formal assessment or regulatory decisions made by the US NRC on the SMR‑300 design.
The Holtec SMR‑300 design has not yet been built and is not currently under construction elsewhere in the world. This means that there is no “reference site” for the purposes of GDA. Our assessment of the Holtec SMR-300 is also the first time that the design has been formally assessed by regulatory bodies.
In some areas the SMR-300 design has continued to be developed in parallel with our regulatory assessment during GDA. Where sufficient detail was available, these changes were accommodated and assessed within the GDA Step 2 scope. However, some of the developments were significant, but not mature enough for the RP to include them into GDA. This has limited our assessment of those aspects in the knowledge that they are changing and it would be nugatory effort. 
For the purposes of this GDA the RP has stated that the SMR-300 is at an advanced concept design stage. The relative immaturity of some aspects of the design and safety analysis has similarly impacted our ability to determine the adequacy of those aspects. The specific areas where this occurred, and their significance for our assessment, are detailed in the topic assessment reports and summarised later in this report.
[bookmark: _Toc213137046][bookmark: _Toc216793032]Design Overview
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 Holtec SMR-300 design is a PWR with a single steam generator including an integrated pressuriser, and two RCPs providing forced circulation in normal operation. The target electrical power output of each SMR-300 unit is 320 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 in separate containment buildings, with a common control room, and associated plant. This is the first time a multi-unit design is being subject to GDA.
The following sections outline the key design features of the SMR-300 as set out by the RP in the agreed reference design (ref. [27]). 
The following sections also represent the RP’s case, which has been assessed by ONR specialists in the topic assessment reports and the key regulatory judgements have been summarised in section 4 of this report. 
Layout
The SMR-300 has a compact layout; a conceptual site layout is shown in Figure 1.  
[image: SMR-300 conceptual site layout]
[bookmark: _Toc215148392]Figure 1: SMR-300 Conceptual Site Layout

Structures
The SMR-300 plant site consists of two main ‘islands’. The nuclear island contains the following principal structures: 
two reactor containment structures 
two reactor containment enclosure structures 
reactor auxiliary building 
intermediate building 
The balance of plant island contains the following principal structures:
annex building
turbine building 
diesel generator building 
waste heat cooling tower or air-cooled condenser
The nuclear island structures are generally within the scope of GDA, whereas the balance of plant island structures are generally out of scope of GDA. 
Containment structure, containment enclosure structure and annular reservoir
The SMR-300 containment structure (CS) and containment enclosure structure (CES) share a common foundation and are connected to the reactor auxiliary building (RAB). The CES surrounds the CS. The site layout ensures that nuclear assets, including the reactor core, are deeply embedded below ground for protection against hazards. Unauthorised access is prevented by multiple barriers.
The CS is a cylindrical steel containment vessel with a domed upper head and steel-lined reinforced concrete base. It is partially embedded below ground. The CS provides a leak tight barrier to contain radioactive releases and contain the energy release from a loss of coolant accident (LOCA). The CS has an equipment hatch at ground level to facilitate replacement of major components and for access during refuelling and maintenance outages. A personnel airlock provides an additional entrance during outages and power operations.
The CS contains multiple systems, including the RCS, Passive Core Cooling System (PCC), Spent Fuel Pool (SFP) and a polar crane supported by the CS shell. The crane access and capacity are designed for refuelling operations, including handling of the reactor internals and equipment needed for dry storage of spent fuel using the Holtec International Storage Module Underground Maximum Capacity (HI-STORM UMAX) system. A bridge crane located in the refuelling/operating deck is used for fuel movements in and between the SFP and the Reactor Pressure Vessel (RPV).
The CES is a modular steel-concrete structure that forms the outer wall of the AR. Two concentric steel shells form the inner and outer faces of the modules, with interconnecting plates providing support. The CES protects the CS from external hazards, provides shielding from radioactive sources and hazards within the CS, provides support and protection for the main feed and steam systems exiting the CS, and provides a vent for the AR to facilitate evaporative cooling. 
The AR water inventory provides passive containment heat removal. The AR is contained in the annulus between the CS and CES; the CS and CES form the inside and outside wall of the AR, respectively. A watertight seal is provided at ground level between the CS and CES to form the bottom of the AR. The AR contains a large body of water, and its primary function is to provide a heat sink in the event of an accident. The RP claims that the AR has sufficient capacity to accept heat from the core, spent fuel pool, and containment during design basis accidents.
Figure 2 presents an overview of the CS, CES and AR structures.
[image: Arrangement of the containment enclosure structure, annular reservoir and containment structure ]
[bookmark: _Toc215148393]Figure 2: Arrangement of the containment enclosure structure, annular reservoir and containment structure
Reactor Core and Reactor Coolant System
The SMR-300 Reactor Coolant System (RCS) consists of one Reactor Pressure Vessel (RPV) and one Steam Generator (SGE) connected by two hot legs and two cold legs. The cold legs each have a RCP to provide RCS flow during normal operations. The major components of the RCS include the RPV, SGE with integral Pressurizer (PZR), and the RCPs. The RCS is shown in Figure 3. All the RCS equipment, piping, and components are located inside the CS.
For normal operation, the RCS uses the RCPs as the driving force for flow. The RCS is configured to facilitate natural circulation, so the RCPs are not required for decay heat removal during accident conditions.
[image: Reactor Coolant System layout ]
[bookmark: _Toc215148394]Figure 3: Reactor Coolant System layout
At the centre of the RCS is the RPV. The RPV is a cylindrical steel vessel designed to withstand the high temperatures, pressures and radiation of the reactor. The RPV houses the reactor core, in-core instrumentation and the reactor internals. 
The reactor core is made up of 69 fuel assemblies. The SMR-300 core employs a PWR fuel assembly of standard dimensions and utilises control rods and soluble boron to control reactivity. The core is designed for a nominal 18-month cycle length. Each fuel assembly is arranged in a 17x17 array of fuel rods consisting of a metallic zirconium alloy cladding housing the nuclear fuel, which is in the form of small ceramic pellets that contain up to 5% enriched uranium dioxide fuel. The hemispherical upper head of the RPV is removable to allow refuelling of the reactor.
Water is used as the primary coolant, to extract the heat from the reactor, and as a moderator to maintain the nuclear reaction in the core. Hot water from the core outlet passes into the SGE, where it flows through heat exchange tubes which transfer the heat to the secondary coolant on the outside of the tubes, which is allowed to boil and produce steam. It is this steam produced in the secondary side of the SGE that drives a turbine that ultimately, via a generator, produces electricity. The primary coolant leaving the SGEs, which is now at lower temperature, is then pumped back into the reactor via the cold legs, which are asymmetric about the RPV. 
The SMR-300 uses a single, straight, countercurrent flow SGE. The two RCS hot legs route reactor coolant from the RPV to the top of the SGE. The SGE has been designed to produce superheated steam on the shell side, and to prevent in-tube boiling of the primary coolant to avoid problems with constricted steam expansion and small water inventories. 
Similar to other PWRs, the SMR-300 uses a PZR to control RCS pressure. Typically, PWR PZRs are separate components whereas the SMR-300 PZR is integral to the SGE; an internal divider plate separates the circulating RCS volume from the saturated PZR volume. The PZR divider plate is designed to limit thermal communication between the volumes to minimise the size of the PZR heaters while allowing sufficient flow into and out of the PZR for pressure control. The PZR controls the pressure of the RCS by maintaining a saturated steam-liquid interface. Pressure changes caused by the expansion and contraction of the reactor coolant are absorbed by condensing the steam using the PZR spray or generating steam using the PZR heaters.
[bookmark: _Toc129080865][bookmark: _Toc129080955][bookmark: _Toc129081762]Safety systems
The SMR-300 design includes engineered safety features to: 
maintain the plant in a safe shutdown configuration 
provide emergency heat removal to the core 
provide emergency makeup water to the core and SFP to prevent fuel damage
isolate the containment from the environment to prevent radioactive effluent releases 
ensure a habitable environment for plant operators
The SMR-300 design contains multiple passive safety systems to remove decay heat from the reactor core and containment in response to an abnormal event or fault. Connections for diverse and flexible coping strategies (FLEX) are incorporated into the design based on the lessons learned from Fukushima. 
The Passive Containment Heat Removal System (PCH) maintains the containment atmospheric pressure and temperature within design limits in the event of a postulated accident by utilising conductive heat transfer between the steel CS and the water inventory in the AR. The PCH is a completely passive system that removes heat from the containment atmosphere after an RCS energy release to containment. It does not require any actuations or an actuation signal to perform its function. As the water in the AR is heated, it rejects heat to the environment through the discharge of non-radioactive water vapour through the vent at the top of the CES. If required, the AR water inventory can be replenished during an accident using an accessible connection outside of containment as part of FLEX implementation.
The Passive Core Cooling System (PCC) is designed to provide emergency core heat removal and makeup water. The system uses passive means such as natural circulation, gravity injection, and compressed gas expansion for core makeup and cooling without the use of active components such as pumps. However, active components such as valves are required to initiate the PCC. The PCC consists of the following sub-systems: 
primary decay heat removal system (PDH)
secondary decay heat removal system (SDH) 
automatic depressurization system (ADS) 
passive core makeup water system (PCM)
The PCC and PCH are designed to ensure safe shutdown conditions can be maintained and decay heat removal continues for at least 30 days without power, make-up water, or operator actions. 
The PDH provides passive core cooling for non-LOCA accidents by removing core decay heat directly from RCS and rejecting it to a large asymmetric tank of water in the PCM system (known as the PCM tank). The PDH is composed of piping that runs from the RCS hot leg to a heat exchanger located in the larger part of the asymmetric PCM tank, then returns coolant from the heat exchanger to the SGE lower head. Flow through the loop is driven by natural circulation. 
The SDH system provides additional passive core cooling for non-LOCA accidents by removing core decay heat indirectly from the RCS via the SGE shell-side coolant and rejecting it to the AR via the SDH heat exchanger located in the AR. Flow through the loop is driven by natural circulation.
The ADS is designed to depressurise the RCS to allow for injection of water from the accumulators, gravity injection of water from the PCM tank and provide a sufficient venting path for long-term cooling to allow steam to vent from the RPV to the containment atmosphere and prevent re-pressurization of the RCS. ADS reduces RCS pressure in two stages to allow passive injection of makeup water to maintain the RCS inventory above the top of the core. The Stage 1 ADS valves are sized to reduce RCS pressure to allow the PCM accumulators to provide makeup water to the core. The Stage 2 ADS valves reduce the RCS pressure even further and are sufficiently large to allow the RCS pressure to equalise with the containment pressure. This permits gravity injection from the PCM tank to provide additional makeup water to the core.
The PCM is designed to provide makeup water to the RCS to cool the reactor core in the event of a LOCA. There are two trains of PCM. Each train has a dedicated pressurised accumulator and both trains connect to a single large, vented PCM tank. The PCM is designed such that there is sufficient borated water in one accumulator and the PCM tank to ensure both the core and the spent fuel in the spent fuel pool remain subcritical and covered following a LOCA for a minimum of 72 hours without operator action.
Figure 4 shows an overview of the PCC Systems.
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Spent Fuel Pool and Dry Fuel Store
The SMR-300 spent fuel pool is located inside the CS. The Spent Fuel Cooling System (SFC) removes decay heat from the SFP while maintaining the temperature, clarity, and chemistry of the SFP during all modes of plant operation. The SFC has one train of equipment consisting of one SFC pump, heat exchanger, and demineraliser with filter which continuously operates to remove decay heat and purify water in the SFP. A single train of the Residual Heat Removal System (RHR) is designed to provide backup SFP cooling when SFC is not available. The RHR is a system designed to remove decay heat and sensible heat from the RCS to reduce the reactor coolant temperature during normal shutdown and refuelling operations. Connections are provided for the addition of water to the SFP from several sources if required. 
Figure 5 shows the position of the SFP within the CS. 
[image: An overview of the containment structure]
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The SMR-300 utilises onsite interim spent fuel storage within the independent spent fuel storage installation (ISFSI). Holtec’s preferred solution for the ISFSI is HI-STORM UMAX system containing a multi-purpose canister (MPC). HI‑STORM UMAX is an underground vertical ventilated module (VVM) dry spent fuel storage system. Each HI-STORM UMAX VVM provides storage of an MPC inside a cylindrical cavity. The MPC is a fully welded stainless steel canister providing containment of SMR-300 spent fuel onsite or for offsite transport. The MPC is tailored to balance the SFP size inside containment and the plant refuelling operational needs. The RP claims that each MPC provides sufficient capacity to transport the nominal core batch size of new fuel during refuelling and discharge spent fuel for onsite storage after 3 years of cooling in the SFP, much lower than the claimed SFP capacity. The specific technology used for the ISFSI has not been assessed in GDA.
Figure 6 shows an overview of the HI-STORM UMAX and ISFSI.
[image: Overview of the HI-STORM UMAX]
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Control and Instrumentation
The SMR-300 utilises the Mitsubishi Electric MELTAC platform for the plant control and instrumentation (C&I)/human system interface. The SMR-300 C&I System architecture consists of the following three main systems:
Plant Safety System (PSS) – comprised of two independent safety-related divisions, the PSS primarily provides reactor trip and engineered safety features functions as well as safety-related plant information on displays in the main control room and remote shutdown facility. The PSS also provides post-accident monitoring facilities.
Diverse Actuation System (DAS) – comprised of one non-safety-related division, the DAS is intended to provide a diverse means of delivering reactor trip and engineered safety feature functions in the event of failure of the PSS. 
Plant Control System (PCS) – comprised of one non-safety-related division, the PCS controls all the normal plant functions and provides post-accident monitoring facilities.
[bookmark: _Toc213137047][bookmark: _Toc216793033]Safety, Security, and Safeguards Cases
During Step 1 the RP submitted information on its strategy and intentions regarding the development of the safety, security and safeguards cases (ref. [28]) and its intentions to develop the generic SSEC for the design. This formed the basis of our assessment during Step 1 (ref. [29]).
The RP submitted the first version (version 0) of the SSEC at the start of Step 2 to enable ONR specialists to review and understand the principles and basis of the RP’s case. A substantially updated SSEC (version 1) (refs. [30], [31], [32], [33], [34], [35], [36], [37], [38], [39], [40], [41] and [42]) was received towards the end of Step 2 and took into account ONR, Environment Agency, and NRW feedback on Revision 0, along with any additional work or analysis conducted by the RP within Step 2. Should the project be taken forward beyond GDA Step 2 the SSEC will be further updated in later project stages, for example to include a pre-construction safety report (PCSR). 
[bookmark: _Toc213137048][bookmark: _Toc216793034]SSEC Structure, Scope, and Contents
The SSEC for the generic SMR-300 consists of the PSR (refs. [30], [31], [32], [33] and [34]), the Preliminary Environment Report (PER)(refs. [37], [38], [39], [40], [41] and [42]), the Generic Security Report (GSR)(ref. [36]), and the Preliminary Safeguards Report (PSgR) (ref. [35]) and their supporting documents. The complete set of SSEC documentation submitted to the regulators is captured within the master document submission list (MDSL) (ref. [43]).
Holtec states that the fundamental purpose of the SSEC is to demonstrate that: “The generic 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.” 
The SSEC follows a claims, arguments, and evidence structure with the PSR, PER, GSR, and PSgR aligned to deliver the overarching fundamental purpose. The principal claims that make up this fundamental purpose are broken down into sub-claims in each area alongside the arguments that link the claims to the underpinning evidence. This includes the RP demonstrating that risks are (or at this stage can be) reduced as low as reasonably practicable (ALARP), applying best available techniques (BAT) which has been assessed by the environmental regulators, and ensuring the security by design and safeguards by design.
[bookmark: _Toc213137049][bookmark: _Toc216793035]SSEC Maturity
Near the end of Step 2 we received version 1 of the SSEC and the Design reference point (DRP) was updated to version 1.1 to align with the SSEC. These submissions formed the basis for our assessment in Step 2. When taken together these represent the totality of the SSEC for the SMR-300 design. Both versions of the SSEC were published on the RP’s GDA website. 
The RP is currently working on developing its construction permit application to the US NRC to commence construction of an SMR-300 at its Palisades site in Michigan, USA. Further SSEC updates will be required to support a Step 3 GDA or as part of a pre-construction regulatory hold-point under a nuclear site license. 

[bookmark: _Toc216793036]Work Carried out by ONR in Consideration of this Request
Guidance to Requesting Parties (ref. [2]) details the activities that both ONR and the RP are expected to undertake. This provided the framework for ONR’s work during Step 2.
To ensure that ONR’s activities were coordinated and delivered, we produced a delivery strategy (ref. [44]) which outlines roles and responsibilities, key activities and assurance arrangements for the project. It also served as the overarching assessment plan for Step 2, including specifically identifying those activities which were undertaken at project or topic level. Importantly, given the breadth of assessment undertaken during Step 2, it defined how we coordinated across each of our technical topics.
During Step 1, each of the 21 assessment topics produced an assessment plan for Step 2. These defined the aspects each topic intended to assess to inform their overall judgements on adequacy. In developing these plans we used ONR’s Risk Informed and Targeted Engagements (RITE) (ref. [45]) and enabling regulation (ref. [46]) policies, alongside the delivery strategy (ref. [44]) and the objectives for Step 2, to ensure that our assessments were focussed on those aspects of the generic design and SSEC which are novel, where risks are high, or least well controlled. These assessment plans formed the basis of the assessment undertaken by each topic.
[bookmark: _Toc213137051][bookmark: _Toc216793037]Assessment of submissions
During Step 2 the RP submitted over 400 documents (ref. [43]) to ONR, which have been the basis for our assessment. This included a range of documents, covering the claims, arguments, and evidence within the RP’s safety, security, and safeguards cases and across all of our technical topics.
The primary objective for the assessment was to enable the regulators to form a judgement regarding the fundamental adequacy of the generic design and safety, security, and safeguards cases, in line with the objectives for Step 2.
The assessment was undertaken against the expectations in relevant standards and guidance, most notably our Safety Assessment Principles (SAPs) (ref. [47]), Security Assessment Principles (SyAPs) (ref. [48]) and ONR Nuclear Material Accountancy, Control, and Safeguards Assessment Principles (ONMACS) (ref. [49]). We have also made use of international guidance from the International Atomic Energy Agency (IAEA) (refs. [50] and [51]) and Western European Nuclear Regulators Association (WENRA) (refs. [52] and [53]), where relevant.
In addition, Appendix 2 of Guidance to Requesting Parties (ref. [2]) sets requirements on the RP for information to be submitted during Step 2. The requirements are listed in appendix 1 of this report along with reference to where the assessed evidence lies, as appropriate. 
The main deliverables produced from each of ONR’s technical topics are the Step 2 Assessment Reports (refs. [6], [7], [8], [9], [10], [11], [12], [13], [14], [15], [16], [17], [18], [19], [20], [21], [22], [23], [24], [25] and [26]). These document the scope of regulatory assessment undertaken, the areas that have been targeted, and the judgements made based on the submissions to date.
Key aspects of ONR’s assessment of these submissions is summarised in Section 4.
[bookmark: _Toc213137052][bookmark: _Toc216793038]Interactions with the Requesting Party
During the 18 months of Step 2 we held more than 160 interactions with the RP, both at the project management level and across the 21 individual technical topics. These proved an efficient and effective way to facilitate our assessment. This included a number of workshops and briefings provided by the RP to continue to improve our understanding of the SMR-300 design and the RP’s arrangements and processes, and a number of specific targeted interventions to look at the RP’s arrangements and capability to support the GDA. We also undertook two engagements with Holtec International at its headquarters in the USA, as well as visits to its manufacturing facilities in Camden, New Jersey, and its decommissioning operations at the Oyster Creek reactor site.
The purpose of these interactions was to enable our assessment during the step, to maintain oversight of ongoing activities and to aid future interactions. Overall these interactions were positive and we found the RP to be professional, responsive and open throughout and to have an appropriate focus on safety, security and safeguards. 
The outcomes from these interactions are discussed in Section 4.
[bookmark: _Toc213137053][bookmark: _Toc216793039]Joint Working with other Regulators
As a joint project, we have worked collaboratively with both the Environment Agency and NRW during Step 2, as appropriate. This included joint interactions on matters of regulatory interest to each regulator, particularly for quality assurance and aspects of radioactive waste management. 
The Environment Agency and NRW assessment of the environmental aspects of the generic SMR-300 design are reported separately (ref. [3]).
[bookmark: _Toc213137054][bookmark: _Toc216793040]International collaboration
We are the first, and currently the only, nuclear regulator to have made a formal judgement on the adequacy of the SMR-300 design. This meant we have not had the opportunity to share assessments with any other international regulators, or leverage assessments performed by others, during Step 2. Holtec is currently undergoing pre-licensing engagements with the US NRC; we have observed some NRC meetings with Holtec, and had NRC observe some of our meetings to exchange information and establish a foundation for future collaboration should the RP progress to construction in the USA and GB. 
In 2020 the SMR-160 was subject to the Canadian Nuclear Safety Commission (CNSC) Vendor Design Review (VDR) Phase 1 (ref. [54]). VDR is a high-level review of the conceptual design information against CNSC requirements. However, the RP has not engaged further with CNSC since or indicated any intentions to progress to VDR Phase 2. We are not aware of any planned engagement between Holtec and the CNSC with regard to future deployment of the SMR-300 in Canada. 
Noting that VDR concluded in 2020 and Holtec has continued to develop the design and SSEC, including the substantial update as it moved to the SMR-300, there is only limited value we can take from the VDR process. We reviewed the published outputs from the CNSC as part of planning our assessments into the SMR-300 to help us target our assessments more effectively. 
[bookmark: _Toc213137055][bookmark: _Toc216793041]Use of Technical Support Contractors
During Step 2 we procured technical support to inform our assessment. Two packages of work were completed relating to operational experience of single loop and high aspect ratio reactors in support of our fuel and core assessment, and the other to review the RP’s probabilistic safety analysis (PSA) methodologies. The outputs from these contracts are detailed in the fuel and core and PSA assessment reports and factored into our assessment described in Section 4. All regulatory judgements were made solely by ONR. 
[bookmark: _Toc213137056][bookmark: _Toc216793042]Public comments
In accordance with requirement [2.24] from Guidance to Requesting Parties (ref. [2]), the RP has enabled a public comments process. We are satisfied the RP is meeting the expectations of this requirement.
At the time of writing, a total of eight comments had been received for Holtec to consider. We have reviewed all of the comments and are satisfied that none directly impacted our assessments.


[bookmark: _Toc216793043]Matters arising from ONR’s work
This section provides an overview of ONR’s assessment of key aspects of the Holtec SMR-300 design and its associated safety, security, and safeguards cases. 
In accordance with Guidance to Requesting Parties (ref. [2]), our assessment has focused on the fundamental adequacy of the design and safety, security and safeguards cases, and the suitability of the methodologies, approaches, codes, standards and philosophies which form the building blocks for the design and generic cases. Notable shortfalls or gaps against our expectations for this step of GDA have been noted in this report (along with their significance), with further details available within the individual topic assessment reports.
In accordance with ONR’s policies (refs. [45] and [46]) and guidance on assessment (ref. [55]), we have targeted our assessment and used a sampling approach, based on significance, novelty or hazard potential as a means to determine an overall view on the adequacy of the design. Within Step 2, our sampling has been broad and high-level. 
As a summary, this report does not capture all aspects of the assessments undertaken, which are detailed in the topic assessment reports (refs. [6], [7], [8], [9], [10], [11], [12], [13], [14], [15], [16], [17], [18], [19], [20], [21], [22], [23], [24], [25] and [26]). It does however provide a view on those aspects we consider most significant, novel or pertinent to support our overall view on the adequacy of the design.
[bookmark: _Toc213137058][bookmark: _Toc216793044]Basis of Assessment
Our assessment has been based on the agreed GDA scope, DRP, and the SSEC alongside numerous supporting documents produced by Holtec or on behalf of Holtec to underpin the claims and design decisions detailed in the documentation. 
As Holtec has continued to develop the SMR-300 design for deployment in the USA in parallel with this GDA, in some areas the design has evolved beyond the DRP upon which our assessment is based. Where the changes are significant we have reduced the depth of our assessment in these areas as there is little value in assessing designs which are not being taken forwards. These areas are detailed in the topic assessment reports and summarised in the following sections of this report. 
ONR uses relevant good practice (RGP) to evaluate whether the proposed design and SSEC meets our regulatory requirements. RGP represents recognised and accepted methods, standards, and engineering practices, that have been proven in managing risks within the nuclear industry and other high hazard sectors. During the GDA process, we assess the RP’s design and SSEC against these benchmarks to determine whether the reactor design demonstrates an acceptable level of safety, security, or safeguards. Where the design aligns with RGP, it is generally considered to meet regulatory expectations. If alternative approaches are proposed, the RP must demonstrate that these deliver an equivalent or higher level of safety, security, or safeguards performance. This approach speeds up the regulatory assessment process by not requiring us to review each proposal from first principles and ensures our assessments remain consistent, transparent and proportionate whilst allowing for flexibility and innovation in new reactor technologies. 
[bookmark: _Toc213137059][bookmark: _Toc216793045]Design Process and Organisational Capability
In order to successfully design and construct a nuclear reactor the responsible organisation must have a robust design process and the organisational capability to understand all the completing requirements (e.g. technical, regulatory, environmental, constructability, operability, decommissioning, maintainability etc.) and design the plant to meet these. In GB they must proactively demonstrate through the overarching safety, security, safeguards, and environmental case that risks have been reduced ALARP, that all relevant regulations are complied with (Nuclear Safeguards (EU Exit) Regulations (NSR) 2019, Nuclear Industry Security Regulations (NISR) 2003, Lifting Operations and Lifting Equipment Regulations (LOLER) 1999, etc) and that BAT has been utilised to meet environmental permitting requirements. 
This section provides the overarching summary of our assessment of Holtec’s design processes and organisational capabilities to deliver the SMR-300 design and SSEC against GB requirements. 
[bookmark: _Toc216793046][bookmark: _Toc213137060]GDA Scope
To undertake a meaningful GDA it is vital we have clarity over both the design that is being assessed and what aspects of that design are included within the GDA scope, in line with the requirements of Guidance to Requesting Parties (ref. [2]).
During Step 1, the RP documented the agreed GDA scope (refs. [30] and [31]). This report describes the physical and functional scope of the power station that is being proposed for consideration in the GDA. This includes all structures, systems, and components (SSCs) identified as being important to safety, security and safeguards through all modes of operation and all stages of the plant lifecycle. As would be expected, a number of exclusions have been declared from the GDA scope by the RP, all of which we consider to be reasonable. 
During Step 2 the RP submitted 3 updates to the GDA scope and DRP: the first to remove the radioactive waste building and incorporate the functions of this into the auxiliary building following a modification to the SMR-300 design; the second to remove assessment of the specific technology used for the ISFSI from the scope of GDA; and the third to align the DRP with the PSR as issued in line with regulatory expectations (ref. [2]). We reviewed each of these requests against the scope and expectations and formally accepted each into the GDA.
[bookmark: _Toc213137061][bookmark: _Toc216793047]Design Process and Requirements Management System
Holtec’s nuclear business started in the design and manufacture of spent fuel storage casks. These casks are used worldwide for storage of light water reactor fuels, including at Sizewell B in GB. Holtec’s design processes were originally developed to support this business and initially these were used as it embarked on designing the SMR-160, which later evolved into the SMR-300 being assessed as part of this GDA. 
Design of a nuclear power plant requires robust and systematic arrangements for identifying, traceably documenting, verifying, maintaining and managing requirements. Requirements management is a fundamental process to ensure that these requirements are captured and discharged through the design and SSEC. 
We have assessed the RP’s current arrangements which place responsibility on relevant SSC designers to correctly identify what requirements are applicable from the design principles, SSEC, and other relevant standards. They must then record these in pre-job brief documents, ensure they are met through the design activity and recorded within requirements notebooks.
This system is reliant on qualified and experienced persons rather than a systematic documented process. Whilst this is appropriate for simple engineering systems, or conceptual designs where fast paced development and innovation is essential, as the design matures more systematic arrangements are necessary to ensure the safe, secure, and environmentally sound operation of the reactor. 
The Construction (Design and Management) Regulations 2015 (CDM) place duties on designers to ensure that their work keeps people safe during the construction, use, and maintenance of a building or structure. These regulations apply regardless of location when a project is planned for deployment in GB. Whilst our assessments conclude that the RP’s current design and requirements management processes do not capture all the information necessary to demonstrate compliance, the RP has acknowledged this and confirmed that it understands its duties as a designer. It also acknowledges that further work is required for training the non-GB based personnel to ensure they understand the GB regulatory framework and the principles of prevention. The RP has provided a methodology for meeting the requirements of CDM 2015, including ensuring those working on the project have the skills, knowledge and experience to undertake their role, and a plan for delivery post GDA. 
The RP has identified the need for improvements within its management system for requirements management and is currently developing and planning to implement a third-party requirements management software tool. As the arrangements as submitted to the regulators in the GDA do not align with relevant good practice detailed in the CDM 2015 regulations guidance, TAGs, or international guidance issued by the IAEA, we have raised a Regulatory Observation (RO) (RO‑HOLTECSMR300‑012) to track the improvements to ensure these are implemented should the RP choose to build this design in Great Britain in the future. The RP has submitted a resolution plan to address this and we are satisfied that if adequately implemented this should deliver the required improvements (ref. [56]).
Overall we are satisfied that the RP has had appropriate arrangements for the early design phases and has appropriate development plans to deliver the improvements required as the design and SSEC continue to mature. 
[bookmark: _Toc213137062][bookmark: _Toc216793048]Organisational Capabilities
Recently Holtec International has expanded its business into decommissioning four nuclear reactor sites in the USA. It was decommissioning a fifth site, Palisades in Michigan, where it has recently agreed to instead return the plant to power operations and is in the process of completing the necessary upgrades. This will be the first direct experience for Holtec in operating a reactor at power. These operations are under the scrutiny of the US NRC which regulates the US civil nuclear industry and has approved Holtec’s application to restart the Palisades reactor. 
In developing the SMR-300 Holtec has built upon its experiences in flask manufacture and integrated the knowledge and experience from its decommissioning sites. It has also recruited suitably qualified and experienced personnel (experienced nuclear operators, ex-regulators, reactor designers, etc.) to bolster its own capabilities. These have been supplemented by technical support contractors and strategic partnerships. 
Whilst Holtec has never built or operated a nuclear reactor, it is proactively developing its organisational capabilities in these areas. We support this approach to expanding organisational capability as the SMR-300 design develops.
[bookmark: _Toc213137063][bookmark: _Toc216793049]Future Work and Commitments
As this is a fundamental assessment of an advanced concept design and the associated preliminary SSEC, further development is required as the design and SSEC mature into detailed design. This is acknowledged in Holtec’s arrangements and detailed in the narrative contained within its submissions (ref. [43]). 
Where Holtec has identified gaps against regulatory expectations and determined them to be significant it has raised commitments through its commitment process. Our assessment of the process has concluded that this can capture the key commitments and ensure they are addressed as Holtec continues to develop the design. 
We assessed the RP’s arrangements for capturing and managing commitments, assumptions and requirements during Step 1 (ref. [29]), and judged them to be adequate. During Step 2 the RP maintained a commitments, assumptions and requirements register (CAR) (ref. [57]) which lists all the commitments made in the SSEC and associated design documents alongside tracking progress and close out notes. Our assessments conclude that the CAR process and its implementation meet the requirements of GDA (ref. [2]). 
We have considered these commitments as part of our assessments and taken them into account when forming our regulatory judgements. Where the RP has self-identified a gap and raised a commitment to address it, this in some cases can provide us with sufficient confidence that it will be addressed without additional regulatory oversight. However, if the gap has the potential to become a regulatory shortfall, is more complex, or its resolution has the potential for significant implications on the design or SSEC we have also raised a RO. 
[bookmark: _Toc213137064][bookmark: _Toc216793050]Safety, Security, and Safeguards Cases
During Step 1 we assessed the RP’s strategy and intentions regarding the development of its safety, security, and safeguards cases, as described in Section 2.5.1. We were satisfied that the proposed approach was logical and suitably structured (ref. [29]).
Typically the SSEC and engineering design are developed in an iterative manner where requirements and claims are identified in the SSEC and delivered by the engineering design. Where the engineering design is unable to meet these requirements for any reason the design or SSEC is refined until all requirements are met. As the overarching design develops this process happens many times as problems are identified and resolved. 
The SMR-300 SSEC submitted to the regulators during this GDA was developed by Holtec Britain and its technical support contractors based on the ongoing design and safety analysis being conducted by Holtec International. The design, safety, security, and safeguards development programme is primarily supporting the Palisades SMR-300 project in the US, so is not complete for the GDA. The SSEC summarises the current position of safety analysis and engineering design and its applicability to the GB regulatory regime. The design is at an advanced concept stage so the design and safety, security, and safeguards analysis will be subject to ongoing development and review as the design continues to mature in the US, including being subject to assessment by US NRC. 
[bookmark: _Toc216793051]Safety Case
Holtec is developing the SMR-300 in the US to meet US NRC requirements. The US NRC has a prescriptive framework detailed in the Code of Federal Regulations (CFR) (ref. [58]) Title 10 Parts 1-199. There are multiple routes through the licensing process in the US, and Holtec is primarily following the approach set out in 10CFR Part 50. This, amongst other topics, provides a set of requirements that a reactor must demonstrate it complies with in order to get a permit to construct and operate in the USA. 
In GB we utilise a predominantly goal setting approach where the law requires that the dutyholder reduces risk so far as is reasonably practicable (SFAIRP). Given that the legal basis and regulatory regimes in the US and GB is different, the safety cases produced are expected to be different. However, there is significant overlap in the claims, arguments, and evidence that is directly applicable to both regulatory regimes. 
It is important to note that Holtec has not formally submitted its safety case to the US NRC, nor has the US NRC formally assessed its adequacy. Holtec International is planning to submit a construction permit application to the US NRC to construct the SMR-300 at its Palisades site in Michigan in 2026. 
The following sections summarise the findings of the ONR safety assessment specialists’ assessment of the PSR submitted by Holtec against the regulatory expectations detailed in the relevant Acts, Regulations, and both UK and IAEA regulatory guidance. 
Fault Analysis
Fault analysis is fundamental to the justification that adequate safety provisions are present in the design and that risks have been reduced ALARP. Fault analysis is comprised of complementary Design Basis Analysis (DBA), Probabilistic Safety Analysis (PSA) and Severe Accident Analysis (SAA). This should be supported by suitable human factors analysis and engineering substantiation. The PSR presents a summary of the safety case for all three aspects of fault analysis.
Holtec’s PSR identifies that the fault analysis for the SMR-300 design is at a preliminary stage of development. The approach presented in the PSR relies upon information developed for the Palisades project in the US, supplemented by activities specifically for the PSR such as the development of the preliminary fault schedule, limited DBA and PSA sensitivity studies. 
The set of postulated initiating events presented for the SMR-300 is predominantly based on a review of initiating fault lists from other NPP designs which employ similar technology. Holtec has not demonstrated that a complete list of postulated initiating events has been derived, and we have identified some initiating events that could be postulated for the design around the innovative features unique to the SMR-300 which have not been included. Shortfalls in systematic identification of human actions impacting safety were also identified. 
The RP has undertaken a limited application of DBA, supported by preliminary transient analysis work, and has developed a preliminary fault schedule. Some shortfalls have been noted in the RP’s DBA methodology and the deterministic principles applied. The transient analysis presented demonstrates that the RP has the requisite capability and is employing appropriate codes and methods. Whilst a significant amount of additional work will be required in the future as the fault analysis develops, the information that has been submitted has shown that there is a credible route to a position that will meet regulatory expectations. 
The PSA for the SMR-300 has not been completed, instead the RP submitted aspects of the PSA for the SMR-160. The RP has demonstrated that the PSA for the SMR-160 is applicable to the SMR-300 for some types of accidents, but not for others such as severe accidents or internal hazards. This has limited the ONR assessment in this area. Instead our assessment has focused on the PSA methodologies used and how PSA has informed the design and the safety case. 
The RP’s use of PSA in developing the design is recognised as a strength, however there are gaps in the overarching process and how it is systematically and formally applied. As noted in Section 4.2, the RP has identified the need for improvements within its design process and requirements management system.
Several shortfalls in the PSA methodologies were identified which, if not resolved, have the potential to challenge the adequacy of the PSA and the design. This includes the consideration of common cause failures (CCF), analysis of partial core damage sequences, human reliability analysis, and justification of the reliability data used. To recognise the potential significance of these shortfalls we have raised RO‑HOLTECSMR300‑010. Holtec has acknowledged these and prepared a resolution plan on how it intends to address them. We have accepted the resolution plan, the contents of which describe an approach that if adequately implemented should address those concerns(ref. [56]).
The SMR-300 has been designed to maximise the use of passive safety measures and avoid the need for operator actions for 72 hours following a fault. This is aligned with ONR’s SAPs, and if adequately implemented can deliver safe and reliable operations. However, the design and safety assessment presented in the PSR are not sufficiently mature to substantiate the RP’s claims at this time.
Whilst the use of natural convection circuits to remove decay heat from radioactive materials is well established in other NPP designs, they are often a back-up to active heat removal systems whereas the SMR-300 safety case relies almost entirely on passive safety systems, with the conventional active heat removal systems not claimed. Further refinement and substantiation of the passive safety systems is required to demonstrate they work as claimed when required with sufficient reliability and fault tolerance. The engineering design of the passive safety measures is discussed further in section 4.4.
International consensus is that nuclear reactors should have multiple independent barriers against fault progression. The RP’s design philosophy is to rely on a small number of passive systems for many of the defence in depth levels. Whilst this may offer benefits (e.g. increased reliability), the application of defence in depth has not been clearly justified for the SMR-300. This should include considering if failure of barriers is prevented as far as reasonably practicable and demonstrating that the safety measures provided at each level of defence in depth are sufficiently independent.
Following review of the fault analysis submitted, there are some specific aspects of the design where we have identified that the RP has not provided sufficient justification of the design or that risks are capable of being reduced ALARP. This includes diverse shutdown, containment isolation and diverse RCS depressurisation. Specific ROs (RO-HOLTECSMR300-002, 003 and 004) have been raised on these topics and are discussed in later sections (ref. [56]).
Holtec has identified some accident management strategies for severe accidents in the SMR-300 design, such as in-vessel retention for mitigating the consequences of a core melt scenario, provision of passive autocatalytic recombiners for hydrogen management, and the PCH system for managing containment temperature and pressure. However, the derivation of severe accident scenarios and justification of appropriate safety measures has yet to be undertaken which may introduce new faults that need to be analysed and incorporated into the design and safety case as appropriate. 
Taking all of the above points into account, whilst significant work has been undertaken and there are a number of positive aspects to the fault analysis conducted to date (e.g. use of PSA, codes and methods for transient analysis, development of a preliminary fault schedule and preliminary DBA), our conclusion is that in a number of areas there is insufficient information presented to assess the fundamental adequacy of the design and safety case. This includes fault identification, demonstration of sufficient diversity, redundancy, tolerance to single failure and defence in depth. There was also insufficient information submitted to assess specification and analysis of severe accident scenarios and practical elimination. We have raised RO‑HOLTECSMR300‑011 requiring further development of the fault analysis (ref. [56]). 
Holtec has recognised the shortfalls and that the fault analysis maturity needs to increase. The RP has developed a resolution plan in response to RO‑HOLTECSMR300‑011 and has raised a commitment (refs. [56] and [57])  in the PSR to undertake a more comprehensive safety assessment, repurposing the safety analysis undertaken for the Palisades project in the US and to supplement it where necessary to meet ONR’s regulatory expectations. A key deliverable proposed by the resolution plan is a strategy for the development of the fault analysis. Whilst the provision of a strategy and plan for the further development of fault analysis does not directly resolve the identified shortfall in the maturity of fault analysis, they are an essential element of the work programme aimed at improving the maturity of the fault analysis. If delivered at the appropriate time, the strategy can support the development of fault analysis and help provide confidence that the appropriate level of maturity will be achieved at relevant project stages and associated regulatory engagements.
Internal and External Hazards
Alongside the fault analysis, the safety case should consider the impact of both internal and external hazards. 
Whilst a suitable set of generic internal hazards has been identified by the RP to support development of the SMR-300 design, a fully systematic and complete internal hazard identification process based upon the SMR-300 design has not been implemented. Suitable methodologies have been identified to analyse internal hazards, however some refinement to reflect the specifics of the SMR-300 design is needed. The RP has accepted these shortfalls and committed (ref. [57])  to future work to address them as part of routine design development which we consider to be sufficient.
The RP has put in place sufficient internal hazards requirements to inform design decisions and plant layout. However further work is needed to implement these requirements once the classification of SSCs and the deterministic assessment of internal hazards is sufficiently mature. This may require changes to, or enhancements of the civil structure to form further divisional barriers.
We focused our assessment on the novel aspects of the SMR-300, including the Annular Reservoir. We have identified that there are shortfalls in how the potential for an internal hazard from the Annular Reservoir are characterised and analysed. This has been captured in RO‑HOLTECSMR300‑007 (see Section 4.4.4.1 for further discussion on the Annuar Reservoir). 
As the GDA is not a site-specific assessment, assumptions need to be made to allow for the consideration of reasonable and representative external hazards. The RP has presented a Generic Site Envelope (GSE) (see Section 4.4.1.5. for further discussion on the GSE) which defines a bounding site for the external hazards within the scope of GDA. 
For most external hazards the RP has provided evidence that SMR-300 is designed to withstand the hazards presented in the GSE. Where margin cannot be demonstrated the RP has committed (ref. [57]) to forward actions to analyse the hazards and the impact on the SMR-300 design further which we consider to be sufficient. The most important is the forward action on high ambient air temperature, as this could have the largest implications for the design and operability.
The RP has also considered beyond design basis external hazards. The PSR presents sufficient information to have confidence that the risk from beyond design basis external hazards can be reduced SFAIRP. However, this can only be achieved once site-specific design basis events can be determined to establish the margin between the reference design parameters and design basis events.
The engineered protection against aircraft impact is less mature than that for other external hazards (see section 4.4.4.5. for details about the post GDA planned design changes affecting the containment structure and containment enclosure structure). As the SMR-300 design matures the claims on SSCs and approach to reducing risk may change.
Safety Function Categorisation and Safety Classification of Structures, Systems, and Components.
The RP has presented the results of the high-level safety function identification process for the SMR-300. Identification and specification of safety functional requirements at the sub-system and component level has not been completed as the safety analysis is not considered sufficiently detailed at this stage.
The RP’s safety classification scheme classifies SSCs into two main groups, either “safety-related” or "not safety-related” where the definition of safety-related is any component that is required to remain functional during and following a design basis fault (n.b. this is different to the ONR definition of safety-related). The RP’s classification scheme also only recognises the contribution to the most significant safety functions and does not consider the contributions to safety for all levels of defence in depth. These limitations directly impact the SMR-300 design and safety case.
The RP has recognised the limitations of its approach and has undertaken a preliminary assessment of safety functions categorisation and SSC classification according to a revised methodology. The revised methodology meets the expectations set out in ONR guidance, which is aligned with IAEA guidance, however the RP has only so far presented indicative results as part of the preliminary DBA and preliminary fault schedule. The preliminary analysis undertaken has also identified several potential challenges on the classification of some systems that will require further work to address. The revised methodology will need to be systematically applied to the SMR-300 design and supported by more mature fault analysis. 
Action 1 of RO‑HOLTECSMR300‑011 requires a strategy for the further development of the fault analysis, the action explicitly includes the application of methodologies for safety function categorisation and safety classification of SSCs. 
Numerical Targets
ONR’s SAPs contain nine numerical targets which are used as an aid to judgement when inspectors are considering whether radiological hazards are being adequately controlled and risks reduced to ALARP. Each target contains a Basic Safety Level (BSL) and Basic Safety Objective (BSO).  ONR’s policy is that new facilities should meet at least the BSLs.
The evidence provided by the RP to demonstrate that the numerical targets are achieved is at a low level of maturity, due to the development required in the fault analysis, and subject to high uncertainty due to ongoing development and modification to the SMR-300 design. However, from the information provided in GDA we can make some judgements on the likelihood and level of confidence that the numerical targets will be met in future.
Targets 1, 2 and 3 are related to radiation doses to people on or off the site arising from normal operation. The BSLs for Targets 1 and 3 are also legal limits (as stipulated within the Ionising Radiations Regulations 2017). The Radiological Protection assessment confirmed that the RP has provided sufficient confidence to demonstrate that the SMR-300 can meet ONR’s SAP Targets 1 and 2 BSLs. For Target 3, the RP has provided confidence that the BSL can be met for the generic site envelope, with the exception of the   specific lakeside site at Llyn Trawsfynydd.  For this site the RP’s analysis shows that dose to a representative person from the ingestion pathway is above the Target 3 BSL. The RP recognised that this represented an unacceptable dose and therefore has not presented any further analysis for this specific site. The RP has carried out a sensitivity analysis to demonstrate that discharges into larger lake systems with a significantly higher volume and river flow rate, could result in doses below the Target 3 BSL. In future stages of the design and site-specific safety case development, any future licensee will be required to develop appropriate dose estimates and demonstrate that ionising radiation risks arising from normal operations have been reduced to ALARP.
Target 4 is a numerical target for DBA which represents criteria for assessing the safety of the facility’s design and operations for faults that could have significant consequences. The fault studies assessment noted that the dose acceptance criteria applied by the RP in the deterministic safety analysis are significantly higher than those that would be deemed tolerable as set out in the numerical target 4, however the PSR states that the dose criteria specified by target 4 are used for assessing the radiological consequences of faults. The RP has acknowledged this inconsistency and recognised that there is a difference in dose acceptance criteria being applied and raised a commitment (ref. [57]) for radiological consequence assessments to be performed for each design basis fault against ONR SAP Numerical Target 4, which we consider to be sufficient.
ONR’s targets 5, 6, 7, 8 and 9 provide a framework to assess the risk from accidents, with the numerical estimation of risk primarily generated through a PSA. The PSA for the SMR-300 has not been developed yet. The PSA submitted for the SMR-160, although demonstrated as applicable to the SMR-300, is limited in scope (e.g. internal hazards and severe accidents). Whilst further development of the PSA is required, from the analysis submitted during GDA showing that the level of risk arising from the SMR-300 design is low we have confidence that the BSLs for numerical targets 5 to 9 can be met.
Reducing Risks ALARP
The RP's approach to the demonstration that risks can be reduced ALARP relies upon demonstrating that the design meets RGP and the consideration to implement options to reduce risk as part of the design management process. 
We judge that this approach is reasonable for the aspects of the design where the risks are well-known and understood and there is clear RGP that can be applied such that the demonstration of reducing risks ALARP can primarily comprise a demonstration that the RGP has been met. 
For the more novel aspects of the SMR-300 design, the RP’s approach to demonstrating that risks are reduced ALARP through the application RGP, with a focus on codes and standards, does not meet expectations as set out in ONR guidance and further consideration of the potential options for reducing risk is warranted.
The RP has identified some areas of the design where there is a lack of detailed safety analysis to support a justification that risks have been reduced ALARP and has made commitments (ref. [57]) to undertake further work in these areas. Similarly, the RP has identified some aspects of the design which either do not meet RGP or there is no clear RGP to be applied. These aspects have been captured in the RP’s design challenge papers as part of the RP’s design management process. We consider this to be sufficient. 
Whilst the RP's design management process contains an appropriate process for the evaluation of whether risks can be reduced ALARP, this is only one step in the design management process and several subsequent steps are present through which any proposed position or modification needs to be endorsed. The output of the totality of the design management process has not been presented within GDA and so no judgement can be made on whether the process delivers an adequate evaluation and justification of ALARP in practice.
The RP claims that the radiation risks are tolerable and ALARP. The main argument in support of this claim is that the RP’s risk targets are consistent with the SAPs numerical targets and will be met. As stated in the previous section, the evidence to demonstrate that the dose targets will be met is at a low state of maturity, particularly given the low maturity of the fault analysis and PSA, however from the analysis conducted to date we have concluded that it is likely the BSLs of the SAPs numerical targets can be met in a future case.
The RP has stated that it intends to consider design stability of an international fleet of SMR-300 reactors as part of its methodology to demonstrate that risks are reduced ALARP. The RP refers to a stable design as one that is suitable for deployment internationally without significant modification. Whilst design stability arguments are not used explicitly within the submissions provided for Step 2 of this GDA, design stability is a key part of the RP’s future intentions for design development and safety justification.
The RP submitted the Design Stability Toolkit which sets out the principles it intends to apply when considering design stability as part of decision making and demonstrating that risks have been reduced ALARP. This includes considering the potential benefits of a stable and consistent design deployed internationally (e.g. the potential cost and safety benefit of sharing operating experience and supply chains) when making decisions about design development or modification and demonstrating that risks are reduced ALARP.
ONR published guidance on ALARP contains guidance on replication of an existing design where risks have already been judged as being reduced ALARP, however it does not specifically cover the RP’s intended approach to consider application of factors from a global fleet that is still in the design phase and where regulatory assessment is still ongoing. To supplement published guidance, advice was sought from ONR’s ALARP Working Group. The advice received was that consideration of benefits related to an internationally standardised design were legitimate to consider as part of demonstrating that risks are reduced ALARP. However, evaluating and quantifying the benefits is expected to be complex and subject to large uncertainties, so should be considered conservatively and should only be one aspect of the overall justification that risks are reduced ALARP. Ultimately it is the duty of the future operator of any SMR-300 to demonstrate that risks are reduced ALARP, so if the intended fleet is ultimately not developed (e.g. only one or a small number of units are ultimately deployed) then the arguments made for the benefits from an internationally deployed fleet may not be appropriate and the resulting decisions and demonstration that risks are reduced ALARP could be invalid. Future safety cases are expected to consider this advice when developing arguments involving design stability factors.   
Safety Case Summary
Holtec has produced a PSR that has followed a logical structure that is aligned with both UK and IAEA expectations. However, in a number of areas the analysis presented is less developed than we would expect for a PSR or to enable a fundamental assessment. Further development is required in several areas, as set out in the sections above. The most significant areas where potential shortfalls have been identified which could impact the adequacy of the SMR-300 design or safety case have been captured in ROs. Holtec has acknowledged all the shortfalls and prepared resolution plans to address them. We have accepted the resolution plans, the contents of which describe an approach that if adequately implemented should address those concerns.
[bookmark: _Toc213137066][bookmark: _Toc216793052]Generic Security Report
The Nuclear Industry Security Regulations (NISR) 2003 set out the requirements for securing nuclear premises, nuclear materials, and sensitive nuclear information. They require all nuclear site operators to have a security plan approved by ONR detailing measures for protective security, cyber and information security, and personnel vetting. These provisions are designed to reduce the risk of theft, sabotage, or other malicious acts affecting safety or security of the facility. 
The RP’s GSR sets out the conceptual security regime that will be developed further by a licensee. It details the overall security claims, arguments, and evidence and demonstrates how these integrate with the wider SSEC to optimise these risks.
Vital Area Identification and Categorisation
Vital area identification and categorisation (VAI&C) is the process of identifying the areas at a nuclear facility around which protective security measures should be provided to reduce the risk to the public from an Unacceptable Radiological Consequence (URC) arising from sabotage. If vital areas are not properly identified, then it is likely that insufficient, ineffective or inappropriate Physical Protection Systems (PPS) and protective security arrangements will be implemented to mitigate public risk. 
We have reviewed Holtec’s methodology for the categorisation for sabotage and Vital Area Identification (VAI) and how it has applied this methodology against the expected nuclear inventory and aspects of the plant design to evidence its efficacy against SyAPs expectations. Our assessments have concluded that the methodology and approach is appropriate and no significant gaps have been identified when compared with the IAEA guidance (ref. [51]). The methodology should also remain fit for purpose for subsequent design stages.
The RP has used a proxy Design Basis Threat (DBT), as the UK DBT was not available to them during this GDA. The DBT is the cornerstone input to a nation state’s nuclear security case as it sets out the hazards against which security risk is determined. The UK DBT reflects the UK government’s risk appetite. Applying an alternative set of hazards to those applicable to the UK means that any subsequent VAI analysis cannot be verified. Whilst we consider that the outputs from the VAI conducted to be adequate, the analysis will need to be repeated using the correct set of hazards should this design be taken forward in the UK. Further use of an alternative DBT at that point would represent a significant shortfall.
Despite this, the main objective of Step 2 from a VAI perspective was for a VAI methodology to be developed and the adequacy of that methodology demonstrated through its application. Although the output of the analysis itself will require revalidation, our assessments conclude that the RP has developed an adequate set of VAI arrangements capable of producing accurate outputs once the correct inputs have been applied. The RP has committed (ref. [57])  to using the UK DBT as part of future security plans; we consider this to be positive. 
Protective Security
Protective security refers to the implementation and maintenance of a PPS that integrates technical and procedural controls to form layers of security that build defence in depth and are graded according to the potential consequence of a successful attack. A PPS integrates people, procedures and equipment for the protection of assets against theft, sabotage and other malicious activity. The PPS should incorporate functions such as deter, delay, detect, respond and insider threat mitigation to achieve the relevant security outcome. 
We have reviewed the RP’s conceptual security arrangements, assessing the proposed security architecture, security infrastructure, and concept of operations. Our assessment concludes the proposed conceptual security regime and integrated security solution is consistent with the overall aim of providing defence in depth and a graded approach against the threats identified in the RP’s proxy threat interpretation. At a high level, this aligns with SyAPs and IAEA expectations.
Cyber Security 
Dutyholders must implement and maintain effective cyber security and information assurance arrangements that integrate technical and procedural controls to protect the confidentiality, integrity and availability of sensitive nuclear information and technology. 
Effective Cyber Protection Systems (CPS) are capable of deterring, detecting, defending/defeating disruptive challenges (such as cyber attacks), facilitating mitigation of and recovery from, any adverse effects. Our assessment has considered how cyber security risks to the SMR-300 design were identified and analysed to inform the CPS design as part of the overall security justification.
We have reviewed the RP’s cyber security risk assessment methodology (CSRAM) and its associated application which sets out the process for risk assessment and justification of cyber security risks as well as supporting development of appropriate security measures and security design modifications to the SMR-300. This includes identifying all operational technology and computer based security systems, partitioning it into zones and conduits whilst identifying the system interconnections; and assessing these to identify the controls necessary to meet the CPS outcomes. 
Our assessment concluded that the CSRAM is adequate and meets regulatory expectations for this stage of development. The methodology is based on RGP and appropriate standards, capable of demonstrating the relevant CPS outcomes and incorporates the relevant SyAPs Key Security Plan Principles in its approach.
[bookmark: _Toc213137067][bookmark: _Toc216793053]Generic Safeguards Report
The treaty on the non-proliferation of nuclear weapons (NPT) is implemented through verification agreements between signatory states and the IAEA. The UK is a signatory to the NPT and has also agreed an additional protocol which grants the IAEA broader access rights and more detailed information. These agreements and protocols are implemented into UK law through the  Nuclear Safeguards (EU Exit) Regulations 2019 which sets out the legal requirements for qualifying nuclear facilities to keep records and submit reports on qualifying nuclear materials, movements, and facilities, to ONR, who are the UK’s safeguards state regulatory authority. These regulations align with the UK’s obligations under the voluntary offer agreement ensuring international oversight and confidence that UK civil nuclear activities remain peaceful. 
The RP’s safeguards case sets out how it intends to incorporate safeguards expectations and requirements during the early phases of design and how it will support the UK government in delivering its obligations under NSR19 and the NPT. The RP has outlined its safeguards programme, key safeguards claims, and how these align with safety, security, and environmental considerations. 
Our assessment concludes that the RP has demonstrated understanding of both domestic and international regulatory requirements and expectations for nuclear safeguards commensurate with the current status of the design, including submission of an Article 2.a.(ix) declaration under the UK additional protocol. Whilst sufficient information was provided during Step 2, further details will be required on the Nuclear material accountancy and control system (NMACS), and the documentation will need to be updated as required by NSR19 as the design matures beyond this GDA. We are satisfied that the SMR-300, subject to routine ongoing development, can comply with regulatory requirements for safeguards. 
[bookmark: _Toc213137068][bookmark: _Toc216793054]SSEC Summary and Judgement
Overall the SSEC is at a preliminary stage of development which is typical for this stage of design development. The SSEC presents a strong foundation to allow Holtec to continue to develop the SMR-300. We note that the RP has identified and incorporated regulatory guidance into the SSEC and provided appropriate methodologies to provide confidence that there are no fundamental shortfalls with its approaches. We have noted a number of areas, which we consider important from a regulatory perspective, where further analysis and development is required, most notably on the maturity of the fault analysis. This has been captured in ROs which detail this additional work. We have also noted a number of specific technical shortfalls, which require further work, but from a regulatory perspective we consider are less likely to require significant changes to the design or SSEC. 
Whilst the environmental aspects have an impact on the rest of the SSEC, and we have collaborated with the Environment Agency and NRW during our assessments, they are not part of ONR’s purposes, so are not assessed by us in this report, instead these are covered separately by the Environment Agency (ref. [3]). 
[bookmark: _Toc213137069][bookmark: _Toc216793055]Adequacy of the SMR-300 Design
The SMR-300 design should deliver the safety, security, safeguards, and environmental performance requirements identified in the SSEC which are derived from legal standards defined in the relevant acts, regulations, approved codes of practice, and the associated guidance on how to comply. These are supplemented by Holtec’s own design philosophy and standards. 
We have assessed the design as submitted in the DRP and the claims made upon it in the SSEC. It’s important to note RO‑HOLTECSMR300‑011 raised on fault analysis maturity which requires the RP to undertake work to further develop the fault analysis. If this analysis results in further safety claims being made on the engineering design then this may require the systems to be modified or substantiated to a higher standard than we have assessed to date. 
[bookmark: _Toc213137070][bookmark: _Toc216793056]Design Overview and Principles
Design Principles
Holtec has reviewed existing reactor technologies and has developed the SMR-300 design principles to develop a plant that it claims is fault tolerant, easy to operate, with redundant and diverse safety systems favouring passive engineered systems over active engineered systems or operator actions. These principles are aligned with the engineering key principles defined in the SAPs. 
During our assessments we have reviewed how these principles have been embedded into the engineering design and how the additional challenges they present has led to innovative approaches being developed by Holtec. Some of the solutions developed in line with these principles, such as aspects of the passive decay heat removal systems, are new and whilst we have not identified any underlying problems with Holtec’s design principles or approach, further analysis and substantiation will be required as it continues to develop the SSEC and design. 
80 Year Design Life
The SMR-300 is being designed for an 80 year operating life. This is longer than the typical 40-60 year life for nuclear reactors. Holtec has recognised this challenge and designed various aspects of the plant to be replaceable during outages e.g. electrical supply equipment, control and instrumentation equipment, mechanical equipment, etc. This approach is widely used in all industries and the detailed implementation would be subject to appropriate regulatory scrutiny in later phases of the project. 
However, there is also plant and equipment that cannot be replaced, for example the reactor pressure vessel and main containment structures, which need to be designed to last for the full 80 year operational life and remain safe throughout the subsequent decommissioning period. 
Whilst not specifically for the SMR-300 design, the US NRC (refs. [59] and [60]) has identified "important technical issues that still need to be addressed" for light water reactor lifetime extensions beyond 40 or 60 years due to potential interactions between different ageing and degradation mechanisms. A NRC led panel of experts concluded that the ageing and degradation conditions in steel structures and components will need to be "addressed to reduce the uncertainties in RPV material behavior" with respect to operating in these extended lifetime regimes.
It is important for us to gain confidence in the RP’s considerations of ageing and degradation and how these considerations have influenced the design and the material selection of the SMR-300. Our regulatory expectations (ref. [47]) require these aspects to be considered at the design stage in order to address the risks of failures during operations. This requires demonstrating an understanding of the effects of ageing and degradation mechanisms through life as well as the ability to make conservative predictions for the rates of degradation. 
Our assessments have concluded that the RP has not fully demonstrated a proactive approach to ageing and degradation. Given the lack of operational experience beyond 60 years and the potential for complex and unexpected long-term degradation effects in SSCs, it is unclear from the RP’s justification how the design life ambitions of the SMR-300 will be justified. We have raised a regulatory observation (RO‑HOLTECSMR300‑008) highlighting this potential shortfall and summarising the regulatory expectations to justify an 80 year design life. The RP has submitted a resolution plan detailing how it intends to address this shortfall. We have accepted the resolution plan, the contents of which describe an approach that if adequately implemented should address those concerns.
In addition, the RP states that SSCs required to support decommissioning will be subject to suitable through-life management to ensure they are available, and has made a formal commitment (ref. [57]) to develop the ageing and degradation strategy for the SSCs to inform the necessary examination, maintenance, inspection and testing activities during the lifecycle of the plant. We consider this, if adequately implemented, to be sufficient to address the gap identified. 
An 80 year design life is not a regulatory requirement, so not being able to meet this design objective wouldn’t necessarily prevent ONR granting permission to construct and operate an SMR-300. As demonstrated with our regulation of the existing UK reactor fleet where degradation occurs we would ensure that this is analysed and a robust safety case is presented to enable safe continued operations.
Metrication
The SMR-300 has been predominantly designed in the US, hence it has used US customary units. Whilst there is no legal requirement for plants to be designed in système international (SI) units in the UK, deviation from this presents additional operational error traps and can introduce additional costs in sourcing US standard plant and equipment in the UK and globally. Guidance to Requesting Parties states that designs for the UK should be designed and operated in SI units. In addition, other legislation requires demonstration of compliance in SI units, for example quantities for accountancy for Qualifying Nuclear Materials (QNM) are required to be reported in units expressed to at least the nearest gram (NSR 2019, S20). 
Holtec has acknowledged these requirements and state risks associated with a design that doesn’t fully adopt SI units will be identified, assessed and justified. Its approach to metrication is detailed in a strategy overview and process, which describes the options available to the RP (including fully metric, fully US customary and a hybrid approach). To demonstrate application of the strategy, the RP has undertaken a pilot study of the SFP system. This proposes a hybrid approach for the SFP system, with a number of recommendations for future work relating to a stand back review to demonstrate risks are SFAIRP at the plant level which the RP has committed to deliver as part of a future case. 
[bookmark: _Hlk214628897]Our assessments conclude that the RP has an adequate strategy and methodology to demonstrate that risks can be reduced SFAIRP. Whilst the RP’s position is not consistent with Guidance to Requesting Parties (ref. [2]), during previous GDAs of US origin reactor designs using non-SI units, we have accepted a “hybrid” approach to metrication, subject to demonstration of risk reduction SFAIRP. We would expect to consider this matter further if a GB SMR-300 project continues.
50Hz Operation
The SMR-300 has been designed for deployment in the North American electrical transmission network, which operates at 60Hz. The electrical transmission network in the UK, all of Europe, Australasia, and the majority of Asia and Africa, operates at 50Hz so adopting a 50Hz compatible design will be necessary for Holtec to achieve its ambitions of global deployment. 
The ability to connect the nuclear power plant to the transmission system is important to ensure not only that it can commercially export electrical power but also so that it can receive electrical power to support operational and safety systems. To enable this, it has to meet a number of connection conditions set out by the GB transmission system operator in the grid code (ref. [61]). Whilst legal vires for compliance with the grid code sit with the Office for Gas and Electricity Markets (OFGEM), the offsite electrical supply is generally the preferred power source during fault conditions and, therefore, it is important to have confidence that the design can be connected to the transmission system without impacting nuclear safety. 
Our assessment of the RP’s strategy for UK grid code compliance concludes that the RP has recognised the need to comply with this and has established a commitment (ref. [57]) to demonstrate compliance with the technical requirements of the UK Grid Code (ref. [61]). We consider this sufficient for the current stage of design development, although we would expect to consider this matter further if a GB SMR-300 project continues. 
Electrical equipment is designed and manufactured to operate at a specific AC frequency, usually 50Hz or 60Hz. Whilst some equipment (such as some electronic power supplies) has a suitably wide frequency range as to be able to work satisfactorily at either 50Hz or 60Hz without detriment, this does not apply to electromagnetic equipment such as motors, generators or transformers. These are likely to suffer adverse effects, such as overheating, maloperation and over/under-speed if operated outside their design frequency. Where such equipment supports a system or systems important for operations or safety, this could have a significant impact.
We have assessed the RP’s strategy paper which analyses the options available to enable the SMR-300 to operate in a 50Hz grid. This analysis considers:
Full or partial plant level frequency converters to enable operation at 60Hz;
Targeted use of variable speed drives for some applications, with the balance of plant operating at 50Hz; and
Full plant redesign using 50Hz equipment 
The RP concludes that a full redesign to 50Hz is the most beneficial option, however it states that the final decision on how to operate in a 50Hz grid will happen after this GDA. Our assessment has concluded that the full redesign option would be a reasonable approach to take at this stage of the design, and considers that none of the approaches considered by Holtec impact on the nuclear safety of the plant.  
Generic Site Envelope
The SMR-300 generic site envelope (GSE) defines the characteristics of the generic site. These characteristics form the basis for the safety analysis and environmental assessments of the Holtec SMR-300 GDA.
Our assessment has reviewed how the RP has identified and characterised the external hazards and the data used to define the hazards that define the GSE. The GSE bounding values derived for the representative sites are sufficient when compared to existing site design basis events and previous GDA GSEs. This provides confidence that the SMR-300 could be deployed in England and Wales if the GSE values were adopted for design basis events.
Our assessment concludes that the RP has undertaken a thorough process to identify the external hazards for consideration in the GDA and has derived appropriate values for the GSE. We consider that the GSE provides suitable example values to act as a proxy for site-specific design basis events to provide confidence that there are no reasons why the SMR-300 design cannot meet the regulatory expectations (ref. [47]). 
Multi-Unit Design 
The SMR-300 assessed in this GDA is a multi-unit design with two identical reactors connected to a common auxiliary building. Each reactor has its own supplies and is generally independent of the other, the main exception is both reactors are operated from a single control room. 
Multi-unit operation under a single nuclear site license is common in GB with both the Magnox and Advanced Gas Reactor (AGR) fleets having sites operated in this manner. The EPRs currently under construction at Hinkley Point and proposed at Sizewell are also following a multi-unit approach. The use of a single control room to cover both reactors is also established practice in the UK. 
None of our assessments have identified any concerns related to the multi-unit aspect of the SMR-300 design.
Nuclear Site Health and Safety
The SMR-300 has been designed for deployment in the US to meet Occupational Safety and Health Administration (OSHA) requirements. OSHA works under a prescriptive approach with a set framework of standards that must be complied with. In the UK the Health and Safety at Work etc Act (HSWA) 1974 places a duty to reduce risks SFAIRP and gives flexibility on how this is done, however there are also some prescriptive requirements made in regulations under HSWA e.g. Working at Height Regulations 2005 Schedule 2 mandating guard rail and toe board dimensions. The RP has undertaken an analysis of UK and US requirements and demonstrated it understands these differences and has committed (ref. [57]) to implementing them on a future GB design; we consider this to be sufficient for Step 2. 
In addition to the prescriptive requirements, UK law places further duties in addition to the general duties in HSWA requiring that risks are assessed, eliminated where possible, minimised, and controlled e.g. Construction (Design and Management) Regulations 2015, and The Control of Major Accident Hazards Regulations (COMAH) 2015, etc. 
We have focussed on the RP’s plans and arrangements for compliance with the CDM and COMAH regulations as these have been put in place to ensure that the facility can be safely constructed, operated, and decommissioned and that the risks from dangerous substances have been minimised protecting people and the environment from serious industrial accidents. 
Our assessment has concluded that the RP understands the requirements of GB health and safety legislation. The RP has demonstrated it has arrangements to analyse the SMR-300 design to demonstrate that risks are reduced as low as reasonably practicable, considering the requirements of GB health and safety legislation, and has committed (ref. [57]) to complete this work after the GDA;  we consider this sufficient for Step 2.
To date, the RP has not been able to fully demonstrate how early design decisions have considered the principles of prevention, and that there are no unintended consequences on nuclear site health and safety in the ongoing design. To address this the RP has developed a design change process so it has a mechanism to undertake a review of the Holtec SMR-300 design, which includes consideration of these principles. We consider that this updated process, if adequately implemented, will demonstrate that this has been considered, hence it does not represent a shortfall with the design at this stage. We would expect to consider this matter further if the SMR-300 project continues in GB. 
Fire Safety
Our assessment of the SMR-300 conventional fire safety aspects concludes that the RP has selected appropriate design codes and standards for fire safety. The RP’s fire safety strategy and design development is based upon meeting US National Fire Protection Agency (NFPA) requirements. The RP has also completed a gap analysis to evaluate differences between the developing design and UK specific requirements and RGP. This has identified some gaps where US and UK fire safety standards diverge. The RP has proposed design modifications intended to address these gaps. During GDA substantial redesign of the civil structures has occurred, which also considered UK fire safety requirements. While these modifications are not yet complete or implemented, the RP has made  commitments (ref. [57]) which provides us with confidence that this will address the gaps identified and the improvements will be included in the SMR-300 design.
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The SMR-300 reactor core contains the fuel which generates heat and the reactor coolant systems transfer this heat via the secondary circuit to the steam turbines where electricity is generated. We have assessed all the key parts of this design which is summarised in the following sections. 
Fuel
The SMR-300 has been designed to use Framatome fuels - Framatome is a very experienced and established nuclear fuel producer and its fuels power over 100 reactors worldwide. 
The SMR-300 is designed to use GAIA assemblies which have been tested in five different reactors across the world and post irradiation examination has been undertaken by Framatome. This examination has not identified any causes for concern, with no failures of the clad or associated components. Whilst we have not been able to review the specific conditions or detailed outputs from this analysis, the SMR-300 has been designed to operate within typical parameters for PWRs. We consider that this provides sufficient evidence that this fuel is suitable for use in the SMR-300.  
During Step 2 the RP informed us that it is likely to change its design to use Framatome new GAIA-AFM assemblies after GDA, to align with design developments in the US for the SMR-300. Such evolution in fuel assemblies is commonplace.
Irrespective of the final fuel assembly choice, further analysis and regulatory assessment will be required after the GDA if Holtec continues with its plans to deploy the SMR-300 in GB. 
Reactor Core
The reactor core is where the individual fuel assemblies are housed. We have assessed the core design presented and noted that whilst it generally falls within the typical design ranges and parameters for PWRs, there are two novel features, one being the unusually high aspect ratio (tall with a comparably small core diameter), the other being the presence of asymmetrical flow in the RPV because of the asymmetric reactor coolant system. The core nuclear design is a key part of the SMR-300 design because it has a strong effect on the plant response to fault conditions and because a change in the core geometry, if it were required, could cause significant changes to the wider plant concept. The need to address the potential flow asymmetry is also important because it is inherent to the reactor coolant system design. 
All PWR designs have to consider means to distribute the flow from the RPV inlet to the fuel in the reactor core. This often involves dedicated geometrical features below the reactor core and sometimes at the bottom of the downcomer. Without these, there is operational experience in PWRs of large vortices being generated underneath the core, which can cause uneven or fluctuating core flow. The asymmetric nature of the SMR-300 reactor coolant system might be expected to increase this type of effect if not adequately addressed by the design.
As part of our assessment we utilised a TSC to review operational experience (OPEX) on PWR core design, who reviewed both asymmetric flow and high aspect ratio cores, similar to the SMR-300 design. Our TSC identified OPEX for a design with similar asymmetric flow and several examples of PWRs with high aspect core ratios. No negative effects were identified related to either of these characteristics. 
We have reviewed the RP’s design considerations and analysis and are satisfied that it understands the design implications of the asymmetric flow, in both normal and fault conditions, and has addressed these appropriately in the preliminary design. Our TSC did not identify adverse effects in similar situations. However, we consider that further analysis and validation of the RP’s core flow distribution modelling using hydraulic testing is necessary to substantiate the claims made in the SSEC in line with regulatory expectations. This testing has not yet taken place. However, the RP has shared its plans in the safety case to undertake such testing, we judge that it would be disproportionate to expect such testing to have already been undertaken before or during GDA Step 2. Therefore we are content to consider this testing at a later point, as part of any future regulatory assessment should the RP proceed with its plans to deploy the SMR-300 in GB. 
Our assessment has identified that core design for equilibrium conditions was non-compliant with the RP’s own design limits for maximum rod-average burnup. The burnup limit for a fuel rod effectively sets a safe working life for the fuel in terms of irradiation. Compliance with the limit is necessary to ensure adequate margins for the effects of ageing and degradation of the fuel and clad. Compliance with the limit is also necessary to ensure the validity of some fuel performance calculations that justify fuel integrity in normal operation and faults. The RP has recognised the non-compliance committed to addressing this as part of ongoing design development. 
Overall the RP has several potential options to resolve this matter. However, it is not clear whether the matter can be resolved without any impact on the wider SMR-300 plant or its design characteristics. Therefore we have raised a regulatory observation (RO‑HOLTECSMR300‑005) to highlight the shortfall and ensure that this has been resolved as part of any future regulatory activity following this GDA. The RP has acknowledged this shortfall and prepared a resolution plan. We have accepted the resolution plan, the contents of which describe an approach that if adequately implemented should address those concerns (ref. [56]).
Reactor Shutdown Systems
In a PWR the control rods are used to control the rate of the nuclear reaction. When the reactor needs to be shutdown, either for routine maintenance outages, or in an emergency the rods can be fully inserted to stop the reaction altogether. We have assessed the control rods and their associated drive mechanisms and note that these are of a typical design used across multiple existing PWRs. Therefore we have not assessed these in detail and we judge that they are adequate for Step 2. 
Whilst the primary means of shutdown for the SMR-300 design is lowering of the control rods into the reactor, international and ONR expectations are for two diverse means to be provided to shut down a civil nuclear reactor, with a secondary means being able to shutdown the reactor if the primary means were to fail. 
The RP states that the SMR-300 design provides a second means of shutting down the reactor through reliance on the inherent moderator reactivity temperature coefficient feedback characteristics to reduce reactor power following an Anticipated Transient Without SCRAM (ATWS) fault, which would eventually equalise the reactor power to match the heat removal capacity of the passive heat removal systems. The reactor is then stated to remain at a steady low power until a timer triggers the Automatic Depressurisation System (ADS) to depressurise the primary circuit to allow the safety injection of borated water which would shutdown the reactor. 
The period that the reactor would remain at a low power state before reactor shutdown is achieved is stated as being over 24 hours, however there is still some uncertainty on the precise timing and system design. This period of time remaining at a steady low power prior to shutdown and reliance upon automatic depressurisation is a novel proposal for a civil reactor in the UK and the RP has not provided a justification as to how this reduces risks ALARP. The RP has also not provided evidence that the proposed secondary means of shutdown would be effective in fulfilling its safety function in all relevant circumstances.
We have raised RO‑HOLTECSMR300‑002 to highlight the work needed to justify this claim, ensure that it will be effective for all faults where it would be required, and appropriately classify the system to support these claims. Holtec has acknowledged these shortfalls and prepared a resolution plan to address them.  We have accepted the resolution plan, the contents of which describe an approach that if adequately implemented should address those concerns.
Layout
The layout of the reactor, primary plant, pipework, and other associated equipment within the main containment structure is important to safety, security, and safeguards as design decisions can impact on the safe operation of the plant and introduce unnecessary hazards and risks if not carefully considered. 
The RP sets out its design approach to layout though its design philosophy (Safety, Performance, Constructability), high-level requirements and the objectives. These are set out in the SMR-300 top level plant design requirements. Throughout the SSEC the RP describes how it has applied these principles and requirements demonstrating that the passive design philosophy has been the main driver for the layout design (e.g. sizing of containment, spent fuel pool location, decay heat removal systems, etc). 
The initial layout of systems and routing are reviewed by a multi-disciplinary design development team using a 3D model to ensure all relevant factors are considered before issuing the drawings that set out the reference design. The RP is developing written arrangements for this process that will enable it to record design decisions in an auditable way.
Our assessments identified that the compact nature of the layout means that plant and equipment will need to be lifted over the spent fuel pool or the reactor pressure vessel during maintenance and decommissioning operations. RGP is not to lift over these as there are potentially significant radiological consequences to dropped loads. Holtec has recognised these risks and is considering them as it continues to develop the design in line with the arrangements described above. We would expect to consider this matter further as part of future engagements if the SMR-300 project continues for deployment in GB.
Our assessments have concluded that the RP has set out appropriate design requirements and is implementing these through iteration as clashes are identified and resolved. Although we judge that the RP has not fully demonstrated the layout facilitates access for operations and maintenance, across all operating conditions, including decommissioning, to minimise adverse interactions, we are satisfied that the RP has appropriate arrangements in place to ensure all relevant factors are considered as it continues to develop the layout design and safety case.
Reactor Pressure Vessel
The RPV sits at the centre of the primary circuit and is the pressure vessel that houses the fuel, control rods, and directs the coolant through the core. The design life of light-water reactors is generally limited by the RPV as it is considered to be a non-replaceable component. 
The RP claims the RPV as a candidate highest reliability component, which is consistent with ONR’s experience with similar RPVs. For highest reliability demonstrations we typically expect (refs. [47] and [62]) to see direct fracture toughness measurements and reliable models to evaluate the fracture toughness predictions until the end of the design life of the reactor.
The RP has selected a grade of material which has never been used on a PWR RPV before. Whilst this grade is common to other components utilised in existing PWRs, the material requirements differ from those typically specified for RPVs, as it has a lower tempering temperature requirement during manufacture. This process is important to improve the material resistance to cracking. 
The minimum RPV temperature is important for the design as it forms the basis for demonstrating the margin against the risk of brittle fracture. For the end-of-life predictions, the RP’s minimum temperature considered for demonstrating the margin against brittle fracture of the RPV is higher than for other PWRs. It is therefore not clear from the RP’s justification how the RPV design life calculation has considered the fault conditions which may lead to low temperatures in the RPV.
The RP assumes empirical models in the American Society of Testing and Materials (ASTM) standards, NRC Regulatory Guide 1.99 and the American Society of Mechanical Engineers (ASME) codes can be directly applied to the SMR-300 RPV material despite it being different from the more commonly used RPV material class. The RP acknowledges that the RG 1.99 model predictions are ‘crude’ for high fluence predictions and that the ASTM E900 model is not currently accepted by the NRC. 
Although NRC acceptance of a model is not a requirement in the UK, it is not clear how the RP intends to demonstrate that the requirements for applying the RG 1.99, ASTM and ASME models to a different material have been met and why the model predictions are conservative and comply with both international and UK regulatory expectations.
We have raised RO‑HOLTECSMR300‑009 requesting that Holtec demonstrates how the empirical models it has selected are applicable to the SMR-300 and how the RPV materials have sufficient margin for brittle facture. The RP has provided a resolution plan detailing how it intends to address this shortfall. We have accepted the resolution plan, the contents of which describe an approach that if adequately implemented should address those concerns (ref. [56]).
Steam Generator / Pressuriser 
In a PWR the steam generator and pressuriser play essential roles in ensuring safe and efficient operation by transferring heat from the primary circuit to the secondary circuit and maintaining core pressure. In a typical PWR these are separate units each individually connected to the primary circuit, however in the SMR-300 these have been combined into a single pressure vessel. We have reviewed the proposed design and note that the two units operate hydraulically independently of each other, this removes the potential novel interactions between the two units where the two functions of reactor pressure control and steam generation require different parameters. Whilst there will be some heat transfer through the steel plate separating them this is not expected to affect the performance or safety of either unit. We would expect to consider this further as part of future regulatory assessment if the RP continues with its plans to deploy the SMR-300 in GB. 
Primary Coolant Chemistry
The chemistry of the primary coolant is key to ensure safe operations of a PWR under the high temperatures, pressures, and radiation fields within the fuel and reactor pressure vessel, as well as the remainder of the primary plant, and the pipework that connects them. If the chemistry is not suitably controlled it can lead to increased operator doses, accelerated corrosion of the plant and fuel, and ultimately the release of radiation. 
We have assessed the RP’s arrangements for its primary coolant chemistry and note that the SMR-300 design includes natural boron for criticality control, enriched lithium hydroxide for modified coordination pH control, hydrogen addition to suppress oxidising radiolysis products and depleted zinc to reduce operational radiation exposure. This approach is used on other PWRs, such as the Westinghouse AP1000 and at Sizewell B in Suffolk. 
Our assessment concludes that Holtec has appropriate plans and methodologies in place for chemistry control in line with our expectations for Step 2. However, further work will need to be undertaken beyond Step 2 to develop the design and underlying evidence supporting the chemistry claims and arguments. We would expect to consider this matter further if a GB SMR-300 project continues.  
[bookmark: _Toc213137072][bookmark: _Toc216793058]Engineered Safety Systems
Passive Safety Systems
The SMR-300 design concept relies on passive safety systems rather than the more typical active systems. The design has multiple safety systems to provide cooling functions and pressure control in response to faults. The RP claims these are passive in nature (i.e. which utilise natural forces such as gravity, pressure differences or natural heat convection). These are the PCH, which provides the ultimate heat sink, and four passive safety systems consisting of the PDH, SDH, ADS and the PCM. Other than the PCH, the passive safety systems are designed to operate passively once initiated, but require active initiation. 
We have assessed the following aspects of the passive safety systems to review the claims and requirements placed on these systems:
Engineering Design 
Impact of internal hazards on the passive safety systems
Redundancy, diversity, segregation and single failure considerations
Initiation of passive safety systems
CCF considerations of redundant components within and across passive safety systems
Validation and efficacy of the passive safety systems
The use of passive safety systems for nuclear safety is encouraged by ONR and internationally (Ref [50]). We have not identified any shortfalls in the underlying concept in claiming passive safety measures for essential safety functions. The RP’s use of these systems is a strength of its design and if adequately implemented this should result in reduced risks compared with earlier generations of PWR technology. 
Our assessments conclude that the RP is using appropriate codes and methods to design the passive safety systems. Our assessment notes that although validation and verification of the codes is at an early stage, the information that has been submitted is consistent with regulatory expectations. The RP has presented an adequate process to confirm reliability of the passive safety systems and has commenced work on a test facility to complete validation and verification. 
Our assessment identified that there are several aspects of the SMR-300 safety systems design where only two trains of a safety system are provided. The DBA submitted for the SMR-300 has not considered failures of passive components as part of application of the single failure criterion or provided sufficient justification for their exclusion. If single failures for passive components such as heat exchangers were applied, then the design would not be single failure tolerant in line with our expectations detailed in the SAPs (ref. [47]). This potential shortfall has been captured as part of RO‑HOLTECSMR300‑011 and Holtec has produced a resolution plan detailing how it intends to address this as part of future design and safety cases. We have accepted the resolution plan, the contents of which describe an approach that if adequately implemented should address those concerns (ref. [56]).
Our assessments identified that there are common components present (motor operated valves, control and instrumentation systems, and the electrical actuators) in the redundant actuation valves for all of the claimed core cooling safety systems. The RP’s analysis (both deterministic and probabilistic) presented in GDA has not fully explored the implications of the potential CCF of these components either within or across the safety systems. This does not meet the expectations of SAP EDR.3 that CCF should be addressed explicitly and the claims justified. This potential shortfall has been captured as part of RO‑HOLTECSMR300‑011 and Holtec has produced a resolution plan detailing how it intends to address this as part of future design and safety cases which we judge if adequately implemented should address these concerns (ref. [56]). 
High Pressure Melt Ejection
It is common practice for PWR designs to provide a means of depressurising the primary circuit in response to certain fault conditions where significant fuel damage has occurred, to prevent the pressure ejecting melted fuel/corium out of the RPV and directly heating the containment structures. High pressure melt ejection and direct containment heating has the potential to cause a significant challenge to containment structures and lead to a large radioactive release with significant environmental and societal consequences. 
Given that failure of the ADS system to actuate could be a means by which a degraded core state could be arrived at, consideration should be given to the inclusion of an independent means of depressurising the primary circuit in line with regulatory expectations on defence in depth for safety measures. During our assessment of the SMR-300 we noted that it does not have this feature and we have raised RO‑HOLTECSMR300‑003 highlighting the need for the RP to provide further analysis that the design is safe and aligned with regulatory expectations on defence in depth. Holtec has provided a resolution plan detailing how it intends to address this as part of future design and safety cases (ref. [56]) which we consider to be adequate.
Containment Isolation
A novel aspect of the SMR-300 is the SDH system, which provides passive decay heat removal in non-LOCA accidents by removing core decay heat through the steam generator into the AR. The SDH system connects the steam generator inside containment to a heat exchanger inside the AR, which is outside of containment, and then back to the steam generator. This results in two containment penetrations. Typically containment penetrations are provided with isolation valves to ensure the integrity of the containment barrier. The SDH system does not include isolation valves.
The SDH system outside of the containment barrier is a closed system and thus the pipework and heat exchanger outside of containment effectively form part of the containment barrier, however no demonstration has been presented that the risks of failure of any of these components have been analysed and the resultant risk has not been justified to be reduced ALARP.
We have raised a RO on this potential shortfall (RO-HOLTECSMR300-004), which requires the RP to conduct analysis of the consequences of failure of SDH outside of containment and to demonstrate that the risks have been reduced ALARP with respect to the provision of isolation valves on the SDH containment penetrations. 
The RP has produced a resolution plan and acknowledged that the design of the SDH system is a departure from normal practice and further review to demonstrate that risks are reduced ALARP is required. We have accepted the resolution plan, the contents of which describe an approach that if adequately implemented should address those concerns (ref. [56]). 
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The reactor containment structure serves as the final protective barrier in a nuclear power station. It houses all the primary plant and associated equipment protecting them against external hazards, such as extreme weather, earthquakes, and aircraft impacts, it also protects the surrounding environment by containing anything released from the reactor under significant faults.
The RP made a decision to change the civil engineering design of both the CS and the CES for the SMR-300 after the initial DRP was submitted at the start of Step 2. The chosen option increases containment volume below grade and utilises the CES as a containment boundary. As the proposal was still not fully developed we agreed not to update the GDA scope and not to assess the original proposal in detail as it will not be taken forward. These modifications will also potentially affect the layout and fire safety considerations in the updated design. Given that the design will undergo significant changes we have not assessed the design submitted in the DRP in as much detail as we originally intended. Whilst this has limited the extent of judgements we can form in assessing the civil engineering design and external hazards (aircraft impact, seismic qualification etc) we have still been able to review the design and safety case methodologies and conduct a meaningful assessment in line with the objectives of Step 2. 
The following sub-sections summarise our assessment of these features of the SMR-300 design and SSEC as defined in the agreed DRP. 
Annular reservoir
The annular reservoir (AR) concept is a novel way of providing an ultimate heat sink for PWR safety systems, both in the way it functions as a heat sink, and in the engineering requirements that it imposes on the structures containing it. It is an important part of how the SMR-300 responds to both intact circuit faults and loss of coolant accidents, at multiple levels of defence-in-depth.
We have not identified any shortfalls in the annular reservoir concept in GDA Step 2. However, we have identified several related and potentially significant shortfalls in the presented SMR-300 design and safety case that need to be addressed. These are captured in ROs (RO-HOLTECSMR300-006, 007, and 014) and include demonstration of adequacy of defence in depth, structural integrity and internal hazards. These ROs are discussed in more detail in sections 4.4.4.2. and 4.4.4.3. of this report and the underpinning topic assessment reports.   
Containment Structure
The metal SMR-300 containment structure differs from typical PWR containment structures as it forms the inner wall of the AR and will be permanently submerged in water, except during brief maintenance periods. The AR is a key innovative feature of the SMR-300, providing an ultimate heat sink (UHS) to all of the passive safety systems. Whilst this enhances safety through reduced reliance on active engineered systems and operator actions, it also introduces new faults that need to be considered and addressed by the design and SSEC. 
The passive cooling features of the SMR-300 require the CS to be a nuclear safety significant structure and as it forms the inner wall of the AR. This means the CS can be considered to be a wet storage facility for the life of the nuclear power plant. There is no existing design code which is directly applicable for a CS with a dual function as proposed for the SMR-300.
The RP’s approach is to design the CS following ASME III section NE. This design code does not specifically address the novel aspects of the SMR-300 design associated with the AR. Our assessments have concluded that it is not clear how the RP’s assessment methodology will address the stability of the CS, anchoring and other manufacture, inspection and corrosion aspects which are relevant to this design. We have raised RO‑HOLTECSMR300‑006 to highlight that further analysis and design development is required to substantiate the design. The RP has produced a resolution detailing its approach to address this. We have accepted the resolution plan, the contents of which describe an approach that if adequately implemented should address those concerns
The RP has acknowledged the engineering challenges in designing and substantiating the CS to deliver the safety requirements derived from the safety analysis. It has committed (ref. [57]) to undertake further analysis on the CS as a system focussing on the key design features and potential failure modes to ensure it meets regulatory expectations detailed in the SAPs, TAG, and IAEA guidance. We are satisfied this meets our regulatory expectations for a Step 2 GDA (ref. [56]).   
By introducing a large body of water into the design, the potential for leaks or failure of the AR boundary needs to be considered. Leaks could occur through the internal CS or through the exterior CES. In Step 2 we focused our assessment on the potential flooding into the CS from the AR through a leak in the CS steel wall. If the CS wall fails this would result in water flooding into the CS and potentially compromising the plant and equipment held within, which includes the reactor, spent fuel pool and the passive safety systems.
The RP claims that the CS steel wall will have a low frequency of failure and that any failures would be of limited size. As such, the time to fill the part of the CS identified as the “floodable” volume would be sufficiently long that operators could take action before key SSCs could be compromised.
Our assessment concluded that further analysis is required to define the flooding scenarios, identify impacted SSCs, characterise flood timing, justify equipment qualification and plant tolerance to flooding and to demonstrate that risks are reduced ALARP. We raised RO‑HOLTECSMR300‑007 to capture these shortfalls. The RP has produced a resolution plan and acknowledged that further work is required to substantiate the CS and demonstrate risks from failure of the CS are reduced ALARP. We have accepted the resolution plan, the contents of which describe an approach that if adequately implemented should address those concerns (ref. [56]).
Containment Enclosure Structure
The CES encloses the main containment structure and forms the outer face of the AR . As the AR forms the ultimate heat sink for cooling under fault conditions, the CES has been identified in the safety case as providing a principal means of nuclear safety, and has been classified as a nuclear safety structure. 
Holtec is proposing to construct the CES from Concrete Strengthened Steel Modules (CSSM). A CSSM consists of steel faceplates filled with concrete, the faceplates are typically connected by vertical and horizontal steel stiffener plates welded together. The individual CSSMs are fabricated in a steel fabrication workshop, transported to site by heavy goods vehicle, lifted into position and welded/bolted to adjacent CSSMs. The modules are then filled with concrete. This form of construction is becoming more common, and similar approaches have been used on the Westinghouse AP1000 projects in China and the USA, which supports Holtec’s modularisation concept.
The RP recognises that the specific CSSM design utilised for the CES is novel and has had limited previous applications. The design proposed does not align with current design codes, owing to different internal structures within the modules and the curved walls required to construct the round CES. Holtec has recognised that further development of its proposed CSSM design is required and has partnered with Purdue Advanced Research Institute (PARI) to enable validation with advanced analysis techniques, such as finite element modelling, backed by experimental testing.
Our assessments have concluded that the use of CSSMs and Holtec’s approach to modularisation is reasonable and aligned with modern engineering practices. However, as the CSSMs being proposed by Holtec are novel, not fully aligned to any existing design codes/standards, and form part of a nuclear safety significant structure we have raised RO‑HOLTECSMR300‑014 to highlight our regulatory expectations and the further work required by the RP (ref. [56]). The RP’s resolution plan summarises the work it is doing with PARI to substantiate that the design delivers the required safety and operational performance requirements of the CSSMs in both the CES and anywhere else they are used on the SMR-300. We consider that, if adequately implemented, this will address the actions raised in the RO. 
Aircraft Impact
The RP states that the SMR-300 is designed to withstand aircraft impact and considers both malicious and accidental aircraft impact in the design. However, the details of the SSCs required to provide protection against aircraft impact and the analysis of the SSCs is not yet sufficiently mature to be incorporated in the PSR or for ONR assessment. 
We have assessed the requirements and outline information on the RP’s approach to providing protection against aircraft impact provided in the PSR and judge that there is no reason why the design cannot be developed to meet the expectations of SAPs and the expectations for malicious aircraft impact. 
Partially Underground Design
The SMR-300 has been designed to be partially underground, whilst all reactor designs deployed in the UK have had underground elements, the reactor has typically been above ground, this makes the SMR-300 novel in this regard. 
The underground nature of the design will add additional challenges during the construction and decommissioning of the facility. CDM2015 requires designers to consider and minimise these risks where practicable during the design process. Our NSHS and Civil Engineering assessments have reviewed these aspects and concluded that whilst the RP understands this requirement it has not captured the evidence of how this was done during the design so far. The RP is implementing a new design management process which will capture these risks going forwards to allow them to demonstrate compliance more easily. We would expect to review these arrangements to ensure the risks have been adequately considered as part of future regulatory assessments should the RP continue with its plans to deploy an SMR-300 in GB. 
The RP states that it has considered lessons learnt from UK legacy plants, such as the Magnox fleet, to avoid complex below ground structures that can create decommissioning challenges. This has been captured in the decommissioning design standard which requires plant layouts that facilitate dismantling and decommissioning of radioactive equipment to be considered by the designer. We consider that this provides sufficient confidence that regulatory requirements for decommissioning will be incorporated through ongoing design development. 
From a physical security perspective the underground design presents benefits with the spent fuel pool being located underground and centrally inside the containment structure where it does not share any walls with the containment structure boundary. Similarly, the main control room, containing key safety equipment, has also been located below ground. By doing so, the RP has reduced the vulnerability to external attack scenarios. This aligns with the regulatory expectations (refs. [48] and [63]).
Overall we note that there are benefits and constraints from pursuing an underground design, and judge that at present the RP hasn’t fully justified that its approach has balanced the risks across the construction, operation, and decommissioning phases. However, given that underground deployment of pressure systems, tanks, pumps, and their containments in high hazard industries is not new or novel, and these risks can be managed appropriately we do not consider this to be a shortfall at this preliminary design stage. Considering that the geology, water table, etc of the site selected to construct a future SMR-300 will have an impact on the specific design requirements for the underground aspects we are satisfied that this can be addressed in future site specific designs. We also note that the design and SSEC decisions taken will have an impact on the internal layout, internal hazards, fire safety and other elements of the design.
[bookmark: _Toc213137074][bookmark: _Toc216793060]Plant Control and Safety Systems
Plant control and safety systems are essential for operating a nuclear reactor because they ensure that the reactor runs safely, efficiently, and within its safe operating limits. These systems continuously monitor key parameters such as temperature, pressure, radiation levels, coolant flow, automatically adjusting these to keep the reactor stable. They also provide an interface to operators allowing manual means of controlling the nuclear reactor and display parameters to aid in decision making. These systems are monitored both on plant and in the control room by trained operators who ensure the systems are maintained and operating as intended. 
C&I Architecture and Design
The fulfilment of nuclear safety functions to trip nuclear power plant reactors and initiate post trip cooling of the core (which continues to produce significant quantities of heat post trip) is a key role of nuclear power plant Control and Instrumentation (C&I) equipment. The C&I architecture needs to be designed in a way that ensures that the risk of the system not responding adequately to a postulated initiating event is reduced ALARP.
The Holtec SMR-300 C&I has been designed to deliver this functionality through the following systems: 
PSS
DAS 
PCS
Post Accident Monitoring System (PAM)
Our assessment of these systems and their associated sensors and actuators has identified that in some cases they rely on common components to deliver their duties. Should there be a failure of these components, then the ability of multiple systems to respond to a fault could be compromised. Furthermore, some of these systems or components are of a common design or technology, meaning a common cause failure could result in multiple systems being unable to respond to faults. In addition there are points in the PSS design where a single failure would prevent the performance of the safety function. 
For reasons of defence in depth and diversity, relevant good practice is for two C&I systems to perform the principal safety functions – a Primary Protection System backed up by a diverse second system known as a DAS. This defence in depth and diversity good practice also extends to the sensors, actuators, displays and controls associated with the nuclear safety functions.
Concepts such as defence in depth, independence, diversity and the single failure criterion are principles that are internationally recognised as relevant good practice and set out both in ONR SAPs and IAEA standards (SSR-2/1 and SSG-39).
Noting the potential shortfalls we have identified across the C&I architecture in this regard we have raised RO‑HOLTECSMR300‑013 to require the RP to ensure its C&I systems are suitably independent, diverse and, where applicable, tolerant to single failures. In response to the RO, the RP has produced a resolution plan to address the concerns raised therein. We have accepted the resolution plan, the contents of which describe an approach that if adequately implemented should address those concerns (ref. [56]).
Diverse Actuation System
Our assessment of the PSS and DAS has identified that:
The DAS is designated as a “non-safety system” despite performing reactor trip and post trip cooling safety functions. 
The PSS and DAS system platforms are both based on microprocessor technology. 
The PSS and DAS system platforms are designed and manufactured by the same supplier. 
The design shares functional equipment (such as sensors and actuators) between the PSS and DAS.
SSCs that deliver safety functions should be identified and classified on the basis of those functions and their significance to safety. The classification then facilitates the appropriate design, development, analysis and substantiation of those SSCs. The designation of the DAS as a non-safety system is therefore inconsistent with the safety significance of the reactor trip and engineered safety feature functions it implements.
The primary protection system and the diverse actuation system should be diverse in areas such as design and technology. This is based on the ability to address common-cause failure concerns, as discussed in the Chief Nuclear Inspector’s annual report 2024 (ref. [64]). Another significant benefit is the ability to show resilience from a cyber-attack that could affect both systems simultaneously (ref. [65])
Given the potential shortfalls identified through our assessment of the DAS design we have raised RO-HOLTECSMR300-001.
In response to the RO, the RP has produced a resolution plan to address the concerns raised therein. We have accepted the resolution plan, the contents of which describe an approach that if adequately implemented should address those concerns (ref. [56]). 
The RP, in parallel to responding to the RO, and producing a resolution plan, acknowledged the DAS technology as an area where it would struggle to justify this fundamental aspect of the design and raised an internal challenge paper following its own processes. Following this process, the RP decided to re-platform the DAS to use a non-computer-based system. This work however has not been completed within Step 2 and therefore the DRP assessed still includes a software-based DAS.
[bookmark: _Toc216793061]Operations
The RP claims that the SMR-300 operates in a highly automated way limiting the requirement for operator actions in both normal operations and in response to faults. The RP states that this reduces the number of staff required to operate the plant. The highly automated, low staffing concept for the SMR-300 is novel. There is limited opportunity for human intervention independent of the main control system. The safety case and defence in depth discussions accurately reflect this, with no post fault human actions currently claimed. However, further design and analysis is required to substantiate this operating model. We note that the RP is continuing to develop its design and arrangements in this area and has not foreclosed any options for the future that may require increased operator actions or staffing levels. 
The SMR-300 concept to not require operator actions for at least 72 hours following the initiation of a design basis faults aligns with the expectations in ONR SAPs at a principle level. However, the design and safety analysis are not sufficiently mature to substantiate the RP’s claims in this area. 
Whilst the RP is yet to demonstrate implementation of the full range of its human factors processes, methods, and guidance, we have gained confidence that the proposed methods will provide a sound basis for continued consideration of human factors in-line with good practice.
The human factors assessment identified some potential shortfalls related to the identification of human actions impacting safety, HRA and the identification and management of human factors-related requirements. These potential shortfalls are appropriately captured by RO-HOLTECSMR300-010, 011, and 012 which are discussed elsewhere in this report.
We have assessed the RP’s arrangements for radiological protection of people during operation of the SMR-300. The RP’s SMR-300 Radiation Protection Design Standard sets out the approach the RP will take. Our assessments conclude that it has taken due consideration of the relevant regulatory requirements specified in the Ionising Radiations Regulations 2017, the associated Approved Code of Practice and the relevant SAPs. 
Our assessments concluded that the RP’s approach to define and use dose targets in the conceptual phase of design is appropriate and aligned with the SAPS and IAEA SSG-90. These dose targets are below the pertinent ONR SAPs Targets 1, 2 and 3 BSL’s, and in most cases aligned with the relevant BSOs.
[bookmark: _Toc213137075][bookmark: _Toc216793062]Radioactive Waste 
During the operation of a nuclear power station, a variety of radioactive wastes are generated, ranging from low-level to high level waste. Low level waste (LLW) includes things like contaminated clothing, tools, filters, etc which have low levels of radioactivity. Intermediate level waste (ILW) contains higher concentrations of radioactivity, such as resins and irradiated reactor components, these typically require shielding during handling and storage. High level waste (HLW) is primarily spent nuclear fuel which is highly radioactive and generates significant heat, necessitating robust cooling and long-term storage. These wastes need to be considered at an early stage of design to ensure that there are appropriate management strategies in place to minimise their generation and safely store the wastes prior to disposal in line with environmental regulations. 
 Radioactive Waste Management Strategy
The RP has produced an Integrated Waste Strategy (IWS) to demonstrate that wastes arising from the SMR-300 can be managed safely and in line with UK government policy. The IWS also supports the claim that the overall radioactive waste management strategy provides an appropriate means of safely managing operational activities throughout the lifecycle of the plant.
The baseline strategy for the management of solid radioactive waste is for sorting and segregation at source dependent on the waste characteristics and then processing in line with the waste hierarchy, taking into account the principles of ALARP and BAT, which is assessed by the Environment Agency. LLW will be sent for off-site treatment and disposal as soon as practicable to minimise the accumulation of radioactive waste on site. For ILW and HLW, there is no disposal route currently available in the UK, meaning these wastes will be stored on-site pending disposal. The RP has also demonstrated a good understanding of the principles of the waste management hierarchy, including the need to prevent and minimise generation of radioactive waste SFAIRP
ONR expects radioactive waste to be stored in accordance with good engineering practice and in a passively safe state, and that it should be processed into a passively safe state as soon as is reasonably practicable. There is no provision for long-term storage of ILW in the SMR-300 design. This is due to differences between UK and US practice relating to the interim storage of radioactive waste prior to disposal. In the US, waste activity limits are less restrictive than the equivalent UK limits and therefore the majority of radioactive waste that would be considered ILW in the UK can be disposed of as LLW in the US using existing disposal facilities. The RP recognises this as a design gap against regulatory expectations and has identified credible options which could be implemented and has made a commitment (ref. [57]) to undertake further down selection and underpinning of the preferred option post-GDA. We consider this sufficient to address the gap identified. 
Our assessments conclude that the RP has adequately considered radioactive waste management options currently available in the UK while also considering international OPEX and good practice, and has demonstrated that a credible option exists for safe management of ILW. However, the lack of design maturity and detailed waste inventory limits the assessment and means that there are multiple design aspects to be developed post-GDA.
Spent Fuel Management
The RP has developed a baseline strategy for the long-term management of spent fuel based on an initial period of cooling of the fuel assemblies in the SFP for a minimum of 3 years. Following this the fuel is transferred in an MPC for processing in the fuel handling area of the RAB followed by transfer to the on-site ISFSI for long-term dry storage pending availability of the GDF. The RP has assumed an on-site storage period in the ISFSI of 100 years. The approach of initial cooling followed by processing for safe and secure on-site storage pending disposal to a GDF is aligned with government policy.
The baseline strategy recognises dry storage of SF as international RGP with significant OPEX available. There is also extensive OPEX for the Holtec dry storage systems; the HI-STORM UMAX system is licensed by US NRC and has been in service at two sites in the US since 2015, in addition, the HI-STORM UMAX concept builds upon the existing experience in the UK for dry storage at Sizewell B which also uses a variant of the Holtec HI-STORM dry storage technology. 
NWS has provided an expert view on the disposability of SF and radioactive waste anticipated to arise from the operation and decommissioning of the generic SMR-300. The expert view confirmed that the general nature of the SF and non-fuel waste is not significantly different to those that would arise from existing and planned PWRs, giving confidence that a disposability case could be made. The expert view identifies some risks and uncertainties to disposability; these are not considered to be significant and none pose a shortfall against the SMR-300 design, however some will require further work to mitigate and address them as the design develops.
Our assessments conclude that the RP has adequately considered the options available in the UK, whilst also considering international OPEX and good practice, in order to identify multiple credible options for the safe management of SF. No options have been foreclosed at this stage of the GDA process, which we consider to be appropriate given the current maturity of the design and noting that further ALARP justifications for the management of SF are yet to be made.
[bookmark: _Toc213137076][bookmark: _Toc216793063]Design for decommissioning
Designing nuclear facilities with decommissioning in mind is important because it reduces future safety, environmental, and cost challenges once a plant reaches the end of its operational life. By considering decommissioning from the outset, materials and layouts can be chosen to minimise contamination, simplify dismantling, and limit the generation of radioactive wastes. Clear design choices, such as providing good access to equipment, reducing the use of hard to decontaminate plant and equipment, and planning for safe waste storage, make the decommissioning process more efficient and less hazardous. This not only protects workers and the environment but helps ensure future compliance with legal duties and minimises long term financial liabilities. 
We have assessed the RP’s decommissioning case and strategy, which set out the RP’s preferred decommissioning plans for the SMR-300, and the design standard for decommissioning. 
The baseline decommissioning strategy for the generic Holtec SMR-300 is for prompt decommissioning; the focus of this approach is for early hazard reduction and undertaking decommissioning as soon as reasonably practicable. Our assessments conclude that a prompt decommissioning strategy is aligned with government policy and ONR’s expectations for decommissioning to be carried out as soon as is reasonably practicable. The RP recognises that complete decommissioning of the whole site will rely on the availability of a geological disposal facility in the UK.
The RP has considered relevant decommissioning OPEX and has used its own decommissioning experience to inform the decommissioning design standards for the SMR-300. It has provided evidence that decommissioning has been considered in the SMR-300 design. Examples of where the design requirements have been applied are presented in the decommissioning strategy assessment and include modular construction to enable components to be removed whole during decommissioning, minimising size reduction activities and secondary waste generation. We consider that the evidence provided by the RP is appropriate given the maturity of the design, and demonstrates that decommissioning is being considered at the design stage in accordance with ONR expectations. 
[bookmark: _Toc213137077][bookmark: _Toc216793064]Optimisation of Safety, Security, and Safeguards Risks
We expect the risks from safety, security, and safeguards to be considered holistically throughout the facility lifecycle, with none taking priority over the others, to demonstrate that overall risk profile has been optimised. It is up to the RP during GDA, to demonstrate how it has optimised, or how it will optimise these risks, alongside due consideration of the environmental risks assessed by the environmental regulators (ref [3]). 
The SSEC, DRP, and supporting documentation details the status of the SMR-300 design submitted to the regulators as part of this GDA for a fundamental assessment. We have reviewed the goal setting aspects of their case against the legal requirements of reducing safety risks SFAIRP, implementing security and safeguards by design, and taking due consideration of environmental aspects where these conflict against potential improvements in one or more of these areas. 
Our assessments conclude that the RP has developed adequate approaches and methodologies to ensure the final design has appropriately balanced the competing safety, security, safeguards and environmental requirements. We have noted a number of areas where further analysis of the potential faults and substantiation of the engineering is necessary to demonstrate the plant performs as claimed and remains suitably safe, secure, and safeguarded throughout its lifetime. 
Whilst the RP has not demonstrated that its current design and SSEC has adequately optimised these competing aspects it has demonstrated the understanding of the requirements and shared the approach by which it will demonstrate this going forwards. Our assessments conclude that the approach is reasonable and aligned with regulatory expectations and if adequately implemented and maintained it should enable a future demonstration that these requirements have been met. 


[bookmark: _Toc216793065]Conclusions
This is ONR’s second report summarising our assessment of the generic Holtec SMR-300 design, covering our findings during Step 2 of the GDA.
This is the third time ONR is completing Step 2 of a GDA using the revised GDA guidance, and the second time ONR is completing a GDA at Step 2 without beginning Step 3. It is not possible to compare the outcomes reported here with GDAs using the historic 4-step process at this step, as the scope and objective of the assessments differ. It is also not possible to compare details of the outcomes recorded with other Step 2 GDAs due to differences in scope, RP and design maturity.
In this step we have undertaken an assessment of the fundamental adequacy of the design and safety, security, and safeguards cases of the SMR-300. The objective was to identify shortfalls which could preclude future deployment of that design in GB. This has been undertaken by 21 assessment topics covering the ONR’s nuclear safety, nuclear site health and safety, security, and safeguards purposes. In this step we have also maintained oversight of the RP’s arrangements, organisation and capacity to undertake the GDA, and provided advice on how to ensure the detailed design and SSEC are compliant with GB expectations as they are developed post GDA.
Based on the assessments and interactions carried out during this GDA, we are satisfied that the RP has met all of the requirements for Step 2 from our guidance (ref. [2]).
Our assessments have concluded that there are no fundamental shortfalls against UK regulatory expectations with the SMR-300 design or SSEC. However, more work is required to complete a comprehensive fault analysis of the design and improvements are required to ensure the safety claims and engineering requirements that the design must deliver are met. These two shortfalls have the largest potential significance on the design and SSEC as they could result in significant rework if requirements are not adequately tracked and controlled or if the updated fault analysis requires modification of safety systems or higher classification of existing systems. We have raised two ROs to identify these and the further work required to address them. 
The preliminary analysis presented for normal operations and faults gives us confidence that ONR’s numerical targets can be met, including those which are legal limits in the Ionising Radiation Regulations, with the exception of the specific lakeside site within the scope of the Generic Site Envelope (Llyn Trawsfynydd). Sensitivity analysis shows that a larger lake with higher river flow could result in doses below the Target 3 BSL. In future stages of the design and site-specific safety case development, any future licensee will be required to develop appropriate dose estimates and demonstrate that ionising radiation risks arising from normal operations have been reduced to ALARP.
We raised a further 12 ROs to highlight potential shortfalls related to architecture and diversity of the control and instrumentation systems, PSA methodologies, aging and degradation, CSSM design methodology, high pressure melt ejection faults, secondary means of reactor shutdown, isolation of secondary decay heat removal systems, fuel rod burnup, structural integrity and internal hazards. 
[bookmark: _Toc213137079]We have not identified any Regulatory Issues (RIs), which would represent a fundamental shortfall with the design, or any potential conflicts with relevant government policy, however there are several areas where potential fundamental shortfalls have been identified or where the design and the fault analysis presented in the safety case is of insufficient maturity, given the novelty of some aspects of the design, to draw a conclusion on the fundamental adequacy of the design. There is further work required to substantiate the safety, security and safeguards of the SMR-300.
[bookmark: _Toc216793066]Regulatory Observations
During our assessment we raised the following regulatory observations, which have not been fully addressed, where the RP will need to undertake further work to demonstrate its design and SSEC meet regulatory requirements.  
RO-HOLTECSMR300-001 – Diverse actuation systems
RO-HOLTECSMR300-002 – Secondary means of reactor shutdown
RO-HOLTECSMR300-003 – Provision of defence in depth measures for prevention of high pressure melt ejection
RO-HOLTECSMR300-004 – Containment penetration isolation on secondary decay heat removal systems
RO-HOLTECSMR300-005 – Fuel rod burnup
RO-HOLTECSMR300-006 – Design assessment approach for the containment structure
RO-HOLTECSMR300-007 – Adequacy of internal hazards analysis to support the containment structure design
RO-HOLTECSMR300-008 – Ageing and degradation considerations for the material selection process
RO-HOLTECSMR300-009 – Methodology for assessing the risk of brittle facture and design life of the reactor pressure vessel
RO-HOLTECSMR300-010 – Probabilistic safety analysis methodologies
RO-HOLTECSMR300-011 – Fault analysis maturity
RO-HOLTECSMR300-012 – Adequacy of requirements management arrangements
RO-HOLTECSMR300-013 – Control and instrumentation architecture
RO-HOLTECSMR300-014 – Design methodology for the justification of concrete strengthened steel modules
The RP has produced acceptable resolution plans to all ROs raised; these will require further development or review when future project stages are better understood. The ROs and the RP’s resolution plans are discussed in more detail in the relevant assessment reports and can be viewed on our website (ref. [56]). 
[bookmark: _Toc216793067]Recommendations
Recommendation 1: ONR should publish a Step 2 GDA Statement for the generic SMR-300 design which indicates that, based upon our assessment to date, we have not identified any fundamental shortfalls with the design.

[bookmark: _Toc216793068]Future Works
During this GDA Great British Energy – Nuclear (GBE-N) administered a competitive process to select the SMR technology to be built by GBE-N backed by the UK government. The Holtec SMR-300 was one of several small modular reactor designs being considered to deliver the government's long-term nuclear programme. In June 2025 GBE-N announced that Rolls-Royce SMR had been selected as the preferred bidder to be delivered by GBE-N. 
In September 2025 Holtec, in partnership with EDF and Tritax, announced plans to construct the SMR-300 in GB at Cottam in Nottinghamshire. At present Holtec and its partners do not intend to commence a Step 3 GDA. Should these plans proceed we will continue to engage with Holtec and its partners, as they prepare the design, SSEC, and site licence application. 
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Table 2: Step 2 requirements from Guidance to Requesting Parties (ref. [2])
	No.
	Requirement on the RP during Step 2
	Section

	[2.1]
	Agree with ONR any changes necessary to the GDA scope, to ensure that the assessment remains meaningful 
	4.2.1

	[2.2]
	Agree with ONR any changes to the overall GDA timescales and associated schedule, including subsequent Steps 
	4.2.1

	[2.3]
	Submit to ONR any additional relevant information which arises due to on-going assessments performed by other regulators on the proposed design, including any significant findings and any changes made or proposed as a result 
	3.4

	[2.4]
	Submit to ONR a demonstration that the proposed design is likely to reduce risks to human health to ALARP 
	4.5

	[2.5]
	Submit to ONR a demonstration that the proposed design is likely to be compliant with the Nuclear Industries Security Regulations (NISR) 
	4.3.2

	[2.6]
	Submit to ONR a demonstration of the application of the RP’s categorisation of safety functions and classification of structures, systems and components within the proposed design 
	4.3.1

	[2.7]
	Submit to ONR a schedule of faults (including internal events, internal and external hazards), including protection and mitigation measures and the links this has to the associated engineering 
	4.3.1

	[2.8]
	Submit to ONR a demonstration of the application of the RP’s approach adopted to defence in depth and the hierarchy of controls, including consideration of matters such as common cause failure, segregation, redundancy and diversity within the proposed design 
	4.3.1

	[2.9]
	Submit to ONR a demonstration of how the RP’s own design, security and safety principles have been adopted in the proposed design 
	4.4

	[2.10]
	Submit to ONR information on the methodologies to be adopted for the identification of Vital Areas, the analysis of cyber security risks and the approach to security related defence in depth 
	4.3.2

	[2.11]
	Submit to ONR the agreed submissions, which align with the expectations given in the discipline technical guidance (Ref. 5), in accordance with the GDA scope. This should include: 
a. Sufficient detail for ONR to satisfy itself that relevant Assessment Principles (SAP and SyAPs) are likely to be satisfied 
b. A safety and security case ‘head document’, or equivalent, which provides the overall safety and security narrative and structure; including a demonstration that the design will meet the safety and security objectives before construction or installation commences, and that sufficient analysis and engineering substantiation has been performed to prove that the operational plant will be adequately safe and secure 
c. Details on the methodologies, approaches, codes, standards and philosophies used and a justification that these are consistent with what would be considered as Relevant Good Practice (RGP). Identification and explanation of any deviations, including how these have been resolved or demonstrated to reduce risks to ALARP 
d. Supporting safety analysis, including deterministic and probabilistic safety analyses to cover the GDA scope 
e. Details of the verification and validation of any software or computer codes used within the supporting analysis 
f. Detailed descriptions of system architectures and key structures, systems and components, their safety or security functions, and reliability and availability requirements 
g. Identification of the safe operating envelope and the operating regime that maintains the integrity of that envelope 
	4.3 and 4.4

	[2.12]
	Submit to ONR the documentation identified within the resolution plans produced in response to the gap analysis against regulatory expectations 
	4.2, 4.3, and 4.4

	[2.13]
	Submit to ONR information regarding any outstanding information in the generic safety and security cases that remains to be developed and its significance 
	N/A

	[2.14]
	Agree with ONR a schedule of generic safety and security case information which will be submitted to ONR prior to the start of Step 3 
	N/A

	[2.15]
	Continue to maintain and update the Master Document Submission List (MDSL) in accordance with the RP’s arrangements produced during Step 1, at regular intervals throughout the Step 
	2.5.1

	[2.16]
	Submit to ONR the first Design Reference Point (DRP) in accordance with the RP’s arrangements produced during Step 1. Continue to update this as necessary throughout the Step.
	4.2.1

	[2.17]
	Submit to ONR a demonstration that the arrangements for capturing assumptions, commitments and requirements from the safety and security cases have been applied. Continue to apply these arrangements throughout the Step 
	4.2.4

	[2.18]
	Continue to apply the DR change control arrangements throughout the Step. Submit to ONR any design change information specified under these arrangements 
	4.2.1

	[2.19]
	Put arrangements in place for developing the safety case into a site-specific Pre-Construction Safety Report which clearly demonstrates that this can be achieved by a future licensee. Submit to ONR a description of those arrangements and a demonstration of their adequacy for GDA 
	4.2.4

	[2.20]
	Put arrangements in place for developing the security case into a Nuclear Site Security Plan for the operating site, which clearly demonstrates that this can be achieved by a future licensee. Submit to ONR a description of those arrangements and a demonstration of their adequacy for GDA 
	4.3.

	[2.21]
	Submit to ONR responses to any questions raised by ONR during its assessment (RQs, ROs and RIs) 
	4.2.2 and 4.4

	[2.22]
	Submit to ONR information regarding its intentions for evolution of its GDA resources and a demonstration of the on-going sufficiency of resources to be applied through the Step 
	N/A

	[2.23]
	Continue to facilitate meetings between ONR and relevant RP’s personnel to share information and discuss technical matters 
	3.2

	[2.24]
	Continue to facilitate the public comment process including hosting a public website, containing relevant and updated generic safety and security cases, and responding to comments made by the public.
	3.6

	[2.25]
	Undertake a review of its readiness to begin Step 3 and submit to ONR evidence to support the outcomes 
	N/A
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