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	Scope of work

	The SMR-300 is an advanced Pressurised Water Reactor (PWR) Nuclear Power Plant designed by Holtec International, drawing on decades of operational experience to deliver clean, affordable power with enhanced passive safety features. The SMR-300 is designed to meet US regulatory standards and the EPRI Advanced Light Water Reactor Utility Requirements Document, aligning with internationally recognised codes and practices. Holtec judges US and UK regulatory expectations to share a common foundation, shaped by international cooperation and IAEA safety standards. While broad engineering principles are similar in both countries, Holtec acknowledges potential differences in specific regulatory details. 

The primary focus of a two-step UK Generic Design Assessment (GDA) is for the fundamental adequacy of the SMR-300 to be assessed against UK regulatory expectations.  Early in GDA, Holtec established a Design Reference Point (DRP) based on the SMR-300 design for Palisades in the US. The DRP has been evaluated for compliance with UK regulations and helps identify areas where US and UK requirements may diverge. Ensuring design stability across a global SMR-300 fleet is central to Holtec’s deployment strategy, making the GDA process a critical milestone. 

The actions, deliverables and schedule produced herein are applicable to UK SMR-300 deployment to meet UK licensing expectations. There is no inherent dependency on these deliverables to support US licensing activities.

Background

The SMR-300 design provides multiple physical barriers to the release of radioactivity to the environment. These include the fuel cladding, the reactor coolant pressure boundary, and the containment structure (CS).

For most light water reactor designs, including the SMR-300, a CS is provided in the design to prevent unacceptable releases of radioactivity to the public and the environment following any design basis or beyond design basis accident.

The containment of the SMR-300 is designed to remain intact and sealed during all postulated events, and in certain fault scenarios is designed to reject its internal energy to the large body of water surrounding the CS, referred to as the Annular Reservoir (AR), shown in Figure 1.

[image: ]Concrete Containment Enclosure Structure
Annular Reservoir
Metallic Containment Structure

Figure 1 – High Level Diagram of the Containment Structure (representative of prospective design change)


The AR acts as the Ultimate Heat Sink (UHS) for the reactor’s engineered safety systems and alongside the steel CS wall, forms part of the Passive Containment Heat Removal System (PCH).  After a postulated event, such as a Loss of Cooling Accident (LOCA), the plant is designed to automatically achieve and maintain a safe shutdown state without operator actions, without external water, without external power and without active systems.  

Nearly all historical nuclear incidents feature human errors or dependence on active systems, as either a causal or contributing factors. The SMR-300 AR reservoir and CS design address many such issues common to PWR technology, and provide significant risk reduction benefits.  The CS and AR design has been developed to ensure it can robustly deliver its safety functions throughout its operational life.  However, given the water in the AR, the potential for internal flooding due to a leak in the CS could affect Systems, Structures or Components (SSCs)  within containment. The CS is also a potential hazard-target (e.g. from high energy sources inside of containment)..  Engineered Safety Features (ESFs) do usually come with a trade-off that needs to be understood in their balance of risk and benefit.  The CS and AR design has been developed from the initiation of the SMR-300 to be cognisant of this balance, with the final design still undergoing substantiation and optimisation.

During GDA Step 2, Holtec produced a dedicated reference, the Containment Structure System Based View [1], to provide an initial review of the internal hazard risks associated with the CS.  This reached a preliminary conclusion that there is a high level of confidence that postulated leaks in the CS can be tolerated, noting that further work is required to determine all possible leak sizes within the design basis (subject to their identification as part of RO-HOLTECSMR300-006).  Internal hazard threats to the CS were also screened and no significant sources identified based on the developing design.  

Holtec recognised in [1] and in Preliminary Safety Report (PSR) Chapter 22 [2], that there is further work to undertake to deliver internal hazards analysis of the CS against UK expectations, to demonstrate that associated risks are reduced to ALARP.  The Regulatory Observation is aligned with this planned work and is explained below.    




	Description of deliverables

	RO-HOLTECSMR300-007.A1 – Demonstration that identified flooding scenarios from the CS are credible and conservative

In response to this Regulatory Observation Action, Holtec should:
· Explain the basis for selected break/leak sizes following postulated failures of the CS. The size of break should take into account the different types of failures identified and consider the associated frequencies.
· Explain the sensitivity of consequence analysis to the assumed break size including any potential cliff edge effects.

Response

Holtec has raised commitment C_FAUL_103 (refer to PSR Chapter B14 [3]) which commits to a comprehensive approach to safety analysis, including internal hazards, and will appropriately address UK regulatory expectations and good practice.  This commitment is planned to be delivered as part of the development of a Pre-Construction Safety Report (PCSR).  Supporting this work, the Containment Structure System Based View [1], will be updated, as a tier-2 reference to the safety report, to summarise the safety case for the CS. 
Resolution of GDA Commitment C_Faul_103 will produce a comprehensive set of Initiating Events through fault identification techniques, such as Failure Modes and Effect Analysis (FMEA) or Hazards and Operability (HAZOP) studies. This will build on the initiating events identified in the PSR [4] and take account of any design development since the issue of the GDA design reference point. The overall approach to identification of a comprehensive set of initiating events will be set out in an update to the Safety Assessment Handbook [5].

For the CS, a dedicated CS Failure Modes Study will also be undertaken, to determine if there are any credible leak/break mechanisms for the CS. This will aim to demonstrate that all possible leak/breaks within the design basis, have been considered and identified.  This study will consider the basis for postulated credible break/leak sizes and discuss the sensitivity of consequence analysis to the assumed break size, including any potential cliff edge effects. 

Whilst the totality of initiating events and their assessment will be presented and managed through the safety analysis topics (Design Basis Analysis, Hazard studies, Probabilistic Safety Analysis etc), the updated Containment Structure System Based View [1] will summarise those events relevant to the CS.  CS related initiating events will also be incorporated within an update to the Preliminary Fault Schedule [4] (this deliverable will be issued at an appropriate maturity, sufficient to address the Action requirements).

Table 1 identifies the key deliverables to be produced in support of resolution of this action.

Table 1: Summary of deliverables and safety studies supporting resolution of RO-HOLTECSMR300-007.A1
	Preliminary Title
	Description

	Containment Structure System Based View
	Head document summarising the golden thread of the CS throughout the safety case, including any specific arguments and contribution to overall risk.

	Containment Structure Failure Modes Study
	This study will demonstrate that all possible failure modes within the design basis, have been considered and identified for the CS.  This study will also consider the basis for selected break/leak sizes and discuss the sensitivity of consequence analysis to the assumed break size, including any potential cliff edge effects.


	Preliminary Fault Schedule
	The Preliminary Fault Schedule will be developed and updated to provide a schedule of initiating events and bounding initiating events mapped against claimed safety functions and safety measures.


	Safety Assessment Handbook
	An update to the Safety Assessment Handbook [5] provided as part of GDA. This document will provide the methodology, or reference the detailed methodology, for conservative approach to the deterministic assessment of plant faults, internal hazards and external hazards.




RO-HOLTECSMR300-007.A2 – Identification of impacted SSCs and Assessment of flooding level as a function of time within identified scenarios

In response to this Regulatory Observation Action, Holtec should:
· Provide a level by level description of the CS floodable volume and any other areas of the CS which may become flooded.
· Identify which SSCs are physically located within the CS floodable volume and any other areas of the CS which may become flooded.
· Identify SSCs and other equipment which may initiate a plant response either through deliberate or spurious operation during a flood event. Specifically, this should include the location of MOVs which are needed as part of the PCCS.
· Provide a timeline of flooding levels within the CS against the scenarios identified in Action A1. This should also identify the likely time to fail for SSCs significant to nuclear safety.

Response

As set out in PSR Chapter 22 [2], the Internal Hazard analysis will continue to develop in line with the developing maturity of the generic SMR-300 design. Hazard verification studies are planned beyond GDA Step 2 for all relevant hazards types, in accordance with the identified hazard methodologies outlined throughout Chapter 22.  
PSR Sub-chapter 22.7.2.2 [2] provides an overview of the internal flooding methodology which will be applied to the hazard verification studies.  The general principles of this approach will be applicable to internal flooding hazards associated with the CS.  The hazard verification studies consider internal flooding scenarios, to assess the effect of potential flooding in an area and on the SSCs in the affected area.  The UK aligned internal flooding methodologies to be applied to the hazard verification studies, will be documented in an update to the Safety Assessment Handbook [5] and are anticipated to cover all requirements identified under Action A2.
An indicative list of hazard verification studies is set out in Chapter 22 [2] and identifies that an Internal Flooding Topic Report will be produced to support PCSR.  This report will provide a summary of the results of all hazard verification studies undertaken for internal flooding events, including those relating to the CS.  The events to be assessed will be based upon the comprehensive list of initiating events, identified as the output from action A1. This deliverable will be issued at an appropriate maturity, sufficient to address the Action requirements.
A summary of the scenarios consider, propagation pathways, mitigation factors, and the affected SSCs will also be included in the update to the Containment Structure System Based View [1].  

Table 2 identifies the key deliverables to be produced in support of resolution of this action.

Table 2: Summary of deliverables and safety studies supporting resolution of RO-HOLTECSMR300-007.A2
	Preliminary Title
	Description

	Containment Structure System Based View
	Head document summarising the golden thread of the CS throughout the safety case, including any specific arguments and contribution to overall risk.

	Safety Assessment Handbook
	An update to the Safety Assessment Handbook [5] provided as part of GDA. This document will provide the methodology, or reference the detailed methodology, for conservative approach to the deterministic assessment of plant faults, internal hazards and external hazards.

	Internal Flooding Topic Report
	This report will provide a summary of the results of all hazard verification studies undertaken for internal flooding events, (including those relating to the CS).

	Hazard verification studies (multiple)
	These studies will provide the detailed assessment of Hazards originating from or impacting the SMR-300 Engineered Safety Features (including those relating to the CS), to the methodology and principles described in the Safety Assessment Handbook.




RO-HOLTECSMR300-007.A3 – SSC qualification requirements

In response to this Regulatory Observation Action, Holtec should:
· For the SSCs identified in Action A2 state the qualifications in the current design against all potential internal hazards associated with a potential failure of the AR. Explicitly this should include spray, jetting and immersion.
· Identify which SSCs would be assumed to fail in the event of immersion.

Response

Systems and components should be capable of fulfilling their associated safety functions in relevant internal and environmental conditions. For preventive safety functions, the relevant conditions are those of normal operation. For mitigative safety functions, the relevant conditions are those corresponding to the fault or accident scenario that the safety function is required to protect against or mitigate.

The output of the internal flooding related hazard verification studies described under Action A2, will be summarised in the Internal Flooding Topic Report.  This will conservatively identify those SSCs which have a requirement to be qualified against relevant hazards (e.g. spray, jetting and immersion) and which are assumed to fail as a consequence of the hazard.  This will include those initiating events relating to the CS and those SSCs at risk of submersion or direct leakage effects as a consequence. The Internal Flooding Topic Report will be issued at an appropriate maturity, sufficient to address the Action requirements.

Hazard qualification requirements placed upon SSCs are captured within the project requirements management tool, which has been identified for development as part of resolution of GDA Commitment C_MSQA_107.  Demonstration that these requirements are achieved and substantiated by the design, will be demonstrated through the development of an engineering schedule, as part of resolution of GDA Commitment C_MSQA_111.  Specific qualification requirements on individual SSCs will also be captured within system design and substantiation documentation (e.g. ‘System Based View’ type documents).

Table 3 identifies the key deliverables to be produced in support of resolution of this action.


Table 3: Summary of deliverables and safety studies supporting resolution of RO-HOLTECSMR300-007.A3
	Preliminary Title
	Description

	Internal Flooding Topic Report
	This report will provide a summary of the results of all hazard verification studies undertaken for internal flooding events, (including those relating to the CS).

	Hazard verification studies (multiple)
	These studies will provide the detailed assessment of Hazards originating from or impacting the SMR-300 Engineered Safety Features (including those relating to the CS), to the methodology and principles described in the Safety Assessment Handbook.




RO-HOLTECSMR300-007.A4 – Demonstration of plant tolerance to AR leak sequences

In response to this Regulatory Observation Action, Holtec should:
· Explain the safety case assumptions associated with failure of the annular reservoir and the likely plant response in each of the scenarios identified in Action A1. In each case the analysis should consider any sensitivities associated with assumptions made in defining the initating event. Explicitly this should consider and assess: 
· The potential for thermal shock following discharge of AR water onto hot components within the CS. This should include justifications for any components where withstand is claimed as well as any associated frequency assumptions used to screen fault sequences. 
· The potential for progressive dilution of boronated water sources required for criticality hold-down purposes. Specifically this should include consideration of the SFP and PCMWT. 
· The ability of the AR to act as the plant ultimate heat sink under postulated failure scenarios. 

Response

As set out under GDA Commitment C_FS_103, Holtec commit to the undertaking of UK Design Basis Assessment Analysis (UK DBAA) [6], based on a comprehensive set of initiating events, to ensure
· UK aligned expectations for safety function categorisation and SSC classification for each bounding fault.
· Demonstrate, supported by appropriately verified and validated UK DBAA, that the design can safety mitigate all design basis faults.
· Undertake supporting radiological consequence analysis to demonstrate the residual risks are tolerable and ALARP.

The UK DBAA will be based upon the comprehensive list of initiating events, identified through the fault identification techniques and the output from action A1.  The UK DBAA will also be informed by and interface closely with the hazard verification studies set out in response to Action A2.

The UK DBAA will deterministically study the bounding fault sequences associated with leak in the CS, identifying relevant safety case assumptions with the aim of justifying that the plant response to these scenarios meets relevant safety targets. Where insights or evidence from Probabilistic Studies is relevant, this will be considered [7]. The UK DBAA will be supported by the hazard verification studies, which will consider in further detail specific internal flooding scenarios, to assess the effect of potential flooding in an area and on the SSCs in the affected area.  Such studies will include consideration of the potential for thermal shock or excessive boron dilution.
A summary of the demonstration of plant tolerance to CS failure sequences, will also be included in the update to the Containment Structure System Based View [1].  

Table 4 identifies the key deliverables to be produced in support of resolution of this action.

Table 4: Summary of deliverables and safety studies supporting resolution of RO-HOLTECSMR300-007.A4
	Preliminary Title
	Description

	Containment Structure System Based View
	Head document summarising the golden thread of the CS throughout the safety case, including any specific arguments and contribution to overall risk.

	Design Basis Accident Analysis (DBAA) (multiple)
	These studies will provide the results of the deterministic assessment of design basis faults (including those relating to the CS), to the methodology and principles described in the Safety Assessment Handbook. 


	Hazard verification studies (multiple)
	These studies will provide the detailed assessment of Hazards originating from or impacting the SMR-300 Engineered Safety Features (including those relating to the CS), to the methodology and principles described in the Safety Assessment Handbook.




RO-HOLTECSMR300-007.A5 – Demonstration that risks from internal flooding within the CS have been reduced to levels which are ALARP

In response to this Regulatory Observation Action, Holtec should:
· Provide a suitable demonstration on how the risk of flooding associated with the annular reservoir has been (or will be) reduced ALARP.

Response
The overall approach to demonstration that the risks associated with the generic SMR-300 design are tolerable and reduced to ALARP is set out in PSR Chapter A5 [8].  The overall approach is built upon three key tests which are applied across the design and safety case.  These are
1. The design and planned activities are developed to meet legislative requirements and adopt relevant good practice 
2. Demonstration that radiation risk to workers and the public is tolerable and ALARP 
3. Consideration is given to implement options to reduce risk, with a focus on issues that make a more significant contribution to risk, such that no further reasonably practicable options are identified 
The Containment Structure System Based View [1] sets out preliminary arguments and evidence against each of these tests, explaining out how the risks associated with the CS / AR design are reduced to ALARP.
These arguments and evidence will be updated following completion of actions A1 to A4.  Their output will have a significant impact on tests ‘2’ and ‘3,’ primarily through completion of the UK DBAA studies and hazard verification studies.  These will provide demonstration that radiation risks from internal hazards are tolerable and identify options to further reduce risk and enhance resilience to reduce risks to ALARP.  Test ‘2’ and ‘3’ will also be complemented by probabilistic risk assessment, where relevant internal hazards assessment (including flooding) is planned.  
The resolution of RO-HOLTECSMR300-007 will also make a signifcant contribution to test ‘1,’ through justification of the classification of the CS, its coating and demonstration that the selected design code is appropriate.
The updated Containment Structure System Based View [1] will therefore include demonstration that risks from internal flooding within the CS have been reduced to levels which are ALARP. 




	Key Deliverables and Timeline

	
[image: ]
Deliverables in italics and bold will be formally issued to the ONR to address the actions raised in the Regulatory Observation.

Note: T-0 marks the start of PCSR authoring; each earlier “T-n” step represents roughly three months before that start date. Blue cells indicate the periods during which work on each task is scheduled; completion of earlier tasks feeds into subsequent ones.  



	Impact on GDA submissions

	Implementation of this resolution plan will be outside of the GDA timescales and will likely support further development of a PCSR. One GDA submission is affected by this Resolution Plan; Containment Structure System Based View [1] which will be revised, however there is no plan to reissue this document to support GDA Step 2 timescales.
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Timetable for the Resolution Plan RO-HOLTECSMR300-007: Adequacy of internal hazards analysis to support containment structure design
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