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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. 

Background:

International and UK regulatory frameworks expect every civil reactor to have at least two independent and diverse shutdown paths. The SMR-300 meets this expectation through fast-acting Rod Cluster Control Assemblies (RCCA) as the primary shutdown system and a diverse secondary path that couples the Automatic Depressurisation System (ADS) with Passive Core Cooling (PCC) accumulators filled with highly borated water that is injected into the Reactor Coolant System (RCS) when required [1].

The UK GDA SMR-300 Secondary Shutdown Design [1] report explains how the ADS reduces RCS pressure in two stages. Stage 1 vents steam to the Passive Core Makeup Water Tank (PCMWT), where the steam condenses and radionuclides are scrubbed, bringing the RCS to a pressure that permits safety-grade accumulator injection. Stage 2 then lowers the pressure close to containment conditions to ensure that long-term passive cooling paths remain available.

The PCC accumulators contain highly borated water, pressurised by a nitrogen cover gas. When RCS pressure falls below the accumulator set-point, borated water flows through Direct Vessel Injection (DVI) lines, passively shutting the reactor down and providing an initial cooling inventory.

To protect against a prolonged station blackout, the secondary shutdown logic starts the ADS Stage 1 (ADS-1) 24-hour timer whenever the Decay Heat Removal (DHR) signal is generated. Deterministic analysis shows that when the primary scram fails i.e. Anticipated Transient Without Scram (ATWS), negative reactivity feedback and passive heat-removal systems keep the core at a low, stable power [1]. This condition persists until operators restore power or, after 24 hours, ADS-1 depressurises the RCS, the PCC accumulators inject borated water, and the reactor transitions to safe sub-critical condition without operator action.

After extensive engagements with international clients and stakeholders, Holtec considers that the secondary shutdown architecture embodies current relevant good practice: it is diverse from the primary SCRAM, passive once initiated, and assigned the highest safety classification, SMR Class A (anticipated UK Class 1), consistent with SAP ESS.2 and ECS.2 expectations. Holtec recognises that the present safety analysis has yet to show, for the full range of relevant faults, that all safety limits are met and the associated risks are demonstrably ALARP. The current Regulatory Observation (RO) therefore seeks additional deterministic and probabilistic substantiation, and the accompanying Resolution Plan describes how that evidence will be developed beyond Generic Design Assessment (GDA) Step 2. All supporting material will be compiled in the controlled technical report “Secondary Shutdown Capability and ALARP Demonstration for SMR-300.”

Holtec’s resolution of the RO is explained below.


	Description of Deliverables

	RO-HOLTECSMR300-002.A1 – Demonstration that risks have been reduced ALARP with respect to a secondary means of shutdown

In response to this Regulatory Observation Action, Holtec should:

Provide a justification as to how the risks associated with the design and intended operation of the SMR-300 have been reduced ALARP with respect to the provision of a secondary means of shutting down the reactor. This should include consideration of the potential options to reduce risk and a demonstration that all reasonably practicable options have been taken.

Response:

Holtec will complete an optioneering study that focuses on the key aspects of the design already identified in the UK GDA SMR-300 Secondary Shutdown Design [1] report, while widening the scope to include a systematic review of all fault sequences and external hazards that could demand operation of the secondary shutdown path. The study will draw on the deterministic analyses developed under Action A2 so that the adequacy of existing provisions, such as the 24-hour ADS timer, can be assessed across the full fault spectrum before options are ranked on an ALARP basis. The study will support and be summarised in a future technical report “Secondary Shutdown Capability and ALARP Demonstration for SMR-300”.

Areas of focus for optioneering study:

· Engineered ATWS detection: Provision of a diverse signal (e.g. rod position indication) that can confirm the occurrence of an ATWS to the operators.
· Optimisation of the ADS-1 24-hour timer: Evaluation of risk and benefits of shorter or longer delays in UK context.
· UK equivalent classification: Confirmation of UK equivalent safety classification for SSCs which have the potential to further reduce risks in relation to secondary shutdown. Note this aspect is closely linked to resolution of GDA Commitment C_Faul_103.

The optioneering study will follow the guidance set out in the Holtec ALARP Guidance Document [2].

Reporting and Deliverables:

The Secondary Shutdown Capability and ALARP Demonstration for SMR-300 will include:

· summary of the supplemental Optioneering Study for design aspects which are relevant to the Secondary Means of Shutdown;
· [bookmark: _Int_OB4f55xl]the supporting risk evaluations (deterministic, probabilistic and human-factors);
· the assessment of the findings against the optioneering considerations, together with an ALARP evaluation confirming that no further practicable risk-reduction options remain.

	RO-HOLTECSMR300-002.A2 – Demonstration of the effectiveness of the secondary means of shutdown.

In response to this Regulatory Observation Action, Holtec should:

1. [bookmark: _Int_7sNK5NXC]Demonstrate using appropriate conservative deterministic methodologies that the secondary means of shutdown is capable of fulfilling its safety function in all design basis accident conditions with an initiating event frequency >10-3 per year coincident with failure of the primary means of shutdown.
2. Demonstrate using appropriate methods that the secondary means of shutdown is capable of fulfilling its safety function in any relevant complex fault sequences, either within the design basis or beyond design basis events such as DEC-A.

Response:

The UK GDA SMR-300 Secondary Shutdown Design [1] report records one detailed case (an ATWS coincident with TTLOOP) that already shows the ADS and PCC accumulators can shut the reactor down and keep it safe for at least 72 hours. Table 1 of the same report notes that two wider demonstrations are still required: 

· capability in every Design Basis Accident (DBA) whose Initiating Event Frequency (IEF) is greater than 1.0E-3 per year when the primary SCRAM fails, and
· capability in the relevant complex sequences that lie inside the design basis or beyond design bases such as Design Extension Condition A (DEC-A).

All new evidence for these demonstrations will be assembled in the technical report “Secondary Shutdown Capability and ALARP Demonstration for SMR-300.”  Note that the evidence to be generated to support resolution of this action is closely linked to resolution of GDA Commitment C_Faul_103.

The functional capability of the secondary shutdown path relies on two diverse Control & Instrumentation (C&I) routes: the Plant Safety System (PSS) trip logic and the Diverse Actuation System (DAS). Further information on how the DAS provides a DHR actuation signal independent of the primary reactor trip signal, incorporating a timer that delays its own actuation until after the PSS where appropriate and remaining capable of initiating the secondary shutdown path even when that actuation is delayed, can be found in Preliminary Safety Report (PSR) Part B Chapter 4 [3]. 

1. Design basis accidents with frequency greater than 1.0E-3 per year

· Event Selection: The Preliminary Fault Schedule (PFS) [4] will be reviewed and, where necessary, expanded under commitment C_Faul_103 to make sure every credible initiating event that could place a demand on the secondary shutdown system is captured. The review will cover mechanical, electrical and human-induced failures, for example inadvertent valve operation, control system errors, small or medium break loss of coolant, steam generator or feedwater line breaks, loss of heat sink and grid disturbances.
· Methodology: Each event will be modelled with RELAP5-3D in accordance with the arrangements being established under commitment C_Faul_103. These arrangements will apply bounding initial conditions; allow for a single additional failure; assume complete control rod failure and include Loss of Off-site Power (LOOP), where relevant. While the analysis will follow Holtec’s own procedures, it will remain consistent with the expectations reflected in ONR SAPs and TAGs.
· Sequence Coverage: Baseline simulations will model the progression from automatic actuation of DHR systems, through possible ADS-1 24-hour timer openings, PCC accumulator injection and long-term cooling via ADS Stage 2 and the PCMWT. The final set of scenarios and boundary conditions will be confirmed, and if necessary expanded, as part of the ongoing safety assessment and Hazard Identification (HAZID) activities to ensure that all credible challenges to the secondary shutdown path are analysed.
· Outputs: Peak Cladding Temperature (PCT), Departure from Nucleate Boiling Ratio (DNBR), reactivity status and pressure histories will be recorded; a short fuel-performance note will confirm that the most severe reactivity insertion stays within cladding strain and energy limits.

2. Complex sequences and DEC-A events

· Representative Cases: Using PSA insights together with the fault schedule, additional best-estimate studies will address combinations such as; loss of coolant with concurrent failure of Primary Decay Heat (PDH) removal, Steam Generator Tube Rupture (SGTR) with simultaneous LOOP, extended Station Blackout (SBO) that requires manual ADS initiation.
· Sensitivity Checks: Key parameters (e.g. moderator temperature coefficient, accumulator gas pressure, ADS valve stroke time) will be varied; only equipment classified as Class 1 (SMR Class A) will be credited to preserve conservatism.
· PSA Linkage: The PSA model will be reviewed after each deterministic run to confirm that the selected sequences bound the risk-significant contributors and to identify any additional cases that may need analysis.
· Success Demonstration: Each run will show that the secondary shutdown path maintains sub-criticality, keeps fuel and pressure responses within their design envelopes and transitions the plant to stable long-term cooling without operator action.

Reporting and Deliverables:

The Secondary Shutdown Capability and ALARP Demonstration for SMR-300 will therefore summarise and provide reference to:

· the full suite of conservative deterministic analyses for all relevant DBAs;
· the complex sequences and DEC-A study report with supporting sensitivities;
· the Level 2 PSA insights and quantification that underpin the selection of representative sequences;
· the accompanying fuel performance note.

Collectively, these analyses will show that the ADS-PCC secondary shutdown path fulfils its safety function across the entire design basis envelope and in the most demanding complex sequences, thereby meeting both elements of Action A2.


	RO-HOLTECSMR300-002.A3 – Safety classification and design of secondary means of shutdown

In response to this Regulatory Observation Action, Holtec should:

Demonstrate that all SSCs comprising the secondary means of shutdown have an appropriate safety classification and have been designed commensurate with the safety classification.

Response:
The present US classification assigns both ADS and PCC accumulators to SMR Class A and work undertaken in GDA Step 2 anticipates alignment with UK Class 1 requirements, as recorded in the UK GDA SMR-300 Secondary Shutdown Design [1] report. The Secondary Shutdown Capability and ALARP Demonstration for SMR-300 will provide further justification that the ADS and PCC system design is appropriate e.g. selection of appropriate codes and standards to meets UK Class 1 expectations. This will build on the presentation provided in PSR Part B Chapter 1 [5] and Part B Chapter 19 [6]. Holtec will also complete UK equivalent classification for every Structure, System and Component (SSC) that supports delivery of the secondary shutdown function or further contributes to reduce nuclear safety risks to ALARP. Note that the evidence to be generated to support resolution of this action is closely linked to resolution of GDA Commitment C_Faul_103.

Work Programme:
· UK equivalent classification studies
· Apply the classification methodology set out in PSR Part B Chapter 14 [5] to each secondary-shutdown SSC to determine an appropriate UK equivalent classification.
· Document the mapping from SMR Class (US basis) to equivalent UK Class and justify any refinements e.g. through update to the Preliminary Fault Schedule [4].
· Codes and standards gap review
· Confirm the governing US design codes and standards (for example ASME Section III and relevant IEEE standards) represent good practice for those SSCs which deliver the secondary shutdown function. 
· Identify any gaps and define supplementary arguments or targeted design updates.

Reporting and Deliverables:

The Secondary Shutdown Capability and ALARP Demonstration for SMR-300 will contain:
· the completed UK equivalent classification for those SSCs involved in delivery of the Secondary Shutdown Safety Function; and
· the codes and standards gap review with identified actions.

Inclusion of these materials will demonstrate that every SSC credited with the secondary means of shutdown has an appropriate safety classification and a design pedigree consistent with that classification, thereby satisfying Action A3.


	Key Activities, Deliverables and Timeline

	[image: ] 
Deliverables in 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 development; 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

	None.
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