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	RO Title:
	Provision of Defence in Depth Measures for Prevention of High Pressure Melt Ejection

	Revision:
	Rev. 1

	RO Planned Closure Date:
	Subject to final submissions, see schedule

	Reference Documentation Related to Regulatory Observation

	Regulatory Queries
	N/A

	Linked ROs
	N/A

	Other Documentation
	N/A



	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:
United Kingdom (UK) Safety Assessment Principles (SAPs) and international guidance, such as IAEA Specific Safety Guide SSG-88 [1], require consideration of Severe Accident Analysis (SAA) to demonstrate that in the highly unlikely event of severe accident states, High-Pressure Melt Ejection (HPME) and the potential for associated Direct Containment Heating (DCH), have been practically eliminated. Practical elimination is achieved by demonstrating that the state is either physically impossible or so unlikely, with the design provisions in place, that it can be discounted with a high degree of confidence.
HPME is the forceful ejection of molten core material from the Reactor Pressure Vessel (RPV) while the Reactor Coolant System (RCS) remains at high pressure. The ejected melt can entrain reactor coolant and non-condensable gases, creating missiles and intense heat loads that threaten containment integrity and may lead to Direct Containment Heating (DCH).  
The SMR-300 employs multiple, passive lines of Defence in Depth (DiD) that reliably ensure the reactor can be safety shutdown in all design basis faults and thus strongly disfavour the conditions needed for the accident to progress to a HPME. The two-stage Automatic Depressurisation System (ADS) vents the RCS, the Passive Core Cooling (PCC) system injects borated water, and the Passive Containment Heat-Removal (PCH) system rejects decay heat to the surrounding Annular Reservoir (AR), maintaining low containment pressure and long-term cooling. Therefore, for an event such as an HPME to occur, a highly improbable sequence of events would be required that would likely need to include:
· a complete loss of all system cooling, covering both normal duty and safety grade systems;
· a complete loss of depressurisation capability, preventing ADS actuation with no alternative low pressure vent path.
Even with these unlikely simultaneous failures, the SMR-300 below-grade RPV configuration and robust containment provide additional mitigation margins. However, because Holtec is currently pursuing Step 2 of the Generic Design Assessment (GDA), the final design remains subject to optimisation during the detailed design phase as the full suite of severe accident studies matures. At GDA Step 2, the deterministic SAA and the supporting Probabilistic Safety Assessment (PSA) are still developing. GDA Commitments C_SAA_084, C_SAA_085 and C_SAA_086 capture the need to advance these studies beyond Step 2.
Holtec therefore recognises the request from RO-HOLTECSMR300-003 that the safety analysis presented in GDA Step 2 has yet to fully provide deterministic and probabilistic evidence that HPME and subsequent DCH are practically eliminated for SMR-300 and, if any residual risk remains, that suitable Level 4 DiD provisions reduce that risk to a level that is As Low As Reasonably Practicable (ALARP). The accompanying Resolution Plan explains how that evidence will be developed beyond GDA Step 2, and all supporting material will be compiled in the controlled technical report “Severe Accident Analysis – High Pressure Melt Ejection Scenario”.
Holtec’s resolution of the RO is set out in the sections that follow.


	Description of Deliverables

	RO-HOLTECSMR300-003.A1 – Demonstration of practical elimination of a large or early large release caused by direct containment heating due to a High Pressure Melt Ejection (HPME) 

In response to this Regulatory Observation Action, Holtec should:

Provide appropriate arguments and evidence to demonstrate that any large or early releases caused by direct containment heating due to high pressure ejection of molten fuel / corium have been practically eliminated, that being extremely unlikely to occur with a high degree of confidence.

Response:
As part of planned design development, a combined deterministic and probabilistic argument will show that large or early releases from HPME-induced DCH are either physically impossible given SMR-300 design provisions or are extremely unlikely with high confidence.

Sequence Identification
· Review the updated Level-1 PSA and severe accident phenomena handbook to list every plant damage state that could retain high RCS pressure during core melt, including single failure and common cause dependencies.
· Map those high pressure preconditions onto a containment event tree framework that records vessel failure mode and primary depressurisation paths.

Design Provisions Considered in the Practical Elimination Argument:
Baseline Level 4 capability
· Two-stage ADS trains with Motor Operated Valves (MOVs) powered from separate Class 1E DC divisions; opening of any one valve is sufficient to depressurise the RCS.
· Passive Autocatalytic Recombiners (PARs) located in containment that manage hydrogen.
Candidate diverse depressurisation measures:
· Primary Decay Heat Removal (PDH) relief valves that vent steam to the PCM tank on severe accident signal, independent of the ADS MOVs.
· Either a dedicated diverse depressurisation line from the pressuriser steam space to containment, fitted with a MOV supplied from an alternative Class 1E DC division and latched open on severe accident signal or hard wired severe accident actuation of the existing pressuriser relief valves when core exit temperature indicates melt conditions.
· Automatic third stage ADS valve in a hot leg, fitted with a pyrotechnic (squib) or pneumatic actuator to provide actuation diversity relative to the baseline motor-operated ADS valves.
· Controlled secondary side blowdown via steam generator relief valves or hard wired severe accident actuation of the existing spring-loaded valves that removes energy and reduces RCS pressure without primary side actuators.
· Use of the Chemical and Volume Control System (CVC) let down line as a small bore vent where hydraulic capacity is adequate.

Probabilistic Assessment: 
· Extend the PSA Level-2 scope to quantify the frequency of unmitigated HPME-induced DCH sequences.
· Probabilistic target frequency 
· The combined frequency of any large or early radioactive release caused by HPME-induced DCH shall be ≤ 1.0E-07/ry (mean), with the 95% upper confidence limit ≤ 1.0E-06/ry, consistent with ONR SAPs targets and international guidance.
· Perform sensitivity analyses on ADS reliability, operator recovery and key severe accident phenomena uncertainties.
· Where uncertainties remain significant, adopt conservative bounding values in deterministic models and reflect them in PSA parameter distributions.

Deterministic Confirmation And Bounding Analyses: 
· Apply validated reactor system and containment analysis tools to model representative bounding cases identified by the PSA such as small Loss of Coolant Accidents (LOCA) with safety system failures, station blackout with loss of ADS function and transients resulting in pressuriser filled conditions.
· Track primary pressure, melt progression, hydrogen generation, missile loads and containment impulse.
· Demonstrating that the plant reaches a low pressure state before any credible vessel breach and that containment loads remain within design limits.
Deterministic results will demonstrate low-pressure conditions and acceptable containment loads for the bounding cases. The Level-2 PSA will confirm that any remaining large or early release frequency meets the stated targets, with uncertainties treated conservatively in the deterministic studies and explicitly in the PSA. Practical elimination will be claimed on this combined basis.

Reporting and Deliverables:

All outputs generated for Action A1 will be reported under Holtec configuration control and compiled in the single controlled document “Severe Accident Analysis – High Pressure Melt Ejection Scenario”. The document will integrate the sequence screening outputs, the probabilistic quantification, the deterministic assessment results and the combined practical elimination argument. The document will be issued to ONR in accordance with the timetable set out for Action A1 at the end of this Resolution Plan. 


	RO-HOLTECSMR300-003.A2 – Demonstration that there are sufficient means of depressurising the primary circuit in response to degraded core states. 

In response to this Regulatory Observation Action, Holtec should: 

Provide a justification as to how the risks associated with the design have been reduced ALARP with respect to the prevention of high pressure melt ejection. This should include consideration of the potential options to reduce risk and a demonstration that all reasonably practicable options have been taken.  Provision of a diverse safety measure should be included in the options considered.

Response:

Using the A1 baseline results, Holtec will first confirm whether the existing SMR-300 depressurisation paths already provide sufficient Level 4 DiD and whether residual HPME risk is ALARP. If any shortfall is identified or a reasonably practicable improvement exists among the candidate measures considered in A1, a proportionate options study will be completed and an implementation plan defined.

Risk Evaluation:
For every retained option Holtec will rerun the bounding severe accident cases from A1 to document changes in RCS depressurisation rate, core quench timing and containment loads, update the Level-2 PSA with option specific reliability data to quantify the new HPME-induced DCH frequency, and perform a focused human factors review. The deterministic, probabilistic and human-factors results will then be combined into a proportionate ALARP balance to support the final option decision.

ALARP Demonstration: 
For each candidate option, the predicted risk reduction will be compared with relevant factors that bear disproportionality including the implementation cost, schedule impact and any safety-classification changes to the relevant Structures, Systems and Components (SSCs). Using the UK ALARP proportionality criteria, the study will adopt every measure whose benefits are not shown to be grossly disproportionate when all these factors are considered. The selected provision will be incorporated into the SAMGs and the EOPs. All optioneering work will follow the methodology set out in the Holtec ALARP Guidance Document [2].
Reporting and Deliverables:
All outputs for Action A2 will be reported under Holtec configuration control and included in the single controlled document “Severe Accident Analysis – High Pressure Melt Ejection Scenario”. The document will contain the ALARP assessment and will be issued to ONR in accordance with the timetable set out for Action A2 at the end of this Resolution Plan.




	Key Activities, Deliverables and Timeline

	


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 authoring; each earlier “T-n” step represents roughly one 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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