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	REGULATORY OBSERVATION:

	Background
The SMR-300 concept uses a large, annular tank of water formed of the space between the Containment Structure (CS) and the Containment Enclosure Structure (CES). This is referred to as the Annular Reservoir (AR). The AR acts as the Ultimate Heat Sink (UHS) for the reactor and alongside the steel CS wall forms the Passive Containment Heat Removal System (PCH). International and ONR expectations are that sources of internal hazards are identified and assessed to ensure that the potential consequences of hazards are tolerable, that fundamental safety functions can be ensured by the reactor design and that risks from hazards have been reduced As Low As Reasonably Practicable (ALARP). 

The RP has provided documentation which describes their approach to the assessment of internal flooding [1] and representative example assessments of potential AR failure scenarios [2]. These submissions focus on flooding into the CS from the AR through a leak in the CS steel wall. The main arguments presented by the RP are that the CS steel wall will have a low frequency of failure and that any failures which could lead to AR drain down 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 Structures, Systems and Components (SSCs) could be compromised.

I have previously raised concerns with the RP on the maturity of hazards assessment inside containment and particularly in respect to the AR given its importance to safety within the SMR-300 concept (RQ-01659 and RQ-01967). In response the RP has produced the Containment Structure System Based View [2]. Whilst this provides more detail on the CS design and an outline of hazard management strategies, I consider that further assessment is still required. In particular:

· Provision of sufficient evidence or arguments that the selected break sizes are representative, or conservative based on the failure scenarios identified. The types of failures considered should be derived within the structural integrity topic area and are within the scope of RO-HOLTECSMR300-006.
· Provision of a comprehensive assessment of which SSCs could be affected by internal flooding in the CS, including those which are not rated for immersion. 
· Provision of a comprehensive assessment of the timeline for such an event including at what point the fault would be revealed to operators and what other automatic trip signals might lead to a relevant automatic plant response.
· Provision of a fully comprehensive description of the flood compartment geometry with respect to key SSCs, particularly the location of Motor-Operated Valves (MOVs) which are needed as part of the Passive Core Cooling System (PCCS).
· Further development of the RPs assessment of the potential consequences of AR failure. The following points should be specifically addressed:
· Assessment of the potential consequences of a thermal shock induced failure of the Reactor Coolant Pressure Boundary (RCPB) following failure of the AR.
· Assessment of risks associated with dilution of boronated water sources (Spent Fuel Pool (SFP and Primary Core Make-Up Water Tank (PCMWT)) for criticality hold-down purposes.
· Assessment of if the AR continues to adequately perform the UHS function.

Relevant Legislation, Standards and Guidance

Safety Assessment Principles [3]
FP.4 – Safety Assessment
EHA.3 – Design Basis Events
EHA.6 – Analysis
EHA.7 – Cliff Edge Effects
EHA.12 – Flooding
EMC.3 – Evidence
FA.2 – Identification of Initiating Faults
FA.3 – Fault Sequences

IAEA Guidance [4]
SSG-64 – Para 4.150
SSG-64 – Para 4.155
SSG-64 – Para 4.157
SSG-64 – Para 4.164
SSG-64 – Para 4.165

Regulatory Expectations
In addition to the guidance identified above, the key regulatory expectations with respect to the assessment of flooding hazards are clearly outlined within TAG 14 [5]. Specific extracts which are particularly relevant to this RO are quoted below.

Para 5.76 – Inspectors should expect the design basis events to include foreseeable failures such as full-bore pipework ruptures, which should be postulated in the worst operational state and / or with least control (mode of operation with the highest energy). The consequences of such events (releases from a double ended guillotine break) should be analysed accordingly.

Para 5.79 - The flood level as a function of time as well as other dynamic effects such as wave formation (for example, as a result of a dropped load into a pool, bund overtopping or failure of doors) or cascading effects (stairwells / flow through penetrations) may impact SSCs and should be considered by dutyholders as appropriate.

Para 5.86 - Inspectors should seek assurances that relevant SSCs remain available to ensure nuclear safety under flooding hazard conditions. In line with the general considerations, this is preferably achieved by segregation, that is, provision of redundant SSCs in separated flood compartments, substantiated against the highest hydrostatic load so far as is reasonably practicable, or by placing SSCs at heights above the maximum credible flood levels AND Para 5.87 - Alternative approaches such as qualification of SSCs to remain operational under hazard conditions (for example, under flooding, steam or spray release) or combination of segregated SSCs and qualification of equipment may be appropriate where full segregation is not reasonably practicable.

Para 5.88 - where operator actions play a role in preventing or mitigating the consequences of flood scenarios, for example, by isolating the flood source / paths, then the feasibility of performing the required actions under the hazard conditions is a matter for consideration by Human Factors and / or Radiological Protection specialists in conjunction with Internal Hazards. Inspectors should ensure that the safety case assumptions and calculations (such as, available response times, flood levels) are compatible with the release scenarios and proposed actions (for example, deploying defences, closure of flood doors etc.). This should also consider how the flood will be notified to operators with a sufficiently reliable system that is subjected to EIM&T.

The RP has stated [6] that they do not intend to make a highest reliability claim on the CS. In this case further dependence is placed on the internal hazards assessment and it is key that a robust demonstration of CS/AR failure tolerance is completed. This is in line with SAP FA.3 which expects fault sequences to be developed, and the consequences analysed and EHA.12 which expects flooding conditions to be shown to be tolerable, including those forming severe accidents. 
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	REGULATORY OBSERVATION ACTIONS

	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.

Resolution required by 'to be determined by Holtec Resolution Plan'

	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.

Resolution required by 'to be determined by Holtec Resolution Plan'

	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.

Resolution required by 'to be determined by Holtec Resolution Plan'

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

Resolution required by 'to be determined by Holtec Resolution Plan'

	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. 
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