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	Provision of defence in depth measures for prevention of high pressure melt ejection
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Severe Accident Analysis

	Related technical topic(s):
Fault Studies
Probabilistic Safety Analysis

	REGULATORY OBSERVATION:

	Background
It is common practice for PWR designs to provide a means of depressurising the primary circuit in response to indications that significant fuel damage has occurred so as to prevent the high pressure ejection of melted fuel/corium and direct containment heating, with this means being diverse from any means of depressurising the primary circuit in response to design basis events. 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.

Such systems are provided in addition to safety measures to prevent over-pressure of the primary circuit or to depressurise the primary circuit in response to a fault and in addition to the normally operating primary circuit pressure control systems, as failure of these systems may have led to the degraded core state.

Specific Safety Guide 88 (SSG-88) from the International Atomic Energy Agency (IAEA) (Ref 1) sets out the expectation that direct containment heating be practically eliminated and that design provisions be provided to depressurise the reactor coolant system when a meltdown is found to be unavoidable.

International consensus is that the appropriate strategy for achieving the overall safety objective is through the application of the concept of defence in depth (Ref 2). This should provide a series of independent barriers (inherent features, equipment and procedures) aimed at preventing faults in the first instance, and ensuring appropriate protection or mitigation of accidents in the event that prevention fails.

Defence in depth is generally applied in five levels, which should be, as far as practicable, independent from one another (Ref 3). 
The SMR-300 design (Ref 4) has an Automatic Depressurisation System (ADS) which is designed to depressurise the primary circuit following actuation of the safety systems and facilitate safety injection from the accumulators and the Passive Cooling Water Makeup Tank thus ensuring long term cooling of the core. This is a safety measure at level 3 defence in depth.

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 at level 4 defence in depth.

No justification has been provided as to how the SMR-300 design practically eliminates high pressure melt ejection and direct containment heating, or how the design reduces risks ALARP in this respect. This represents a potential shortfall in regulatory expectations which requires action to resolve.

Relevant Legislation, Standards and Guidance
The following guidance from the IAEA is relevant:
SSR-2/1 - Requirement 7 Application of defence in depth
SSG-88 - Design Extension Conditions and the Concept of Practical Elimination in the Design of Nuclear Power Plants

The following Safety Assessment Principles (SAPs) (Ref 5) are relevant:
SAP SC.4  - Safety case characteristics
SAP EKP.3 - Defence in depth 
SAP FA.16 - Use of severe accident analysis

Regulatory Expectations
SAP SC.4 sets out the expectation that a safety case should explicitly set out the argument for why risks are ALARP, and provide links to the information necessary to show that risks are ALARP.

SAP FA.16 sets out the expectation that severe accident analysis should be used in the consideration of further risk-reducing measures. The severe accident analysis should provide information to assist in the identification of any further reasonably practicable preventative or mitigating measures beyond those derived from engineering analysis, Design Basis Analysis (DBA) and Probabilistic Safety Analysis (PSA).

SAP EKP.3 sets out the expectation that nuclear facilities should be designed so that defence in depth against potentially significant faults or failures is achieved by the provision of multiple independent barriers to fault progression.  The concept of defence in depth should be applied so that additional measures are identified and provided to mitigate the consequences of accidents, especially severe accidents.

As per SAPs para 611, and in line with wider international guidance (Ref 1), the SAA should form part of a demonstration that potential severe accident states have been ‘practically eliminated’. To demonstrate practical elimination, the safety case should show either that it is physically impossible for the accident state to occur or that design provisions mean that the state can be considered to be extremely unlikely with a high degree of confidence. Each instance where practical elimination is claimed should be assessed separately, taking into account relevant uncertainties, particularly those due to limited knowledge of extreme physical phenomena (eg the behaviour of molten reactor cores). Moreover, an accident state should not be considered to have been practically eliminated simply on the basis of meeting probabilistic criteria. Instead, any claims made on Structures, Systems and Component (SSCs) in relation to practical elimination need to be substantiated appropriately.

IAEA SSR-2/1 Requirement 7 sets out the expectation that, the design of a nuclear power plant incorporate defence in depth and that the levels of defence in depth be independent as far as is practicable.
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	REGULATORY OBSERVATION ACTIONS

	RO-HOLTECSMR300-003.A1 – Demonstration of practical elimination of a large or early release caused by direct containment heating due to high pressure melt ejection

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.

Resolution required by 'to be determined by Holtec 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.

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