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	REGULATORY OBSERVATION:

	Background
The primary means of shutdown for the SMR-300 design is lowering of the control rods into the reactor.  International and ONR expectations are for two diverse means to be provided to shut down a civil nuclear reactor, with a secondary means being able to shutdown the reactor if the primary means were to fail.  In initial engagements with the Requesting Party and review of early GDA submissions, no diverse means for providing reactor shutdown was presented.  

In later engagement and submissions the Requesting Party clarified that the SMR-300 design provides a second means of shutting down the reactor (Refs 1, 2, & 3) through reliance on the inherent moderator reactivity temperature coefficient feedback characteristics to reduce reactor power following an Anticipated Transient Without SCRAM (ATWS) fault, which would eventually equalise the reactor power to match the heat removal capacity of the passive heat removal systems. The reactor is then stated to remain at a steady low power until a timer triggers the Automatic Depressurisation System (ADS) to depressurise the primary circuit to allow the safety injection of borated water which would shutdown the reactor. The period that the reactor would remain at a low power state before reactor shutdown is achieved is stated as being over 24 hours(Refs 2 & 4), however there is still some uncertainty on the precise timing and system design. 

This period of time remaining at a steady low power prior to shutdown and reliance upon automatic depressurisation is a novel proposal for a civil reactor in the UK and the Requesting Party has not provided a justification as to how this reduces risks as low as is reasonably practicable (ALARP). The Requesting Party has also not provided evidence that the proposed secondary means of shutdown would be effective in fulfilling its safety function in all relevant circumstances.

Relevant Legislation, Standards and Guidance
Generic Design Assessment Technical Guidance (Ref 8)
ONR TAG 06 Design Basis Analysis (Ref 9)

The following Safety Assessment Principles (SAPs) (Ref 5) are relevant:
SAP SC.4 - Safety case characteristics 
SAP ERC.2 - Shutdown systems
SAP FA.6 - Fault sequences
SAP FA.8 - Linking of Initiating faults, fault sequences, and safety measures
SAP ESS.1 - Provision of safety systems
SAP ESS.2 - Safety system specification
SAP ECS.2 - Safety classification of structures, systems and components

The following international standards and guidance from the International Atomic Energy Agency (IAEA) and Western European Nuclear Regulators Association (WENRA) are also relevant:
IAEA SSR-2/1 - Requirement 46 Reactor Shutdown (Ref 6)
WENRA Reference Level E9.6 (Ref 7)

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.
The Requesting Party is expected to present an argument to clearly set out why the provision of any means of reducing time spent in a low power state prior to shutdown would be grossly disproportionate.  This should include consideration of options such as detection of failure of the primary means of shutdown and automatic actuation of the secondary means of shutdown.

SAP ERC.2, SSR-2/1 Requirement 46, and WENRA reference level E9.6 set out the expectation that at least two diverse systems should be provided for shutting down a civil reactor.

SAP FA.8, sets out the expectation that suitable and sufficient safety measures are provided to respond to design basis faults and that the safety measures should be shown to be capable of bringing the facility to a stable, safe state following any design basis fault.

SAP ESS.1 sets out the expectation that all nuclear facilities should be provided with safety systems that reduce the frequency or limit the consequences of fault sequences, and that achieve and maintain a defined stable, safe state. Specifically including the expectation, that reactors should be provided with safety systems to shut them down safely in normal operating and fault conditions and then maintain them in a shutdown condition. There should be a margin of reactivity that allows for systematic changes and uncertainties in nuclear characteristics, variations in plant state and other processes or mechanisms that might affect the reactivity of the core, even for the most reactive conditions of the core.

SAP ECS.2 sets out the expectation that, structures, systems and components that have to deliver safety functions should be identified and classified on the basis of those functions and their significance to safety.

SAP ESS.2 sets out the expectation that, the extent of safety system provisions, their functions, levels of protection necessary to achieve defence in depth and reliability requirements should be specified, and that the safety system provisions, functions and required reliabilities should be informed by appropriate fault analysis.

ONR considers it relevant good practice that initiating events with a frequency of occurrence greater than 10-3 per year are demonstrated – using conservative design basis methodologies - to have diverse means of fulfilling the relevant safety functions (Refs 8 & 9).

SAP FA.6 sets out the expectation that fault sequences with a frequency greater than 10-7 per year should be analysed using conservative design basis methodologies and demonstrated to meet the relevant acceptance criteria.

SSR-2/1 Requirement 20 sets out the expectation that a set of design extension conditions  be derived on the basis of engineering judgement, deterministic assessments and probabilistic assessments for the purpose of further improving the safety of the nuclear power plant by enhancing the plant’s capabilities to withstand, without unacceptable radiological consequences, accidents that are either more severe than design basis accidents or that involve additional failures.
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	REGULATORY OBSERVATION ACTIONS

	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 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.

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

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

In response to this Regulatory Observation Action, Holtec should:

1. 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.

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

	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.

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