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	REGULATORY OBSERVATION:

	Background
Segregation or separation of trains of equipment to protect against the effects of internal hazards is an established principle in the design of new nuclear power plants (NPP). This is reflected within ONR’s SAPs [1] and relevant international guidance such as IAEA SSG-64 [2] with a preference for robust segregation where practicable.

Some areas of a NPP, such as inside primary containment, cannot be easily segregated for operational and spatial reasons e.g. when connecting multiple redundant pipelines to the primary circuit. This is the case for the Requesting Party (RP’s) design. However, the RP’s design also includes a region which separates the containment vessel from segregated areas which is referred to as the interspace. This is a novel feature of the generic Rolls-Royce SMR design.

The interspace area cannot be fully segregated and, as it separates the primary containment vessel from surrounding service blocks, redundant trains of equipment must necessarily pass through it. The interspace also contains safety critical equipment such as the Low Pressure Injection System (LPIS) accumulators and the Local Ultimate Heat Sink (LUHS) tanks which are contained in separated, concrete buttresses.

Fire is considered a frequent hazard which has the ability to spread hazardous effects through multiple mechanisms including radiant heating (radiation), hot gas layer formation and descension (convection) and flame impingement (conduction). A fire in the interspace could therefore potentially affect multiple trains of safety equipment.

The RP recognises this risk and has presented fire modelling for ‘global’ fire effects within its submission (Internal Hazards Analysis Report Global Fire Interspace and Containment [3]). The presented analysis utilises the Consolidated Fire & Smoke Transport (CFAST) modelling software to establish maximum upper gas layer temperatures within the interspace. This in turn is used to demonstrate that fire effects are tolerable based on established threshold temperatures for Modular Kit of Parts (MKOP) components and through comparison to established time-temperature curves for concrete structures.

CFAST is an industry recognised code which has undergone extensive verification and validation however, it cannot model complex geometries and is known to have limitations when modelling “semi-open” spaces with large vents relative to the size of the modelled space. The model also has established ranges for parameters such as the aspect ratio of the modelled compartments. Some of these limitations are discussed by the RP within [3]. The RP has elected to model the interspace as a cuboid which matches the volume of the interspace. This representation does not account for the containment vessel, buttresses or partial floors within the interspace. The RP has also introduced further changes to the interspace shape to accommodate the fuel transfer channel and equipment for the JNA system as well as removing the north and south annexes. This has the effect of reducing the distance between the containment vessel and the concrete boundary of the interspace at some elevations and reducing the overall compartment volume.

The RP’s analysis does not currently consider safe shutdown capability of the reactor under fire conditions or fire effects on other SSCs outside of MKOP or civil structures. The RP has presented some analysis of fire effects on the containment vessel within its submission - Containment Vessel - Response to Fire Hazards [4], however this work is dependent on the global fire modelling outlined above and a small set of local fire cases. It is noted that the RP has planned further submissions on the fire hazard which ONR anticipates will contribute towards answering this RO.

ONR raised RQ-2608 to gain clarity on how the RP intends to demonstrate that the reactor can be safely shutdown in the event of a fire in the interspace. ONR remains concerned that the approach described does not sufficiently capture potentially complex fire behaviour in the interspace and that the scope of future planned submissions within GDA are unlikely to fully address this. In particular the following aspects are of concern:
· Partial floors within the interspace are connected at the concrete boundary of the space but leave a gap between the floor level edge and the containment vessel. Ceiling jet effects are likely to push hot gas towards this gap i.e. hot gas will be preferentially vented such that it travels upwards alongside the containment vessel. Neither global or local fire modelling which focuses on e.g. radiant heat or plume temperatures are unlikely to capture these effects.
· Threshold criteria have not been established for SSCs other than the MKOP steels and concrete barriers within the interspace. This is particularly relevant for redundant cabling and C&I as well as non-redundant outboard isolation valves and the fuel transfer channel.
· It is not clear what equipment within the interspace is required to survive a frequent fire to ensure safe shutdown i.e. the extent of tolerable fire spread is not established.
· The deterministic assessment and associated fire modelling are a key input to the fire PSA. Assumptions made within PSA on system availability should reflect the conclusions of the fire hazard analysis to ensure a coherent and suitably integrated safety case. It is understood that current PSA assumptions on zone independence within the interspace are not sufficiently underpinned by available evidence.
· It is not clear that the design and layout of the interspace support an ALARP position with respect to the fire hazard.

Overall, our judgement is that the analysis presented to date and the RP’s future plans do not adequately represent the generic Rolls-Royce SMR design. This means that the RP’s safety case is yet to demonstrate the ability to safely shutdown the reactor in the case of fire within the interspace.

Relevant Legislation, Standards and Guidance
The expectation for fire hazard analysis to support the choice of a fire influence approach is well established in both national and international standards and guidance. The following extracts from ONR’s SAPs [1], TAG-014 [5] and IAEA SSG-64 [2] are particularly relevant.

SAP ELO.4 - The design and layout of the site, its facilities (including enclosed plant), support facilities and services should be such that the effects of faults and accidents are minimised.

SAP EHA.6 - The effects of internal and external hazards that could affect the safety of the facility should be analysed. The analysis should take into account hazard combinations, simultaneous effects, common cause failures, defence in depth and consequential effects.

SAP Para 243 - The analysis should apply an appropriate combination of engineering, deterministic and probabilistic methods in order to:
· understand the behaviour of the facility in response to the hazard; and
· confirm high confidence in the adequacy of the design basis definition and the associated fault tolerance of the facility

SAP Para 244 - The analysis should include hazard analysis to: (a) identify the potential impact of the hazard on the facility’s structures, systems and components, and in particular its safety systems; (b) determine the need for segregation, diversity and redundancy of plant and equipment and the location of barriers to limit this impact.

SAP Para 245 - The analysis should take into account that: (g) the severity of the consequences of internal and external hazards will often be affected by aspects such as facility layout, interactions between structures, systems and components, and building size and shape.

TAG 14 Para 5.39 - specific to the fire influence approach, inspectors should expect any claims on sufficient separation of SSCs by distance to be substantiated with evidence such as consequence analysis results showing sufficient margins with conservative assumptions. This is particularly relevant when any such claims play a primary role against common cause failure of multiple SSCs delivering the same fundamental safety function

IAEA SSG-64 Para 4.32 - The plant layout should be such that combustible materials (solids, liquids and gases) are not in proximity to items important to safety, as far as practicable. The design aim should be to segregate items important to safety from high fire loads and to segregate redundant safety systems from each other. The aim of this segregation is to reduce the risk of fires spreading, to minimize secondary effects and to prevent common cause failures.

IAEA SSG-64 Para 4.34 - The effects of postulated fires should be analysed for all areas containing items important to safety and all other locations that constitute a fire hazard to items important to safety. In the analysis, the functional failure of all systems important to safety within the fire compartment or the fire cell in which the fire is postulated should be assumed, unless they are protected by qualified fire barriers or surrounded by casings, enclosures or encapsulations designed to (or able to) withstand the consequences of the fire. Exceptions should be justified.

Regulatory Expectations
ONR expects sufficient justification and evidence that reactor designs are tolerant to design basis fires. Where a fire influence approach is utilised to meet this expectation ONR expects that this is supported by proportionate fire hazard identification, characterisation and where appropriate substantiation of safety measures. Characterisation should utilise suitably validated methods and models and incorporate appropriate sensitivity analysis. The safety case should include a demonstration that sufficient preventative, protective and mitigative safety measures, taken together, ensure that during any design basis fire the reactor can achieve safe shutdown.

Where a fire area or zone is unbounded a useful starting assumption is the functional failure of all systems in the unbounded area or zone. This is aligned within IAEA SSG-64. Where this cannot be tolerated ONR expects that fire behaviour is suitably characterised, through conservative means, such that a robust judgement on the availability of systems critical to nuclear safety can be made and adequately justified. This should reflect the actual layout and associated fire physics of the fire hazard, see SAP Para 245 and TAG 14 Para 5.39.

Additionally, ONR expects that the layout of nuclear safety critical systems and sources of fire hazard are adequately considered such that the hazardous effects of fire are limited by design as far as reasonably practicable, see SAP ELO.4. The interspace is a novel design feature of the generic Rolls-Royce SMR design where multiple redundant trains of equipment occupy the same space. A suitable and sufficient justification for the layout of the interspace and it’s robustness to the fire hazard, considering all potential hazardous effects and modes of propagation, is therefore expected within GDA.
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	REGULATORY OBSERVATION ACTIONS

	RO-RRSMR-019.A1 – Demonstrate safe shutdown capability in the event of a postulated fire within the interspace

In response to this Regulatory Observation Action, Rolls-Royce SMR Ltd should:

· Complete a suitable and sufficient identification of fire hazards within the interspace, based upon the generic Rolls-Royce SMR design
· Demonstrate that any identified bounding scenarios are suitably justified
· Characterise the identified fire hazards and identify likely fire behaviour based on the physical layout, shape and geometry of the interspace
· Identify nuclear safety critical SSCs and their support services located within the interspace
· Establish threshold criteria for the identified SSCs and their support services against conditions posed by the fire hazard
· Demonstrate that sufficent SSCs remain available to support safe shutdown of the reactor in the case of fire within the interspace (noting that this could be through a combination of deterministic assessment with PSA insights)

Resolution required by 'to be determined by Rolls-Royce SMR Limited Resolution Plan'




	RO-RRSMR-019.A2 – Demonstration that risks have been reduced to levels which are ALARP for fire hazards within the interspace

In response to this Regulatory Observation Action, Rolls-Royce SMR Ltd should:

· Articulate how the interspace layout has been optimsed to reduce risk with respect to the fire hazard including design choices, elimination and reduction of hazards where practicable.
· Articulate how the interspace layout has been optimised to reduce risk with respect to availability of SSCs including separation and segregation of both redundant trains and defence in depth measures supporting the same safety function.
· Demonstrate that the risk to nuclear safety from fire hazards within the interspace is reduced to levels which are ALARP. This should include:
· justification for the exceptions to divisional segregation created by the interspace
· identification of defence in depth safety features to support the fire influence approach

Resolution required by 'to be determined by Rolls-Royce SMR Limited Resolution Plan'



	REQUESTING PARTY TO COMPLETE

	Actual Acknowledgement date (dd/mm/yy):
	

	RP stated Resolution Plan agreement date (dd/mm/yy):
	





	                                                                                                                                                        Page 1 of 3	
image1.png
Office for
Nuclear Regulation




image2.jpeg
Cyfoeth
Naturiol
Cymru

Natural

Resources
Wales




image3.png
Environment
L\ W Agency




