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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 cannot be 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. In instances such as this a safety case will often make other withstand related claims, to demonstrate both that equipment cannot act as a hazard source or that the equipment will resist the effects of hazards.

The containment of the generic Rolls-Royce SMR design is one area where segregation cannot be fully achieved for several important Structures, Systems and Components (SSCs). The containment is a large, steel vessel which houses the primary circuit and various key safety systems whose main function is to confine radioactive material during fault and accident conditions. Some components within containment are also designated Very High Reliability (VHR) meaning that their failure could lead directly or indirectly to intolerable consequences.

The failure of a pressurised component resulting in a blast hazard is considered an infrequent hazard. Such an event has the ability to damage SSCs via a pressure wave which generally dissipates with distance from the source. The Rolls-Royce SMR design has a compact containment design, which means that the physical distance between potential blast sources and the targets of concern may not be sufficient to reduce the intensity of the pressure wave to tolerable levels.

The RP recognises this risk and has carried out characterisation of identified blast sources utilising both semi-empirical [3] and computational fluid dynamics (CFD) methods [4]. Both sets of analysis demonstrate that identified targets may be exposed to significant overpressures. The RP has also performed optioneering to assess potential blast mitigation measures within containment [5]. This has identified that some VHR components may be required to withstand blast loadings, however explicit withstand requirements on civil components or other SSCs, within containment, have not yet been identified.

ONR raised RQ-02675 to gain clarity on how the RP intends to demonstrate that the consequences of potential blast hazards within containment can be tolerated. ONR remains concerned that a sufficient demonstration of safe shutdown capability and the survivability of VHR components may not be provided within GDA timescales. In particular the following aspects are of concern:
· Blast hazards within containment may introduce overpressure withstand requirements onto civil elements within containment. The set of requirements on civil structures is not yet clear. Specifically:
· Civil structures forming bunkers e.g. those around the steam generators
· Civil structures forming the retaining wall of the In-Containment Water Storage System (IWSS)
· Civil structures surrounding the Level and Volume Control System (KBA) heat exchanger
· Blast hazards within containment are acknowledged by the RP to introduce withstand requirements onto some VHR components. How such claims will be substantiated is not yet clear. Alternative options to mitigate this risk in the event that withstand claims cannot be substantiated within GDA have not yet been presented by the RP.
· Thermal hydraulic analysis [6] notes that a simultaneous (or consequential) failure of some lines forming part of the primary and secondary circuit could over pressurise the containment vessel. The RPs safety case does not currently demonstrate that such a scenario is not possible or sufficiently mitigated in the event of a blast hazard. Blast hazards could also impact the containment vessel directly.
· It is not clear that the layout of the containment has been optimised with respect to hazard loadings and the position of VHR components and other safety critical SSCs.

Relevant Legislation, Standards and Guidance
Expectations around the assessment of blast and explosion hazards are well established in both national and international standards and guidance. The following extracts from ONR’s SAPs [1], TAG-014 [7] 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 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; and (c) determine the safety functions (e.g. the withstand capability) to be provided by such barriers.

TAG 14 Para 5.64 - based upon the explosion analysis and plant availability / responses predicted, licensees should demonstrate that nuclear safety is ensured in all operating state

TAG 14 Para 5.65 - Generally, licensees should follow a series of steps in defining safety measures based on the result of the explosion analysis. Specifically, this may involve the following:
· determination of the hazard ranges, SSC responses and, consequently, SSC withstand capacity as applicable.
· based on the design provision and plant’s / system’s nuclear safety significance, confirmation of whether redundancy is required (SAPs EDR.2, ESS.18) and specifying segregation, physical separation or isolation requirements accordingly
· testing the assumptions and limitations of the explosion characterisation for cliff-edge effects.
· determine whether combined / consequential effects such as missile, fire, flood, drop loads and so on could arise.

TAG 14 Para 5.68 - In developing their judgement on whether explosion risks have been reduced so far as is reasonably practicable, inspectors may seek to check for the following features of good design and operational practice against explosion hazards, where applicable:
· the design and location of SSCs delivering safety functions is optimised against explosions: storage facilities, pipelines carrying flammable / combustible materials and blast sources in general, are segregated from areas containing safety related plant and equipment by qualified physical barriers so far as is reasonably practicable (SAP ELO.4).
· consideration is given to the need to provide structures forming part of, or supporting barriers, with explosion resistance protection according to their safety function.

IAEA SSG-64 Para 4.73 - equipment that needs to maintain its functionality following a postulated initiating event should be identified and adequately designed to withstand the effects of the event, or to be protected against such events.

Regulatory Expectations
ONR expects sufficient justification and evidence that reactor designs are tolerant to design basis hazards. Where blast hazards are identified which could potentially impact SSCs which support nuclear safety functions, ONR expects proportionate characterisation of the hazard and substantiation evidence (where required to support withstand claims). ONR expects that the safety case should be focussed on those scenarios which represent the greatest level of hazard and risk and/or represent areas of novel design. The safety case should include a demonstration that sufficient preventative, protective and mitigative safety measures, taken together, ensure that the reactor can achieve safe shutdown following a design basis blast hazard.

Additionally, ONR expects that the layout of nuclear safety critical systems and sources of blast hazards are adequately considered such that the hazardous effects are limited by design as far as reasonably practicable, see SAP ELO.4. The generic Rolls-Royce SMR design is known to be compact which poses challenges when considering the impact of blast hazards. A suitable and sufficient justification for the layout of containment and it’s robustness to potential blast sources, considering all safety significant targets, is therefore expected within GDA.
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REGULATORY OBSERVATION ACTIONS

	RO-RRSMR-020.A1 – Demonstrate that design basis blast hazards within containment are tolerable

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

· Complete a suitable and sufficient identification of blast hazards within containment
· Justify that cases selected for detailed analysis are bounding or otherwise risk informed, based on the consideration of hazard and risk amongst other relevant factors
· Characterise the selected cases including suitable sensitivity analysis to provide confidence in the plants overall tolerability to blast hazards in containment
· Substantiate withstand claims placed on SSCs, including civil barriers and VHR components. Alternative means that provide confidence in the adequacy of the design should be provided, where sufficient detailed evidence cannot be produced at this time
· Demonstrate that sufficient SSCs remain available to support safe shutdown within containment following a postulated blast hazard

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

	RO-RRSMR-020.A2 – Demonstrate that the containment layout has been optimised with respect to blast hazards and SSCs

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

· Articulate how the containment layout has been optimised to to reduce risk with respect to blast hazards. This should include evidence to support the arrangement of components forming the primary and secondary circuits and SSCs which support nuclear safety functions including VHR components. In particular the demonstration should provide evidence to support the layout of SSCs which support safe shutdown safety functions.
 
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




