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	REGULATORY OBSERVATION:

	Background

ONR’s guidance [1] states the intent of ONR’s Step 3 assessment is to undertake a detailed assessment of the Requesting Party’s (RP) reactor design and supporting generic safety and security case against regulatory expectations. To facilitate this Rolls-Royce SMR Limited, the RP, is expected to produce a comprehensive environmental, safety, security and safeguards (E3S) case, that is intelligible, with a clear trail from claims, through the arguments, to the underpinning evidence that substantiates the design. 

Engineered structures, systems and components (SSCs) should be designed to deliver their safety functions defined within the E3S case. SSCs should be designed adequately to meet safety functional requirements, withstand specified fault and accident conditions, and provide confidence in the robustness of the overall design. The layout of the SSCs should also be adequately considered such that SSCs, and their ability to deliver safety functional requirements, are not at risk from hazards and interactions with other SSCs. One such hazard is a seismic event, and the E3S case presented during GDA should recognise earthquakes as an external hazard, define the safety functional requirements for such events and present evidence that the RP has adequately addressed seismic effects in the design [2].

The generic design of the Rolls-Royce SMR includes a number of features which are directly relevant to seismic events. The design includes a Seismic Isolation System (SIS) which supports the Reactor Island (RI), and therefore the majority of safety significant SSCs. The SIS decouples acceleration between the base mat and the foundations in a seismic event. Within the RI, the majority of SSCs are housed within modular steel structures which are fixed to the floor, and will therefore experience movement during a seismic event, albeit moderated by the SIS. Individual SSCs may also require seismic mountings. This combination of features is novel, and will directly impact the seismic loads upon individual components.

In any reactor design seismic withstand requirements can have significant effects on SSC design and layout. It is therefore recognised in relevant good practice (RGP) that consideration of seismic effects is best done early on in the design and layout of SSCs [3]. Consideration of seismic effects early in the design also mitigates the risk of foreclosing options which could further reduce risks so far as is reasonably practicable (SFAIRP). 

Though the likelihood of a significant earthquake is low in the United Kingdom, the objective hazard it poses is significant enough that designs intended for construction in the United Kingdom should consider provisions against an appropriately defined design basis earthquake (DBE) and operating basis earthquake (OBE). The RP has defined these as part of their Generic Site Envelope (GSE) [4].

The RP has also demonstrated that it is aware of the risks posed by a seismic event and is designing for these. The RP has developed a seismic performance classification (SPC) requirements scheme [5], which has been used to allocate seismic performance requirements to its SSCs. The RP has established in Chapter 3 of its tier 1 E3S case a seismic design summary (Figure 3.9-1) [6]. This sets out its structured approach to designing SSCs and accounts for through-life activities. The RP’s design arrangements recognise the need to “establish seismic response of SSC” before verification activities are undertaken. 

A key enabler for establishing the seismic response of the SSCs is the production of a Secondary Response Spectra (SRS) for set locations of the design, which defines the movements expected during a seismic event, accounting for the Rolls-Royce SMR design features. The latest version of the SRS submission [7] was produced to support the RP’s internal RD8 design and layout milestone; the current design and layout has progressed, taking account of several significant design and layout changes. The SRS submission includes guidance for design engineers using the SRS data for SSCs moving into the RD9 milestone of the design, however at the time of writing this RO the design has been iterated to the RD10 milestone. The RP’s design changes have therefore impacted the E3S case submissions which support the SRS, as well as E3S case submissions which rely on the SRS data. 

Overall, ONR’s assessment has identified that the RP recognises and has started to design for seismic hazards. However the case remains incomplete, does not fully reflect the latest design and does not yet provide a holistic demonstration accounting for the novel features. An adequate case for seismic hazards has not yet been provided across a number of key topic areas, and we remain uncertain of the scope and content of the case that will be produced. Sufficient information has not been submitted which demonstrates, beyond setting seismic performance requirements, that the design and layout has adequately accounted for seismic effects as well as the consequential and combined hazards arising from a seismic event. In summary:

· A holistic case which accounts for the features of the generic Rolls-Royce SMR design has not yet been produced; 
· It is not yet clear how the design and layout has been influenced to account for seismic effects (basis of design derived from accelerations, forces and frequencies), nor how any impacts from the features in the Rolls-Royce SMR design have been considered (for example, over-topping or impacts); 
· It has not yet been established how the design has been influenced by, and will withstand, hazards consequential to, or combined with, a seismic event; and
· arguments and evidence have not been presented to demonstrate that the claimed seismic performance classification requirements can be met.
 
Relevant Legislation, Standards and Guidance

ONR safety assessment principle (SAP) [8]:

· EHA.1 (Identification and characterisation)
· An effective process should be applied to identify and characterise all external and internal hazards that could affect the safety of the facility.
· EHA.6 (Analysis)
· 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.
· EHA.9 (Earthquakes) 
· The evaluation should enable buildings, structures and plant in the facility to be designed to withstand safely the ground motions involved; and enable existing structures, systems and components to be seismically assessed.
· EHA.14 (Fire, explosion, missiles, toxic gases etc – sources of harm)
· Sources that could give rise to fire, explosion, missiles, toxic gas release, collapsing or falling loads, pipe failure effects, or internal and external flooding should be identified, quantified and analysed within the safety case.
· ELO.4 (Minimisation of the effects of incidents) 
· 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.
· EQU.1 (Qualification procedures)
· Qualification procedures should be applied to confirm that structures, systems and components will perform their allocated safety function(s) in all normal operational, fault and accident conditions identified in the safety case and for the duration of their operational lives.
· FP.4 (Safety assessment)
· Dutyholders must demonstrate effective understanding and control of the hazards posed by a site or facility through a comprehensive and systematic process of safety assessment.
· SC.4 (Safety case characteristics)
· A safety case should: (a) explicitly set out the argument for why risks are ALARP; and (b) link the information necessary to show that risks are ALARP, and what will be needed to ensure that this can be maintained over the period for which the safety case is valid; (c) support claims and arguments with appropriate evidence, and with experiment and/or analysis that validates performance assumptions; (d) accurately and realistically reflect the proposed activity, facility and its structures, systems and components; (e) identify all the limits and conditions necessary in the interests of safety (operating rules); and (f) identify any other requirements necessary to meet or maintain the safety case such as surveillance, maintenance and inspection.

International Atomic Energy Agency (IAEA) Guidance

· Seismic Design for Nuclear Installations – SSG-67 [3] :

3.5.    The seismic design process should consider the following steps, which highlight the major tasks involved in the design process:
(d) Providing seismically resistant structural systems in accordance with the layout and the functional requirements of the nuclear installation. 
(e) Evaluating the seismic demand.
(f) Determining the preliminary design of structural elements based on codes and standards, and providing adequate reinforcement detailing. 
(g) Verifying that the seismic demand does not exceed the seismic capacity defined in the preliminary design and adjusting the design if necessary. 
(h) The assessment of seismic margins should use realistic and best estimate assessments, and should apply different procedures from the ones used for design purposes 
4.2. The layout of the installation should be established early in the design stage of the installation and should aim to achieve the most suitable solution for the seismic design.
4.27. The seismic design should allow for enough flexibility of attached distribution lines (e.g. electrical cables, piping) to accommodate expected differential displacements between the equipment item and the first support of the line.

Regulatory Expectations

With reference to the RGP noted above, and ONR-GDA-GD-007 [2], it is expected that the RP’s E3S case provides a suitable and sufficient demonstration that the design will be safe throughout the full lifecycle of the plant, considering seismic events and accounting for the features of the generic design.

It is expected that the RP’s E3S case includes:
· An adequate and traceable set of arguments and evidence to support claims made on seismic.
· Demonstration that the design and layout of SSCs meet the safety functional requirements (e.g. the RP’s SPCs) that have been allocated.
· Demonstration that SSC design and layout has been informed by seismic effects and withstand requirements. This includes secondary proximity effects, collision, collapse, etc., to be considered as a part of the overall scope of substantiation.
· Demonstration that the effects of hazards resulting from a seismic event (e.g. consequential or combined) have informed the design, layout and performance requirements of SSCs.
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	REGULATORY OBSERVATION ACTIONS

	RO-RRSMR-018.A1 – Demonstration of seismic withstand of the generic design

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

Present a holistic demonstration of the seismic performance of the generic Rolls-Royce SMR design. The safety case should have a traceable structure beginning in tier 1 E3S case chapters, with supporting references to tier 2 and 3 documents. It should consider all relevant impacts from the seismic hazards, and the features of the generic design. All relevant topics that contribute to the justification should be included.
 
Ultimately, through its E3S case the RP should demonstrate that it has applied systematic and robust arrangements to design for seismic events. These should support claims, arguments, and evidence which justify that SSCs with a seismic safety functional requirement are informed by, and substantiated against, seismic effects, including concequencial and combined hazard effects as required. This should demonstrate:

· The demands of a seismic event have been considered to inform a design and layout which meets SSC safety functional requirements and shows that risks are, or are capable of being, reduced so far as is reasonably practicable;
· That SSC design and layout has been informed by seismically induced proximity effects (e.g. collision, collapse, etc) and other consequential or combined hazard effects; and
· Where detailed information is required, but not yet available, suitable means are captured to provide confidence in the generic design and layout, including consideration of uncertainties. This may involve demonstration through conservative bounding analysis or through conservative margins built into the design and layout.

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