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Background
Electrical Power Systems (EPS) are important to Nuclear Power Plants (NPP) in providing both the sources of electrical energy and then distributing that energy to safety equipment that delivers the various safety functions to bring the NPP to a controlled and then safe shutdown state.
ONR’s “Generic Design Assessment Technical Guidance” [1] provides specific guidance on the aspects of electrical engineering that ONR would expect to assess as part of GDA. This includes “a computer based model should be established by the RP [Requesting Party] for the purpose of studying the system under steady state conditions and in response to a range of postulated disturbances which can challenge the system performance. The studies should consider all modes of operation including normal operation, plant shutdown, on line plant maintenance, testing of standby sources and operation from standby sources…The results of the studies should be assessed to confirm compliance with pre-defined acceptance criteria.”
ONR has reinforced this regulatory expectation with Rolls-Royce SMR Ltd, the Requesting Party (RP), that electrical system studies should be undertaken ensuring they “demonstrate the adequacy of the design” and be using the “fault scenarios and associated electrical loading sequences to inform electrical analyses”. As part of the agreed Step 3 submission schedule, the RP has submitted the initial set of documents to fulfil the analysis [2]. 
Those submissions do not give sufficient explanation of the process or analysis of the system sizing or performance for ONR to have confidence that the EPS is adequately designed to perform as required by the E3S case.
ONR is concerned that the RP has not clearly presented the system models or the design data used throughout the studies in a manner which allows it to have confidence that the models adequately reflect the EPS or that the modelling data adequately represents the equipment parameters of Systems, Structures and Components (SSC). The choices or assumptions made in the development of the model or defining equipment characteristics are not consistently presented or justified.
This lack of clarity continues with the selection of conditions for study, where aspects such as the modes of operation, fault sequences and limiting conditions of operation in the development of bounding cases are not clearly presented or justified.
The acceptance criteria for studies are not consistently identified or linked to requirements in the safety case, which results in inadequate demonstration of the design or identification of gaps, and appropriate actions to mitigate those gaps.
Finally, in the documents submitted to date, there are a number of areas where the results do not meet the RP’s own acceptance criteria. As a result, a fundamental expectation of [1] that “the results of the studies should be assessed to confirm compliance with pre-defined acceptance criteria” has not been met and it is therefore not being demonstrated that the electrical system is appropriately designed to fulfil its safety role or be operable in a safe manner.
A Regulatory Query (RQ) [3] has been raised to seek clarity on individual aspects of submissions to date that has highlighted that the gaps are unlikely to be fully addressed through clarification provided in the responses to the RQs.
This Regulatory Observation has therefore been raised to ensure that there is a robust demonstration of the adequacy of the EPS to distribute electrical power in all operating modes and in the presence of a range of postulated disturbances.
Relevant Legislation, Standards and Guidance
EPS provide an essential support function in supplying electrical power to safety functions. A reliable power supply is critical for maintaining control during normal operations, anticipated deviations from normal operation, as well as to power, control and monitor relevant plant safety functions in design basis accidents and design extension conditions. This importance is reflected in a number of standards and guidance documents, both international and national.
Requirement 41 of IAEA Specific Safety Requirement SSR-2/1 (Rev.1) [4] reflects this expectation:
“The functionality of items important to safety at the nuclear power plant shall not be compromised by disturbances in the electrical power grid, including anticipated variations in the voltage and frequency of the grid supply.”
This is further reflected in many of the sections of the IAEA Specific Safety Guide for Electrical Power Systems SSG-34 [5]. For example, Paragraph 2.19 identifies the need to consider margins and conservatisms in the design whilst Section 4 outlines the need to identify and consider the design bases, all operational states, all modes of operation and all possible events in the analysis.
BE EN IEC 63046:2021 [6] establishes the “high level specification requirement to implement a suitable Electrical Power System in a NPP that supports reactor systems important to safety.” It sets out the importance of ensuring “the electrical design of the Electrical Power System shall be verified” and that such verification should be “carried out and documented at each step of the design”. It recognises the importance of applying a ‘margin strategy’ to the electrical system studies “to cover modification during the NPP project design phase”.
BS EN IEC 62855:2021 [7] specifically supports the guidance of [5, 6] and provides “guidelines for the analysis of AC and DC electrical power systems in NPPs in order to demonstrate that the power sources and the distribution systems have the capability for safe operation and shutdown of the NPP, bringing it to a controlled state after an anticipated operational occurrence or accident conditions and finally reaching a safe state.” It sets out that these “Analytical studies validate the robustness and adequacy of design margins and demonstrate the capability of electrical power systems to support plant operation for normal, abnormal, degraded and accident conditions” whilst “During the design stage of on-site power system, spare capacity for future load growth and uncertainties in the final parameters of proposed safety loads should be considered in the sizing criteria.”
Three principles from ONR Safety Assessment Principles (SAP) for Nuclear Facilities [8] provide focus of the expectations in this area:
SAP EES.3 expects that “each source should have the capacity, duration, availability, resilience and reliability to meet the maximum demands of its dependent systems.”
SAP ESS.10 expects that “the capability of a safety system, and of each of its constituent sub-systems and components, should be defined and substantiated.”
SAP ESS.11 expects that “the adequacy of the system design as the means of achieving the specified function and reliability should be demonstrated for each system.”

ONR’s Technical Assessment Guide on Essential Services TAG-019 [9] provides supporting guidance. It states that:
 “The purpose of the [ONR] assessment is to confirm, with regard to essential services, that the licensee can demonstrate that they possess the relevant attributes commensurate with the safety significance including capacity, duration, availability, resilience and reliability”;
 “The SSC capability should exceed that necessary for the effective delivery of the safety functions in the prevailing operating environment by a clear margin (ESS.10)”; and
 “Each electrical supply source should have the capacity, duration, availability, resilience and reliability to meet the maximum demands of its dependent systems (EES.3). Electrical analysis should be carried out to ensure that the electrical supply, generators and distribution networks are capable of delivering the maximum electrical loading requirements and to determine system resilience to faults and disturbances.” 

Regulatory Expectations
The above section shows that the expectation that the EPS is shown to be appropriately sized and resilient to faults and disturbances is, therefore, not only reflected in ONR’s TAG [9] but also in an IAEA Safety Guide [5] and International Standards [6][7].
ONR considers that demonstrating the appropriate rating of equipment and then confirming through analysis that the equipment responds appropriately to load sequences and plant transients is a vital aspect in validating the electrical engineering aspects of a safety case. By doing this, the studies should demonstrate the ability of the EPS to continue to support the necessary safety functions. If the analysis does not do this, then it is no longer clear that the EPS would be able to support the necessary safety functions, when required.
ONR’s regulatory expectation is that the RP should establish a robust method for determining the ratings of electrical equipment comprising the EPS, ensuring that such equipment can operate under all postulated conditions, taking conservative decisions where uncertainty may exist.
ONR expects that the RP should then demonstrate the adequacy of the RR SMR EPS through the development of a system model and the undertaking of analytical studies of the system under both steady state conditions and in response to a range of postulated disturbances, which could challenge the ability of the system to support the necessary safety functions. It is expected that such studies should consider all modes of operation including normal operation, plant shutdown, including in response to plant faults, on-line plant maintenance, testing of standby sources and operation from standby sources.
Where uncertainty could exist in the modelling, system data and parameters, or performance requirements, ONR expects a conservative but consistent approach be adopted in the sizing and studies, using, as appropriate, sensitivity analysis to give confidence that the uncertainties do not mask potential design shortfalls, which may not otherwise become apparent until later in the detailed design, construction or operational phase.
ONR expects that the results of any analyses are evaluated by the RP against pre-defined acceptance criteria developed from safety case requirements or relevant requirements or good practice. Where such evaluation does not demonstrate analysis, it is expected that the RP should identify and evaluate appropriate changes to the design. 
Regulatory Observation Actions and Resolution Plan
RO-RRSMR-010.A1 – Develop an appropriate Rolls-Royce SMR Electrical Power System Sizing and Study Strategy
In response to this Regulatory Observation Action, Rolls-Royce SMR Ltd should:
Develop a strategy to establish the rating of electrical power supply (EPS) equipment and analyse the Rolls-Royce SMR EPS against anticipated events and disturbances. The strategy should seek to:
· Identify and justify how it is intended to structure the electrical system model(s) and analyse the EPS
· Identify how it is intended to demonstrate the verification and validation of any analytical tools (such as software) or methods it intends to use to support its analysis;
· Identify and justify any assumptions to be made in the development of the model, underlying System, Structures and Components (SSC) parameters, and intended analysis;
· Identify and justify the different ‘study conditions’ that it is intended to analyse; (The term “study condition” is used here to include, but not limited to, modes of operation, plant configurations, fault scenarios and environmental conditions)
· Identify and justify the identification of any ‘bounding cases’ that are used to reduce the number of study conditions; and
· Identify the acceptance criteria for each of the studies, explaining how these have been derived from the safety case requirements.

In developing the strategy, the RP should consider:
How it is ensuring that where it uses different software or different models for different studies, it demonstrates that the representations of the EPS remain consistent and do not compromise any assumptions or the study results;
How it is demonstrating it is adopting a conservative, but reflective, approach when considering the design maturity of the overall Rolls-Royce SMR design, SSC parameters and the supporting analysis; and
How in defining the “study conditions” it is showing traceability from the fault and hazard analyses.


Rolls Royce SMR Resolution Plan for RO-RRSMR-010.A1
In response to this action, Rolls-Royce SMR Ltd will set out the equipment sizing, Electrical Power System Study strategy and the approach taken to manage any data maturity gaps through a combination of new and updated submissions. Relevant Regulatory Queries (RQs) will be considered in the production of those new and updated submissions. 
Electrical Power System Studies - Summary Report (Issue 1)
This submission will be the Tier 2 header document for the studies and sizing, linking the submissions that, together, define the strategy for establishing the ratings of the EPS equipment and how it is analysed against anticipated events and disturbances. It will also set out the links between the documents and the safety case. This submission replaces the previously provided “Electrical Power System Studies – Methodology Report” [2] used for the previous set of studies, which will be revoked. 
At Issue 1, the Summary Report is targeted towards resolution of Action A1 of the RO. The later Issue 2 is targeted towards resolution of Actions A2 and A3. Further detail of the intent for Issue 2 of the Summary Report is described in the response to Actions A2 and A3.
The Summary Report (Issue 1) will include identification of, and justification for:
· The design reference point to be analysed i.e. the Reference Design 10 (RD10) design configuration of the RR SMR power plant and its electrical systems;
· The selected power system studies that will be undertaken during GDA and those which will be undertaken during a detailed design phase;
· The methodology for power system studies (in accordance with applicable codes/standards);
· The strategy for establishing the ratings of the EPS equipment making reference to equipment sizing work instructions and how and when these will be used; and
· The steady state and dynamic power system studies to be carried out, and the scope/boundaries of those studies (where ‘dynamic’ refers to analysis of response to postulated disturbances, such as motor starting and generator start-up/load sequencing).
It will also include:
· Setting out the links between relevant claims in the safety case and the power system studies, equipment sizing (rating) methods, application of design margins, and physical sizing/layout; and
· The intended means of demonstrating verification and validation of analytical tools.
Electrical Power System Studies – Study Conditions & Electrical Power System Studies – Acceptance Criteria
The previously submitted “Bounding Scenarios & Acceptance Criteria” document will be replaced by two documents:
Electrical Power System Studies – Study Conditions: this document will identify and justify the study conditions to be analysed and any bounding cases/scenarios used to reduce the number of study conditions. It will include consideration of normal and abnormal modes of operation, faulted states, maintenance/test states, and degraded states.
Electrical Power System Studies – Acceptance Criteria: this document will identify and justify the acceptance criteria to be used for each of the studies.

Throughout the two submissions, traceability will be shown to relevant safety case requirements, and to fault and hazard analyses.

Electrical Power System Studies – Modelling Data & Assumptions
This submission replaces the previously submitted Input Data Schedule Workbook. This new submission provides the data used to create the power system model as well as data informed by the model. It will also identify and justify any assumptions to be made in the development of the model and underlying SSC parameters.
Electrical Power System Studies – Software Qualification Report 
Building on the validation work provided in previously submitted Study Reports, this new submission will provide validation evidence for the software used for the electrical power system analysis. This document will set out the software package and version selected to perform the electrical power system analysis. Via calculations carried out using other methods/tools, this document will demonstrate the selected software package is appropriate for the studies undertaken and give confidence in the analysis output.
[bookmark: _Ref206770617]Table 1: RO-RRSMR-010.A1 Deliverables
	Title
	Description
	Deliverable Date 

	Electrical Power System Studies – Summary Report (Issue 1)
	Tier 2 header document for the power system studies and sizing – content described in the relevant section of the A1 response above, to include identification and justification of the: design reference point to be analysed; methodology for studies; strategy for establishing equipment ratings; studies to be carried out and their scope/boundaries; links between the deliverables and safety case claims; and means of verification/validation of analytical tools
	31 March 2026

	Electrical Power System Studies –  Study Conditions
	Identifies and justifies the study conditions to be analysed and any bounding cases/scenarios used to reduce the number of study conditions
	31 March 2026

	Electrical Power System Studies –  Acceptance Criteria
	Identifies and justifies the acceptance criteria to be used for each of the studies
	31 March 2026

	Electrical Power System Studies – Modelling Data & Assumptions 
	Provides the data used to create the power system model as well as data informed by the model; identifies and justifies any assumptions made in the development of the model and underlying SSC parameters
	31 March 2026

	Electrical Power System Studies – Software Tool Qualification Report
	​​Provides validation evidence for the software used for the electrical power system analysis
	27 August 2026




RO-RRSMR-010.A2 – Analyse the Rolls-Royce SMR Electrical Power System
In response to this Regulatory Observation Action, Rolls-Royce SMR Ltd should:
· Using the strategy developed in response to RO-RRSMR-010.A1:
· Develop the system model(s);
· Determine the minimum electrical ratings of the EPS equipment;
· Analyse the performance of the EPS in response to the identified “study conditions”; and
· Analyse the results against the acceptance criteria, identifying any gaps against the extant safety case and system design.

In undertaking the sizing and analysis, the RP should consider:
The justification for any changes to the assumptions or acceptance criteria that have been necessary during the sizing or analyses;
How any such changes do not undermine the results or conclusions of any other analyses or the design; and
· The sensitivity of the analysis findings to uncertainties in the model data or assumptions.

Rolls Royce SMR Resolution Plan for RO-RRSMR-010.A2
In response to this action, Rolls-Royce SMR Ltd will use the strategy defined in Issue 1 of the Summary Report as the basis to determine electrical equipment ratings, develop computational power systems analysis models, analyse the performance of the EPS in response to the identified study conditions, and analyse the results against the acceptance criteria, including identification of any gaps against the extant safety case and system design. The production of the A2 deliverables will include consideration of relevant RQs.
Electrical Power System Studies - Summary Report (Issue 2)
The Summary Report will be up-issued to summarise the work, with the following items related to Action A2 included:
· Identification of gaps against the extant safety case and system design
Issue 2 of the Sumary Report will also include content to address Action A3 if required; please see the response to Action A3 for a description of that additional content. 
Electrical Power System Studies – Study Reports
A new set of Study Reports will be created for the set of studies identified in Table 2. The format will be amended, relative to the previously submitted Study Reports, to focus on the modelling work itself and comparison of results against acceptance criteria, with the following contents moved to other reports:
· Issue 2 of the Summary Report: overall conclusions and gap analysis against extant safety case and system design.
· Software Qualification Report (see A1 Deliverables): validation of the software e.g. via hand calculations.


[bookmark: _Ref206770696]Table 2: RO-RRSMR-010.A2 Deliverables
	Title
	Description
	Deliverable Date 

	Electrical Power System Studies – Summary Report (Issue 2)
	Tier 2 header document described in Table 1, up-issued to summarise the work with the following, focused on Actions A2 and A3: identification of gaps against the extant safety case and system design; summaries of optioneering studies (if required) to identify appropriate solutions to address any gaps; explanation of implications of any resulting modifications on the extant safety case, electrical power system design and the other system studies; and explanation of how any resulting modifications could be implemented and the safety case updated
	27 August 2026

	Electrical Power System Studies - AC Load Flow & Power Balance Study Report
	For each type of study identified in the Summary Report (Issue 1), these study reports (each a separate deliverable) will provide details of the study carried out to analyse the performance of the electrical systems in response to the relevant bounding scenarios identified in the Bounding Scenarios deliverable. They will include analysis of results against the criteria defined in the Acceptance Criteria deliverable. They will include: justification for any changes to assumptions or acceptance criteria that have been necessary during the analyses; how any such changes do not undermine the results or conclusions of any other analyses or the design; and consideration of the sensitivity of the analysis findings to uncertainties in the model data or assumptions.
	27 August 2026

	Electrical Power System Studies - AC Short Circuit Analysis Study Report
	
	27 August 2026

	Electrical Power System Studies - DC Load Flow & Power Balance Study Report
	
	27 August 2026

	Electrical Power System Studies - DC Short Circuit Study Report
	
	27 August 2026

	Electrical Power System Studies - Motor Starting Analysis Study Report
	
	27 August 2026

	Electrical Power System Studies - Source Transfer Study Report
	
	27 August 2026

	Electrical Power System Studies - Loss of Phase Study Report
	
	27 August 2026

	Electrical Power System Studies - House Load Operation Study Report
	
	27 August 2026

	Electrical Power System Studies - Load Sequencer Study Report
	
	27 August 2026

	Electrical Power System Studies - Voltage Disturbance Study Report
	
	27 August 2026


RO-RRSMR-010.A3 – Identify and manage any gaps resulting from the analysis of the Rolls-Royce SMR Ltd Electrical Power System
In response to this Regulatory Observation Action, Rolls-Royce SMR Ltd should:
· Based on the completion of the analysis undertaken in response to RO-RRSMR-010.A2:
· Identify the implications for any shortfalls against the extant safety case arising from the system studies;
· Undertake optioneering studies to identify appropriate solutions to address those shortfalls;
· Explain the implications of any modifications on the safety case, including the impact on the EPS design and the other electrical system studies; and
· Explain how those modifications could be implemented and the Rolls-Royce SMR GDA safety case updated.

Rolls Royce SMR Resolution Plan for RO-RRSMR-010.A3
In response to this action, Rolls-Royce SMR Ltd will carry out the following work, based on the analysis undertaken in response to RO-RRSMR-010.A2, and document it within Issue 2 of the Summary Report:
· Identify, and assess the implications of, any shortfalls against the extant safety case arising from the system studies;
· If required, identify credible solutions to address shortfalls and any necessary future work items to be undertaken during the detailed design phase;
· Explain the implications of any resulting modifications on the extant safety case, Electrical Power System design, and the other system studies; and
· Explain how any resulting modifications could be implemented, and the safety case updated.
Production of the deliverable will include consideration of relevant RQs.
Table 3: RO-RRSMR-010.A3 Deliverables
	Title
	Description
	Deliverable Date 

	Electrical Power System Studies – Summary Report (Issue 2)
	Tier 2 header document described in Table 1, up-issued to summarise the work with the following, focused on Actions A2 and A3: identification of gaps against the extant safety case and system design; identification of credible solutions to address shortfalls (if required); explanation of implications of any resulting modifications on the extant safety case, electrical power system design and the other system studies; and explanation of how any resulting modifications could be implemented and the safety case updated
	27 August 2026
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Impacted Submissions
[bookmark: _Ref207610401]Table 4: Impacted Submissions
	Existing Submission
	Impact

	Environment, Safety, Security and Safeguards Case Version 3, Tier 1, Chapter 8: Electrical Power, SMR0004010 Revision 4, August 2025
	Version 4 will reference additional documents produced as part of the RO Resolution Plan.

	Electrical Power System Studies Methodology Report, SMR0015613 Issue 1, October 2024
	Document will be superseded by documentation provided as part of this resolution plan.

	Electrical Power System Studies – Input Data Schedule Workbook, SMR0021030 Issue 1, March 2025
	Document will be superseded by documentation provided as part of this resolution plan.

	Electrical Power System Studies – Bounding Scenarios and Acceptance Criteria, SMR0021038 Issue 1, April 2025
	Document will be superseded by documentation provided as part of this resolution plan.

	Electrical Power System Studies – Short Circuit Analysis Study Report, SMR0022256 Issue 1, April 2025
	Document will be superseded by documentation provided as part of this resolution plan.

	Electrical Power System Studies – Motor Starting Analysis Study Report, SMR0022257 Issue 1, April 2025
	Document will be superseded by documentation provided as part of this resolution plan.

	Electrical Power System Studies – House Load Operation Study Report, SMR0023400 Issue 1, May 2025
	Document will be superseded by documentation provided as part of this resolution plan.

	Electrical Power System Studies – AC Load Flow & Power Balance Study Report, SMR0021039 Issue 1, May 2025
	Document will be superseded by documentation provided as part of this resolution plan.
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