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This report presents the outcomes of my Electrical Engineering assessment of the Holtec SMR-300 as part of Step 2 of the Office for Nuclear Regulation (ONR) Generic Design Assessment (GDA). This assessment is based upon the information presented in revision 1 of Holtec’s Safety, Security and Environment Case (SSEC) (comprising a Preliminary Safety Report (PSR), Preliminary Environment Report (PER), Preliminary Safeguards Report (PsgR), and General Security Report (GSR)), the Design Reference Point (DRP) revision 2, and supporting documentation. 
ONR’s GDA process calls for a step-wise assessment, which increases in detail as the project progresses. The focus of my assessment in this step was towards the fundamental adequacy of the SMR-300 design and PSR, and the suitability of the methodologies, approaches, codes, standards and philosophies which form the building blocks for the design and generic safety and security cases.
[bookmark: _Hlk192240831]In accordance with my assessment plan I targeted my assessment at the aspects of the SMR-300 design that are novel, potentially contentious, or where significant safety claims are made.  My expectations were informed by ONR’s Safety Assessment Principles (SAPs), Technical Assessment Guides (TAGs) and other guidance which ONR regards as relevant good practice.
I targeted the following aspects in my assessment of the SMR-300 DRP and SSEC:
· Development of Safety Case for Electrical Engineering
· AC Electrical Power System Architecture
· DC Electrical Power System Architecture
· Through Life Management
· Heating Ventilation and Air Conditioning of Electrical Equipment
· 60Hz to 50Hz design adaptation
· UK Grid Code Compliance
Based upon my assessment, I have concluded the following:
· PSR Part B Chapter 6 provides a good high level introduction to the role and purpose of the electrical system, in support of the safety functions. As the design matures, I will expect this to expand to explicitly identify any role this has in supporting safety, environmental and safeguards functions.
· Passive safety measures for Class 1 equipment important to safety use direct current (DC) power to initiate and this has the potential to overcome the need for Class 1 standby AC onsite power sources.
· The SMR-300 design is developing alongside the safety case, and will require further assessment post Step 2 in order to confirm the adequacy of the fully developed design.
· The design includes Standby AC Generators to provide supplies in a loss of offsite power (LOOP) or station blackout (SBO) event.  The RP has recognised the need to consider mobile generator connection points as the design matures.
· The HVAC system design maturity is such that it is not currently clear how the RP intends to ensure the effective removal of hydrogen gas from battery areas during LOOP or SBO conditions. This will be further developed and will require assessment post-Step 2 to confirm the adequacy of the fully developed design.
· I have identified a number of areas where the safety case claims structure presently lacks evidence to underpin these claims. I consider this is linked to the maturity of the design and the RP has indicated that as the design develops further post Step 2, the case will become more structured and evidential.
· The architecture of the electrical systems, with redundant divisions fed by multiple offsite and onsite power sources, provides the basis of a design that is consistent with International Atomic Energy Agency (IAEA) guidance. I judge that this is adequate for a Step 2 GDA, however I would expect the architecture and its safety justification to be further developed to meet international guidance and ONR expectations for redundancy and defence in depth as part of routine design development post-GDA.
· Post-Step 2, changes to the safety case may entail additional electrical system architectural developments beyond the design considered during this assessment.
· Detailed electrical system design will make use of appropriate technical standards and power system analysis methodologies.
[bookmark: _Hlk168596328]Overall, based on my Step 2 assessment, I have not identified any fundamental safety shortfalls from an Electrical Engineering perspective that would prevent ONR permissioning the construction of a power station based on the generic Holtec SMR-300 design.
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[bookmark: _Toc224032926]Introduction
This report presents the outcomes of my Electrical Engineering assessment of the Holtec SMR-300 as part of Step 2 of the Office for Nuclear Regulation (ONR) Generic Design Assessment (GDA). This assessment is based upon the information presented in version 1 of the Holtec SMR-300 Safety, Security, Safeguard, and Environment Case (SSEC) (refs. [1] [2] [3] [4] [5] [6] [7]), the Design Reference Point (DRP) (ref. [8]), and supporting documentation.
Assessment was undertaken in accordance with the requirements of ONR’s management system. It follows ONR’s Risk Informed and Targeted Engagements policy (RITE) (ref. [9]), guidance on the mechanics of assessment (ref. [10]), ONR Safety Assessment Principles (SAPs) (ref. [11]), together with the principles detailed in the supporting Technical Assessment Guides (TAGs) (ref. [12]), have been used as the basis for this assessment.
Background
ONR’s GDA process (ref. [13]) calls for a step-wise assessment of the Requesting Party's (RP) submissions with the assessments increasing in detail as the project progresses. Holtec International is the RP for the GDA of the Holtec SMR-300 design. Holtec International has designated Holtec Britain to manage the GDA project, including developing the SSEC. Holtec Britain is a wholly owned UK subsidiary of Holtec International.
In October 2023 ONR, together with the Environment Agency and Natural Resources Wales (NRW), began Step 1 of the GDA for the Holtec SMR-300. Step 1, which is the preparatory part of the design assessment process and mainly associated with initiation of the project and preparation for technical assessment in later steps, was successfully completed in August 2024 (ref. [14]).
Holtec International confirmed that it only intends to complete GDA up to the end of Step 2.  The output of Step 2 GDA is a GDA Statement.
Step 2 commenced in August 2024. The focus of ONR’s assessments in this step is towards the fundamental adequacy of the design and SSEC, and the suitability of the methodologies, approaches, codes, standards and philosophies which form the building blocks for the design and generic SSEC. The objective is to undertake an assessment of the design against regulatory expectations to identify any fundamental safety, security, or safeguards shortfalls that could prevent ONR granting permission for construction of a power station based on the design (ref. [13]).
1. Prior to the start of Step 2 I prepared a detailed assessment plan for Electrical Engineering (ref. [15]). This has formed the basis of this assessment and was also shared with the RP to ensure openness and transparency.  
This report describes one of a series of assessments which support ONR’s overall judgements at the end of Step 2 which are recorded in the Step 2 Summary Report (ref. [16]).
Scope
2. The assessment documented in this report is based upon the DRP and SSEC for the Holtec SMR-300 as summarised in the SSEC chapters and supporting documentation. 
3. The overall scope of the Holtec SMR-300 GDA is described in the PSR chapters A1 and A2 (ref. [17] [18]). The GDA scope was agreed in Step 1 although this has been modified, with agreement of the regulators, during Step 2. Holtec International indicated its intention to complete a two-step GDA with the objective of receiving a GDA Statement from ONR, and has aligned its GDA scope with this objective. The GDA scope defines the generic plant and layout and includes all systems, structures and components that are identified as being important to safety, security and safeguards, all modes of operation, and all stages of the plant lifecycle.
4. My Electrical Engineering assessment scope is defined in my assessment plan (ref. [15]) which is discussed in detail in section 4.1 and includes the following topics:
· Electrical system safety case
· Electrical system architecture 
· Heating, Ventilation and Air Conditioning of Electrical Equipment
· GB Grid Code compliance
· 60Hz to 50 Hz design adaptation
· Passive safety systems
· Demonstration of risk being reduced as low as is reasonably practicable (ALARP) as applied by the RP to the design of electrical systems.
5. In addition to those topics noted above, I have also considered through life management of the SMR-300 plant.
6. Although my assessment plan included the topics of metrication and categorisation/classification of systems, it has not been possible, or appropriate, to assess these aspects given the design maturity at Step 2.
[bookmark: _Toc224032927]Assessment standards and interfaces
7. For ONR, the primary goal of the GDA Step 2 assessment is to reach an independent and informed judgment on the adequacy of the design as detailed in the DRP, and the safety, security and safeguards case for the reactor technology being assessed.
8. ONR has a range of internal guidance to enable inspectors to undertake a proportionate and consistent assessment of such cases. This section identifies the standards which have been considered in this assessment.
9. This section also identifies the key interfaces with other technical topic areas.
Standards 
10. The ONR Safety Assessment Principles (SAPs) (ref. [11]) constitute the regulatory principles against which the RP’s case is judged. Consequently, the SAPs are the basis for ONR’s assessment and have therefore been used for the Step 2 assessment of the Holtec SMR-300.
11. The International Atomic Energy Agency (IAEA) safety standards (ref. [19]) and nuclear security series (ref. [20]) are a cornerstone of the global nuclear safety and security regime. They provide a framework of fundamental principles, requirements and guidance. They are applicable, as relevant, throughout the entire lifetime of facilities and activities.
12. Furthermore, ONR is a member of the Western European Nuclear Regulators Association (WENRA). WENRA has developed reference levels (ref. [21]), which represent good practices for existing nuclear power plants, and Safety Objectives for new reactors (ref. [22]).
13. The relevant SAPs, IAEA standards and WENRA reference levels are embodied and expanded on in the TAGs (ref. [12]). The TAGs provide the principal means for assessing the electrical engineering aspects in practice. 
1.1.1. Safety Assessment Principles (SAPs) 
14. The key SAPs applied within my assessment are EKP.3, EDR.2, EDR.3, EDR.4, ECS.2, ESS.8, and EMT.1. 
15. A list of the SAPs used in this assessment is recorded in Appendix 1.
Technical Assessment Guides (TAGs)
16. The following TAGs have been used as part of my assessment:
· NS-TAST-GD-096 - Guidance on Mechanics of Assessment (ref. [23])
· NS-TAST-GD-003 – Safety Systems (ref. [24]).
· NS-TAST-GD-019 – Essential Systems (ref. [25]).
· NS-TAST-GD-094 – Categorisation of Safety Functions and Classification of Structures, Systems and Components (ref. [26]).
National and international standards and guidance
17. The following international standards and guidance have been used as part of my assessment:
· IAEA, Safety of Nuclear Power Plants: Design SSR 2/1 Rev.1 (ref. [27]).
· IAEA, Safety Classification of Structures, Systems and Components in Nuclear Power Plants, Specific Safety Guide No. SSG-30 (ref. [28]).
· IAEA, Design of Electrical Power Systems for Nuclear Power Plants, Specific Safety Guide No. SSG-34 (ref. [29]).
· IAEA, Format and Content of the Safety Analysis Report for Nuclear Power Plants, Specific Safety Guide No. SSG-61 (ref. [30]).
· IAEA, Design of Auxiliary Systems and Supporting Systems for Nuclear Power Plants, Specific Safety Guide No. SSG-62 (ref. [31]).
· IAEA, Design Provisions for Withstanding Station Blackout at Nuclear Power Plants, IAEA-TECDOC-1770 (ref. [32]).
· BSI, Nuclear Power Plants – Instrumentation, control and electrical power systems important to safety – Categorization of functions and classification of systems, BS EN IEC 61226 (ref. [33]).
· BSI, Nuclear Power Plants – Electrical power systems – General requirements, BS EN IEC 63046 (ref. [34]).
Integration with other assessment topics
18. I have worked closely with other topics as part of my Electrical Engineering assessment. Similarly, other assessors sought input from my assessment. These interactions are key to the success of GDA to prevent or mitigate any gaps, duplications or inconsistencies in ONR’s assessment. 
19. The key interactions with other topic areas were:
· Probabilistic Safety Analysis, Fault Studies, Control and Instrumentation, Mechanical Engineering – To ensure a consistent assessment of the approach to categorisation and classification of equipment important to safety.
· External and Internal Hazards, Fault Studies and Mechanical Engineering – To ensure a consistent assessment of the approach to management of battery room and switch room temperatures due to extreme environmental conditions which may adversely affect performance or safety.
Use of technical support contractors
20. During Step 2 I have not engaged Technical Support Contractors (TSCs) to support my Electrical Engineering assessment for the Holtec SMR-300.  


[bookmark: _Toc224032928]Requesting party’s submission
The RP’s principal submissions are a series of drawings and documents that make up the DRP and a series of SSEC chapters and other supporting references, which provides its preliminary safety, security, safeguards and environment cases for the generic SMR-300 design. This section presents a summary of the SMR-300 design and safety case for Electrical Engineering. It also identifies the supporting documents submitted by the RP which have formed the basis of my Electrical Engineering assessment of the SMR-300.
Summary of the Holtec SMR-300 design
The Holtec SMR-300 design is a Pressurised Water Reactor (PWR) with a single steam generator, including an integrated pressuriser and two Reactor Coolant Pumps (RCPs) providing forced circulation in normal operation. The target electrical power output of each SMR-300 unit is 320 MWe (from a thermal power of 1,050 MWth) with a design life of 80 years for non-replaceable components. The SMR-300 design submitted for assessment in GDA is a twin-unit design comprising two SMR-300 reactors and associated plant.
The SMR-300 is equipped with a number of supporting systems for normal operations and a range of safety measures to provide cooling, criticality control, and contain radioactivity under fault conditions. Passive safety features are preferred to active components, reflecting the RP’s design philosophy. 
The SMR-300 has a compact layout. The Reactor Pressure Vessel (RPV), which holds the fuel assemblies, the steam generator, RCPs and associated pipework, the Spent Fuel Pool (SFP) and the passive safety systems, are all held within a steel Containment Structure (CS) and a secondary steel and concrete Containment Enclosure Structure (CES). An Annular Reservoir (AR), containing a large volume of water, is located between the CS and CES. The AR is used to provide the ultimate heat sink to the passive safety systems.  
The twin unit design is comprised of two separate reactors in separate containment buildings. Each reactor has dedicated normal operation systems, safety measures and SFP, however there is a single control room for the twin unit SMR-300.
The Holtec SMR-300 design has been developed by the RP based upon well-established PWR technology. The RP claims that the design of the SMR-300 is based upon the following principles:
· redundant and passive engineered safety features
· simplified plant design with structures designed to withstand all postulated external events
· ability to mitigate design basis accidents with no operator action
· ability to cope with an extended loss of all AC power for at least 72 hours
· defence-in-depth approach to beyond design basis accident mitigation
· highly reliable active systems to support normal plant operation
SSEC approach and structure
The SSEC for the SMR-300 consists of the PSR, the Preliminary Environment Report (PER), the Generic Security Report (GSR) and the Preliminary Safeguards Report (PSgR), along with their supporting documents. The complete set of SSEC documentation submitted for the GDA is captured within the Master Document Submission List (MDSL) (ref. [35]). 
The SSEC has been developed for a twin-unit reactor design to be constructed, operated, and decommissioned on any generic site that is within the bounds of the generic SMR-300 Generic Site Envelope (GSE).
The fundamental purpose of the SSEC is to demonstrate that the SMR-300 can be constructed, commissioned, operated, and decommissioned on a generic site in the United Kingdom (UK) to fulfil the future licensee’s legal duties to be safe, secure and protect people and the environment (ref. [17]).
The SSEC and supporting documents have been prepared using the Claims Arguments Evidence (CAE) concept. SSEC Chapter A3 (ref. [36]) provides a high-level route map which links the claims made throughout the SSEC to the fundamental purpose.
Summary of the requesting party’s case for Electrical Engineering 
The aspects covered by the Holtec SMR-300 safety case for Electrical Engineering can broadly be grouped under eight headings which are summarised as follows:
Development of safety case for Electrical Engineering
The primary entry point to the safety case for electrical engineering is through PSR Part B Chapter 6 of the SSEC (ref. [4]).
This sets out that the overall approach to Claims, Arguments and Evidence (CAE) in this topic area and the set of SSEC claims to achieve the SSEC fundamental objective, which is described in SSEC Part A Chapter 1: Introduction (ref. [17]). The Electrical Engineering Chapter (Ref. [4]) then sets out the specific top level claim:
Claim 2.2.7: The overall design and architecture of electrical systems, structures and components (SSC)s ensures that safety functions and non-safety functions are delivered and faults arising from failures of SSCs are minimised.
Claim 2.2.7 is then further decomposed into four sub-claims, which the RP uses to provide confidence that the relevant requirements for all electrical SSCs will be achieved during all lifecycle phase. These sub-claims are:
Sub-claim 2.2.7.1: Electrical SSCs are designed using appropriate Codes and Standards.
Sub-claim 2.2.7.2: The electrical system architecture design incorporates Defence in Depth to protect against anticipated operational occurrences and accident conditions, whilst ensuring compliance with the UK Grid Code.
Sub-claim 2.2.7.3: Electrical SSCs achieve the design intent through quality manufacturing and installation processes.
Sub-claim 2.2.7.4: Functionality will be assured through Verification, Validation and Examination, Inspection, Maintenance and Testing regimes to provide confidence in the design and continued operation of the electrical systems for their design lifetime.
Given the evolving nature of the SSEC alongside the maturing SMR-300 design, the RP notes that the underpinning arguments and evidence may still be developed in future design stages.
PSR Part B Chapter 6 of the SSEC (ref. [4]) presents the RP’s 
· Descriptions of electrical engineering SSCs associated with the design
· Claims, Arguments and Evidence associated with the electrical design
· Codes and Standards associated with the design of electrical SSCs
· The electrical architecture provided by the design of electrical SSCs
· Adaption to the United Kingdom (UK) electrical transmission grid
· The Quality, Manufacturing and Installation approach
· The Verification, Validation (V&V) and Examination, Inspection, Maintenance and Testing (EIMT) approach.
Alternating Current power system architecture
The Alternating Current (AC) Power System consists of a number of different sub-systems, designated into three tiers (Section 6.2 of ref. [4]), which according to (ref. [4]) provide:
· Connection to Grid Transmission System to import and export power to/from an external grid which provides normal onsite power.  All three tiers are powered in this configuration.
· Alternate AC Power Supply via two station transformers to provide power to all loads under abnormal conditions when either the generator transformer or its associated unit auxiliary transformer are unavailable. All three tiers are powered in this configuration.
· Standby AC Power Supply which provides backup power via standby diesel generators for Loss of Offsite Power (LOOP) fault conditions.  Only Tier 3 and a priority subset of Tier 2 loads will be powered in this configuration.
Direct Current power system architecture
The Direct Current Power Distribution System (DCE) consists of a number of different sub-systems, some of which are safety-classified which according to (ref. [4]) provide:
· Power to actuate equipment associated with the SMR-300’s Engineered Safety Features (ESFs) and also provides power to the safety-classified portion of the Instrument and Control Power Distribution System (ICE) distribution through the uninterruptible power supplies (UPS)s.
· UPSs supported by batteries, and including inverters to provide uninterruptible AC supplies to SSCs demanded during LOOP and SBO fault conditions, as well as other essential equipment such as fire alarms and radiation monitors.
1.1.2. Through life management
PSR Part B  Chapter 6 (ref. [4]) sets out the basic design principles that are to be applied to the design in order to underpin the following claim:
Claim 2.2.7.4: Functionality will be assured through Verification, Validation and Examination, Inspection, Maintenance and Testing regimes to provide confidence in the design and continued operation of the electrical systems for their design lifetime.
The RP has provided details of how this is to be achieved in their supporting documentation, specifically the Top Level Plant Requirements (ref. [37]) and Holtec SMR-300 Electrical Specification (ref [38]).  
Heating Ventilation and Air Conditioning of electrical equipment
PSR Part B Chapter 6 (ref. [4]) states that the Heating, Ventilation and Air Conditioning (HVAC) system of the SMR-300 design, as presented to GDA Step 2, is not safety-classified in the reference design.  Furthermore, the SMR-300 design maturity is such that there is  limited information pertaining to the HVAC system available to assess.
However, my Step 2 Electrical Engineering assessment considers the impact of environmental conditions which may affect the operation or lifetime of the electrical equipment supporting normal and safety operations within the SMR-300.  Therefore, the HVAC systems must ensure that electrical equipment and systems are operated in a suitably controlled environment. As the SMR-300 design further develops I would expect this to be a topic of further regulatory attention.
1.1.3. Grid Code Compliance
21. The ability to connect the nuclear power plant to the Great Britain (GB) transmission system is important to ensure not only that it can commercially export electrical power but also so that under normal conditions, it can receive electrical power to support safety systems. To enable this, it has to meet a number of connection conditions set out by the GB Transmission System Operator in the Grid Code (ref. [39]). Whilst legal vires for compliance with the Grid Code sit with the Office for Gas and Electricity Markets (OFGEM), the offsite electrical supply is generally the preferred power source during fault conditions and, therefore, it is important to have confidence that the design can be connected to the transmission system without impacting nuclear safety.
22. PSR Part B Chapter 6 (ref. [4]) sets out the RP’s approach to Grid Code compliance through the claim
Claim 2.2.7.2: The Electrical system architecture design incorporates defence in depth to protect against anticipated operational occurrences and accident conditions, whilst ensuring compliance with the GB grid code.
23. This claim is supported by the argument
Argument 2.2.7.2-A9: The electrical systems are designed to ensure compliance with The Grid Code, 60/50Hz and National Energy System Operator ( NESO) requirements, including any site-specific requirements from NESO.
1.1.4. 60 / 50Hz Strategy
24. In Chapter 6 of the PSR Part B (ref. [4]) the RP states that “The SMR-300 design has been developed for an initial deployment in the North American electrical transmission network, which operates at 60Hz. The electrical transmission network in the UK  operates at 50Hz. During Step 1 of the SMR-300 GDA, it was identified that adapting the design for operation in a 50Hz electrical grid would necessitate changes to the electrical systems, potentially impacting the safety case.”
25. During Step 2 of GDA the RP has produced the 60/50Hz Strategy (ref. [40]), which serves to define the methodology for how the SMR-300 design will be adapted to operate within a GB 50Hz electrical grid.
1.1.5. Demonstrating Risks are Reduced ALARP 
26. The  PSR Part B Chapter 6 (ref. [4]) sets out the RP’s claims that the SMR-300 electrical systems will be conservatively designed and verified to deliver SSEC functions through-life, in accordance with the SSEC design principles, to reduce risks to ALARP, apply best available techniques (BAT) and in line with secure by design and safeguards by design.
Ref. [4] sets out that through the design of SSCs in line with the RP’s own engineering processes, alignment to relevant good practice, use of operational experience, use of appropriate codes and standards and down-selection of options based on assessment process that considers relevant safety, security, environmental and safeguards criteria, the RP is working towards a final design that will demonstrate that safety risks are reduced ALARP.
Basis of assessment: requesting party’s documentation
27. The principal documents that have formed the basis of my Electrical Engineering assessment are: 
· PSR Part B Chapter 6 – Electrical (ref. [4]).
· Electrical Calculation Methodology (ref. [41]).
· Grid Code Compliance Strategy (ref. [42]).
· 60 / 50Hz Strategy (ref. [40]).
· Electrical Codes and Standards Gap Analysis Report (ref. [43]). 
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Assessment strategy
28. Based on the aspects identified in section 1.2, above, and set out in my assessment plan (ref. [15]), I have sampled the RP’s submissions identified in section 3.4, above, to gain confidence that the RP is developing a robust safety case based on sound fundamental claims supported by evidence, that will meet the expectations set out in the ONR SAPs and are consistent with international guidance. During this step, my assessment has focused on seeking assurance on the development of a robust safety case structure supported by sound design principles, which if applied, should ensure a strong design that can be demonstrated by evidence post-Step 2. 
29. My assessment has involved regular engagement with the RP’s electrical engineering specialists. This has included 13 progress meetings at the time of writing of this report.
30. During my GDA Step 2 assessment, I have identified areas in the RP’s submissions or strategy which have required clarification. Consistent with ONR’s Guidance to Request Parties (ref. [44]), I have raised a series of Regulatory Queries (RQ) in these areas. At the time of writing this assessment report, I have raised seven RQs to facilitate my assessment.
31. The details of my Step 2 assessment of the SSEC case of the Holtec SMR-300 design in the area of Electrical Engineering, including the conclusions I have reached, are presented in the following sub-sections of this report. This includes items that I have identified will require follow-up post-Step 2 of the GDA.
32. It is important to note that my Electrical Engineering assessment is predicated on the RP’s case for a two division control and instrumentation (C&I) safety system as defined in the GDA Design Reference Point (ref. [8]). Accordingly, in this report my assessment judges the adequacy of the electrical system as presented at Step 2 against the requirements for two safety divisions. However, I am aware that the Control and Instrumentation assessor has raised Regulatory Observation RO-013, which is related to the overall C&I architecture and the application of the single failure criterion.  The RP has recognised that the electrical system will require further development post-Step 2 and has recorded a GDA Commitment, C_Elec_120 (ref. [4]).  This commitment refers only to the further development of the AC electrical system, but I consider that the DC electrical system is also likely to require further development if additional safety divisions are needed.
Assessment
Development of safety case for Electrical Engineering
The high level chapter claim for electrical engineering presented in Chapter 6 of the PSR Part B (ref. [4]) states that:
· Claim 2.2: The design of the systems and associated processes are developed taking cognisance of relevant good practice and substantiated to achieve their safety and non-safety functional requirements.
· Claim 2.2.7: The overall design and architecture of electrical SSCs ensure that safety functions and non-safety functions are delivered and faults arising from failures of the SSCs are minimised.
The SSEC breaks this claim down through a series of sub-claims relating to functional and non-functional requirements with the purpose of demonstrating that the correct and appropriate requirements have been developed to support the safety functions required of it. A further leg of the claims structure sets out how the electrical power system implements all these requirements, thereby aiming to demonstrate that the designed system is robust. All the RP submissions considered in this Step 2 assessment are identified in the claims structure set out in refs. [4] and [36].
[bookmark: _Ref161732610]From a review of the individual requirements, I consider that they provide a consistent base aligned to the ONR SAPs relating to the deterministic principles of EKP.3, ECS.2, EDR.2, EDR.3 and EDR.4. 
I consider the submitted DRP (ref. [8]), which sets out the basis for the design, is consistent with the information provided in (ref. [4]) and its supporting references. I judge it provides a sound basis on which to control the design as it develops post Step 2.
Alternating Current power system architecture
I have assessed the AC power system architecture of the design based on information provided in SSEC Case Chapter 6 (ref. [4]), GDA DRP (ref. [8]), responses to RQs and supported by discussions with the RP during technical meetings.
Noting that the design is evolving, and the detailed substantiation is not yet available, I have focused my assessment on establishing whether the basic architecture supports:
· Connection of offsite power supplies;
· Onsite power supplies;
· Divisional segregation of the AC power systems; and
· Impact of operating modes and maintenance on the system.
As a result, I have considered the following SAPs (ref. [11]):
· EKP.3 (Defence in depth);
· EDR.2 (Redundancy, diversity and segregation);
· EDR.3 (Common cause failure);
· EDR.4 (Single failure criterion); and
· ESS.8 (Automatic initiation).
I have considered the WENRA Safety Guide of new Nuclear Power Plant (NPP) designs (ref. [21]), IAEA Specific Safety Guide SSG-34 (ref. [29]), IAEA Technical Document on Design Provisions for Withstanding Station Blackout (ref. [32]) as well as the ONR TAGs on Safety Systems (ref. [24]) and Essential Services (ref. [25]) to support my judgements.
Despite the current level of design maturity, based on the documentation submitted, I consider that the AC power system architecture of the SMR-300 design as presented at GDA Step 2 is consistent with that identified in IAEA Specific Safety Guide SSG-34  (ref. [29]), reflecting the provision of two offsite transmission system connections per reactor supplying multiple main electrical switchboards. Since the SMR-300 has two reactor units, a total of four off-site transmission system connections are available.  Each reactor unit has ‘unitised’ auxiliary systems which also provides power to shared facilities. The SMR-300 design permits the connection, via these shared facilities, between the two reactor units, although this is not a normal configuration and is not claimed in the safety case, but it does allow further defence-in-depth to be achieved.  
The total of four offsite connections reduce the claims on the onsite power sources and the risk of a LOOP event. At this time, the RP has not developed the arrangements for switchover, but these will need to be developed post Step 2. 
Each unit’s AC power supply system consists of two independent electrical trains, which are backed up by two Standby Diesel Generators (SDGs). These are arranged to automatically start following a LOOP or SBO but are not automatically loaded; the generators are subsequently loaded under the control of the plant operators, so that supplies are restored to the DC battery chargers, HVAC and other necessary plant support systems. This is consistent with the ‘passive’ strategy of the design to use DC backed supplies to support passive safety measures and their associated controls and actuators as the main line of defence.  
The SMR-300 GDA Step 2 submission does not detail the proposed autonomy time for the Standby AC Diesel Generators, but post-Step 2 I would expect the design to be developed to be consistent with IAEA guidance (refs [29] and [32]) as well as previous GDAs where an autonomy time of 168 hours has been proposed. In addition, changes over the last decade to the generation mix of the GB energy market mean that a nationwide blackout may take up to 5 days to fully recover from (ref. [45]). I have engaged with the RP during Step 2 and they have advised that the figure is subject to review post-Step 2.
Based on the outcome of my GDA Step 2 assessment of the AC power system architecture of the SMR-300, I have concluded that the fundamental architecture appears to be robust and consistent with ONR SAPs EKP.3, EDR.2, EDR.3, EDR.4, ESS.8, IAEA Safety Guide SSG-34 (ref [29]), and WENRA guidance (ref. [22]). Evidence to describe the AC Power System Architecture has been provided during Step 2, but will require further substantiation due to the level of design maturity, and further assessment post-Step 2..
Direct Current power system architecture
I have assessed the DC power system architecture of the design based on information provided in PSR Part B Chapter 6 (ref. [4]), GDA DRP (ref. [8]), responses to RQs and supported by discussions with the RP during technical meetings.  As noted in Section 4.1 of this report, it is important to note that my Electrical Engineering assessment is predicated on the RP’s case for a two division C&I safety system. Accordingly, in this report my assessment judges the adequacy of the electrical system as presented at Step 2 against the requirements for two safety divisions. However, I am aware that the Control and Instrumentation assessor has raised Regulatory Observation RO-013, which is related to the overall C&I architecture and the application of the single failure criterion. Dependent on the outcome of the resolution plan, alterations to the two division I&C architecture may be required.. The RP has recognised that the electrical system may require further development post-Step 2 and has recorded a GDA Commitment, C_Elec_120 (ref. [4]). This commitment refers only to the further development of the AC electrical system, but I consider that the DC electrical system is also likely to require further development and assessment if additional safety divisions are needed.
Noting that the design is evolving and the detailed substantiation is not yet available, I have focused my assessment on establishing whether the basic architecture supports:
· Appropriate battery autonomy times;
· Divisional segregation of the DC systems;
· Resilience to LOOP and SBO situations;
· Ability to support reactor protection systems; and
· Effect of operating modes and maintenance on the system.
As a result, I have considered the following SAPs:
· EKP.3 (Defence in depth);
· EDR.2 (Redundancy, diversity and segregation);
· EDR.3 (Common cause failure);
· EDR.4 (Single failure criterion); and
· ESS.8 (Automatic initiation).
I have considered the IAEA Specific Safety Guide SSG-34 (ref. [29]) as well as the ONR TAGs on Safety Systems (ref. [24]) and Essential Services (ref. [25]) to support my judgements.
The SMR-300 design utilises DC systems to support safety systems for the following reasons:
· To provide electrical power which is required during normal operation and for which a short disturbance in supplies could initiate a reactor trip.
· To provide electrical power to reconfigure fluid systems to achieve passive cooling conditions and then monitor the conditions when the passive safety measures have been initiated.
This final aspect is driven by a strategy for the design to utilise passive safety measures wherever practicable, and certainly for those systems of the highest Class 1 safety level. However, whilst the SMR-300 design makes use of natural circulation for cooling, aligning the fluid system into the correct configuration to deliver its safety function involves the use of powered valves and actuators, so is not fully passive. Also, the detection and initiation of a fault response and ongoing monitoring is the duty of the C&I and protection systems, which again require a power source in order to perform their duties. The SMR-300 design aims to achieve this without the need for offsite power or onsite diesel generators, instead utilising DC batteries.
As presented in PSR Part B Chapter 6 (ref. [4]), GDA DRP (ref. [8]), the safety-classified portion of the DC electrical system comprises two divisions, in line with the two divisions of C&I in the SMR-300 design submitted for GDA Step 2 assessment. Each of the divisions comprises two channels with separate DC batteries and two independent chargers. With two channels available, the DC batteries can sustain the loads on the safety-classified portion of the DC electrical system for 72 hours, without being recharged. Should one channel be unavailable, the autonomy period for that division reduces to 36 hours, although the RP has confirmed that one battery has sufficient capability to operate all of the Class 1 loads assigned to the entire division. Furthermore, the RP states that all activities and actuations needed to put the SMR-300 into a safe passive state are completed within the first 24 hours.
I consider that the arrangement of two DC battery divisions and two channels per division would allow maintenance and the management of equipment faults within the DC electrical system.  The SMR-300 design is not yet at a level of maturity to demonstrate diversity within the DC electrical system, although redundancy is demonstrated.
In summary, based on the outcome of my GDA Step 2 assessment of the DC power system architecture, I have concluded that the fundamental architecture appears to be robust and consistent with ONR SAPs EKP.3, EDR.2, EDR.3, EDR.4, ESS.8 and IAEA Safety Guide SSG-34. Evidence to support this has been presented during Step 2, but will require further substantiation due to the level of design maturity, and further assessment post-Step 2, including an appropriate demonstration of diversity.
Through life management
It is important that the SMR-300 electrical system is designed and constructed in a way that enables it to be operated, maintained and, where necessary, replaced throughout the life of the facility. I have assessed this topic based on information provided in PSR Part B Chapter 6 (ref. [4]), GDA DRP (ref. [8]), responses to RQs and supported by discussions with the RP during technical meetings.  
Noting the design is evolving, I have focused my assessment on whether the RP has established fundamental expectations for the design life of the plant and is considering ageing management and Examination, Inspection, Maintenance and Testing (EIMT) as part of the design development.
In my assessment, I have considered the following SAPs:
· EMT.1 (Identification of requirements), and
· EAD.1 (Safe working life).
The RP’s Lifecycle Management of Safety and Quality Assurance (ref. [46]) sets the reason and purpose for undertaking EIMT as part of assuring SSC reliability and ageing management of SSCs, identifying the types of techniques that could be employed as the design develops. The strategy draws on good practice approaches, although at this stage of the design, makes no specific commitment to implement any detailed aspects of such an approach.
In the Top Level Plant Requirements (ref. [37]) and Holtec SMR-300 Electrical Specification (ref [38]), the RP sets out how the design of the electrical systems needs to support the installation, commissioning, EIMT and decommissioning phases of the plant. The submission sets out typical commissioning activities for each of the systems, as well as how at the detailed design stage, ‘Through Life Activity’ requirements will be established for maintenance activities associated with each of the systems.
My assessment has found that the RP recognises the need to include through life management in the safety case and I have no fundamental concerns that it will not be aligned to the ONR SAPs EMT.1 and EAD.1.
Post Step 2 assessment should verify that processes are being established to ensure that the SMR-300 design is developed with these SAPs in mind. It should also demonstrate that the principal electrical plant layout and architecture is such that the necessary EIMT or replacement activities can be undertaken whilst maintaining the required level of safety system availability. 
Heating Ventilation and Air Conditioning of Electrical Equipment
In GDA Step 2, I have examined how the RP is considering the resilience of the design to low and high external ambient air temperatures and the operation of the electrical system based on information provided in PSR Part B Chapter 6 (ref. [4]), Chapter 19 (ref. [5].), responses to RQs and engagements with the RP. This work has involved cross-discipline interactions with ONR inspectors from mechanical engineering, internal and external hazards, and fault studies disciplines.
My assessment has sought assurance that the RP has appropriately considered the need to ensure that spaces within the design that contain electrical equipment necessary to ensure a controlled and safe state of the plant will be kept within equipment temperature limits. I have also sought assurance that the RP is considering the need to provide adequate ventilation to any areas containing batteries, where the effects of charging may result in the build-up of hydrogen gas, to avoid the possibility of an explosive atmosphere.
In my assessment, I have considered the following SAPs (ref. [11]):
· EHA.14 (Fire, explosion, missiles, toxic gases etc – sources of harm).
· EKP.3 (Defence in depth).
· EKP.5 (Safety measures).
· EDR.2 (Redundancy, diversity and segregation).
I have considered the IAEA Specific Safety Guide SSG-62 (ref. [31]) as well as the ONR TAGs on Safety Systems (ref. [24]) and Essential Services (ref. [25]) to support my judgements.
The SMR-300 design maturity is such that insufficient information has been presented to form a judgement on the fundamental adequacy of the SMR-300 HVAC design. However, I note that in the mechanical engineering chapter of the SSEC (ref. [5]) the RP has made commitment, C_Mech_028 to review and incorporate UK relevant good practice (RGP) into the design of HVAC SSCs in the UK SMR-300. The target for resolution is post-Step 2 and further assessment of the HVAC would need to be performed by ONR at that stage.
In seeking assurance about the ventilation of battery rooms to avoid an accumulation of flammable hydrogen gas, I raised a RQ-02176, as this issue was not addressed in PSR Part B Chapter 6 (ref. [4]). The RP’s response to RQ-02176 indicated that under normal power supply arrangements the battery rooms are ventilated by the plant’s HVAC system. During a LOOP or SBO event the standby diesels will automatically start but not automatically loaded. Loading, including battery chargers and HVAC, is initiated by the plant operators, as a manual process under procedural control, to ensure that HVAC is restored prior to battery chargers being operated.
In common with other systems presented for GDA Step 2 assessment, the SMR-300 HVAC system is subject to ongoing design development and analysis. The RP is considering using engineered features to prevent battery charging unless there is adequate ventilation; these features would need to be assessed post Step 2.  Engineered features are preferable to processes that depend on human response, being automatic and of higher dependability than human actions.
In summary, I consider that in principle the proposed HVAC approach could meet the expectations of the relevant ONR SAPs and the IAEA Safety Guide. I consider the design maturity does not permit a comprehensive assessment at this time. Post Step 2, it must be demonstrated how the build-up of hydrogen within battery areas and control of local temperatures within electrical systems during all plant conditions will be managed.
Grid Code Compliance
33. The ability to connect the nuclear power plant to the GB transmission system through compliance with the Grid Code (ref. [39]) is important not only from a commercial perspective but also from a safety perspective. Whilst ONR (ref. [47]) and IAEA (ref. [29]) expectations are that a facility should be able to provide power from on site sources to support delivery of the controlled and safe state, the normal, or preferred power supply, is from the offsite power supply, if available. In addition, it is important to ensure that technical compliance with the operational requirements of (ref. [39]), including the ability to provide frequency response, do not challenge nuclear safety.
34. In my assessment, I have considered whether the design is able to connect to the GB transmission system providing electrical supplies to equipment important to safety from, and export power to, the GB transmission system within the operational limits specified in (ref. [39]), without affecting nuclear safety.
35. In GDA Step 2, the RP has provided a strategy for assessing compliance with (ref. [39]) in the form of the GDA SMR-300 Grid Compliance Strategy - Revision 0 (ref. [42]) . From a review of this, I consider that the RP has recognised the need to analyse and has established GDA Commitment C_Elec_072 (ref. [4]) to demonstrate compliance with the technical requirements of the UK Grid Code (ref. [39]) and is undertaking work on this analysis. The outcomes of this work are not available in GDA Step 2 timeframes and will need to be assessed post-Step 2.
60 / 50 Hz Strategy
Chapter 6 of the PSR Part B (ref. [4]) states that “The SMR-300 design has been developed for an initial deployment in the North American electrical transmission network, which operates at 60Hz. The electrical transmission network in the UK operates at 50Hz. During Step 1 of the SMR-300 GDA, it was identified that adapting the design for operation in a 50Hz electrical grid would necessitate changes to the electrical systems, potentially impacting the safety case.”
36. During Step 2 of the GDA the RP has produced the 60/50Hz Strategy (ref. [40]), which serves to define the methodology for how the SMR-300 design will be adapted to operate within the GB 50Hz electrical grid. It identifies a range of possible approaches which the RP has identified to enable the SMR-300 to be used in 50Hz electrical grids. The options identified include;
· Full or partial plant level frequency converters to allow the retention of 60Hz equipment
· Targeted use of variable speed drives for particular applications, with the balance of plant operating at 50Hz
· Full plant redesign using 50Hz equipment throughout  
37. Of these options, the RP has identified that a full plant redesign to 50Hz and the use of plant level frequency converters each present distinct benefits and challenges, which will be further evaluated to determine the most advantageous approach. Given the maturity of the design, in my opinion this is a reasonable approach to the issue of compatibility of the plant to a grid operating at 50Hz. However, the decision of which approach to adopt for use within the GB 50Hz grid will not be taken until post-Step 2.
38. In my assessment, I have concluded that none of the approaches considered will have a fundamentally negative impact on the safety of the plant, beyond a reduction in reliability of systems on account of the additional equipment in train. This will require to be included in Probabilistic Safety Analyses post-Step 2, which may result in additional engineered systems should the reduction in reliability be significant enough.
Demonstrating Risks can be Reduced ALARP 
Without a detailed design, it is difficult to judge whether the design can be shown to have reduced risks so far is as reasonably practicable, or ALARP at GDA Step 2.
From the submissions assessed to date, I consider the RP is developing an electrical system that is consistent with the expectations of international good practice as set out in relevant IAEA technical guidance, as well as identifying and adopting national and international codes and standards for electrical equipment. This means that as the detailed design is completed, the RP should be able to demonstrate that the design is consistent with ONR’s expectations.
Post Step 2, the SMR-300 design will mature through the RP’s Design Decisions and Design Management Processes, where the design requirements will be finalised and the design developed into a single solution. The resulting design will then need to be assessed further by ONR .
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Conclusions
39. This report presents the Step 2 Electrical Engineering assessment for the GDA of the Holtec SMR-300 design. The focus of my assessment in this Step was towards the fundamental adequacy of the design and safety case. I have assessed the SSEC, SMR-300 design, and relevant supporting documentation provided by the RP to form my judgements. I targeted my assessment, in accordance with my assessment plan (Ref. [15]) at the aspects of the SMR-300 design that are novel, contentious, or where significant safety claims are made. My expectations were informed by ONR’s SAPs, TAGs and other guidance which ONR regards as relevant good practice. 
Based on my assessment, I have concluded the following:
· PSR Part B Chapter 6 provides a good high level introduction to the role and purpose of the electrical system, in support of the safety functions. As the design matures, I will expect this to expand to explicitly identify any role this has in supporting safety, security, environmental and safeguards functions.
· Passive safety measures for Class 1 equipment important to safety use direct current (DC) power to initiate and this has the potential to overcome the need for Class 1 standby AC onsite power sources.
· The SMR-300 design is developing alongside the safety case, and will require further assessment post Step 2 in order to confirm the adequacy of the fully developed design.
· The design includes Standby AC Generators to provide supplies in a LOOP or SBO event.  The RP has recognised the need to consider mobile generator connection points as the design matures.
· The HVAC system design maturity is such that it is not currently clear how the RP intends to ensure the removal of hydrogen gas from battery areas during LOOP or SBO conditions. This will be further developed and will require assessment post-Step 2 to confirm the adequacy of the fully developed design.
· I have identified a number of areas where the safety case claims structure presently lacks evidence to underpin these claims. I consider this is linked to the maturity of the design and the RP has indicated that as the design develops further post Step 2, the case will become more structured and evidential.
· The architecture of the electrical systems, with redundant divisions fed by multiple offsite and onsite power sources, provides the basis of a design that is consistent with International Atomic Energy Agency (IAEA) guidance. I judge that this is adequate for a Step 2 GDA, however I would expect the architecture and its safety justification to be further developed to meet international guidance and ONR expectations for redundancy and defence in depth as part of routine design development post-GDA.
· Post-Step 2 changes to the safety case may entail additional electrical system architectural developments, beyond the design considered during this assessment.
· Detailed electrical system design will make use of appropriate technical standards and power system analysis methodologies.
The above observations will require further consideration post Step 2 in order to seek assurance that my concerns are appropriately addressed and justified in the safety case at that time.
Overall, based on my assessment to date, and subject to the provision and assessment of suitable and sufficient supporting evidence, I have not identified any fundamental safety shortfalls that could prevent ONR granting permission for construction of a power station based on the generic Holtec SMR-300 design.
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	SAP No.
	SAP Title

	EKP.3
	Engineering principles: key principles – Defence in depth

	EKP.5
	Engineering principles: key principles – Safety measures

	ECS.1
	Engineering principles: safety classification and standards – Safety categorisation

	ECS.2
	Engineering principles: safety classification and standards – Safety classification of structures, systems and components

	EDR.1
	Engineering principles: design for reliability – Failure to safety

	EDR.2
	Engineering principles: design for reliability – Redundancy, diversity and segregation

	EDR.3
	Engineering principles: design for reliability - Common cause failure

	EDR.4
	Engineering principles: design for reliability – Single failure criterion

	ERL.1
	Engineering principles: reliability claims – Form of claims

	EMT.1
	Engineering principles: maintenance, inspection and testing – Identification of requirements

	EAD.1
	Engineering principles: ageing and degradation – Safe working life

	EHA.14
	Engineering principles: external and internal hazards – Fire, explosion, missiles, toxic gases etc – sources of harm

	ESS.8
	Engineering principles: safety systems – Automatic initiation
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