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[bookmark: _Toc1095780072][bookmark: _Toc109727646]Executive summary
This report presents the outcomes of my fault studies and severe accident analysis 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 1.1, 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, 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:
Initiating event and fault sequence identification 
Design basis methodology and principles 
Categorisation of safety functions and classification of structures, systems and components
Identification of safety functional requirements
Performance analysis 
Verification and validation 
Shutdown systems 
Passive cooling systems 
Fault schedule 
Practical elimination of large or early releases
Severe accident analysis strategy 
Severe accident analysis methodology 
Identification of design extension condition sequences with core damage
Severe accident safety measures 
Based upon my assessment, I have concluded the following:
In several areas the fault analysis presented in the safety case is of insufficient maturity, given the novelty of some aspects of the design, to draw a conclusion on the fundamental adequacy of the design. I have raised RO-HOLTECSMR300-011 on this potential shortfall.
The Requesting Party (RP)’s acceptance criteria proposed for design basis faults meet relevant good practice (RGP).
Given the novelty of the proposed second means of shutting down the reactor, insufficient evidence has been presented in Step 2 to support a demonstration that the risks associated with the design in this respect are likely to be reduced ALARP. I have raised RO-HOLTECSMR300-002 on this potential shortfall.
The indicative transient analysis presented demonstrates that the RP has the requisite capability and is employing appropriate codes and methods such that I judge it is likely to be able to appropriately analyse the capability of the safety systems once the validation programme has concluded and the modelling parameters and geometries have been appropriately set. 
Although validation of the codes is at an early stage, the evidence that has been submitted is consistent with relevant good practice. If the RP continues to develop the SMR-300 design and safety case on this basis I consider that there is a credible route to a demonstration that regulatory expectations have been met with respect to the validation and verification of codes and methods.
Given the novelty in the design with respect to the lack of isolation valves on the Secondary Decay Heat removal system lines that pass through containment, insufficient evidence has been provided to date to support a demonstration that the risks associated with the design in this respect are likely to be reduced ALARP. I have raised RO-HOLTECSMR300-004 on this potential shortfall.
Although incomplete and based on preliminary information, the format and content of the RP’s fault schedule is consistent with relevant good practice. Whilst a significant amount of additional work will be required in the future as the fault analysis develops, the information that has been submitted is consistent with RGP and there is a credible route to a position that will meet regulatory expectations.
The RP has not provided any justification for the lack of a diverse means of depressurising the Reactor Coolant System at level 4 defence in depth. In my view the divergence from typical Pressurised Water Reactor design in this area should be justified with appropriate arguments and analysis but this has not yet been provided due to the maturity of the severe accident analysis. I have raised RO-HOLTECSMR300-003 to cover this potential shortfall
The RP’s approach to the analysis and demonstration that risks have been reduced ALARP is consistent with RGP and application of the stated methodology provides a credible route to demonstrating that risks have been reduced ALARP in the future.
[bookmark: _Hlk168596328]Overall, based on my step 2 assessment, I have not identified any fundamental safety shortfalls from a fault studies and severe accident analysis perspective that would prevent ONR permissioning the construction of a power station based on the generic Holtec SMR-300 design. However, I have identified several areas where further development of the safety assessment will be required to support a demonstration that the risks associated with the design are likely to be reduced ALARP, and in several areas the fault analysis presented in the safety case is of insufficient maturity, given the novelty of some aspects of the design, to draw a conclusion on the fundamental adequacy of the design. These areas have been captured by regulatory observations, as appropriate, to ensure they are followed up and closed out in the future.
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[bookmark: _Toc1388681381]Introduction
This report presents the outcomes of my fault studies and severe accident analysis 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 the Holtec SMR-300 Safety, Security, Safeguard, and Environment Case (SSEC) (refs. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36]) the Design Reference Point (DRP) (ref. [37]), and supporting documentation (ref. [38]).
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 [39]) and guidance on the mechanics of assessment (ref. [40]). ONR Safety Assessment Principles (SAPs) (ref. [41]), together with the principles detailed in the supporting Technical Assessment Guides (TAGs), have been used as the basis for this assessment. 
Background
ONR’s GDA process (ref. [42]) 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. [43]).
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. [42]).
Prior to the start of Step 2 I prepared a detailed assessment plan for fault studies (ref. [44]) and severe accident analysis (ref. [45]). This has formed the basis of this assessment and was also shared with the RP to maximise 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. [46])
Scope
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. 
The overall scope of the Holtec SMR-300 GDA is described in the PSR chapters A1 and A2 (ref. [1] [2]). The GDA scope was agreed in Step 1 although this has been modified, with agreement of the regulators, during Step 2 (refs. [47] [48]). Holtec International has indicated that it intends 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.
My fault studies assessment scope is defined in my assessment plan (ref. [44]) which is discussed in detail in section 4.1 and includes the following topics:
Initiating event and fault sequence identification 
Design basis methodology and principles 
Categorisation and classification 
Identification of safety functional requirements 
Performance analysis 
Verification and validation 
Shutdown Systems 
Passive cooling systems 
Fault schedule 
My severe accident analysis assessment scope is defined in my assessment plan (ref. [45]) which is discussed in detail in section 4.1 and includes the following topics:
Practical elimination 
SAA strategy 
SAA methodology 
Identification of DEC-B sequences 
Safety Measures 
However, given that this is a fundamental assessment and the design of the Holtec SMR-300 is still developing, not all aspects of the facility design are within the GDA scope. This includes several topics which I had planned to assess, however sufficient information was not provided to allow for assessment. The following aspects are therefore out of scope for this assessment:
Safe operating envelope – I sought to consider the RP’s approach to the identification of Operating Rules, and hence the safe operating envelope, however no significant information was provided on this topic and I therefore will not discuss this topic further.
Severe accident sequence analysis – I sought to form a judgement on the adequacy of the RP’s analysis of DEC-B sequences however no significant information was provided on this topic and so I do not discuss this topic any further.
Verification and validation of severe accident codes and methods – I had planned to form a view on the RP’s strategy for V&V of the codes and methods that will be used in the analysis DEC-B sequences and relevant safety systems, however given the level of maturity in the SAA I did not assess this topic.
Radiological consequence analysis - There were no off-site radiological consequence analysis methodologies presented during the GDA and the radiological consequences considered in the fault analysis was based on bounding assumptions. I therefore did not assess this topic.
The SSCs located in the Turbine Hall are excluded from scope due to low design maturity.
Faults arising from the fuel route, waste stores, and ex-core criticality faults were not subject to detailed development. Faults were captured on the preliminary fault schedule but did not have any further evidence or substantiation. Due to the low degree of maturity I did not assess these areas.

[bookmark: _Toc1152221097]Assessment standards and interfaces
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.
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.
This section also identifies the key interfaces with other technical topic areas.
Standards 
1. The ONR SAPs (ref. [41]) 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.
The International Atomic Energy Agency (IAEA) safety standards (ref. [49]) and nuclear security series (ref. [50])  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.
Furthermore, ONR is a member of the Western European Nuclear Regulators Association (WENRA). WENRA has developed reference levels (ref. [51]), which represent good practices for existing nuclear power plants, and Safety Objectives for new reactors (ref. [52]).
2. The relevant SAPs, IAEA standards and WENRA reference levels are embodied and expanded on in the TAGs (ref. [53]). 
1.1.1. Safety Assessment Principles (SAPs) 
3. The key SAPs applied within my assessment are:
· The Fault Analysis SAPs (excluding PSA SAPs),
· The Engineering Key Principles SAPs, EKP.3 – EKP.5
· The Safety Classification and Standards SAPs ECS.1 & ECS.2,
· The Design for Reliability SAPs EDR.2 - EDR.4,
· The Assurance of Validity of Data and Models SAPs AV.1 – AV.3  
4. A list of the SAPs used in this assessment is recorded in Appendix 1.
Technical Assessment Guides (TAGs)
5. The following TAGs (ref. [53]) have been used as part of this assessment:
· NS-TAST-GD-096, Issue 1.2 - Guidance on Mechanics of Assessment (ref. [54])
· NS-TAST-GD-006, Issue 5.1 – Design Basis Analysis (ref. [55])
· NS-TAST-GD-007, Issue 5.1 – Severe Accident Analysis (ref. [56])
· NS-TAST-GD-005, Issue 12.1 – Regulating Duties to Reduce Risks ALARP (ref. [57])
· NS-TAST-GD-042, Issue 5.2 – Validation of Computer Codes and Calculation Methods (ref. [58])
· NS-TAST-GD-094, Issue 2.1 – Categorisation of Safety Functions and Classification of Structures, Systems and Components (SSCs) (ref. [59])
National and international standards and guidance
6. The following international standards and guidance have been used as part of this assessment:
· IAEA, Safety of Nuclear Power Plants: Design, SSR-2/1 Rev 1 (ref. [60])
· IAEA, Deterministic Safety Analysis for Nuclear Power Plants, SSG-2 Rev 1 (ref. [61])
· IAEA, Design Extension Conditions and the Concept of Practical Elimination in the Design of Nuclear Power Plants, SSG-88 (ref. [62])
· IAEA, Safety Classification of Structures, Systems and Components in Nuclear Power Plants, SSG-30 (ref. [63])
· WENRA Safety Objectives for New Nuclear Power Plants and WENRA Report on Safety of new NPP designs (ref. [52])
WENRA, Safety Reference Levels for Existing Reactors 2020 (ref. [51])
WENRA RHWG Report, Practical Elimination Applied to New NPP Designs - Key Elements and Expectations (ref. [64])
Integration with other assessment topics
7. I have worked closely with other topics as part of my fault studies and severe accident analysis 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. 
8. The key interactions with other topic areas were:
Control and instrumentation – on the topic of the diversity and redundancy of C&I platforms that actuate safety systems. 
PSA – on the topic of hazard and fault identification.
Fuel and core – on the topic of validation of codes and methods, and fault acceptance criteria.
Structural Integrity and Internal Hazards – on the topic of failure of the Annular Resevior (AR).
All engineering disciplines - on the topic of safety classification of SSCs.
Where the interface with other technical disciplines has been significant to inform my assessment I have referenced this in section 4.
Use of technical support contractors
During Step 2 I have not engaged Technical Support Contractors (TSCs) to support my fault studies and severe accident analysis assessment for the Holtec SMR-300.  


[bookmark: _Toc417534320]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 fault studies and severe accident analysis. It also identifies the supporting documents submitted by the RP which have formed the basis of my fault studies and severe accident analysis 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 systems are preferred to active safety systems, 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 steel and concrete secondary 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
The engineered safety features of the SMR-300 are comprised of the following systems:
· Passive Containment Heat Removal System (PCH)
· Containment Isolation System (CIS)
· Main Control Room Habitability System (MCH)
· Passive Core Cooling System (PCC) comprising (Figure 1):
i. Automatic Depressurisation System (ADS)
ii. Passive Core Makeup System (PCM)
iii. Primary Decay Heat Removal System (PDH)
iv. [image: Figure 4: SMR-300 Passive Core Cooling Systems]Secondary Decay Heat Removal System (SDH)
 Figure 1: Passive core cooling systems
The PCH is designed to maintain the containment pressure and temperature within design limits in the event of a postulated accident by utilising the metal containment structure and the water inventory in the Annular Reservoir (AR) that envelopes the containment structure to remove heat from containment. The PCH does not require any actuations or signals to perform its functions (see Figure 2).
The PCC is designed to provide emergency core cooling and make-up water in the event of a postulated design basis accident. Each sub-system of the PCC is passive in operation once the associated valves have opened to activate the systems. 
The PDH provides core cooling for intact circuit faults removing heat directly from the Reactor Coolant System (RCS) and rejecting it to the Passive Core Make Up Water Tank (PCMWT) via the PDH heat exchanger located within the PCMWT. There are two parallel actuation valves to initiate the PDH, but only a single heat exchanger and associated pipework. The PDH is designed to be capable of rejecting 100% of the decay heat.
The SDH provides an additional diverse means of core cooling for intact circuit faults. The SDH pipework comes from the steam side of the steam generator, this pipework then penetrates the containment structure and the steam is condensed in a heat exchanger within the AR. The pipework then returns through the containment structure and the condensate is returned to the Main Feedwater System (MFS) header. Two parallel actuation valves are available to initiate the SDH, but only a single heat exchanger and associated pipework. The SDH is designed to be capable of rejecting 100% of the decay heat.
The ADS is designed to work in conjunction with the PCM with the ADS depressurising the RCS following a Loss of Coolant Accident (LOCA) to allow for the injection of make-up water. The ADS is then designed to vent steam from the RCS which removes decay heat enabling long-term cooling. There are two stages of ADS (ADS1 & ADS2). 
ADS1 is designed to depressurise the RCS to allow for injection of borated cooling water from the pressurised accumulators. There are two trains of ADS1 with two isolation valves in series per train. The ADS1 pipelines come off the pressuriser and sparge into the PCMWT so that the steam can be condensed within the tank with the aim of minimising containment pressure rises.
ADS2 is designed to depressurise the RCS to near containment pressure to allow for injection of boronated cooling water from the PCMWT. There are two trains of ADS2 with two isolation valves in series per train. One of the ADS2 pipelines comes off each of the two hot legs and discharges directly to containment.
The PCM is designed to provide boronated make-up cooling water to the RCS following a LOCA and is comprised of the medium pressure accumulators, and the non-pressurised PCMWT. The cooling water injection is designed to provide core cooling following a LOCA and long term cooling, and to inject sufficient boron to provide reactor shutdown/hold-down.
There are two medium pressure accumulators with one feeding into each of the two Direct Vessel Injection (DVI) lines. The pipe line attaching each accumulator to the respective DVI line have two non-return valves and an isolation valve all in series.
The PCMWT is a large tank of boronated cooling water. There are two strainers in the PCMWT at the entry to the two pipelines which join the PCMWT to the DVI lines, each of these lines has two parallel actuation valves and two parallel non-return valves. The PCMWT is not pressurised and injection of the cooling water is facilitated solely by the gravity head from the body of water and as such the RCS needs to be depressurised by the ADS to facilitate injection from the PCMWT. As discussed above the PDH heat exchanger and the ADS1 spargers are within the PCMWT which provides the heat sink for those systems. During operation of the PDH the PCMWT is designed to heat up and boil. The steam would then condense on the containment structure wall rejecting its heat through the containment structure into the AR. The condensate is then ducted into the spent fuel pool and recirculation valves connect the spent fuel pool to the PCMWT to recirculate the cooling water for long term cooling (see Figure 2).
All of the actuation valves on the ADS, PCM, PDH and SDH systems are motor operated valves which receive actuation signals from either the Plant Safety System (PSS) or the Diverse Actuation System (DAS). The power for each of these valves is provided by the battery powered Class 1E DC electrical system which is comprised of two redundant divisions.
Following a LOCA, activation of the ADS and PCM systems will flood the reactor cavity which is designed to provide the capability to cool the reactor vessel in the event of core damage facilitating in-vessel retention for severe accident mitigation purposes.
In the event of a LOCA or a severe accident hydrogen management is provided in the form of Passive Autocatalytic Recombiners (PARs).
[image: diagram of the long term cooling operation of the SMR-300]Figure 2: Long term cooling operation following LOCA
SSEC approach and structure
The SSEC for the SMR-300 consists of the PSR, the 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. [38]). 
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. [1]).
The SSEC and supporting documents have been prepared using the Claims Arguments Evidence (CAE) concept. SSEC Chapter A3 (ref. [3]) 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 fault studies and severe accident analysis 
PSR Part B chapter 14 (ref. [16]) explains that the SMR-300 has been designed to comply with the requirements of the United States of America (US) nuclear regulator -  the United States Nuclear Regulatory Commission (USNRC). Prior to entering GDA, the safety analysis to support and justify the SMR-300 design was planned to meet USNRC requirements and practices. However, it should be noted that the safety analysis programme in the US is not complete and the SMR-300 design or safety analysis has not been assessed by the USNRC. PSR Part B chapter 14 presents the relevant work from the US programme alongside additional work the RP has undertaken during GDA to apply and expand upon this work. The RP also presents a commitment in chapter 14 to continue the work to repurpose the safety analysis undertaken for the US project to support the further development of the SSEC. The aspects covered by the Holtec SMR-300 safety case for fault studies and severe accident analysis can broadly be grouped under the headings which are summarised as follows:
Initiating event and fault sequence identification 
PSR Part B chapter 14 (ref. [16]) presents Claim 2.1.2.2 “A comprehensive set of plant initiating events with the potential to lead to significant radiation exposure or release of radioactive material if unmitigated are identified, screened and appropriately grouped into design basis faults.” this claim has the following associated arguments:
Argument 2.1.2.2-A1: The concept, scope and definition of design basis faults applicable to the SMR-300 are in alignment with appropriate international standards and national regulatory expectations. 
Argument 2.1.2.2-A2: A systematic process of Postulated Initiating Event (PIE) identification, screening and grouping has been followed to derive an appropriately comprehensive and robust set of design basis faults.
The evidence provided to support Argument 2.1.2.2-A1 is presented in the RP’s Safety Assessment Handbook (ref. [65]). This document has been developed in the course of GDA and contains the fault analysis methodologies that the RP intends to apply. The RP states that the methodologies are based primarily on the ONR SAPs and IAEA SSR-2/1. The Safety Assessment Handbook includes the definition of design basis fault condition categories (see table 1).
The evidence provided to support Argument 2.1.2.2-A2 is presented in the RP’s Preliminary Fault Schedule (PFS) (ref. [66]). The PFS has been developed over the course of the GDA to provide a preliminary overview of the plant design and what systems would be available and likely to be claimed against which faults. The RP has undertaken a significant amount of work throughout GDA to broaden the coverage of the PFS and to ensure a complete a set of initiating events as possible within the constraints of time and design maturity.
Chapter 14 of the PSR states that the PFS has been informed by a limited (OPEX-based) fault and Hazard Identification (HAZID) study which has examined international and relevant PWR projects (including other GDA projects) and any novel or unique features of the SMR-300 design in order to identify a credible and complete set of faults.
Chapter 14 of the PSR outlines that the fault list presented in the PFS is based on a combination of sources, including the use of RGP, OPEX and the application of HAZID techniques, based on the following data: 
NUREG/CR-5750 – Rates of Initiating Events at US Nuclear Power Plants: 1987-1995 with updates.
NUREG/CR-6928 – Industry-Average Performance for Components and Initiating Events at U.S. Commercial Nuclear Power Plants with updates.
IAEA TECDOC-749/R – Generic Initiating Events for PSA for WWER Reactors.
IAEA TECDOC-719 – Defining Initiating Events for Purposes of Probabilistic Safety Assessment.
Westinghouse AP-1000 UK Pre-Construction Safety Report (PCSR) Fault Schedule.
EDF European Pressurised Reactor (EPR) PCSR Fault and Protection Schedule.
China General Nuclear (CGN) HPR-1000 PCSR.
Additional fault identification studies, including:
Failure Modes and Effects Analysis (FMEA).
Hazard and Operability (HAZOP).
Master Logic Diagrams.
Design basis methodology and principles 
PSR Part B chapter 14 (ref. [16]) presents Claim 2.1.2.1 “The approach to design basis accident analysis has taken UK relevant good practice into account.” this claim has the following associated argument:
Argument 2.1.2.1-A1: The design basis accident analysis for the SMR-300 utilises appropriate methodologies in alignment with national regulatory expectations.
The evidence in support of Argument 2.1.2.1-A1 is presented in the RP’s Safety Assessment Handbook (ref. [65]). As discussed above this contains the fault analysis methodologies that the RP intends to apply. Chapter 14 of the PSR sets out the regulatory guidance and safety standards that have been considered in the development of the Safety Assessment Handbook, which includes ONR’s SAPs and TAGs, IAEA safety standards, and WENRA guidance.
[image: diagram of the fundamental principles of the RP's DBAA process]Chapter 14 of the PSR outlines the basic principle of the RP’s design basis methodology (which it terms Design Basis Accident Analysis (DBAA)) (see figure 3).
Figure 3: Basic Principle of DBAA
The RP has undertaken a limited application of the DBAA methodology, which is presented in the DBAA summary report (ref. [67]) and provides evidence of the output that can be expected from a future application of the methodologies.
The programme of deterministic safety assessment and transient analysis had not started within the timescales of GDA, but, some indicative deterministic safety assessment work was presented in ref. [68] to aide regulatory assessment. 
As the transient analysis work is being undertaken by the team based in the US in support of the RP’s US based project, it is being undertaken according to methodologies designed to comply with the USNRC requirements. The RP aims to make as much use as possible of the work undertaken to support the US project, but has committed (C_Faul_103) to undertake any supplementary work that may be necessary to appropriately address UK expectations.
Categorisation of safety functions and classification of SSCs
PSR Part B chapter 14 (ref. [16]) presents Claim 2.1.2.3 “Safety functions, categorised by their importance to nuclear safety, are identified for all design basis faults.” And Claim 2.1.2.4 “Safety measures, classified based on their significance in delivering associated safety functions, are identified for all design basis faults and provide sufficient lines of protection based on the fault frequency.” These claims have the following associated arguments:
Argument 2.1.2.3-A1: All the necessary safety functions have been identified through the application of the safety function hierarchy i.e. High-Level Safety Functions, Plant Level Safety Functions and Lower-Level Safety Functions.
Argument 2.1.2.3-A2: All identified safety functions have been appropriately categorised based on the fault frequency and unmitigated radiological consequences.
Argument 2.1.2.4-A1: All the safety measures required to perform the necessary safety functions have been identified.
Argument 2.1.2.4-A2: All identified safety measures have been assigned an equivalent UK classification based on the categorisation of the safety function(s) they perform and the line(s) of protection in which they are claimed.
The RP’s proposed methodology for the categorisation of safety functions and classification of SSCs is presented in the Safety Assessment Handbook (ref. [65]) and can be seen in tables 2 & 3. 
The evidence in support of the arguments is presented in the DBAA Summary Report (ref. [67]) and the PFS (ref. [66]). 
The DBAA Summary Report applies the RP’s methodologies to a limited set of faults in order to demonstrate the methodologies in practice and to identify the relevant safety functions and classification of SSCs for some of the main safety systems and components.
The PFS give an indicative overview of the likely safety functions and safety classification of SSCs for a broader range of faults, but was not developed through a rigorous application of the RP’s methodologies.
Performance analysis and validation of codes
PSR Part B chapter 14 (ref. [16]) presents Claim 2.1.2.5 “Appropriately conservative analysis demonstrates that for all design basis faults, the identified safety measures, in conjunction with operator actions, enable the plant to reach a safe state and ensure that defined acceptance criteria are met.” this claim has the following associated arguments:
Argument 2.1.2.5-A1: Acceptance criteria are defined such that meeting them demonstrates adequate levels of safety.
Argument 2.1.2.5-A2: The transient and accident analysis for the SMR-300 utilises methodologies defined as best practice within the US regulatory environment as required by the US Nuclear Regulatory Commission (NRC).
Argument 2.1.2.5-A3: Additional analyses have been performed to underpin the demonstration of ALARP within a UK context.
The RP presented the list of computer codes that will be employed in the deterministic safety assessment:
System thermal hydraulics analysis using RELAP5-3D.
Core thermal hydraulics analysis using COBRA-FLX.
Containment analysis using GOTHIC.
Core physics modelling utilising CASMO5, CMSLINK5, SIMULATE5 and SIMULATE3K.
Radiological consequences using RADTRAD.
Source term modelling using SCALE / ORIGEN and MCNP.
Atmospheric dispersion using ARCON2.0
The programme of transient analysis for the SMR-300 has yet to commence as the code validation programme is ongoing, but the RP was able to present information on the validation process being followed and the process so far (refs. [69] [70]).
The RP additionally presented some indicative transient analysis of a limited set of faults to aid regulatory assessment and demonstrate the RP’s capability in the application of the codes (ref. [68]).
Shutdown Systems 
PSR Part B chapter 1 (ref. [6]) presents Claim 2.2.1 “Adequate provision for the control of reactivity is incorporated into the design of the reactor systems, engineered safety features, and fuel and core design.” this claim has the following associated sub-claim, Claim 2.2.1.1 “There is provision in the design to ensure that the reactor can be shutdown, via boron control in the RCS, in all relevant plant modes.” This sub-claim has the following associated argument:
Argument 2.2.1.1-A1: The Passive Core Cooling system is designed to provide passive, highly concentrated borated water safety injection and provide a means of negative reactivity insertion into the reactor core, providing a separate means of shutdown diverse from the control rod drive system, following a postulated design basis accident.
The SMR-300 is designed with control rods providing the primary means of shutting down the reactor supported by boronated water injection from the PCM for long term hold-down. 
A secondary means of shutting down the reactor is provided in the design by the ADS and PCM systems whereby the ADS depressurises the RCS to allow for boronated water injection from the PCM.
Passive cooling systems 
PSR Part B chapter 1 (ref. [6]) presents Claim 2.2.2 “Adequate provision for the removal of heat from the reactor core and spent fuel pool is incorporated into the design of the reactor systems, engineered safety features, and fuel and core design.” this claim has the following associated sub-claim, Claim 2.2.2.1 “Core decay heat removal is ensured following credible initiating events in all plant states.” This sub-claim has the following associated arguments:
Argument 2.2.2.1-A4: The PCH removes heat from the containment atmosphere following an RCS energy release.
Argument 2.2.2.1-A5: The PDH and SDH are designed to remove decay heat from the reactor core whenever normal heat removal paths are lost.
The design of the SMR-300 coolant systems is discussed above in section 3.1.
The SMR-300 is designed to rely on passive safety systems rather than active systems as typically found on existing PWRs. The design intention is that the safety systems are simpler than those typically found on existing PWRs, eliminating active pumps, with the intention of making the systems more reliable. The design intention is that in the case of an accident, no operator actions would be required to put the reactor in a safe shutdown condition and maintain it there for the first 72 hours for DBA faults. All of the make-up water required in the event of a postulated Loss of Coolant Accident (LOCA) is held inside of the containment structure facilitating complete containment isolation in such an event with the aim of reducing the potential doses of such an accident.
Fault schedule 
PSR Part B chapter 14 (ref. [16]) presents Claim 2.1.2 “The design basis analysis demonstrates that the risk from design basis faults associated with the operation of the generic Holtec SMR-300 are tolerable and As Low As Reasonably Practicable (ALARP).” The sub-claims associated with this claim have been set out in the previous sections, and each of these sub-claims rely on the evidence provided in the RP’s Preliminary Fault Schedule (PFS) (ref. [66]).
The PFS presents the initiating events identified as part of the RP’s identification activities, groups these into preliminary fault groups, and outlines the safety functions that need to be fulfilled to ensure safety in the fault, the safety systems that will deliver the functions, and the indicative safety classification of those systems. All of the information presented in the PFS is preliminary however, and although it is instructive for understanding the design and its response to faults it has not been based on a thorough application of the RP’s fault analysis methodologies, and is subject to change as the RP’s fault analysis progresses.
SAA strategy and methodology 
PSR Part B chapter 15 (ref. [17]) presents Claim 2.1.3.1 “Beyond design basis and severe accidents are characterised and evaluated using appropriate methodologies taking due cognizance of RGP and OPEX.” There are no arguments associated with this claim, and the discussion in the PSR points to the referenced SMR-300 Safety Concept for Severe Accidents Report (ref. [71]).
The Safety Concept for Severe Accidents Report was developed during the course of the GDA and aims to determine the general safety approaches and rules to be used in the SMR-300 design for severe accidents. 
Identification of DEC-B sequences 
PSR Part B chapter 15 (ref. [17]) presents Claim 2.1.3.3 “Severe accident analysis of DEC-B events (beyond design basis accidents with core damage) demonstrates that the facility can be brought into a long term safe, stable state with maintained containment functions.” This claim has the following associated arguments:
2.1.3.3 – A1: IEs identification and grouping in the scope of Level 2 PSA supports the list of deterministic analysis relevant to assessment of ultimate capacity of the containment.
2.1.3.3 – A2: Deterministic analysis demonstrating efficiency and Engineered Safety Feature implementation though the Severe Accident Management (SAM) strategies (analysis with and without accident management measures). [sic]
PSR Chapter 15 states that not all supporting evidence has been produced to support this claim and raises a commitment (C_SAA_085) that further safety analysis is required to determine a list of DEC-B events.
Practical elimination
The discussion presented in PSR Part B Chapter 15 (ref. [17]) under claim 2.1.3.3 (as above) mentions that demonstration of the practical elimination of large or early releases is an objective of the generic SM-300 design. However, no claims or arguments are presented on the topic.
Safety Measures for severe accidents
PSR Part B chapter 15 (ref. [17]) presents Claim 2.1.3.4 “Additional reasonably practicable safety functions and safety measures are identified, categorised and classified based on their importance to nuclear safety for the purpose of Severe Accident management.” This claim has the following associated argument:
2.1.3.4 – A1: Performed deterministic analysis as well as those dedicated to assessment of the containment ultimate capacity allow the identification of positive and negative effects in implementation of Severe Accident Management (Optioneering and containment performance demonstration). [sic]
PSR Chapter 15 states that not all supporting evidence has been produced to support this claim and raises a commitment (C_SAA_086) that further safety analysis is required to support the specification of safety measures for severe accident management.
Defence in depth
There is no specific claim or argument made in the PSR on the implementation of defence in depth in the SMR-300 design. Instead, there is discussion as part of several claims and arguments linking at a high level to the defence in depth concept in areas such as design basis analysis, severe accident analysis, probabilistic safety assessment, internal hazards, and external hazards. The implicit high level claim is that the defence in depth concept has been taken into account as part of the design of the SMR-300.
Demonstrating Risks are Reduced ALARP
PSR Part A Chapter 5 (ref. [5]) presents the following claims related to the RP’s approach to demonstrating that risk are reduced ALARP:
Claim 1.5: An appropriate ALARP methodology is applied to the design change process, to ensure ongoing design decisions support the reduction of risks to ALARP.
Claim 2.4.1: The design of the SMR-300 and planned activities are developed to meet legislative requirements and adopt relevant good practice.
Claim 2.4.2: The safety assessment demonstrates that radiation risk to workers and the public is tolerable and As Low As Reasonably Practicable (ALARP).
Claim 2.4.3: Consideration is given to implement options to reduce risk, with a focus on issues that make a more significant contribution to risk, such that no further reasonably practicable options are identified.
The arguments made under each of these claims are as follows:
Argument under Claim 1.5: An ALARP methodology has been defined for the SMR-300. This methodology includes a Design Management Process to ensure the appropriate application of the ALARP principle when considering options for risk reduction during design activities.
Argument under Claim 2.4.1: The SMR-300 has been designed against the US legislative framework with a view to global deployment. The design process has taken account of appropriate OPEX and recognition of RGP in order to support reduction of nuclear safety risks to ALARP.
Argument under Claim 2.4.2: There is confidence that radiation risk to workers and the public risks will be demonstrated as either broadly acceptable or tolerable if ALARP, due to:
v. Dose constraints and numerical targets adopted by Holtec at the design stage, in relation to normal operation and accident conditions, to ensure radiological protection for both on site workers and members of the public, 
vi. Radiological consequence assessments planned to demonstrate that the relevant numerical targets are met and demonstrated as tolerable and ALARP. 
vii. The indicative results from the SMR-160 PSA and associated sensitivity studies for the SMR-300 design, which has an identical release pathway for core radioisotopes involved in accident scenarios.
Argument under Claim 2.4.3: A process exists to identify and assess credible options for prospective design changes that is compliant with the requirements expected to reduce risks to ALARP for optioneering and for the application and demonstration of BAT. The assessment of options includes considerations of safety, security, safeguards, and environmental criteria, as well as novelty, complexity, and the reduction of margins.
Basis of assessment: requesting party’s documentation
The principal documents that have formed the basis of my fault studies and severe accident analysis assessment are:
PSR Part B Chapter 14 – Safety/Design Basis Accident Analysis
PSR Part B Chapter 15 – BDBA, Severe Accidents Analysis and Emergency Preparedness
PSR Part B Chapter 1 – Reactor Coolant System and Engineered Safety Features
PSR Part A Chapter 5 – Summary of ALARP
A Preliminary Fault Schedule (PFS) (ref. [66]) which presents a preliminary judgement by the RP on the protection measures claimed for each fault and the safety system classification likely to be claimed for each protection measure.
A representative transient analysis report (ref. [68]) which presents the results of a set of 7 fault transients undertaken with unvalidated models using preliminary geometries to simplified methodologies.
A Design Basis Accident Analysis Summary Report (ref. [67]) which presents the application of the RP’s Design Basis Analysis (DBA) methodology to a set of 6 faults.
A Safety Assessment Handbook (ref. [65]) which presents the RP’s safety assessment methodologies.
The Safety Concepts for Severe Accidents report (ref. [71]) which outlines some high level concepts in the application of severe accident analysis to the SMR-300.




























[bookmark: _Toc170720170]ONR assessment
Assessment strategy
My assessment strategy has followed the GDA Step 2 Assessment Plan (ref. [44]) and sought to target matters which allow me to form a judgement on the fundamentals of the SMR design. As such, I chose to proportionately target the following topics under the fault studies discipline:
Initiating event and fault sequence identification – I assessed the completeness of the RP’s lists of PIEs, and Design Extension Condition (DEC-A) sequences, and considered the RP’s approach to bounding and screening (Section 4.2.1). 
Design basis methodology and principles – I assessed the RP’s Design Basis Analysis (DBA) methodology (rules, assumptions, acceptance criteria etc), system design principles (such as redundancy requirements for Common Cause Failure (CCF), single failures, required EMIT etc.) and approach to defence in depth (Section 4.2.2).
Categorisation and classification – I assessed the RP’s approach to the identification and categorisation of safety functions and the classification of structures, systems and components (SSCs) important to safety (Section 4.2.3).
Identification of safety functional requirements – I assessed the RP’s breakdown of safety functions and application of its methodology for safety function categorisation and safety classification of SSCs. The assessment of this topic is included under the categorisation and classification section below (section 4.2.3).
Performance analysis – I considered whether key design parameters have been substantiated and assessed the predicted margins to acceptance criteria (Section 4.2.4).
Verification and validation – I formed a view on the RP’s strategy for V&V of the codes and methods that will be used in the analysis of design basis faults and DEC-A sequences, and the performance analysis of relevant safety systems (Section 4.2.4). 
Shutdown Systems – I assessed whether the design has adequate provision of means of shutdown in normal operation and fault states (Section 4.2.5).
Passive cooling systems – I assessed whether the design has adequate means of cooling the fuel and the physical barriers to release of radioactivity (Section 4.2.6).
Fault schedule – I considered the maturity of the information presented within the fault schedule and the approach adopted for its development (Section 4.2.7). 
Safe operating envelope – I sought to consider the RP’s approach to the identification of Operating Rules, and hence the safe operating envelope, however no significant information was provided on this topic as the RP stated that the work required to inform this aspect of the case is still ongoing. Although this does not meet the requirements of GDA guidance to requesting parties (ref. [42]) I consider this position to be reasonable considering the maturity of the fault analysis required to inform this topic. I note that significant work will be required to demonstrate this in the future
My strategy for the assessment of the severe accident analysis discipline (SAA) has followed the GDA Step 2 Assessment Plan (ref. [45]) and sought to target matters which allow me to form a judgement on the fundamentals of the SMR design. As such, I chose to proportionately target the following topics:
Practical elimination – I assessed the RP’s approach to the practical elimination of large or early radiological releases, and the role SAA plays in supporting the claims (Section 4.2.10).
SAA strategy – I formed a judgement on the RP’s intention for the scoping and performing of SAA, and the role it plays (or will play) in informing aspects of the design (Section 4.2.8).
SAA methodology – I formed a view on the suitability of the RP’s analysis methods and approaches for SAA (Section 4.2.8).
Identification of DEC-B sequences – I assessed the completeness of the RP’s identification of plant damage states, the sequences to be analysed and its understanding of key phenomena (Section 4.2.9).
Sequence analysis – I sought to form a judgement on the adequacy of the RP’s analysis of DEC-B sequences however no significant information was provided on this topic as the RP stated that the work required to inform this aspect of the case is still ongoing. Although I was unable to assess this topic the significant work required to demonstrate this in the future is covered by RO-HOLTECSMR300-011 raised in my assessment (see section 4.2.9).
Safety Measures – I sought to determine whether the design has adequate safety measures to reduce the risk from severe accidents to ALARP, and determine whether the passive safety measures are adequately substantiated for the claimed roles in severe accident management. I additionally sought to determine whether there is sufficient independence between levels of defence in depth (Section 4.2.11).
Verification and validation – I had planned to form a view on the RP’s strategy for verification and validation of the codes and methods that will be used in the analysis DEC-B sequences and relevant safety systems, however, no significant information was provided on this topic as the RP stated that the work required to inform this aspect of the case is still ongoing. Although I was unable to assess this topic the significant work required to demonstrate this in the future is covered by RO-HOLTECSMR300-011 raised in my assessment (see section 4.2.9).
I assessed two further topic areas which were not covered explicitly in the step 2 assessment plans for fault studies or severe accident analysis as they relate to higher level cross-discipline aspects of the RP’s safety case.
Defence in Depth – I assessed the RP’s implementation and demonstration of defence in depth (Section 4.2.12).
ALARP - I considered the RP’s approach to the assessment and demonstration that the risks have been or are likely to be reduced ALARP (Section 4.2.13).
I have taken a sampling approach for my assessment. Sampling aspects within each of the targeted areas above, to inform a judgement on the adequacy of the RP’s submissions within my assessment scope, in line with ONR policy.
Assessment
Initiating event and fault sequence identification
My expectations on initiating event identification are informed by SAP FA.2 (ref. [72]) which sets out the expectation that all initiating faults which have the potential to lead to a dose to a worker in excess of 0.1 mSv or to a person off site in excess of 0.01 mSv should be identified, and that all plant states and operating modes should be included. 
Given the stage of design and safety case development of the SMR-300 I do not expect that a complete and comprehensive set of initiating events for the entire facility and all operating modes should be available. I do however expect a demonstration that adequate fault identification methodologies have been employed and that the list of initiating events should be sufficient to form a judgement on the fundamental adequacy of the design, including the design of main safety systems.
The set of postulated initiating events presented for the SMR-300 (ref. [66]) is currently based mainly on operating experience (OPEX) databases supplemented by a review of initiating fault lists from previous designs which employ similar technology, and consideration of the novel aspects of the SMR-300 design. 
Given the extensive global operating experience for Pressurised Water Reactors (PWRs), I judge that to support design basis analysis an OPEX based fault identification methodology may be sufficient for the non-novel aspects of the design, subject to appropriate justification. However, for the more novel aspects of the design I expect that a more systematic fault identification technique (such as Hazard and Operability Study (HAZOP) or Failure Modes and Effects Analysis (FMEA)) would be employed to supplement the OPEX and engineering judgement approaches. My expectation in this regard is aligned with the expectations set out on fault identification in TAG 006 (ref. [55]), that multiple techniques should be applied to ensure completeness.
The RP claims (ref. [16]) that FMEA, HAZOP and master logic diagram techniques were used in a limited capacity to support the development of the initiating event list, however no evidence was provided to support this claim and I have therefore been unable to assess the adequacy of the activities undertaken and whether they support a demonstration that the initiating event list is sufficient for the current stage of development.
Some potential initiating events that could be postulated for the SMR-300 design that may have an effect on the design of the main safety systems do not appear on the initiating event list and it is not clear whether the potential events have been screened out, bounded by other initiating events, or omitted; for example a leak or failure of the annular reservoir, spurious control and instrumentation faults, or a chloride ingress event that may challenge the steam generator and SDH heat exchanger integrity and thus both the containment and primary circuit barriers. The potential for failure of the annular reservoir is the topic of RO-HOLTECSMR300-006 which has been raised by the structural integrity inspector and covers the justification of the design of the annular reservoir, and RO-HOLTECSMR300-007 which covers the potential consequences of a failure of the annular reservoir raised by the internal hazards inspector.
The PFS has not included consideration of internal hazard initiating events at this stage of development. Identification of internal hazards has been assessed by the internal hazards inspector (ref. [73]) who notes that the design maturity is currently insufficient for a meaningful hazard identification exercise, and that complete and systematic hazard identification would be expected at a future assessment step.
The list of Design Extension Conditions without core damage (DEC-A) has been similarly derived based on a review of OPEX and no methodology or principles for the specification of DEC-A scenarios have been presented. No justification for the adequacy of the DEC-A scenarios specified has been provided. The RP has raised a commitment to capture the requirement for further work (C_SAA_054).
The activities undertaken in the development of the PFS to date give me confidence that an appropriate list of initiating events is likely to be derived with further development, potentially supplemented by some additional activities and methodologies for fault identification. However, in my view, the RP has not provided an adequate justification that a list of postulated initiating events has been derived that is sufficient to demonstrate that there are no further initiating events that could affect the fundamental adequacy of the design, as per the intent of SAP FA.2. 
I have therefore raised Regulatory Observation (RO) RO-HOLTECSMR300-011 that covers this potential shortfall. Action 1 of the RO asks in part for a strategy for the further development of the hazard and fault identification for the SMR-300, and Action 2 of the RO asks for delivery of a report summarising the hazard and fault identification undertaken for the SMR-300 which details and justifies the methodologies employed, the scope of the activities undertaken, and the completeness of the results. Action 3 of the RO asks in part for consideration of DEC-A scenarios. The RP has provided a resolution plan for RO-HOLTECSMR300-011 which aims to address the potential shortfalls identified and fulfil the actions specified. I judge that the resolution plan is appropriate and successful delivery of the plan should provide sufficient justification and evidence to address the actions specified and close the potential shortfalls identified (see section 4.2.14).
Design basis methodology and principles 
My assessment of the RP’s design basis analysis methodologies and principles is comprised of the following sub-topics:
Screening of initiating events and specification of the design basis,
Specification of design basis fault sequences,
Acceptance criteria.
Screening of events and specification of the design basis
My expectations for the screening of initiating events are informed by SAP FA.5 (ref. [72]) which sets out the expectation that initiating events with a frequency greater than about 10-5 per annum should be considered for inclusion in the design basis analysis, but initiating events without the potential to lead to consequences in excess of the SAPs Numerical Target 4 Basic Safety Levels (BSLs) need not be considered for inclusion in the design basis analysis. The initiating event frequency of a design basis fault should be calculated on a best estimate basis and TAG 006 (ref. [55]) also notes that for less frequent initiating events it may be acceptable to relax some acceptance criteria.
The RP has presented the design basis condition classes that it has applied to the list of initiating events to categorise plant conditions (Table 1). The design basis condition classes specified demonstrate that the RPs design basis analysis methodologies will be applied to initiating events with a frequency >10-5 per year (per year and per annum are equivalent and the RP does not assume any consideration of operating time in its frequency estimates). The RP has screened the initiating events and excluded those without the potential to lead to consequences in excess of the BSLs in SAP Numerical Target 4 (ref. [65]).
The fault screening undertaken by the RP prior to commencing GDA applied a cut-off for the design basis region at 10-4 per year, and the currently planned programme of transient analysis has been formed on this basis. This raises the potential for some initiating events near the limit of the design basis (which may be the more severe events) not being subject to appropriate design basis analysis; however, the RP has committed to undertake as necessary any supplementary analysis required to support the safety case (commitment C_Faul_103) (ref. [16]).
In my view, application of this methodology in combination with delivery against commitment C_Faul_103 is likely to mean that all relevant initiating events are appropriately subject to design basis analysis. Therefore, the fault screening methodology presented for the specification of the design basis is adequate to meet the expectations set out in SAP FA.5 and TAG 006. 
[image: table of the plant condition classes specified for the SMR-300]Table 1: Design Basis Condition Classes (ref. [16])
Specification of design basis fault sequences 
My expectations on the specification of design basis fault sequences are informed by SAP FA.6 (ref. [72]) and TAG 006 (ref. [55]), which set out the expectations that design basis fault sequences should include as appropriate:
(expectation 1) the most onerous initial conditions permitted by the Limits and Conditions of Operation (LCOs), 
(expectation 2) assumption of incorrect performance of safety-related equipment and non-safety systems within the design basis fault sequence, unless their operation results in a greater challenge for the claimed safety measures. 
(expectation 3) any failures that would be expected to occur as a consequence of the fault progression (this should include consideration of the hazards arising from the fault as set out in SAP EHA.6), 
(expectation 4) any failures arising from a common cause as the initiating event (SAP EDR.3 additionally sets the expectation that common cause failure claims should be substantiated), 
(expectation 5) single failures in the safety measures which is also set out in SAP EDR.4 (TAG 006 (ref. [53]) additionally clarifies that failure of passive components should not be excluded from consideration in application of the single failure criterion, and that any exclusion of passive components should be justified),
(expectation 6) the worst normally permitted configuration of equipment outages for maintenance, test, or repair.
(expectation 7) SAP FA.6 additionally outlines that fault sequences protected by the same safety measures may be grouped.
(expectation 8) My expectations are also informed by TAG 006 (ref. [55]) which sets out the expectation that design basis faults more frequent than 10-3 per year (often termed frequent faults) should have additional fault sequences considered for analysis in which failure of the principle means of delivering a safety function is assumed. Similar expectations are set out in IAEA SSG-2 (ref. [61]) relating to DEC-A scenarios which should cover sequences with multiple failures or common cause failures in safety systems.
(expectation 9) My expectations are also informed by WENRA reference level E6 (ref. [51]) and IAEA SSR-2/1 (ref. [60]) which set out the expectation that credible combinations of events should be included within the design basis.
I have numbered my expectations above 1-9 for ease of reference in the discussion below.
Initial conditions
The RP has stated a deterministic principle on the initial conditions for design basis fault sequences (expectation 1) in the DBA summary report (ref. [67]), and in the indicative transient analysis provided for this GDA (ref. [68]) the initial conditions for the transients run have been set to values aimed at producing the most onerous results. I judge that the RP has demonstrated that my expectations are met in regard to this aspect of FA.6.
Contribution of non-safety systems
The RP has not explicitly stated a deterministic principle on the assumptions of non-safety or safety related system operation during design basis fault sequences (expectation 2), however in the indicative transient analysis provided for this GDA (ref. [68]) a set of criteria is presented for the treatment of non-safety related systems in the analysis. The expectation set out above, that non-safety related systems should not be credited in the analysis unless they could exacerbate the consequences is reflected in the criteria presented.
I judge that the RP has demonstrated that my expectations in regard to this aspect of FA.6 (expectation 2) are likely to be met. I also judge the expectation not being included explicitly within documentation of the RP’s DBA methodology is indicative of the low degree of maturity of the methodology and that a more explicit outlining of the intended practice as a deterministic safety principle may be warranted. This potential shortfall against my expectations is captured as part of RO-HOLTECSMR300-011 Action 1, discussed further at the end of this section.
Consequential failures
The RP’s deterministic principles (ref. [16]) state that failures consequential upon the initiating failures should be included in the design basis fault sequences. This demonstrates that the RP’s methodology meets this aspect of the expectations of SAP FA.6 (expectation 3 above). The application of this principle has yet to be realised with respect to the potential hazards arising from initiating events that may lead to consequential failures, as the RP notes that the hazards identification and design assessment work has not been possible at the current stage of design due to the current design maturity (ref. [66]). As such potential consequential failures such as jet impingement on safety systems has not yet been considered. This potential shortfall against my expectations is captured as part of RO-HOLTECSMR300-011 Action 3, discussed further at the end of this section.
Common cause failures
The RP’s deterministic principles (ref. [16]) state that diversity and segregation should be included in the design to avoid the effects of common cause failures, and that failures expected to arise from a common cause as the initiating event should be included in design basis fault sequences. There are components present in the redundant actuation valves for all of the claimed safety systems provided for core cooling which are of common design within each system, and of similar design and technology across the safety systems (motor operated valves (MOVs)); additionally the control and instrumentation and electrical components for the actuation of the systems are of common design across the redundant components within and across safety systems. The design basis analysis presented has not fully explored the implications of the potential CCF of these components either within or across the safety systems (RQ-02120) but some potential CCFs within safety systems were identified as part of the PFS (ref. [66]). The RP has identified the potential CCF of the MOVs in the safety systems and the common electrical supplies as areas for further work (ref. [16]). 
The SMR-300 includes a steam side heat exchanger outside of containment as part of the secondary decay heat removal system (SDH) (ref. [6]). It could be postulated that a chloride ingress event may represent a CCF mechanism for failure of the SDH heat exchanger and steam generator tubes which would compromise both the primary circuit and containment barriers. No analysis of such an event has been presented by the RP and no justification of the exclusion of such a CCF from consideration or that there are sufficient protection measures for such an event has been presented.
In my view, the RP’s stated methodology meets the expectation informed by FA.6 and EDR.3 (expectation 4 above) at the principle level, however due to the maturity of the fault analysis the application of this principle has not yet been systematically undertaken. The potential implications for the design that may arise from application of the principle are therefore not yet understood, and the justification of any CCFs excluded from consideration within the design basis analysis has not yet been presented. This potential shortfall against my expectations is captured as part of RO-HOLTECSMR300-011 Action 3, discussed further at the end of this section.
Single failure criterion
The RP’s deterministic principles (ref. [16]) state that no single random failure anywhere within the safety measures provided to secure a safety function should prevent the performance of that safety function, and the design characteristics of any Class 1 SSCs should include single failure tolerance and multiple redundancy. The RP’s application of the single failure criterion has excluded passive components from consideration and solely considered the single failure of active components (ref. [16]). My expectation, informed by SAP FA.6, EDR.4 and TAG 006 (expectation 5), is that exclusion of passive components from consideration as part of the single failure criterion should be justified. The RP has identified that further work is required to provide the justification of any components excluded from consideration as single failures, and to determine the implications for the design of consideration of those components that cannot be justifiably excluded (ref. [74]). 
Given the SMR-300 design generally adopts a two train design for the safety systems, the implications of potential inclusion of passive components in application of the single failure criterion - should there not be sufficient justification for their exclusion - are potentially significant for the design. In my view the RP’s stated methodology meets expectation 5 above at the principle level, however the application of this principle has a shortfall to the expectations set out in TAG 006 which may be significant for the fundamental adequacy of the design. This is therefore captured as part of RO-HOLTECSMR300-011 Action 3, discussed further at the end of this section.
Maintenance states
The RP’s safety assessment handbook (ref. [65]) states that DBA should assume the most onerous permitted plant states, however this is not explicitly mentioned as a deterministic safety principle. The RP additionally states (RQ-02002) that the SMR-300 is not permitted to operate at power if one train of a safety system is unavailable due to planned or unplanned maintenance, and that the plant must be brought to a shutdown condition before such maintenance can occur. This is not reflected in the RP’s stated deterministic safety principles and no Limits and Conditions of Operation (LCOs) have been specified yet that might implement this condition. Should a train of a safety system become unexpectedly unavailable at power the RP states that such a single train condition would be manged through additional limits on plant configuration and enhanced monitoring activities until the required plant state for maintenance could be reached. The RP has not presented any analysis or justification that there would be sufficient safety measures available in the period between the need arising for unplanned maintenance and the resolution of the required maintenance.
In my view, the RP’s stated methodology meets my expectation in regard to this aspect of FA.6 (expectation 6 above) at the principle level, however due to the maturity of the fault analysis the application of this principle has not yet been systematically undertaken. The potential implications for the design that may arise from application of the principle are therefore not yet understood. This potential shortfall against my expectations is captured as part of RO-HOLTECSMR300-011 Action 1, discussed further at the end of this section.
Fault grouping
The RP has presented its approach to grouping and bounding of fault sequences (ref. [66]). The RP has grouped the faults according to effects on safety functions, such as, decreased heat removal, or reactor coolant system inventory decrease, with the bounding fault being selected that has the most onerous consequences. The RP’s methodology states that: 
“The safety systems required to protect against or mitigate the consequences of the bounding design basis initiating faults (once defined) must also be appropriate and sufficient (e.g. in terms of diversity, redundancy etc.) to protect against or mitigate the consequences of the bounded PIE …”
The RP’s stated methodology requires that the safety systems are sufficiently diverse and redundant to protect against the consequences of the bounding fault. It is not clear from the RP’s methodology whether the degree of diversity and redundancy is expected to be examined for faults that may not be bounding in terms of the effect on the safety function defining the fault group, but may be more onerous than the bounding fault in terms of the plant availability. The PFS (ref. [66]) presents the results of the bounding and grouping undertaken and there are examples of initiating faults with more onerous plant availability - such as partially failed safety systems – bounded by faults with greater plant availability. For example, a loss of one of two trains of safety injection whilst shutdown is bounded by a loss of feedwater flow at power in the ‘decrease in heat removal’ fault group; in this case the degree of diversity and redundancy of safety systems available for the bounding fault is greater than for the bound fault. In scenarios such as this, application of engineering design principles such as consideration of common cause failures, and the single failure criterion may potentially result in more onerous consequences for the bound fault.
In my view, the RP’s methodology meets my expectation in regard to this aspect of FA.6 (expectation 7) at the principle level, however the fault sequence grouping and bounding undertaken is at an early stage of maturity and as the RP develops the fault analysis it should ensure that potential scenarios such as that described above are appropriately examined, this may be facilitated through greater clarity in the methodology. This potential shortfall is covered by Action 1 of RO-HOLTECSMR300-011 as discussed at the end of this section.
Diversity for frequent faults
The RP states as part of the definition of the design basis (ref. [16]) that for postulated initiating events, or bounding design basis faults, with a frequency of occurrence greater than 10-3 per reactor year it must be demonstrated that a diverse line of protection is available. At the principle level this meets my expectation with regard to this aspect of FA.6 (expectation 8 above). 
I identified from my sampling of the evidence presented in the PFS that the PFS (ref. [66]) identifies only one means of core cooling in the event of a frequent loss of coolant accident (LOCA).  However, the RP presents a revised position on the diverse means of core cooling (in response to RQ-01985) in which the primary decay heat removal system (PDH) and the first stage of the Automatic Depressurisation System (ADS1) provide the primary means of cooling, and the Secondary Decay Heat Removal System (SDH) and the second stage of the Automatic Depressurisation System (ADS2) provide the diverse means of core cooling. Both means of cooling are supported by the Passive Cooling Water Make Up Tank (PCMWT) for make-up water with the diverse means additionally employing the accumulators for make-up water. I questioned whether the potential for the PDH system to be the source of the initiating event affects this position, and the RP stated that it intends to justify that the PDH would remain capable of fulfilling its safety function in the event of a small LOCA originating from the system itself. 
As ADS1 and ADS2 share no SSCs, I judge that the RP has demonstrated at a high level that it intends to provide two lines of protection for a frequent LOCA and that the arguments provided are sufficient to conclude that there is no fundamental shortfall with the design in this respect. However, it is not obvious that an adequate demonstration of the effectiveness of the lines of protection can be made given the RP’s claims on the PDH to maintain its effectiveness whilst being the source of the LOCA. I mention this to highlight the potential risk of future design development in this area; this will need to be demonstrated as part of the RP’s further development of the fault analysis. 
I also note that the two specified lines of protection are not fully independent, with both relying on the PCMWT and associated safety injection lines and check valves for make-up water, and not fully diverse with both relying on separate stages of the ADS which work in a similar manner and rely on similar components. 
A broader lack of independence and diversity between lines of protection is present in the design as the electrical supplies for actuation of all safety systems are common and the Diverse Actuation System (DAS) - the secondary control and instrumentation (C&I) platform - shares common sensors and actuation mechanisms with the Plant Safety System (PSS) – the primary C&I platform. This does not appear to meet my expectations with regard to diversity informed by FA.6, EDR.3 and TAG 006. However, this specific aspect is within the scope of ONR’s C&I assessment and I note that an RO has been raised by the C&I inspector on this point (RO-HOLTECSMR300-013). 
Recognising the potential shortfall to regulatory expectations above, the RP’s further development of the fault analysis will need to provide adequate justification that the design reduces risks ALARP in this respect despite the lack of complete independence and diversity of the safety systems for frequent LOCAs. Subject to satisfactory resolution of the potential shortfall highlighted in RO-HOLTECSMR300-013, I judge that my expectations (expectation 8) have been met at the principle level.
Coincident faults
The RP does not state that coincident faults are considered as part of the design basis, the PFS does not include any consideration of coincident faults within the design basis, and the RP has verbally stated (ref. [75]) that there was no frequency criteria for including fault scenarios in the design basis. There has therefore been no consideration of coincident faults deterministically, such scenarios are analysed solely through the probabilistic safety assessment (PSA). I therefore judge that my expectation in this regard, informed by WENRA reference level E6 (ref. [51]) and IAEA SSR-2/1 (expectation 9), has not been met. This potential shortfall against my expectations is captured as part of RO-HOLTECSMR300-011 Action 3, discussed further at the end of this section.
Specification of design basis fault sequences - Conclusion
In my opinion the RP’s stated methodology for the identification and specification of design basis fault sequences in many areas meets my expectations as informed by SAP FA.6, TAG 006, WENRA reference level E6, and IAEA SSR-2/1 and set out above. However I note that there are some shortfalls to my expectations with respect to the consideration of passive components as part of the single failure criterion, independence of safety systems, and consideration of coincident faults. 
Several potential shortfalls to expectations relating to common cause failures, independence of safety systems and the single failure criterion have been noted by the C&I inspector and RO-HOLTECSMR300-013 has been raised on these aspects as they relate to the C&I architecture.
I note that the RP’s stated deterministic safety principles (ref. [16]) do not include all of the deterministic assumptions discussed and that although they have mostly been covered somewhere within the RP’s submissions there is no coherent outlining of the DBA methodology. 
The specification of design basis fault sequences through application of the deterministic assumptions discussed is at an early stage of maturity and this has been recognised by the RP (ref. [16]). The limited DBA (ref. [67]) that has been undertaken by the RP has highlighted several potential challenges for the design arising from the application of the deterministic assumptions  which the RP has committed to further work to address (refs. [16] [67]) (C_Faul_103). In my view, systematic application of the RP’s deterministic assumptions, appropriate analysis and justification of any exclusions or exceptions, has the potential to lead to challenges to the fundamental adequacy of the design. Consideration of the potential application of these deterministic principles to the emergency core cooling systems is discussed in section 4.2.6. 
Given the potential shortfalls to my expectations and the lack of a single coherent outlining of the deterministic principles to be applied, I judge that further development in the maturity of the methodology for the specification of design basis fault sequences should be undertaken. I have raised Regulatory Observation RO-HOLTECSMR300-011 that covers this potential shortfall:
Action 1 of the RO asks in part for a strategy for the further development of the design basis analysis and for the RP’s mature fault analysis methodologies to be presented.
Action 3 of the RO asks for a report that sets out the justification for the degree of redundancy and diversity of the SSCs in the SMR-300 design and specifies that this report should include consideration of:
An appropriately complete set of initiating events,
single failure tolerance, including consideration of single failures of passive components and appropriate justification of those excluded from consideration,
common cause failures and appropriate justification of those excluded from consideration,
consequential failures both from resulting internal hazards and from systematic failures such as spurious activation of control and instrumentation equipment,
coincident faults that might occur at sufficient frequency as to warrant consideration within the design basis,
complex fault sequences that are identified as appropriate candidates for beyond design basis analysis (DEC-A scenarios).
The RP has provided a resolution plan for RO-HOLTECSMR300-011 which aims to address the potential shortfalls identified and fulfil the actions specified. I judge that the resolution plan is appropriate and successful delivery of the plan should provide sufficient justification and evidence to address the actions specified and close the potential shortfalls identified (see section 4.2.14).
Acceptance criteria
My expectations on the acceptance criteria for design basis faults are informed by SAP FA.7 which sets out the expectation that the fault sequence analysis should demonstrate, so far as is reasonably practicable, that the correct performance of the claimed passive and active safety systems ensures that: 
none of the physical barriers to prevent the escape or relocation of a significant quantity of radioactive material is breached or, if any are, then at least one barrier remains intact and without a threat to its integrity; 
there is no release of radioactivity; 
and no person receives a significant dose of radiation.
Where the criteria above cannot be fully met within the design, SAP FA.7 seeks minimal consequences. This is reflected in the SAPs Numerical Target 4 which defines the dose acceptance criteria for the mitigated consequences of design basis fault sequences. The RP has presented the acceptance criteria applied for design basis analysis (ref. [16]). The acceptance criteria include technical acceptance criteria for the different fault categories which are aimed at protecting the barriers to radiological release such as the fuel clad, reactor coolant system, and containment structure. The technical acceptance criteria are graded according to the design basis condition class with some relaxation in acceptance criteria for lower frequency events. The technical acceptance criteria are set on parameters such as the Departure from Nucleate Boiling Ratio, fuel clad temperature, RCS pressure, or containment pressure. The technical acceptance criteria presented adhere to well established practice for PWRs and in my opinion adequately meet the expectations set out in SAP FA.7. 
In addition to the technical acceptance criteria, dose-based acceptance criteria are specified (ref. [76]) as would be expected; however, the doses specified are significantly higher than those that would be deemed tolerable as set out in the SAPs Numerical Target 4. PSR Part A Chapter 5 (ref. [5]) however states that the SAP Numerical Target 4 represents the criteria for assessing the radiological consequences of faults, and that risk should be demonstrated to be ALARP. There is clearly an inconsistency within the PSR as to the applicable dose based acceptance criteria. The RP has acknowledged this inconsistency and recognised that there is a difference in dose acceptance criteria being applied. The RP states (ref. [5]) that the commitment within the PSR (C_Faul_103) for further development of the fault analysis, includes the need for radiological consequence assessments to be performed for each design basis fault against ONR SAP Numerical Target 4. I am therefore satisfied that the RP’s dose based acceptance criteria meet the expectations set out in SAP FA.7.
In summary, whilst a significant amount of additional work is required in the future, the acceptance criteria claimed in the PSR are consistent with RGP and should enable the RP to further develop the necessary evidence in the future.
Categorisation of safety functions and classification of SSCs
SAPs EKP.4 and ECS.1 inform my expectations that safety functions will be identified and categorised based on their significance to safety. SAPs EKP.5 and ECS.2 set the expectation that SSCs will be identified and classified on the basis of those functions and their significance to safety. SAP FA.9 sets out the expectation that safety function categorisation and safety classification of SSCs should be informed by the fault analysis. These expectations are further developed in ONR’s TAG 94 and broadly aligned with the guidance in IAEA Specific Safety Guide, SSG-30. The RP has presented the results of the high level safety function identification process for the SMR-300 (ref. [77]) which specifies the system level safety functions that support the fulfilment of the high level plant safety functions, such as control of reactivity etc. Normal operation plant functions are also identified which are required to maintain stable at power operation. The RP’s DBA summary report [67] has additionally identified the safety functions required for the limited set of faults that were analysed. In my view this meets the expectation of SAP EKP.4 that safety functions should be identified based on normal operation and faults.
Given my conclusions in section 4.2.5 that the list of postulated initiating events is not sufficiently complete, the expectations of SAP EKP.4 are not completely met; however, I judge that further development of the initiating event list and the subsequent safety functional analysis will be sufficient to close the shortfall. I judge that evidence presented demonstrates that the methodologies applied are sufficient to adequately identify and specify the high level and system level safety functions, and thus meet the expectations of SAP EKP.4 in this regard. 
The RP’s safety assessment handbook (ref. [65]) outlines that the identification and specification of safety functional requirements at the sub-system and component level has not been undertaken as the level of safety analysis is not considered sufficiently detailed at this stage.
The RP’s safety function categorisation and classification of SSCs currently [78] classifies SSCs into two main groups either “safety-related” or "not safety-related” where the definition of safety-related is any component that is required to remain functional during and following a design basis fault[footnoteRef:2].  [2:  This differs from the term “safety related system” as used in ONR’s SAPs and TAGs and IAEA Safety Standards which is defined as “An item important to safety that is not part of a safety system”] 

In my opinion, the existing scheme described does not meet the expectations of SAP ECS.1 as there is no categorisation of the safety functions based on the likelihood of demand and consequences of the failure to fulfil the function.
In my opinion the existing scheme also does not meet the expectations of SAP ECS.2, as whilst the existing scheme does classify SSCs on the basis of whether they are required in the fulfilment of a safety function it only considers the high level safety functions that are likely to be Category A (under the proposed scheme outlined in Table 2). The existing scheme described only considers those SSCs required following a design basis fault, the existing scheme therefore doesn’t recognise the contributions to safety of the SSCs provided at levels 2 and 4 of defence in depth. The implementation of the existing scheme appears to only credit the primary means of fulfilling a safety function as the Diverse Actuation System (DAS) is classed as non-safety-related under the existing scheme(ref. [8]).
The RP has recognised that the existing scheme is unlikely to meet regulatory expectations and has presented a proposed scheme which will be applied to future safety case development. 
The RP has presented the safety function categorisation methodology that it intends to apply as part of future safety case development (refs. [16] [65]). The methodology (Table 2) reflects the example scheme presented in TAG 094 (ref. [59]) and therefore meets my expectations informed by SAP ECS.1.
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The RP’s methodology for the categorisation of SSCs (Table 3) (refs. [16] [65]) similarly reflects the example scheme presented in TAG 094 and thus meets my expectations informed by SAP ECS.2.
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The RP’s proposed methodologies have been applied to a limited set of 6 faults in the DBA summary report (ref. [67]) to provide an indication of the safety classification of the main safety systems. The PFS (ref. [66]) additionally presents indicative safety classifications for a broader range of systems but has taken a less rigorous approach to the application of the methodologies. The limited application of the stated methodologies has raised several potential challenges on the classification of systems that will require further work to address. The RP has raised a commitment to undertake a more comprehensive safety assessment post-GDA (C_Faul_103).
In my opinion, the RP has demonstrated that it understands the regulatory expectations and has presented a proposed methodology for the categorisation of safety functions and classification of SSCs that would meet the expectations of SAPs ECS.1, ECS.2 and FA.9. The RP has additionally demonstrated that it can apply the proposed methodology to the design and has used it in a limited scope analysis to identify some challenges and requirements for future work. However, the proposed scheme has not been formally or systematically applied, and given the shortfalls to expectations in the existing scheme and the potential challenges already identified by the limited application of the proposed scheme, I judge that there is the potential for a more comprehensive application of the proposed methodology to identify further challenges that may require changes to the design requirements of SSCs.
I have raised Regulatory Observation (RO) RO-HOLTECSMR300-011 that covers this potential shortfall. Action 1 of the RO asks in part for a strategy for the further development of the fault analysis including the application of methodologies for safety function categorisation and safety classification of SSCs. 
The RP has provided a resolution plan for RO-HOLTECSMR300-011 which aims to address the potential shortfalls identified and fulfil the actions specified. I judge that the resolution plan is appropriate and successful delivery of the plan should provide sufficient justification and evidence to address the actions specified and close the potential shortfalls identified (see section 4.2.14).
Performance analysis and validation of codes
Transient analysis
My expectations are informed by SAP FA.3 and FA.4 which set out the expectation that transient analysis should be carried out to provide adequate understanding of the behaviour of the facility under fault conditions, and SAP FA.8 which sets out the expectation that the safety measures should be shown to be capable of bringing the facility to a stable, safe state following any design basis fault and that consequences are reduced ALARP. 
My expectations are additionally informed by SAP ESS.10 which sets out the expectation that the capability of a safety system should exceed that necessary for the effective delivery of the safety functions in fault conditions by a clear margin with due allowance made for uncertainties in plant characteristics.
The RP has yet to commence its programme of transient analysis for the SMR-300, however the RP provided some indicative analysis aimed at demonstrating its capability and to provide confidence in the functional capability of the safety systems to fulfil their safety functions [68]. 
The RP has specified the codes that will be employed in the transient analysis (ref. [16]). The codes the RP intends to use are:
System thermal hydraulics analysis: RELAP5-3D
Core thermal hydraulics analysis: COBRA-FLX. 
Containment analysis: GOTHIC. 
Core physics modelling: CASMO5, CMSLINK5, SIMULATE5 and SIMULATE-3K. 
The codes the RP intends to use are well established within the nuclear industry and not novel. RELAP5-3D has been previously used to model natural circulation in PWRs and should therefore be suitable for modelling the passive cooling systems of the SMR-300 subject to appropriate validation. I therefore judge that the codes are appropriate.
The indicative analysis (ref. [68]) considers seven faults selected to give sufficient coverage of the main plant systems to provide information on the behaviour of the plant in some fault sequences of interest to support the GDA; these were not all bounding faults or sequences that would set the design parameters for the safety systems. 
The simplified transient analysis presented didn’t model fuel performance and thus no assessment against fuel acceptance criteria was presented. The analysis additionally employed a point reactor kinetics model, and all geometries in the models were unverified and preliminary. The codes were not yet validated or verified. Despite these shortfalls I sampled the analysis to build confidence in the RP’s capability to appropriately employ relevant codes and methods.
One of the fault sequences presented of most interest in terms of informing the design parameters for the plant was the Large Break Loss of Coolant Accident (LBLOCA). The analysis presented includes some assumptions made on the upper core internals as the design was not complete at the time of performing the analysis. 
The LBLOCA analysis additionally included a Counter Current Flow Limit (CCFL) model to take account of the potential limitation of cooling water flow to the core due to the flow away from the core towards the break site of the RCS inventory during the depressurisation phase of the transient. The coefficients used in the CCFL model were taken from rig tests replicating a large four loop PWR (refs. [68] [79]). The coefficients employed in a CCFL model are dependent on the geometries of the system and it was not clear to me that the coefficients used were appropriate given the SMR-300 is a small two loop PWR with geometries that may be dissimilar to the test rig. The RP stated that modelling assumptions and parameters such as this would be updated prior to commencing the planned transient analysis programme once the code validation programme was complete which would include determining the appropriate modelling parameters (the RP’s approach to this is discussed further in the following section). As the analysis didn’t include fuel performance modelling it is not clear whether the fuel temperature limit was met in the transient modelled, however the results show there was some benefit to fuel temperature provided by coolant flow during the depressurisation phase. It is not clear whether this is appropriately modelled given the unvalidated parameters in the CCFL model and the preliminary geometries.
The RP’s approach to demonstrating adequate safety margins is through conservative assumptions in the analysis and acceptance criteria rather than explicit uncertainty quantification. This is a well-established approach for deterministic safety analysis and aligns with one of the proposed approaches in IAEA SSG-2 (ref. [61]). In my view, this is an appropriate approach and meets the expectations of SAP ESS.10, although I note that the results are not yet available to demonstrate that this has been achieved in practice for the design.
In my view, the discussion on the modelling approach adopted in the indicative transient analysis report (ref. [68]) demonstrates that the RP understands those aspects of the approach that were preliminary in nature which may be potentially significant to the results. The indicative analysis provided additionally demonstrates the RP’s capability to construct a model and effectively analyse the relevant transients. 
Given the uncertainty in the modelling parameters and geometries and the simplified modelling methodologies presented in the indicative analysis, I judge that no firm conclusions on the capability of the reactor coolant systems can be drawn from the results of the transient analysis presented. The indicative analysis (ref. [68]) does however demonstrate that the RP has the requisite capability and is employing appropriate codes and methods such that I judge it is likely to be able to appropriately analyse the capability of the safety systems once the validation programme has concluded and the modelling parameters and geometries have been appropriately set. I therefore judge that my expectations informed by SAP FA.3, FA.8, TAG 006 and SSG-2 are likely to be met in this regard in the future, and I am content that this is normal business.     
Validation of codes
My expectations on the verification and validation of computer models are informed by SAP AV.1 which sets out the expectation that computer models should adequately represent the facility, and SAPs AV.2 and AV.3 which set out the expectation that calculation methods and data respectively should:
adequately represent the physical and chemical processes modelled; 
be validated through comparison with actual experience, experiments, and tests and/or though comparison with other validated models; 
take account of uncertainties; 
have the range of applicability of the validation specified. 
My expectations are additionally informed by ONR’s TAG 042 (ref. [58]), and IAEA SSG-2 (ref. [61]).
The RP states (ref. [16]) that the codes used for the analysis of the SMR-300 will be validated according to the United States Nuclear Regulatory Commission’s (US NRC) Evaluation Model Development and Assessment Process (EMDAP) (ref. [80]). ONR’s TAG 042 states that the Code Scaling and Uncertainty (CSAU) evaluation methodology which is employed in the EMDAP process is considered relevant good practice.
A key part of the CSAU methodology and EMDAP process is the development of Phenomena Identification and Ranking Tables (PIRT). The PIRT process considers the thermohydraulic phenomena of significance for the relevant scenario and ranks them on their importance to the progression and outcome of the scenario and on how well the phenomena are understood in order to determine the areas for further examination and validation. 
I chose to sample the area of uncertainty I identified above relating to the CCFL coefficients to determine whether the process was working in practice. The RP’s PIRT for LBLOCA considered 134 phenomena and determined that 20 were of high importance but with a medium state of knowledge including the CCFL phenomenon discussed above, and notes that the phenomenon has not been evaluated for the SMR-300. These were the 20 most significant phenomena requiring further analysis as determined by the PIRT.
The RP’s verification and validation plan for RELAP5-3D [69] states that the SMR-300 Integral Effects Test (IET) facility will be used to provide complete coverage of the phenomena identified in the PIRTs including for LBLOCA, and the RP’s requirements document for the test facility (ref. [70]) outlines the design requirements on the facility to be able to undertake LBLOCA tests. In my view it is clear that the area of uncertainty I discussed above relating to the CCFL coefficients has been identified by the PIRT process and it is planned to be assessed and validated using the SMR-300 IET facility.
Although validation of the codes is at an early stage, the information that has been submitted is consistent with RGP (ONR’s SAPs AV.1 to AV.3, TAG 042 and IAEA Specific Safety Guide SSG-2). I consider that there is a credible route to a demonstration that regulatory expectations have been met with respect to the validation and verification of codes and methods.
Shutdown Systems
My expectations are informed by SAP ERC.2 which sets out the expectation that at least two diverse systems should be provided for shutting down a civil reactor. My expectations are also informed by similar expectations set out in SSR-2/1 Requirement 46 (ref. [60]) and WENRA reference level E9.6 (ref. [51]).
The RP’s claimed primary shutdown system is comprised of the Rod Cluster Control Assemblies (RCCA) which drop into the core under gravity upon deactivation of the electromagnetic coils in the Control Rod Drive (CRD) mechanism. Such systems are a common means of providing reactor shutdown for PWRs and there is nothing significantly novel about the proposed approach and so I did not assess this system further.
The RP states that a second means of shutdown is provided by boron control in Reactor Coolant System (RCS) [6]. In the event of a failure of the primary means of shutdown, assuming the safety system activation signal was initiated[footnoteRef:3], the normal operational heat removal systems would isolate leading to an imbalance of heat production against heat removal as the core would still be at full power. The RP states that the passive decay heat removal systems (the PDH and SDH) would initiate to provide heat removal, with each of the two systems designed to remove 100% of the normal shutdown decay heat. The RP states that as the moderator and fuel heat up due to the imbalance in heat removal the negative reactivity feedback provided by the moderator and doppler temperature effects would act to reduce reactor power, this reactivity feedback is a common feature of PWR design. The RP states that the reactivity feedback mechanisms would act to reduce reactor power to the level of the decay heat removal systems until the heat removal and generation were balanced – preliminary modelling of this transient was presented in the RP’s indicative transient analysis report (ref. [68]). The RP states that the reactor would then remain at this power until activation of the ADS1 system which would act to depressurise the RCS. Once the RCS pressure had dropped to below the accumulator set point boronated water would inject from the accumulators shutting down the reactor. [3:  This type of fault is generally referred to as an Anticipated Transient Without SCRAM (ATWS)] 

The RP states that activation of the ADS1 system would occur on a timer set to 24 hours after the loss of offsite power (ref. [81]). As offsite power is not a claimed safety system the RP has assumed its loss when considering the analysis of a failure of the primary means of shutdown. The RP verbally stated [CR-01280] that if offsite power remained available activation of ADS1 would occur on a containment pressure signal arising due to the boiling off of the in-containment PCMWT which serves as the cooling means for the PDH system. In either case the reactor would remain at a low power fluctuating around the heat removal capacity of the decay heat removal systems prior to activation of the ADS1 system, the indicative transient analysis (ref. [68]) for a fault such as this gives ~50-100 MWth.
The proposed delay for an extended period at a reduced power level following the demand to shutdown the reactor before the reactor is shutdown is a novel feature of the SMR-300. Only limited analysis of the operation and function of the proposed means of shutdown has been presented, and it is not clear how the means of shutdown would be initiated for different fault scenarios as in addition to the potential means described above the indicative transient analysis suggests initiation might occur due to low pressuriser level (ref. [68]).
The RP has not presented any arguments or evidence to justify that the design of the secondary means of shutdown reduces risk ALARP. I note that a common feature on other reactor designs is for activation of the secondary means of shutdown to be triggered by detection of a failure of the primary means, and that it is also common for PWR reactors to be provided with a high pressure means of boron injection as a secondary means of shutdown. In my opinion the RP’s justification of how the proposed design reduces risks ALARP should address why provision of such design features would be grossly disproportionate to any potential net safety benefits.
As discussed in section 4.2.6.2. TAG 006 (ref. [55]) sets out the expectation that design basis faults more frequent than 10-3 per year should have additional fault sequences specified in which failure of the principle means of delivering a safety function is assumed. My expectations are therefore that design basis fault sequences should be specified for initiating events more frequent than 10-3 per year which assume that the primary means of shutdown has failed.
Currently the planned programme of transient analysis treats Anticipated Transient Without SCRAM (ATWS) faults as beyond design basis faults which are not necessarily subject to the same acceptance criteria or set of deterministic assumptions (ref. [68]) as for design basis faults. I note however that the RP has committed to undertaking as necessary, supplemental safety assessment to appropriately address UK expectations and good practice (C_Faul_103) which should address this potential shortfall.
Given the novel nature of the secondary means of shutdown and absence of any arguments or evidence to justify that the design of the proposed secondary means of shutdown reduces risks ALARP, and the potential shortfall in the planned analysis of the relevant faults and substantiation of the efficacy of the secondary means of shutdown, I judge that there is a potential shortfall to regulatory expectations. I have raised an RO (RO-HOLTECSMR300-002) to address this potential shortfall. 
Action 1 of the RO asks for a demonstration that risks have been reduced ALARP with respect to a secondary means of shutdown, and 
Action 2 asks for a demonstration of the effectiveness of the secondary means of shutdown using appropriate fault analysis methodologies covering all design basis faults with an initiating event frequency >10-3 per year, and any relevant complex fault sequences such as Design Extension Condition A (DEC-A) scenarios.
The RP has provided a resolution plan for RO-HOLTECSMR300-002 which aims to address the potential shortfalls identified and fulfil the actions specified. I judge that the resolution plan is appropriate and successful delivery of the plan should provide sufficient justification and evidence to address the actions specified and close the potential shortfalls identified (see section 4.2.14).
Passive cooling systems
My expectations with regards to the design of safety systems are informed by SAPs EDR.2 - EDR.4 which set out the following expectations:
EDR.2: that redundancy, diversity and segregation should be incorporated as appropriate within the designs of SSCs; 
EDR.3: that CCF should be addressed explicitly where a SSC employs redundant or diverse components, measurements or actions to provide high reliability; 
EDR.4: that no single random failure, assumed to occur anywhere within the systems provided to secure a safety function, should prevent the performance of that safety function, and that a system that is the principal means of fulfilling a Category A safety function should, other than in exceptional circumstances, always be designed to meet the single failure criterion. Related to EDR.4 is the guidance from TAG 006 which states that failure of passive components should not be excluded from consideration in application of the single failure criterion, and that any exclusion of passive components should be justified. 
As can be seen from the description in Section 3, there are several aspects of the SMR-300 design where there are only two trains of a safety system provided. This is a novel aspect of the SMR-300 design. Typically the redundancy provisions for safety systems for reactors follow a three or four train approach with the typical philosophy assuming that one train is the source of a postulated initiating event and is therefore not available to respond to the event and another train is unavailable due to application of the single failure criterion leaving one train to respond to the fault, and potentially another train specified if maintenance of the system is to be allowed in plant states where it may be required to fulfil its safety function.
As the current analysis of the SMR-300 design has excluded passive components from consideration as part of the single failure criterion there are potential shortfalls to expectations in the redundancy of the design that have not been fully analysed or justified. For example, following an initiating fault in the steam system the SDH would be unavailable, leaving the single train of PDH available to fulfil the intact circuit core cooling function, should this single train be rendered inoperable by a single failure that would leave no intact circuit core cooling available. Potential single failures that might plausibly render the PDH inoperable could include: failure, blockage, or fouling of the PDH heat exchanger; airlock due to non-condensable gas buildup in the PDH system; foreign material blockage in the PDH system; spurious closure of the PDH system isolation valve. Similarly in the PCM system a failure of the DVI lines or valves between the accumulators and the RPV would leave only a single line available, single failure of the MOV or non-return valves on the remaining line would leave no accumulators available. 
If single failures such as these were applied as part of the single failure criterion then the design would not, in my opinion, meet the expectations of SAP EDR.4 that the primary means of fulfilling a Category A safety function (which these would likely be if a similar categorisation and classification scheme as that assumed in the SAPs were applied) should be single failure tolerant.
The potential for single failures such as those discussed above should be analysed and justifications provided as to why they can be excluded from consideration as part of the single failure criterion, such justification has not been presented. The RP has identified many of these potential challenges as well as others not discussed here (refs. [74] [67]) and committed to further work to analyse and address them (C_Faul_103).
The safety case and associated fault analysis has not currently presented any justification for some potential CCFs that appear to have been excluded from consideration such as whether there is the potential for chloride ingress in the steam system to challenge both the SG and SDH heat exchangers which may lead to a containment bypass fault. The PSA inspector has considered the RP’s arguments on which CCFs are credible of the MOVs on the safety systems and concluded that there are potential shortfalls. In my view this does not meet the expectations of SAP EDR.3 that CCF should be addressed explicitly and the claims justified. The consideration of CCFs such as these may have an effect on the design.
In my view, it may be possible to justify a two train design provides sufficient redundancy and diversity. However a comparable standard of redundancy and diversity as would result from applying the deterministic principles discussed in Section 4.2.6 needs to be demonstrated. This needs to include adequate justification for excluding passive components from single failure criterion assessments when they may represent the worst-case single failure. Any shortfalls relative to these expectations should be analysed and justified as tolerable, and risks should be shown to be reduced to ALARP. Due to the novelty of the two train design proposed with high reliance on passive features, the analysis and justification should demonstrate a high degree of confidence in the adequacy of redundancy and diversity in the design. Given the novel two train design and relative novelty of the safety systems provided for emergency core cooling, and the potential challenges that are yet to be addressed or justified, I conclude that the DBA currently presented is not sufficiently mature to draw conclusions on the adequacy of the redundancy and diversity in the design of the SSCs provided to fulfil the emergency core cooling safety function, and thus it is not clear that the expectations of SAP EDR.2, EDR.3 or EDR.4 have been met. I have raised Regulatory Observation RO-HOLTECSMR300-011 that covers this potential shortfall:
Action 1 of the RO asks in part for a strategy for the further development of the design basis analysis and for the RP’s mature fault analysis methodologies to be presented.
Action 3 of the RO asks for a report that sets out the justification for the degree of redundancy and diversity of the SSCs in the SMR-300 design and specifies that this report should include consideration of:
An appropriately complete set of initiating events,
single failure tolerance, including consideration of single failures of passive components and appropriate justification of those excluded from consideration,
common cause failures and appropriate justification of those excluded from consideration,
consequential failures both from resulting internal hazards and from systematic failures such as spurious activation of control and instrumentation equipment,
coincident faults that might occur at sufficient frequency as to warrant consideration within the design basis,
complex fault sequences that are identified as appropriate candidates for beyond design basis analysis (DEC-A scenarios).
The RP has provided a resolution plan for RO-HOLTECSMR300-011 which aims to address the potential shortfalls identified and fulfil the actions specified. I judge that the resolution plan is appropriate and successful delivery of the plan should provide sufficient justification and evidence to address the actions specified and close the potential shortfalls identified (see section 4.2.14).
Isolation of SDH containment penetrations
An additional novel aspect of the design relating to the passive cooling systems is the lack of isolation valves on the SDH lines that pass through containment. Typically containment penetrations are provided with isolation valves to ensure the integrity of the containment barrier in the event of a failure of the pipework outside of containment.
My expectations on containment isolation valves for containment penetrations of this type are informed by Requirement 56 of IAEA SSR-2/1 (ref. [60]) which states that each line that penetrates the containment and is neither part of the reactor coolant pressure boundary nor connected directly to the containment atmosphere shall have at least one adequate containment isolation valve.
I note that the SDH system outside of the containment barrier is a closed system and thus the pipework and heat exchanger outside of containment effectively form part of the containment barrier, however no demonstration has been presented that the risks of failure of any of these components has been analysed and the resultant risk has not been justified to be reduced ALARP.
In my view the novelty of the design and the departure from my expectations informed by SSR-2/1 suggest a need to demonstrate a high degree of confidence in the proposed design which has not been provided due to the lack of analysis or justification presented. I have raised an RO on this potential shortfall (RO-HOLTECSMR300-004). Action 1 of the RO asks for analysis of the consequences of failure of SDH SSCs outside of containment, and Action 2 asks for a demonstration that the risks have been reduced ALARP with respect to the provision of isolation valves on the SDH containment penetrations.
The RP has provided a resolution plan for RO-HOLTECSMR300-004 which aims to address the potential shortfalls identified and fulfil the actions specified. I judge that the resolution plan is appropriate and successful delivery of the plan should provide sufficient justification and evidence to address the actions specified and close the potential shortfalls identified (see section 4.2.14).
Fault schedule
SAP FA.8 and SAPs paragraph 407 (ref. [41]) set the expectation that a fault schedule should be produced that summarises the DBA; linking faults, fault sequences and safety measures.
The RP has presented a preliminary fault schedule (PFS) (ref. [66]) which outlines the bounding fault groups derived from the initiating event list, the protection measures provided in the design to protect against those faults and the safety functions that they fulfil. The PFS additionally outlines the safety classification of the SSCs and the potential unmitigated consequences of the fault group.
Given the low level of maturity of the DBA (ref. [67]) the information presented in the PFS is similarly of a low level of maturity, but is sufficient to give an understanding of the design intention of the facility and effectively illustrate the diverse lines of protection that may be claimed for each frequent fault group and a preliminary understanding of the intended safety classification of the SSCs.
In my view whilst a significant amount of additional work is required in the future, the information that has been submitted is consistent with relevant good practice and there is a credible route to a position that will meet regulatory expectations with respect to provision of a fault schedule.
SAA strategy and methodologies
My expectations on the scope and strategy for SAA are informed by SAPs FA.15, FA.16 and TAG 007 which set out the expectations that fault states, scenarios and sequences beyond the design basis that have the potential to lead to a severe accident should be analysed, and that severe accident analysis should be used in the consideration of further risk-reducing measures.
The RP has presented a high level overview of the plan for the SAA of the SMR-300 (ref. [17]). The RP states that the SAA aims to:
Identify all potential severe accident phenomena that should be considered, as well as the phenomena that can be excluded from analyses. 
Demonstrate protection against beyond design basis events.
Define the Safety Features provided to manage Severe Accidents. 
Define the Emergency Operating Procedures and Severe Accident Management Guidelines.
The RP further states [17] that the objectives of the SAA are to meet the expectations set out in ONR’s technical assessment guide on severe accidents (TAG 007) (ref. [56]).
The RP presents a more specific set of acceptance criteria for SAA (ref. [71]) which outline that the main focus of the SAA is to demonstrate that the containment barrier integrity is maintained and that any releases of radiation are sufficiently mitigated.
At a high level I judge that these objectives, if delivered, would meet the expectations of SAPs FA.15 and FA.16, however, the RP has not presented any evidence that demonstrates that the objectives have been met, or any methodologies for how this high level strategy will be delivered. In my view this is representative of the lack of maturity in the SAA.
The RP’s safety assessment handbook (ref. [65]) states that SAA has not been performed at this stage of development. The RP has raised a commitment to capture the requirement for further work (C_SAA_085).
I have raised RO-HOLTECSMR300-011 which addresses the lack of maturity in several aspects of the fault analysis including in the severe accident analysis. Action 1 of the RO asks in part for a strategy and methodologies for the delivery of adequate severe accident analysis (see section 4.2.14).
Identification of DEC-B sequences
My expectations are informed by IAEA SSR-2/1 (ref. [60]) Requirements 13 & 20 which set out the expectations that a set of design extension conditions shall be derived which should typically cover design extension conditions including accidents with core melting (DEC-B scenarios), and that these shall be used to plan practicable provisions for the prevention of such accidents or mitigation of their consequences. 
The RP has not presented any methodology for the identification of DEC-B scenarios, but states that it has been done on the basis of PSA information (ref. [17]), but also concedes that no level 2 PSA is available for the SMR-300 (I note that a PSA has been presented for the SMR-160 design which has been assessed by the PSA inspector). A limited list of preliminary DEC-B scenarios is identified (ref. [71]) but there is no information given on how these were derived, or justification that they are an appropriate set of scenarios. The list presented appears to be incomplete and some scenarios appear to not be applicable to the SMR-300 as they make reference to systems not present in the SMR-300 design. Although it is not explicitly stated, I believe that the list is intended to be indicative of the types of events that may be identified and not represent a list derived from SAA of the SMR-300.
The RP’s safety assessment handbook (ref. [65]) states that SAA has not been performed at this stage of development. The RP has raised a commitment to capture the requirement for further work (C_SAA_085).
Due to the immaturity of the SAA methodologies, and the work to identify DEC-B scenarios, I judge that my expectations as set out above have not been met. In my opinion the identification and analysis of appropriate DEC-B scenarios has the potential to lead to changes to the design, and that insufficient information has been provided to form a judgment on the fundamental adequacy of the design in this area. I have raised RO-HOLTECSMR300-011 which covers this potential shortfall with Action 1 asking in part for the methodologies for SAA, and a strategy for delivering the SAA.
The RP has provided a resolution plan for RO-HOLTECSMR300-011 which aims to address the potential shortfalls identified and fulfil the actions specified. I judge that the resolution plan is appropriate and successful delivery of the plan should provide sufficient justification and evidence to address the actions specified and close the potential shortfalls identified (see section 4.2.14).
Practical elimination 
My expectations with respect to the practical elimination of large or early releases is informed by IAEA SSR-2/1, SSG-2 and SSG-88, as well as WENRA guidance on practical elimination for new NPP designs (ref. [64]). Some aspects of the guidance of particular note for my assessment are:
IAEA SSR-2/1 (ref. [60]) Requirement 20 which sets out the expectation that the plant shall be designed so that it can be brought into a controlled state and the containment function can be maintained, with the result that the possibility of plant states arising that could lead to an early radioactive release or a large radioactive release is practically eliminated. 
IAEA SSG-2 (ref. [61]) which sets out the expectation that in order to exclude containment failure, analysis should demonstrate that very energetic phenomena that may result from an accident with core melting are prevented (i.e. the possibility of the conditions arising may be considered to have been ‘practically eliminated’). 
IAEA SSG-88 (ref. [62]) which sets out the expectation that the demonstration of practical elimination cannot be approached only by probabilistic means, and that meeting a probabilistic target alone is not a justification to exclude further deterministic and engineering analyses and possible implementation of additional reasonably practicable safety provisions to reduce the risk.
SSG-2 and SSG-88 additionally provide indicative lists of PWR states for practical elimination which have informed my assessment.
The RP states (ref. [17]) that one of the objectives of the SAA will be to demonstrate that large or early releases have been practically eliminated, however, the RP has not presented any arguments or evidence to demonstrate that large or early releases have been practically eliminated, or any methodologies for how practical elimination will be demonstrated. In my opinion, this does not meet the expectations set out in SSR-2/1 as SSG-2 and listed above.
The RP stated (ref. [75]) that the planned approach to practical elimination is to demonstrate that the large or early release frequency is <10-7 per year using the Level 2 PSA. In my view this does not meet the expectations set out in SSG-88 listed above.
In my opinion, the analysis and demonstration of practical elimination has the potential to lead to the requirement for changes to the design and thus insufficient information has been provided to form a judgment on the fundamental adequacy of the design in this area. I have raised RO-HOLTECSMR300-011 which covers this potential shortfall. Action 1 of the RO asks in part for the methodologies to be used for SAA to be presented as well as a strategy for the delivery of the work to apply the methodologies, and Action 4 asks for a justification that the potential for large or early releases of radioactivity have been practically eliminated.
The RP has provided a resolution plan for RO-HOLTECSMR300-011 which aims to address the potential shortfalls identified and fulfil the actions specified. I judge that the resolution plan is appropriate and successful delivery of the plan should provide sufficient justification and evidence to address the actions specified and close the potential shortfalls identified (see section 4.2.14).
Safety measures for severe accidents 
My expectations with respect to the provision of safety measures for severe accidents are set out in sections 4.2.8., 4.2.9. and 4.2.10. My expectations are additionally informed by SAP EKP.3 which sets out the expectation that additional safety measures are provided to mitigate the consequences of accidents, especially severe accidents, and that, the safety measures provided at each level of defence in depth should be, as far as practicable, independent from one another.
Although the RP has not yet undertaken systematic SAA and used the results to inform the design, safety measures aimed at preventing or mitigating the consequences of severe accidents are specified in the design (ref. [17]). In this respect I judge that the high level intent of SAP EKP.3 have been met. The specification of these safety measures has been based on operating experience of previous generations of PWRs and evolution of PWR design. 
Many of the safety measures that are typically found on PWRs for severe accident mitigation purposes are present in the SMR-300 design, for example Passive Autocatalytic Recombiners (PARs) are provided for hydrogen management, and connection points are provided for mobile back-up equipment to provide make-up water or electrical supplies if required.
The proposed accident management strategy for containment of the molten core material in a core melt scenario is via in-vessel retention with cooling of the external surface of the pressure vessel through flooding of the reactor cavity by the passive core make-up water system, and passive feed and bleed via the ADS system and PCMWT to provide RCS cooling.
Containment pressure and temperature control is provided by the passive containment heat removal system which removes heat via conduction through the containment wall and evaporation of the annular reservoir that envelopes the containment structure.
In my view, although the efficacy of the safety measures discussed has not been substantiated, and the analysis has not been undertaken to demonstrate that they are sufficient to protect against all DEC-B scenarios or to practically eliminate large or early releases, the proposed accident management strategies and presence of severe accident safety measures are apparent and fulfil similar functions as safety measures on other modern PWRs. I therefore have no specific concerns with the safety measures proposed, with one exception.
A safety measure that is typically found on modern PWRs that is not present on the SMR-300 is a dedicated RCS depressurisation system at level 4 defence in depth. The ADS stages 1 & 2 are provided to depressurise the RCS and allow for passive feed from the PCM system to provide core cooling. ADS stages 1 & 2 are required to respond to design basis faults and thus sit at level 3 of the defence in depth hierarchy. A design feature often found on Gen III+ PWRs is a diverse means of RCS depressurisation that acts in response to indications of core damage. This is to ensure that a high pressure core damage scenario cannot occur so that the potential for high pressure ejection of molten core material and the potential for resulting direct containment heating is practically eliminated. Although ADS is comprised of four redundant trains a common cause failure of these trains may be a route to a core damage state and a plausible candidate for a DEC-B scenario.
The RP has not provided any discussion or justification for the lack of a diverse means of depressurising the RCS at level 4 defence in depth. In my view the divergence from typical PWR design in this area should be justified with appropriate arguments and analysis this has not been provided due to the immaturity of the SAA. I have raised RO-HOLTECSMR300-003 to cover this potential shortfall with Action 1 asking for a demonstration of practical elimination of a large or early release caused by direct containment heating due to high pressure melt ejection, and Action 2 asking for a justification as to how the risks associated with the design have been reduced ALARP with respect to the prevention of high pressure melt ejection.
The RP has provided a resolution plan for RO-HOLTECSMR300-003 which aims to address the potential shortfalls identified and fulfil the actions specified. I judge that the resolution plan is appropriate and successful delivery of the plan should provide sufficient justification and evidence to address the actions specified and close the potential shortfalls identified (see section 4.2.14).
In my view the potential shortfall covered by RO-HOLTECSMR300-003 is a specific example of the potential shortfalls that may exist due to the immaturity of the SAA. I judge that given the sampling nature of my assessment there may be other areas of the design which may potentially be challenged as the SAA develops, I have raised RO-HOLTECSMR300-011 which covers the broader lack of SAA for the SMR-300 as discussed previously.
Defence in depth
In addition to the expectations of SAP EKP.3 set in section 4.2.11. my expectations on the application of defence in depth are informed by IAEA SSR-2/1 (ref. [60]) Requirement 7 which sets out the expectation that the design shall prevent failure of one or more barriers, as far as is practicable, and SAP FA.7 which additionally sets out the expectation that failures of barriers should be prevented as far as reasonably practicable.
There are typically three barriers to radiological release assumed for PWRs, those being the fuel pin integrity, the RCS integrity, and the containment structure integrity including the containment isolation system. The integrity of those barriers is ensured by safety measures that limit the challenges to integrity in normal operation and fault conditions. Safety measures provided at levels 1, 2 & 3 of defence in depth are generally aimed at protecting the integrity of the fuel and RCS barriers, and safety measures at level 4 are generally aimed at protecting the integrity of the containment barrier.
Emergency core cooling systems are typically provided in PWRs at level 3 defence in depth that aim to ensure the temperature and pressure challenges to fuel or RCS integrity in fault conditions are within design limits. The SMR-300 employs passive cooling systems for emergency core cooling which should theoretically provide safety benefits in terms of the reliability of the systems, and in my view if these reliability benefits can be demonstrated this is a positive aspect to the SMR-300 design.
In LOCA faults the RCS integrity has failed as part of the initiating event, and in this case the safety measures provided at level 3 defence in depth aim to protect the integrity of the fuel barrier as far as is practicable, and to protect the integrity of the containment barrier. Injection of make-up water and ejection of steam from vent valves is a common strategy for providing emergency core cooling in LOCA scenarios in PWRs (often termed feed and bleed). In the SMR-300 design cooling for LOCAs is provided by the ADS and PCM systems with the ADS rapidly depressurising the RCS to allow for make-up water injection from the accumulators (driven by accumulator pressure) and the PCMWT (driven by gravity head) which comprise the PCM system. Heat is removed from containment via conduction through the containment structure into the annular reservoir which provides the ultimate heatsink via evaporation. Cooling is then provided in the long term by passive feed and bleed with steam being ejected through the ADS valves, condensing on the containment structure walls and flowing under gravity into the spent fuel pool where it can pass back to the PCMWT. The flow into the PCMWT provides the head to drive the flow through the RCS. 
The cooling strategy described above is also employed as the 2nd line of protection for intact circuit faults according to the PFS (ref. [66]), with the first line being provided by the PDH and SDH systems. The use of the cooling strategy described for LOCAs as a means of protecting against intact circuit faults is unusual as it intentionally fails the RCS barrier to create a LOCA in order to provide the means of emergency core cooling. In my view, this has the potential to challenge the expectations of SAP FA.7 and Requirement 7 of SSR-2/1 stated above, and the RP has not provided any demonstration of justification that the design prevents the failure of barriers as far as practicable. RO-HOLTECSMR300-011 Action 4 addresses this potential shortfall as discussed below.
This same cooling strategy as described for LOCAs is also claimed at level 4 of defence in depth as the means of cooling a molten core and providing containment heat removal in severe accident scenarios. As the ADS, PCM and PCH systems are claimed as safety measures at level 3 defence in depth in response to LOCAs and as a second line of protection for intact circuit faults, the safety measures at levels 3 & 4 of defence in depth are not independent. This is not unusual for LOCA scenarios where PWRs often employ the same means of protecting the containment in response to LOCAs as for severe accidents – although additional diversity and redundancy may be provided for those means - but this is a novel position with respect to intact circuit faults. In my view, this has the potential to challenge the expectations of EKP.3 and the RP has not provided any demonstration or justification that the safety measures provided at different levels of defence in depth are independent as far as practicable.  However, I judge that it is likely that such a justification can be made in the case of LOCAs due to the existing practice for PWRs.
I note that the RPs design challenge paper (ref. [74]) on potential single failure criterion shortfalls states an intention to claim PDH and SDH as the two diverse lines of intact circuit cooling rather than as two trains of the primary line as stated in the PFS (ref. [66]) which would eliminate the potential shortfall discussed above (although it may introduce further challenges with respect to the single failure criterion). In my view however this apparent contradiction in the RP’s submissions and lack of clarity in the proposed application of defence in depth highlights the need for further analysis and justification.
The C&I inspector has noted some potential challenges with the application of defence in depth to the C&I architecture and has raised RO-HOLTECSMR300-013.
I have raised RO-HOLTECSMR300-011 which covers the broader potential shortfall with respect to the analysis and justification of application of defence in depth. Action 4 of the RO asks for a justification of the application of defence in depth in the design of the SMR-300.
The RP has provided a resolution plan for RO-HOLTECSMR300-011 which aims to address the potential shortfalls identified and fulfil the actions specified. I judge that the resolution plan is appropriate and successful delivery of the plan should provide sufficient justification and evidence to address the actions specified and close the potential shortfalls identified (see section 4.2.14).
Approach to the demonstration of ALARP
My expectations relating to the assessment and demonstration of ALARP are informed by TAG 005 (ref. [57]) which outlines that the determination of control measures to reduce risks to ALARP is part of an adequate risk assessment. For those risks that are well-known and well-understood, there are often well-established standards for control measures in the form of RGP that the RP may choose to follow. For less well-understood and novel hazards/risks (where greater inherent uncertainty is present), and complex high hazard situations that often involve many risks at different stage, often competing and associated with each other, the determination of control measures should include more thorough and careful considerations by the RP to ensure a balanced approach to reducing risks ALARP is achieved.
The RP’s approach to the demonstration that the SMR-300 design reduces risk ALARP comprises three main components (ref. [5]); 
the RP claims that the design meets relevant good practice
the RP claims that potential radiation risks are tolerable and ALARP, 
the RP claims that an appropriate ALARP methodology is applied to the design change process and that consideration is given to implement options to reduce risk, such that no further reasonably practicable options are identified.
In my view RP’s approach to the demonstration of ALARP is reasonable for the aspects of the design where the risks are well-known and understood and there is clear RGP that can be applied such that the demonstration of ALARP can comprise a demonstration that the RGP has been met.
For aspects of the design where there is greater uncertainty or novelty in the design I judge that the RP’s approach to the demonstration of ALARP through RGP with a focus on codes and standards would not meet my expectations as informed by TAG 005 and that careful consideration of the potential options for reducing risk would be warranted.
The RP has identified some areas of the design where there is a lack of detailed safety assessment to support a justification that risks have been reduced ALARP and have made commitments to undertake further work in these areas (ref. [82]).
Similarly the RP has identified some aspects of the design which either do not meet RGP or there is no clear RGP to be applied such that the justification that risks are reduced ALARP is lacking. These aspects have been captured in the RP’s design challenge papers (for example (ref. [74])) as part of the RP’s design management process (ref. [83]). 
As part of raising a design challenge paper the RP’s process (ref. [83]) expects an assessment of whether the existing design reduces risk ALARP. The RP’s ALARP guidance document (ref. [84]) provides an overview of how that assessment is undertaken and includes identification of potential options and evaluation of benefits and dis-benefits of the options against a broad range of factors with due weighting given to safety with an appropriate test of gross disproportion applied. In my view the ALARP assessment process outlined in the RP’s ALARP guidance document (ref. [84]) represents an appropriate process for the evaluation of ALARP so that were such a process followed I judge that it is likely that the resulting design would reduce risks ALARP.
However, the ALARP assessment is not the only step in the RP’s design challenge process and several subsequent steps are present through which any proposed ALARP position needs to be endorsed. The output of the totality of the design change process has not been presented for any design challenge papers and so no judgement can be made on whether the process delivers an adequate evaluation and justification that the risks have been reduced ALARP in practice.
The RP claims that the radiation risks are tolerable and ALARP, the main argument in support of this claim is that the RP’s risk targets are consistent with the SAPs numerical targets and will be met.
For normal operations the RP has set dose targets that are equivalent to the SAPs Numerical Targets 1, 2 & 3 basic safety objectives. A detailed assessment of this topic is provided in the radiation protection inspector’s assessment report (ref. [85]), which concludes that the RP has provided sufficient evidence to demonstrate that the basic safety levels of the relevant numerical targets can be met and that the RP has developed suitable approaches and processes to demonstrate that radiological risks can be reduced ALARP. Noting that for Target 3, the RP has provided confidence that the BSL can be met for a coastal site.  For the lakeside site within the scope of the Generic Site Envelope (Llyn Trawsfynydd), the RP’s analysis shows that dose to a representative person from the ingestion pathway is above the Target 3 BSL. During GDA, the RP recognised that this was an unacceptable level of dose and discounted Llyn Trawsfynydd as a potential site for deployment.
For accident conditions the evidence to demonstrate that the dose targets will be met is at a low state of maturity given the low maturity of the fault analysis, however I judge that in principle demonstrating that RGP and dose targets are met for the fault analysis should provide a robust component to the justification that the risks have been reduced ALARP. Based on my assessment to date I have no reason to believe that this will not be possible in the future.
The RP has stated that it intends to consider design stability of an international fleet of SMR-300 reactors as part of its methodology to demonstrate that risks have been reduced ALARP (ref. [5]).  The RP refers to a stable design as one that is suitable for deployment internationally without significant modification.  Whilst design stability arguments are not used explicitly within the submissions provided for step 2 of this GDA, design stability is a key part of the RP’s future intentions for design development and safety justification.
The RP submitted the Design Stability Toolkit (ref. [86]) which sets out the principles it intends to apply when considering design stability as part of decision making and demonstrating that risks have been reduced ALARP. This includes considering the potential benefits of a stable and consistent design deployed internationally (e.g. the potential cost and safety benefit of sharing operating experience and supply chains) when making decisions about design development or modification and demonstrating that risks are reduced ALARP.
TAG 005 (ref. [57]) provides guidance on replication of an existing design where risks have already been judged as being reduced ALARP.  However TAG 005 does not contain specific guidance on application of factors from a global fleet that is still in the design phase and where regulatory assessment is still ongoing.  Advice was sought from ONR’s ALARP Working Group on the approach intended to be taken by the RP (ref. [87]) to supplement the guidance in TAG005.  The ALARP Working Group advised that consideration of benefits related to an internationally standardised design were legitimate to consider as part of demonstrating that risks are reduced ALARP.  However, the ALARP Working Group cautioned that evaluating and quantifying the benefits would be complex and subject to large uncertainties, so should be considered conservatively and should only be one, fairly small, part of the justification that risks are reduced ALARP.  The ALARP Working Group also cautioned that ultimately it is the duty of the future operator of any SMR-300 to demonstrate that risks are reduced ALARP, so if the intended fleet is ultimately not developed (e.g. only one or a small number of units are ultimately deployed) then the arguments made for the benefits from an internationally deployed fleet may not be appropriate and the resulting decisions and demonstration that risks are reduced ALARP could be invalid.
Within the Design Stability Toolkit, the RP includes consideration of resilient energy infrastructure and provision of carbon-free electricity as a factor to consider.  As part of engagement on the Design Stability Toolkit the RP was advised that this was not a valid factor to consider when demonstrating that risks are reduced ALARP, in-line with guidance provided in TAG 005 that only factors within the scope of health and safety legislation can be considered.
In conclusion, I judge that the information that has been submitted is consistent with UK relevant good practice and that there is a credible route to demonstrating that risks have been reduced ALARP in the future. 
Regulatory observations and resolution plans
RO-HOLTECSMR300-002
RO-HOLTECSMR300-002 Secondary means of reactor shutdown (ref. [88]) is discussed in section 4.2.5 of this report. The RP has provided a resolution plan to address the actions specified in the RO-02 (ref. [89]). 
In response to Action 1 of RO-02, the resolution plan outlines that the RP will undertake an optioneering study to determine the ALARP solution(s) for the development of the design for the secondary means of shutdown. The optioneering study will make use of the fault analysis work undertaken in support of Action 2 of the RO.
In response to Action 2 of the RO-02, the resolution plan outlines that the RP will undertake the full suite of conservative deterministic analyses for all relevant design basis faults, appropriate analyses for the relevant complex faults sequences including sensitivity studies, and employ insights from the future Level 2 PSA to demonstrate the effectiveness of the secondary means of shutdown across the entire design basis envelope.
In response to Action 3 of the RO-02, the resolution plan outlines that the RP will apply the classification methodology set out in PSR Part B Chapter 14 to each secondary-shutdown SSC to determine an appropriate classification.
The RP’s resolution plan demonstrates that the RP understands the nature of the shortfall identified in RO-02. The resolution plan gives a clear route forward for addressing the actions with sufficient detail to give confidence that completion of the work specified in the plan should provide sufficient evidence to demonstrate that the potential shortfalls identified in RO-02 are addressed.
RO-HOLTECSMR300-003
RO-HOLTECSMR300-003 Provision of defence in depth measures for prevention of high pressure melt ejection (ref. [90]) is discussed in section 4.2.11 of this report. The RP has provided a resolution plan to address the actions specified in the RO-03 (ref. [91]).
In response to Action 1 of RO-03, the resolution plan outlines that the RP will make use of the future updated Level 1 PSA to identify all sequences that could lead to a plant damage state in which high RCS pressure is maintained, consider the design features that could be employed to control the plant damage state, and deterministically model the accident scenario to demonstrate the effectiveness of the safety measures considered. The resolution plan additionally outlines that the future Level 2 PSA will be used to demonstrate that the large or early release frequency is within targets, including appropriate sensitivity studies to key plant or operator actions.
In response to Action 2 of RO-03, the resolution plan outlines that the RP will consider that balance of risk benefits and time trouble and cost of the implementation of all relevant design or operational options and implement those that are not shown to be grossly disproportionate.
The RP’s resolution plan demonstrates that the RP understands the nature of the shortfall identified in the RO-03. The resolution plan gives a clear route forward for addressing the actions with sufficient detail to give confidence that completion of the work specified in the plan should provide sufficient evidence to demonstrate that the potential shortfalls identified in the RO-03 are addressed.
RO-HOLTECSMR300-004
RO-HOLTECSMR300-004 Containment penetration isolation on secondary decay heat removal system (ref. [92]) is discussed in section 4.2.6.1 of this report. The RP has provided a resolution plan to address the actions specified in the RO-04 (ref. [93]).
In response to Action 1 of RO-04, the resolution plan outlines that the RP will take employ the analysis or substantiation produced for the safety assessment of the SMR-300 in the United States and from any supplemental assessments performed for a prospective deployment in the United Kingdom and produce a system based view for the SDH system which summarises the safety case for the system.
In response to Action 2 of RO-04, the resolution plan outlines that the RP will undertake an optioneering study to identify any potential improvements to the robustness of the isolation barriers and implement any reasonably practicable measures identified, this will include an assessment of the potential risk benefits and dis-benefits of any options. The RP states that a summary of the safety case in this area will be presented in a containment isolation system based view.
The RP’s resolution plan demonstrates that the RP understands the nature of the shortfall identified in the RO-04. The resolution plan gives a clear route forward for addressing the actions with sufficient detail to give confidence that completion of the work specified in the plan should provide sufficient evidence to demonstrate that the potential shortfalls identified in the RO-04 are addressed.
RO-HOLTECSMR300-011
RO-HOLTECSMR300-011 Fault analysis maturity (ref. [94]) is discussed in sections 4.2.1, 4.2.2, 4.2.3, 4.2.6, 4.2.8, 4.2.9, 4.2.10, & 4.2.12 of this report. The RP has provided a resolution plan to address the actions specified in the RO-11 (ref. [95].
In response to Action 1 of RO-11, the resolution plan outlines that the RP will undertake a fault analysis methodology gap analysis across all relevant areas of the safety analysis and use this to inform a set of updated fault analysis methodologies. The RP will also produce a fault analysis strategy and implementation plan for the detailed development of the fault analysis.
The resolution plan outlines that the strategy and implementation plan will: 
set out the safety objectives of the safety analysis and explain how these objectives support the delivery of relevant safety principles 
set out the safety analysis framework, explaining interactions between disciplines and key outputs. 
confirm what updates to existing safety analysis methodologies will be required to ensure the safety objectives will be met 
provide a plan to implement the necessary updates, identifying suitable project milestones for when updates will be delivered 
identify where safety analysis produced for US licensing can be readily repurposed for application in the UK and what supplemental analysis will be required to meet UK context expectations 
identify future safety analysis related deliverables to satisfactorily close GDA Commitment C_Faul_103 and Actions A2 – A4 
justify why the proposed plan adequately supports delivery of the strategy 
ensure interfaces with other safety analysis and design topics are considered as part of the plan development
In response to Action 2 of RO-11, the resolution plan outlines that the RP will undertake an appropriate hazard and fault identification for the SMR-300 design utilising relevant systematic fault identification techniques, and repurposing US safety analysis outputs where applicable, to identify a comprehensive set of postulated initiating events for further consideration in the safety analysis. The resolution plan outlines that the specific approach and deliverable(s) to address Action 2 will be identified through production of the Fault Analysis Strategy and Implementation Plan produced in response to Action 1 of RO-11. 
In response to Action 3 of RO-11, the resolution plan outlines that the RP will demonstrate that the SMR-300 has appropriate redundancy and diversity of safety structures, systems, and components, provided to fulfil the emergency core cooling safety function at level 3 defence in depth through the following analysis:
Define a set of bounding fault sequences for subsequent assessment 
Deterministically demonstrate that the plant is capable of withstanding faults within the design basis, without resulting in unacceptable consequences.  The deterministic assessment will include appropriate consideration of issues such as single failure tolerance (including passive failure), common cause failure, consequential failures, coincident faults and unrevealed failures, complex fault sequences etc. 
Identify Safety Functions and Categorise them based on their significance to nuclear safety. 
Identify the Systems, Structures and Components (SSCs) which deliver the Safety Functions and classify each SSC based on the importance of its role in delivering the Safety Functions 
Probabilistically quantify the likelihood of potential accident scenarios, the level of risk which they present, and the effectiveness of the engineered safety features in mitigating/reducing this risk 
Demonstrate that any further risk reductions have been assessed and found not to be reasonably practicable 
The resolution plan outlines that the specific approach and specific deliverable(s) to address Action 3 will be identified through production of the Fault Analysis Strategy and Implementation Plan produced in response to Action 1 of RO-11. 
In response to Action 4 of RO-11, the resolution plan outlines that the RP will demonstrate that:
Severe accident scenarios have been appropriately specified and analysed 
Appropriate safety measures have been provided in the design to protect or mitigate against those scenarios 
Large or early releases have been practically eliminated for the SMR-300 
The resolution plan outlines that the specific approach and specific deliverable(s) to address Action 4 will be identified through production of the Fault Analysis Strategy and Implementation Plan produced in response to Action 1 of RO-11. 
Action 1 of RO-11 asks for fault analysis methodologies, and a strategy and plan for the development of the fault analysis. Whilst the provision of a strategy and plan for the further development of fault analysis does not directly resolve the identified shortfall in the maturity of fault analysis as outlined in RO-11, I consider the creation of a well-defined strategy and plan an essential element of the work programme aimed at improving the maturity of the fault analysis. If delivered at the appropriate time, the strategy can support regulatory engagement regarding the development of fault analysis and help provide confidence that the appropriate level of maturity will be achieved at relevant project stages and associated regulatory engagements.
The responses to Actions 2-4 of RO-11 in the resolution plan only give the high level objectives of the work that will be undertaken to address the actions. However, given the uncertainty in the future development of the  SMR-300 project in the UK and its dependency on the US project I consider it appropriate that the specifics of the deliverables and methodologies are linked to the methodologies and implementation strategy that will be developed in response to Action 1 of RO-11. In my view, the outlining of the high level objectives presented in response to Actions 2-4 is sufficient to demonstrate that the RP has understood and recognised the nature of the shortfall identified in RO-11. 
In my opinion, delivery of the methodologies and implementation strategy in response to Action 1 of RO-11 and the successful delivery against the strategy such that it meets the high level objectives set out in response to Actions 2-4 of RO-11 should provide sufficient evidence to demonstrate that the potential shortfalls identified in the RO-11 are addressed.
It is possible that the development of the fault analysis that will be required to deliver on the resolution plans for each of the ROs discussed (RO-02, RO-03, RO-04, RO-11) will highlight fundamental shortfalls with the SMR-300 design. However, in my view the resolution plans have appropriately included commitments to implement any potential options that reduce risks ALARP such that full implementation of the resolution plans should adequately resolve any such challenges that arise.
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Conclusions
This report presents the Step 2 fault studies and severe accident analysis assessments 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 (refs. [44] [45]), 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. 
It was not possible to assess all aspects of my initial intended scope due to lack of information in some areas. However, based on my assessment, I have concluded the following:
In several areas the maturity of the fault analysis presented in the safety case is insufficient, given the novelty of some aspects of the design, to draw a conclusion on the fundamental adequacy of the design. Notably in the areas of:
Hazard and fault identification, 
demonstration of sufficient diversity and redundancy in the safety systems provided for emergency core cooling, 
specification and analysis of severe accident scenarios including a demonstration of the practical elimination of large or early releases,
justification of the application of defence in depth in the design.
I have raised RO-HOLTECSMR300-011 on this potential shortfall.
The RP’s acceptance criteria proposed for design basis faults meet RGP, noting that further development of the fault analysis methodologies should bring greater clarity to the dose based acceptance criteria being applied.
Given the novelty of the proposed second means of shutting down the reactor, insufficient evidence has been presented in Step 2 to support a demonstration that the risks associated with the design in this respect are likely to be reduced ALARP. I have raised RO-HOLTECSMR300-002 on this potential shortfall.
The indicative transient analysis presented demonstrates that the RP has the requisite capability and is employing appropriate codes and methods such that I judge it is likely to be able to appropriately analyse the capability of the safety systems once the validation programme has concluded and the modelling parameters and geometries have been appropriately set. 
Although validation of the codes is at an early stage, the information that has been submitted is consistent with RGP. I consider that there is a credible route to a demonstration that regulatory expectations have been met with respect to the validation and verification of codes and methods.
Given the novelty in the design with respect to the lack of isolation valves on the SDH lines that pass through containment, insufficient evidence has been provided at this stage to support a demonstration that the risks associated with the design in this respect are likely to be reduced ALARP. I have raised RO-HOLTECSMR300-004 on this potential shortfall.
Although incomplete and based on preliminary information, the format and content of the RP’s fault schedule is consistent with RGP. Whilst a significant amount of additional work will be required in the future as the fault analysis develops, the information that has been submitted is consistent with RGP and there is a credible route to a position that will meet regulatory expectations.
The RP has not provided any discussion or justification for the lack of a diverse means of depressurising the RCS at level 4 defence in depth. In my view the divergence from typical PWR design in this area should be justified with appropriate arguments and analysis but this has not yet been provided due to the immaturity of the SAA. I have raised RO-HOLTECSMR300-003 to cover this potential shortfall
The RP’s approach to the analysis and demonstration that risks have been reduced ALARP is consistent with RGP and application of the stated methodology provides a credible route to demonstrating that risks have been reduced risks ALARP in the future.
Overall, based on my assessment to date, 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. However, I have identified several areas where further development of the safety assessment will be required to support a demonstration that the risks associated with the design are likely to be reduced ALARP, and in several areas the fault analysis presented in the safety case is of insufficient maturity, given the novelty of some aspects of the design, to draw a conclusion on the fundamental adequacy of the design. These areas have been captured by regulatory observations, as appropriate, to ensure they are followed up and closed out in the future.
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	SAP reference
	SAP title

	FA.2
	Identification of initiating faults

	FA.3
	Fault sequences

	FA.4
	Fault tolerance

	FA.5
	Initiating faults

	FA.6
	Fault sequences

	FA.7
	Consequences

	FA.8
	Linking of initiating faults, fault sequences and safety measures

	FA.9
	Further use of DBA

	FA.15
	Scope of severe accident analysis

	FA.16
	Use of severe accident analysis

	EHA.6
	Analysis

	EDR.2
	Redundancy, diversity and segregation

	EDR.3
	Common cause failure

	EDR.4
	Single failure criterion

	EKP.3
	Defence in depth

	EKP.4
	Safety function

	EKP.5
	Safety measures

	ECS.1
	Safety categorisation

	ECS.2
	Safety classification of structures, systems and components

	ESS.10
	Definition of capability

	AV.1
	Theoretical models

	AV.2
	Calculation methods

	AV.3
	Use of data

	ERC.2
	Shutdown systems

	NT.1 Target 4
	Design basis fault sequences – any person
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