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[bookmark: _Toc213768694][bookmark: _Toc109727646]Executive summary
This report presents the outcomes of my Mechanical Engineering assessment of the Holtec SMR-300 as part of Step 2 of the Office for Nuclear Regulation (ONR) Generic Design Assessment (GDA). This assessment is based upon the information presented in revision 1 of Holtec’s Safety, Security and Environment Case (SSEC) (comprising a Preliminary Safety Report (PSR), Preliminary Environment Report (PER), Preliminary Safeguards Report (PsgR), and General Security Report (GSR)), the Design Reference Point (DRP) revision 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 as part of my fundamental assessment of the SMR-300 DRP and SSEC:
· The ability for the RP’s SSEC to define and set out the SSCs safety and engineering requirements as applied to the Mechanical Engineering facets. Furthermore, confirmation that the rationale and substantiation can reliably secure the required design basis and demonstrate risks can be reduced so far as is reasonably practicable;
· The adequacy of the Requesting Party’s established design process and assurance arrangements as applied to the Mechanical Engineering facets. In addition, demonstration that the building layout and spatial facets provide adequate access for examination, inspection, maintenance and testing or replacement of SSCs; and
· The suitability of the RP’s methodologies, approaches, codes and standards that form the foundation building blocks of the RP’s Mechanical Engineering design and safety case. Hence, demonstration that SSCs can reliably secure their required design basis and risks can be reduced so far as is reasonably practicable.
Based upon my sampled assessment, I have concluded the following:
· There are cross-cutting regulatory observations that relate to Mechanical Engineering, for example: “Fault analysis maturity” and “Adequacy of requirements management arrangements”. Hence, the safety case, structures, systems and components design requirements, rationale, layout and spatial facets will need to be reviewed and updated accordingly. The identified shortfalls are expected to be resolved as part of the delivery of the regulatory observations’ outcomes; 
· Mechanical Engineering involvement in any close out activities relating to the ONR’s cross-cutting regulatory observations, and ongoing design development post the generic design assessment phase is important; 
· Noting that it is a developing design, the design maturity of some Mechanical Engineering structures, systems and components is limited, which is proportionate for this project phase. Moreover, there is limited demonstration that risks can be reduced so far as is reasonably practicable; 
· The Requesting Party has demonstrated its ability to apply its methodologies and approaches to preparing its preliminary safety case as applied to the Mechanical Engineering facets; 
· The Requesting Party’s submission is judged to be logically structured and aligned with UK relevant good practice. In addition, its audit trail arrangement should facilitate the demonstration that risks can be reduced so far as is reasonably practicable as part of any future design development; and
· A meaningful and targeted assessment of the Requested Party’s submission has been conducted against the ONR’s Mechanical Engineering established assessment scope. The exception being the nuclear power plant’s layout and spatial facets due to the limited available design information. 
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.
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1. This report presents the outcomes of my Mechanical Engineering assessment of the Holtec SMR-300 as part of Step 2 of the Office for Nuclear Regulation (ONR) Generic Design Assessment (GDA). This assessment is based upon the information presented in version 1 of the Holtec SMR-300 Safety, Security, Safeguard, and Environment Case (SSEC) (refs. [1] [2] [3] [4] [5] [6] [7] [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]).
2. 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]), 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
3. ONR’s GDA process (ref. [42]) calls for a step-wise assessment of the Requesting Party's (RP) submission with assessment 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 its SSEC. Holtec Britain is a wholly owned UK subsidiary of Holtec International.
4. In October 2023, ONR together with the Environment Agency and Natural Resources Wales, 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 for the later steps, was successfully completed in August 2024 (ref. [43]).
5. Holtec International confirmed that it intends to complete GDA up to the end of Step 2. The ONR output of Step 2 GDA is a GDA Statement.
6. 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]).
7. Prior to the start of Step 2, I prepared a detailed assessment plan for Mechanical Engineering (ref. [44]). This has formed the basis of this assessment and was also shared with the RP to maximise openness and transparency.  
8. 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. [45]).

Scope
9. 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. 
10. The overall scope of the Holtec SMR-300 GDA is described in the PSR chapters A1 and A2 (ref. [1] and [2]). The GDA scope was agreed in Step 1 although this has been modified, with agreement of the regulators, during Step 2. 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 SSCs that are identified as being important to safety, security and safeguards, all modes of operation, and all stages of the plant lifecycle.
11. My Mechanical Engineering assessment scope is defined in my assessment plan (ref. [44]) which is discussed in detail in section 4.1 and includes the following topics:
· The ability for the RP’s SSEC to define and set out the SSCs safety and engineering requirements as applied to the Mechanical Engineering facets. Furthermore, confirmation that the rationale and substantiation can reliably secure the required design basis and demonstrate risks can be reduced So Far As Is Reasonably Practicable (SFAIRP);
· The adequacy of the Requesting Party’s established design process and assurance arrangements as applied to the Mechanical Engineering facets. In addition, demonstration that the building layout and spatial facets provide adequate access for examination, inspection, maintenance and testing or replacement of SSCs; and
· The suitability of the RP’s methodologies, approaches, codes and standards that form the foundation building blocks of the RP’s Mechanical Engineering design and safety case. Hence, demonstration that SSCs can reliably secure their required design basis and risks can be reduced SFAIRP.
12. 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. The following aspects are therefore out of scope for this assessment (ref. [46]):
· spent fuel independent storage including its, transport and handling SSCs, (ref. [47])
· diesel generator building and its SSCs 
· annex building and its SSCs
· turbine building and its SSCs 
· the balance of plant SSCs
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13. 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.
14. 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.
15. This section also identifies the key interfaces with other technical topic areas.

Standards 
16. 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.
17. The International Atomic Energy Agency (IAEA) safety standards (ref. [48], [49], [50], [51] and [52]) 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.
18. Furthermore, ONR is a member of the Western European Nuclear Regulators Association (WENRA). WENRA has developed reference levels (ref. [53]), which represent good practices for existing nuclear power plants, and safety objectives for new reactors.
19. The relevant SAPs, IAEA standards and WENRA reference levels are embodied and expanded on within the ONR TAGs.

1.1.1. Safety Assessment Principles (SAPs) 
20. The key SAPs applied within my assessment include: 
· SC.1 – Safety case production process
· SC.2 - Safety case process outputs 
· EKP.1- Inherent safety 
· EKP.2 - Fault tolerance 
· EKP.3 - Defence in depth 
· EKP.4 - Safety function 
· EKP.5 - Safety measures 
· ECS.2 - Safety classification and standards, safety classification of SSCs
· ECS.3 - Safety classification and standards, codes and standards
· EQU.1 - Equipment qualification, qualification procedures 
· EDR.1 - Design for reliability, failure to safety 
· EDR.2 - Design for reliability, redundancy, diversity and segregation 
· EDR.3 - Design for reliability, common cause failure 
· EMT.1 - Maintenance inspection and testing, identification of requirements
· ELO.1- Access 
21. A full list of the SAPs used within this assessment is set out in Appendix 1.

Technical Assessment Guides (TAGs)
22. The following TAGs have been used as part of this assessment:
· NS-TAST-GD-003, Safety systems, (ref. [54])
· NS-TAST-GD-004, Fundamental principles of safety assessment, (ref. [55])
· NS-TAST-GD-005, Regulating duties to reduce risks to ALARP, (ref. [56])
· NS-TAST-GD-009, Examination, inspection, maintenance and testing of Items Important to safety, (ref. [57])
· NS-TAST-GD-016, Integrity of metal SSCs, (ref. [58])
· NS-TAST-GD-022, Ventilation, (ref. [59])
· NS-TAST-GD-049, Licensee core safety and intelligent customer capability, (ref. [60])
· NS-TAST-GD-051, The purpose scope, and content of safety cases, (ref. [61])
· NS-TAST-GD-056, Nuclear lifting operations and lifting equipment, (ref. [62])
· NS-TAST-GD-057, Design safety assurance, (ref. [63])
· NS-TAST-GD-067, Pressure systems safety, (ref. [64])
· NS-TAST-GD-079, Design authority capability, (ref. [65])
· NS-TAST-GD-094, Categorisation of safety fuctions and classification of SSCs, (ref. [66])
· NS-TAST-GD-096, Guidance on mechanics of assessment, (ref. [40])
· NS-TAST-GD-098, Asset management, (ref. [67])
· NS-TAST-GD-102, General guidance for Mechanical Engineering specialism group, (ref. [68])
· NS-TAST-GD-108, Guidance on production of reports for permissioning, (ref. [69])
· NS-TAST-GD-109, Ageing and degradation management, (ref. [70])

National and international standards and guidance
23. The following international standards and guidance have been used as part of this assessment:
· IAEA, Safety Standards, Format and Content of the Safety Analysis Report for Nuclear Power Plants, Specific Safety Guide No. SSG-61, (ref. [48])
· IAEA Safety Standards, Safety Classification of Structures, Systems and Components in Nuclear Power Plants, No. SSG-30, 2014, (ref. [49])
· IAEA Specific Safety Standard, Design of the Reactor Containment and Associated Systems for Nuclear Power Plants, Specific Safety Guide No. SSG-53, (ref. [52])
· IAEA Safety Standards Series, Safety of Nuclear Power Plants: Design SSR-2/1, (ref. [50])
· IAEA Safety Related Publications, Maintaining the Design Integrity of Nuclear Installations throughout their Operating Life, INSAG-19, (ref. [51]) 
· IAEA Safety Reports Series No. 123, Applicability of IAEA Safety Standards to Non-Water-Cooled Reactors and Small Modular Reactors, STI/PUB/2027, 2023, (ref. [71])
· WENRA Safety Reference Levels for Existing Reactors 2020, February 2021, (ref. [53])
· ISO 17873:2004, Nuclear facilities, criteria for the design and operation of ventilation systems for nuclear installations other than nuclear reactors, (ref. [72])
· ISO 26802:2010, Nuclear facilities, criteria for the design and the operation of containment and ventilation systems for nuclear reactors, (ref. [73])
24. The following national standards and guidance have also been used as part of this assessment:
· The Lifting Operations and Lifting Equipment Regulations 1998 (LOLER) Approved code of practice and guidance, (ref. [74])
· The safe isolation of plant and equipment, HSG253, (ref. [75])
· The Ionising Radiation Regulations (IRRs), (ref. [76])
· EG_0_1738_1, Engineering guide ventilation systems for radiological facilities design code, (ref. [77])

Integration with other assessment topics
25. I have worked closely with other topics as part of my Mechanical Engineering assessment. Similarly, other assessors sought input from my assessment. These interactions are key to the success of GDA to prevent or mitigate any gaps, duplications or inconsistencies in ONR’s assessment. 
26. The key interactions with other topic areas included collaboration with:
· Management for Safety and Quality Assurance (MSQA) on the Design process methodology, to enable an informed judgement to be established on the adequacy of the RP’s design process;
· Human Factors and the engineering disciplines on the US customary unit methodology and 60HZ electrical power supply frequency reference design, to enable an informed judgement to be established on the acceptance of the RP‘s methodology approach;
· Fault Analysis on the SSCs categorisation and classification methodology, to enable an informed judgement to be established on the adequacy of the RP’s methodology approach; 
· Fault Analysis on the passive safety systems adequacy, to enable an informed judgement to be established on the acceptance of the RP’s proposed reference design;
· Fault Analysis on the preliminary safety case methodology, to enable an informed judgement to be established on the adequacy of the RP’s methodology approach; and
· Internal Hazards, Human Factors and the engineering disciplines on the building layout and spatial facets methodology, to enable an informed judgement to be established on the acceptance of the RP’s proposed reference layout design.

Use of technical support contractors
27. During Step 2 I have not engaged Technical Support Contractors to support my Mechanical Engineering assessment for the Holtec SMR-300.  
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28. 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 Mechanical Engineering. It also identifies the supporting documents submitted by the RP which have formed the basis of my Mechanical Engineering assessment of the SMR-300.

Summary of the Holtec SMR-300 design
29. 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 (RCP) providing forced circulation during 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.
30. The SMR-300 is equipped with a number of supporting systems for normal operations and a range of safety measures to provide cooling, criticality control, and contain radioactivity under fault conditions. Passive safety features are preferred to active components, reflecting the RP’s design philosophy. 
31. The SMR-300 has a compact layout. The reactor pressure vessel, which holds the fuel assemblies, the steam generator, Reactor Coolant Pumps (RCP) and associated pipework, the Spent Fuel Pool (SFP) and the passive safety systems, are all held within a steel Containment Structure (CS) and a secondary steel and concrete composite 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.  
32. 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 for the twin unit SMR-300.  Some supporting systems are shared, specifically Heating Ventilation and Air Conditioning (HVAC) systems that serve non-containment areas, and radioactive waste systems.
33. The Holtec SMR-300 design has been developed by the RP based upon well-established PWR technology. The RP claims that the design of the SMR-300 is based upon the following principles:
· redundant and passive engineered safety features
· simplified plant design with structures designed to withstand all postulated external events
· ability to mitigate design basis accidents with no operator action
· ability to cope with an extended loss of all AC power for at least 72 hours
· defence in depth approach to beyond design basis accident mitigation
· highly reliable active systems to support normal plant operation

SSEC Approach and structure
34. 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]). 
35. The SSEC has been developed for a twin-unit reactor design to be constructed, operated, and decommissioned on any generic site that is within the bounds of the generic SMR-300 Generic Site Envelope (GSE).
36. 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]).
37. 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 Mechanical Engineering  
38. The aspects covered by the Holtec SMR-300 safety case for Mechanical Engineering can broadly be grouped under two headings which are summarised as follows:
Safety case
39. The RP’s safety case for Mechanical Engineering is its Preliminary Safety Report (PSR). Other documents serve other purposes and are collectively known as its Safety, Security, Safeguards and Environment Case (SSEC).
40. The RP’s PSR is configured in a hierarchical manner, with:
· Tier 1 documentation consisting of PSR Part A Chapters one-five that set out an introduction, and set out the general design aspects, the quality assurance methodology, the Claims, Arguments and Evidence (CAE) methodology, and its approach to demonstrate risks can be reduced As Low As Reasonably Practicable (ALARP). Furthermore, PSR Part B Chapters that contain several summary reports that aim to set out the safety case, scope and strategy at a fundamental level, and includes Chapter 19 specific to Mechanical Engineering report, (ref. [21]);  
· Tier 2 documentation consisting of its topic specific reports that aim to set out the safety CAE for individual topic areas. Moreover, for Mechanical Engineering includes: the Mechanical Engineering Codes and Standards report, (ref. [78]), the Mechanical Engineering Design Basis report, (ref. [79]) and the Mechanical Engineering ALARP Summary report, (ref. [80]); and
· Tier 3 lower level supporting documents that aim to set out the SSCs detailed requirements, technical rationale and justifications. Furthermore, provides the assurance that the applied level of engineering can reliably deliver the SSCs design basis.  For Mechanical Engineering includes, System Description Documents (SDD), technical and procurement specifications, (ref. [38]).
41. To embed management configuration and control of its submission the RP has established its submission against a specific DRP, (ref. [37]) and its MDSL, (ref. [38]).
42. In summary, its submission aims to set out the systems that underpin the safety requirements of its SSEC. Furthermore, adopts claims, arguments, evidence and a hierarchical methodological approach that sets out how the top level and the general plant level claims (safety function, reliability, and performance claims) are cascaded to the specific Mechanical Engineering SSCs.

Mechanical Engineering design approach and methodologies 
43. The overarching SSEC claims are set out within RP’s PSR Part A Chapter 3, Claims, Arguments and Evidence report, (ref. [3]). With the PSR Part B Chapter 19 Mechanical Engineering report, (ref. [21]), setting out the links to:
· Claim 2.2: The design of the systems and associated processes have been developed taking cognisance of relevant good practice and substantiated to achieve their safety and non-safety functional requirements; and
· Claim 2.2.10: The overall design and architecture of mechanical SSCs ensures that safety functions and non-safety functions are delivered and faults arising from failures of the SSCs are minimised.
44. The RP’s Mechanical Codes and Standards report, (ref. [78]), supports its PSR Part B Chapter 19 Mechanical Engineering report, (ref. [21]). It sets out the proposed/adopted engineering codes and standards to develop its SMR-300 mechanical engineering SSCs. Furthermore, links to:
· Claim 2.2.10.2: Mechanical SSCs are designed using appropriate Codes and Standards, taking cognisance of Relevant Good Practice (RGP) and Operational Experience (OPEX); and
· Claim 2.2.10.3: Mechanical SSCs achieve the design intent through quality manufacturing, installation and Examination, Inspection, Maintenance and Testing (EIMT) processes.
45. The RP’s Mechanical Engineering Design Basis report, (ref. [79]) also supports its PSR Part B Chapter 19 Mechanical Engineering report (ref. [21]). It sets out the proposed/adopted engineering principles and practices to develop its SMR-300 mechanical engineering SSCs. 
46. The RP’s Mechanical Engineering ALARP Summary report, (ref. [80]) sets out a summary of its proposed/adopted principles and processes that it will use to reduce risks ALARP for its SMR-300. Moreover, (ref. [80]) supports the Mechanical Engineering claims set out within its PSR Part B Chapter 19, (ref. [21]), as well as the claims set out in its PSR Part A Chapter 5, Summary of ALARP, (ref. [5]). 

Basis of assessment: requesting party’s documentation
47. The principal documents that have formed the basis of my Mechanical Engineering assessment include:
· PSR Part A Chapter 1, Introduction, (ref. [1])
· PSR Part A Chapter 2, General design aspects and site characteristics, (ref. [2])
· PSR Part A Chapter 3, Claims, arguments and evidence, (ref. [3])
· PSR Part A Chapter 4, Lifecycle management of safety and quality assurance, (ref. [4])
· PSR Part A Chapter 5, Summary of ALARP, (ref. [5])
· PSR Part B Chapter 1, Reactor coolant system, (ref. [6])
· PSR Part B Chapter 2, Reactor, (ref. [7])
· PSR Part B Chapter 4, Control and instrumentation systems, (ref. [8])
· PSR Part B Chapter 5, Reactor supporting facilities, (ref. [9])
· PSR Part B Chapter 9, Description of operational aspects, conduct of operations, (ref. [11])
· PSR Part B Chapter 10, Radiological protection, (ref. [12])
· PSR Part B Chapter 13, Radiological waste management, (ref. [15]) 
· PSR Part B Chapter 14, Safety and Design Basis Accident Analysis, (ref. [16])
· PSR Part B Chapter 15, Beyond design basis accidents, severe accident analysis and emergency preparedness, (ref. [17]) 
· PSR Part B Chapter 16, Probabilistic safety assessment, (ref. [18])
· PSR Part B Chapter 19, Mechanical engineering, (ref. [21])
· PSR Part B Chapter 22, Internal hazards, (ref. [24])
· PSR Part B Chapter 24, Fuel, transport and storage, (ref. [26])
48. Other documents of interest to Mechanical Engineering include:
· Mechanical codes and standards report, (ref. [78])
· Mechanical engineering ALARP, (ref. [80])
· Design basis report of SSCs with mechanical engineering claims, (ref. [79]) 
· Commitments, assumptions and requirements register, (Ref. [81])
· Several System Description Documents (SDD), (ref. [38]) 
49. The RP’S Step 2 submission for Mechanical Engineering did not cover the entire SSCs important to safety. Hence, I selected to sample the following available SDDs documents due to their importance to safety:  
· Main steam system, (ref. [38]) 
· Reactor coolant system, (ref. [38])
· Passive containment heat removal system, (ref. [38])
· Passive core cooling system, (ref. [38])
· Residual heat removal system, (ref. [38])
· Control rod drive system, (ref. [38])
· Heating ventilation and air conditioning control room system, (ref. [38])



[bookmark: _Toc213768699]ONR assessment
Assessment strategy
50. The objective of my GDA Step 2 assessment was to reach an independent regulatory judgement on the fundamental aspects of the SMR-300 design, relevant to mechanical engineering as described in sections 1 and 3 of this report. My assessment strategy is set out and defined in detail within my assessment plan, (ref. [44]). Moreover, it describes how I have chosen which matters to target for assessment.
51. In order to fulfil the aims for my Step 2 assessment of the SMR-300, I aimed to target the following matters:
· Safety case
Conducting a targeted assessment of the Mechanical Engineering related submissions to judge the adequacy and with consideration to whether the safety case suitably reflects the design maturity of the plant.
· Design Parameters
For a limited targeted set of Mechanical Engineering SSCs, I aimed to assess whether an appropriate set of design parameters, which limit or derive from the power output of the reactor, have been established (or plans are in place) to promote a safe design. This considered the emergency core cooling, the passive decay heat removal and mechanical shutdown functions.
· Defence in depth 
For a limited targeted set of Mechanical Engineering SSCs, I aimed to assess whether the defence in depth principle has been applied adequately. I also considered the application of hierarchy of controls, duty, prevention, and mitigation measures.
· Passive safety 
I aimed to assess whether claims placed on SSCs identified to passively deliver safety functions are credible. Furthermore, with consideration of the emergency core cooling, the passive decay heat removal and mechanical shutdown functions.
· Modularisation 
I aimed to collaborate with colleagues to identify facets of the off-site modular build approach taken by the RP which have a safety significance, and whether there is a mechanical engineering significance here. The priority for Step 2 was to identify if any of these facets are fundamental to the design, and to what extent further regulatory attention will be required in later stages.
· Containment 
For a limited targeted set of Mechanical Engineering SSCs, I aimed to assess whether the radioactive material is suitably confined. Furthermore, with consideration to reactivity, cooling and heat removal, containment systems and venting SSCs.
· Redundancy, diversity, segregation, and layout. 
For a limited set of Mechanical Engineering SSCs, I aimed to assess whether the redundancy, diversity, segregation and layout principles have been achieved and if the RP has taken due consideration of common cause failure. 
· Design assurance 
For a limited targeted set of Mechanical Engineering SSCs, I aimed to assess whether the design assurance arrangements are adequate.
52. Furthermore, as part of my assessment of the above, I also aimed to consider the RP’s:
· ALARP demonstration and application of RGP
Based on the PSR, I aimed to sample a limited number of key engineering SSCs to evaluate the RPs approach to ALARP. Furthermore, with consideration of the RPs use of RGP and codes and standards in establishment of its design principles. 
· Categorisation of safety functions and classification of SSCs. 
I aimed to assess the application of the RP’s categorisation and classification process to a limited but representative sample of mechanical SSCs, chosen to give a view on both normal and fault conditions, and the implications of the different tiers of categorisation and classification. 
· Engineering substantiation 
I aimed to assess through a limited but targeted sample the RP’s approach to substantiating and demonstrating its SSCs have been optioneered, qualified and are ALARP to reliably deliver its design basis during normal operations, and in the event of a fault or accident. 
· Assumptions, commitments, and requirements
I aimed to assess whether the arrangements for capturing mechanical engineering related assumptions, commitments and requirements are being appropriately applied to the benefit of future safety case submissions within GDA and beyond.
· Conditions and limits of safe operation 
I aimed to assess the RP’s approach through a limited selection of mechanical SSCs, to identifying limits and conditions for safe operation. Furthermore, its intention to combine these with other inputs (for example, Fault Studies and Probabilistic Safety Analysis) to inform the future development of Operating Rules and Tech Specs by a future licensee. 
· Examination, Inspection, Maintenance and Testing (EIMT)
I aimed to assess the extent to which EIMT requirements have been considered within the design process to date and its implications. Furthermore, layout adequacy for lifting and handling of SSCs, routing in support of high hazard operations, EIMT and replacement facets.
53. In summary, to gain assurance that the RP’s risks can be reduced SFAIRP and the design could meet ONR expectations, I targeted the following aspects of the SMR-300 DRP and SSEC:
· The ability for the RP’s SSEC to define and set out the SSCs safety and engineering requirements as applied to the Mechanical Engineering facets. Furthermore, confirmation that the rationale and substantiation can reliably secure the required design basis and demonstrate risks can be reduced SFAIRP;
· The adequacy of the Requesting Party’s established design process and assurance arrangements as applied to the Mechanical Engineering facets. In addition, demonstration that the building layout and spatial facets provide adequate access for examination, inspection, maintenance and testing or replacement of SSCs; and
· The suitability of the RP’s methodologies, approaches, codes and standards that form the foundation building blocks of the RP’s Mechanical Engineering design and safety case. Hence, demonstration that SSCs can reliably secure their required design basis and risks can be reduced so far as is reasonably practicable.
54. My assessment has been conducted in accordance with ONR’s guidance, (ref. [42], [69] and [82]). Furthermore, following the strategy as set out within section 2 of this report.
55. It has involved frequent engagement with the RP’s Mechanical Engineering subject matter experts, through holding several technical/clarification video conference meetings and several face-to-face meetings. One being conducted at the RP’s USA head office that included a visit of the RP’s works where it manufactures its Hi Storm components.  The visit provided me with a valuable overview of its manufacturing capability. 
56. As part of my assessment, I have raised 22 Regulatory Queries (RQ).  These have been discussed at the technical meetings and the responses assessed to inform my judgements as set out within this report. 
57. My Mechanical Engineering assessment of the RP’s SMR-300 PSR, sets out areas of strength, items for follow-up and the conclusions that I have formed.
58. My applied assessment strategy and scope, (ref. [44]) was prepared in advance and shared with the RP in line with ONR’s regulatory policy of openness and transparency.  
59. Assessment has identified how the RP’s SMR-300 Nuclear Power Plant (NPP) reference design, (ref. [7] and [38]) has evolved from its original SMR-160 NPP concept proposal. The outcome following pre-application discussions with the United States’s (US) Nuclear Regulatory Commission (NRC) for its construction at its USA Palisade nuclear site. Moreover, the RP has focused its design to be compliant with the US NRC regulatory requirements. 
60. I note that there are differences between the UK regulatory approach to that of the US. I consider the US regulatory regime to be more prescriptive, whilst the UK regulatory regime is more goal setting. For example, in the UK there is a requirement to demonstrate risks are reduced SFAIRP, Health and Safety at Work Act 1974, Sections 2 and 3, (ref. [83]). Hence, my assessment has made informed judgments against targeted and sampled SSCs; whilst, acknowledging the RP’s submission concept design status and some shortfalls may exist with its extant arrangements when compared to UK requirements.    

Assessment
Safety case
61. The structure and content of a safety case is important, it should be a logical and hierarchical set of documents that sets out and describes the risk in terms of the hazards for operations, potential faults and accidents. Furthermore, the reasonably practicable measures that need to be implemented to prevent or minimise harm. This enables the engineering design to be substantiated to deliver the required design basis in an auditable manner.
62. Hence, I consider the following to be pertinent: IAEA Specific Safety Guide, SSG-61, (ref. [48]), ONR’s TAG-051, the purpose scope, and content of safety cases, (ref. [61]), and ONR’s SAP, “SC.1” Safety case production process, and ”SC.2” Safety case process outputs, (ref. [41]).
63. My assessment targeted the RP’s issued submission for Mechanical Engineering: 
· PSR Part B, Chapter 19, Mechanical Engineering, (ref. [21])
· Mechanical Engineering codes and standards report, (ref, [78])
· Design basis report for Mechanical Engineering, (ref. [79])  
· Mechanical Engineering ALARP summary report, (ref. [80])  
· the lower tier documents, for example, the SDDs as set out in paragraph 49
64. I judge the RP’s PSR structure as related to Mechanical Engineering to be aligned with IAEA, SSG-61, (ref. [48]) and ONR’s SAP, “SC.2”, whilst I acknowledge the safety case content is based on US regulatory requirements. 
65. From my sample assessment of the content of the SDDs, as listed in paragraph 49, I judge they set out a logical structured methodology approach using claims, arguments and evidence. For example, they contain a standard structure that sets out:
· A system overview; setting out the role, function, basis of configuration and modes of operation;
· The system’s design basis and claims; and
· At a fundamental level, the SSCs design, rationale, and evidence to substantiate the safety claims, the design’s engineering safety functions, reliability and performance requirements, safety categorisation and classification, assigned codes and standards, qualification and EIMT requirements.
66. I acknowledge the SSEC:
· is at an early stage of development and some of the claims require more detail and refinement that will naturally develop as the design evolves
· will be the subject of controlled updates as the SMR-300 design develops 
· is expected to be the subject of a review and update post Step 2 as part of the satisfactory delivery of the outcomes of the ONR’s cross-cutting regulatory observations, for example:
· RO-HOLTECSMR-300-011 “Fault analysis maturity”, (ref. [84])
· RO-HOLTECSMR-300-010, “Adequacy of Probabilistic Safety Analysis (PSA) methodologies”, (ref. [85]) 
· RO-HOLTECSMR300-012 “Adequacy of requirements management arrangements”, (ref. [86])
67. The cross-cutting regulatory observations detailed assessment are set out within:
· ONR’s PSA and Fault studies assessment reports, (ref. [87] and [88])
· ONR’s Management of Safety and Quality Assurance assessment report, (ref. [89])
68. I consider the RP’s delivery of the cross-cutting regulatory observations outcomes will establish and define in an auditable manner each SSC requirement. I note, the delivery of the outcome may also change the assigned classification of specific SSCs. Hence, refine the required level of engineering, substantiation and EIMT needed to deliver the required design basis.
69. To conclude, I judge the adopted structure of the SSEC is adequate as it is aligned with ONR’s expectations as set out above. Furthermore, if the ONR’s cross-cutting regulatory observations are satisfactorily closed out and the SSEC and SMR-300 design updated in accordance with those requirements, an attainable path exist for the final design to be aligned with ONR expectations.

Fault analysis, safety function categorisation and SSCs safety classification
70. The starting point to designing a SSC to meet its design intent is to undertake a safety analysis, the output of which defines the principal safety case claims.  Subsequently, the analysis enables the safety functions, reliability and performance requirements to be defined and placed on specific SSCs to ensure the design basis is reliably delivered.  
71. Hence, I consider the following to be pertinent: IAEA Safety Standards, Specific Safety Guides SSG-61, (ref. [48]), SSG-30 - Requirements 4, fundamental safety functions and 22 - Safety classification, (ref. [49]), and WENRA Reference Levels, (ref. [53]). Furthermore, ONR’s RGP, ONR’s TAG 094 “Categorsation of safty fuctions and classification of SSCs”, (ref. [66]) expectations are:
· Safety functions within the NPP, both during normal operation and in the event of a fault or accident, should be identified and then categorised based on their significance with regards to safety, SAP ECS.1, (ref. [41]); and
· SSCs that deliver safety functions should be identified and classified on the basis of those functions and their significance to safety, SAP ECS.2, (ref. [41]).
72. My assessment of this topic, (ref. [2], [16] and [18]) and through collaboration with ONR’s Fault analysis has identified potential significant shortfalls that are cross-cutting. For example, the RP’s fault analysis methodology for credible design basis faults, safety functional categorisation and SSCs classification methodology not to be fully aligned with ONR’s expectations. 
73. Hence, the issue of ONR’s cross-cutting regulatory observations:
· RO-HOLTECSMR-300-010 “Adequacy of PSA methodologies”, (ref. [85]) 
· RO-HOLTECSMR-300-011 “Fault analysis maturity”, (ref. [84])
· RO-HOLTECSMR300-004 “Containment penetration isolation on secondary decay heat removal system, (ref. [90])
· with the topic detailed assessment being set out within the ONR’s PSA and Fault studies assessment reports, (ref. [87] and [88])
74. I have also noted the RP has:
· self-identified there are differences between the UK and US  categorisation and classification methodologies, (ref. [21]) and [91])
· made limited progress with these shortfalls, (ref. [92]), hence have established commitments, “C_FAUL_103”, “C_PSA_123”, “C_MSQA_109” and “C_MSQA_111”, (ref. [21])
75. My assessment targeted specific SSCs, for example, the HVAC and nuclear cranes and identified the SSCs classified as not being important to safety, (ref. [79]). I judge, these are potential shortfalls as the SSCs design basis may be important to safety as set out within ONR’s TAG-022, Ventilation, (ref. [59]) and TAG-056, Nuclear lifting operations and lifting equipment, (ref. [62]). In addition, I consider adequate assignment of safety classification of an SSC is important as it promotes the appropriate quality control, qualification and EIMT arrangements to be assigned to the SSC. Hence, enabling the required design basis to be reliably secured. 
76. I also judge resolution of the shortfalls have the potential to increase the design requirements on the mechanical SSCs and sub-components.  This may also introduce additional SSCs that may impact the NPP’s layout and spatial envelope.  For example:
· the reactor coolant pump, RQ-01648 “RCP flywheel” and contact records, (ref. [93], [94] and [95]) 
· nuclear HVAC SSCs, RQ-01520 “HVAC RGP”, RQ-01523 “HVAC design basis”, and contact record, (ref. [95])
· nuclear cranes, RQ-01522 “Lifting RGP”, RQ-01609 “Nuclear lifting” and contact record, (ref. [96]) 
77. Although the RP has revised its methodology to demonstrate that nuclear safety functions can be appropriately categorised and SSCs classified, its full implementation is ongoing.
78. From my limited sample, I judge that once the RP has fully implemented and applied its revised methodology, (ref. [45], [84] and [85]) it will enable safety functions to be adequately identified, be appropriately categorised and SSCs classified. This enables the RP to adequately set out the Mechanical Engineering SSCs safety function, performance, reliability, quality assurance and spatial envelope requirements. This will ensure that each SSC delivers its design basis. Furthermore, the RP can then review the adequacy of the NPP’s layout and spatial facets to ensure operations, EIMT, and SSC replacement tasks can be undertaken whilst reducing risks SFAIRP. 
79. To conclude, shortfalls against ONR’s expectations as set out above have been identified and cross-cutting regulatory observations raised. However, if the ONR’s cross-cutting regulatory observations are satisfactorily closed out with the SSEC and SMR-300 design updated in accordance with those requirements, an attainable path exist for the final design to be aligned with ONR expectations.

Mechancial engineering design approach and methodolgies 
Passive safety systems
80. The RP proposes the use of novel passive safety systems, (ref. [38]) with the passive core passive cooling system being one such system sampled within as part of this assessment. 
81. Hence, I consider the following to be pertinent: ONR’s SAPs, ”EDR.1” Design for reliability, (Ref. [41]) and IAEA Specific safety requirements, SSR-2/1 - Requirement 4, fundamental safety functions, (ref. [50]) and IAEA Safety reports series No. 123, (ref. [97]). 
82. My assessment objective here was to judge whether the claims made on the passive heat removal safety systems are supported by appropriate safety analysis, design substantiation and experimental work. 
83. This topic is linked with the fault analysis methodology approach topic, hence, ONR’s cross-cutting regulatory observation applies here:
· RO-HOLTECSMR-300-011 “Fault analysis maturity”, (ref. [84]) 
· with the detailed assessment set out within the ONR’s Fault studies assessment report, (ref. [88])
84. My collaborative assessment with other ONR’s topics targeted specific facets of the passive core cooling system, (ref. [ [79]), and the SDD, (ref. [38]). For example, the system isolations valves, SSCs qualification, and SSC EIMT through issuing: 
· RQ-01660 “System isolation”
· RQ-01661 “SSCs qualification”
· RQ-01746 “EIMT”
· RQ-01674 “EIMT” 
85. Through assessment of the above RQ responses, and technical discussions, I have secured assurance at a fundamental level that:
· the current concept proposal is going to be subject of concept qualification process to secure a level of confidence that the system can reliably deliver its design basis, RQ-01661 “SSCs qualification” 
· EIMT access and requirements are being considered as part of the design process, RQ-01674 “EIMT” 
86. I also note that ONR’s Fault analysis has raised Regulatory Observation RO-HOLTECSMR300-004 “Containment penetration isolation on secondary decay heat removal system”, (ref. [90]). This facet is also of interest to Mechanical Engineering, with the topic detailed assessment being set out within the ONR’s Fault studies assessment report, (ref. [88]).
87. I expect the RP’s delivery of its response strategy to the fault analysis cross-cutting regulatory observations to establish and adequately define each SSC requirements, including, diversity, redundancy requirements, acceptance of a passive safety SSC and its safety functional categorisation and SSC classification.  It is these that will define the required level of engineering and EIMT to deliver the required design basis.  Furthermore, the RP can identify any implication to the NPP’s layout and spatial facets, specifically if additional SSCs are needed to meet the proposed claims.   
88. To conclude, shortfalls against ONR’s expectations as set out above have been identified and cross-cutting regulatory observations raised. However, if the ONR’s cross-cutting regulatory observations are satisfactorily closed out with the SSEC and SMR-300 design updated in accordance with those requirements, an attainable path exist for the final design to be aligned with ONR expectations.

Design process assurance
89. The regulatory expectations of ONR’s TAG 057 “Design safety assurance”, (ref. [63]) are that:
· A good design process is the starting point for a successful design output;
· The design process should be clearly aligned with the safety case production process; and
· The RP has established a robust management of safety and quality assurance arrangement for its SSEC, design process and SSCs. 
90. I consider the following to be pertinent: ONR’s SAPs, “EKP.1-5” - Key Principles, (ref. [44]), and IAEA Specific Safety Requirements, SSR-2/1 - Requirement 4, fundamental safety functions, (ref. [50]).
91. My assessment noted in 2011 the RP’s organisation broaden its services to develop its small modular NPP, (ref. [2]). The RP was founded in 1986 and is a respected world-wide organisation for the design, manufacture and supply of specific components for the nuclear industry. For example, dry storage/transport casks and heat exchanger components.  I consider the design of a NPP is significant more complex. Hence, the applied design process must be demonstrated to be adequately robust for such an application. 
92. Through RQs and technical discussions I sampled the robustness of the RP’s design process of the following topics:
· Managing and limiting the use of StelliteTM within its NPP design, RQ-01516;
· Managing and limiting water hammer and dead leg phenomena within its NPP design, RQ-01517;
· Selection of specific valve types for its different process systems, RQ-01518; and
· Managing and limiting embedded pipework within its NPP design, RQ-01657.
93. I also sampled the RP’s selected vendors for specific SSCs, for example its RCP and control rod drive mechanisms, (ref. [93] and [98]).  The RP demonstrated its use of proven technology, limiting “first of a kind” designs, and utilising reputable and specialist vendors for the detailed development and manufacture of its SSCs. At a fundamental level, I judge the RP adopted approach has provided a satisfactory level of assurance that following design development the SSCs should be capable of meeting the SSEC design basis and be capable to reduce risks SFAIRP. 
94. Further design process assurance was secured from the RP’s responses to the following regulatory queries: 
· RQ-01864 “Design process”
· RQ-01658 “System requirements” 
· RQ-01660 “Primary and secondary decay heat system isolation”
· RQ-01661 “SSC qualification” 
95. However, my assessment also identified that the RP’s methodology is reliant on individual suitably qualified and experience persons to identify, manage and cascade the requirements. UK RGP, (ref. [63])  for large and complex projects, such as the RP’s SMR300 NPP organisations adopt a systematic documented and auditable methodology to cascade such design requirements.
96. I judge this to be a shortfall due to the inherent risks of reliance on the competence of individual persons. I acknowledge the RP has also self-identified such shortfall and has established and implemented a correction action plan, RQ-01767 “MSQA design management”, RQ-02268 “SMR-300 Design control procedures” and cross-cutting contact record, (ref. [99]). 
97. Although the topic is of interest to Mechanical Engineering, it is considered cross-cutting.  Hence, ONR’s MSQA has led the assessment, (ref. [89]) and to secure ONR’s expectations has raised a cross-cutting regulatory observation, RO-HOLTECSMR300-012 “Adequacy of requirements management arrangements”, (ref. [45] and [86]).
98. To conclude, shortfalls against ONR’s expectations as set out above have been identified and a cross-cutting regulatory observation raised. However, if the ONR’s cross-cutting regulatory observation is satisfactorily closed out with the SSEC and SMR-300 design updated in accordance with those requirements, an attainable path exist for the final design to be aligned with ONR expectations.

Intelligent customer
99. Acknowledging the RP plans to procure several SSCs important to safety from different specialist vendors I consider it is important that the RP has an adequate “Intelligent Customer” capability.  
100. I also acknowledge ONR’s MSQA has targeted this topic with its detailed assessment set out within its assessment report, (ref. [89]). 
101. I consider the following to be pertinent: ONR’s SAP, “EDR.1” Design for reliability, (ref. [41]), and IAEA Specific Safety Requirements, SSR-2/1-Requirement 4, fundamental safety functions, (ref. [50]).
102. My assessment sampled the following to seek assurance that they set out the SSC required design basis to enable the RP to act as an “Intelligent Customer”:
· Reactor coolant pump, purchase specification, (ref. [100])
· Polar crane, purchase specification, (ref. [101])
· Reactor auxiliary building crane, purchase specification, (ref. [102]) 
· Fuel handling bridge crane, purchase specification, (ref. [103]) [103]
· RP’s design challenges, (ref. [104] and [105]) 
103. To conclude, from a Mechanical Engineering facet and at a fundamental level I have secured some satisfactory assurance, (ref. [99] and [106]).  Moreover, I judge an attainable path exists for the final design to be aligned with ONR expectations. 

Optioneering, operational experience and ALARP
104. The life cycle of NPPs often involves control and management of high hazards, complex and novel scenarios. The Health and Safety at Work Act, 1974 “Sections 2 and 3”, (ref. [83]) places duties on employers to ensure, SFAIRP the health, safety and welfare of persons through controlling and reducing risks within the workplace It is particularly important to Mechanical Engineering, for example:
· It is the SSCs performance, reliability, engineering and quality control which provides the assurance and confidence that the safety functional demands can reliably be delivered; and
· Operational experience supports the evolution and definition of the next generation of the design and assists to demonstrate that risks have been reduced SFAIRP. 
105. I targeted the RP’s methodology and approach to Mechanical Engineering to secure the SSCs design basis, through the:
· applied codes and standards to the SSCs, (ref. [78])
· demonstrating reducing the risks SFAIRP, (ref. [80])
106. Hence, I consider the following to be pertinent: IAEA Specific Safety Requirements, SSR-2/1- Requirement 4, fundamental safety functions, (ref. [50]), ONR’s TAG-005 “Regulating duties to reduce risks to ALARP”, (ref. [56]), and the following ONR’s SAPs, (ref. [41]):
· “ECS.3” Codes and standards
· “ELO.1” Layout, access 
107. Assessment has noted the RP’s approach is to incorporate SSCs that are of a mature proven design pedigree and supported with significant operational experience. It has avoided using “first of a kind” technology, where possible. For example, its RCPs and control rod drive mechanisms.  I judge this approach to be aligned to ONR’s expectations. However, I also judge that even a small variance to a design or operational parameters can impact an SSC being able to reliably deliver its safety functional demands during normal operations, and in the event of a fault or accident. Furthermore, the RP secures operational learning from applying its assigned codes and standards. This is on the basis that both the Electric Power Research Institute (EPRI) and the US NRC codes and standards take account of operational learning, (ref. [78]).  In addition, the RP selection of reputable nuclear specialist vendors to detail design and manufacture its SSC further enables operational learning to be considered within its SSCs detailed design phase, (ref. [98] and [107]).
108. I also acknowledge that the RP as part of its own arrangements has identified several shortfalls with the reference design meeting ONR expectations. Hence, has raised several design challenge papers with the Responsible Designer to consider alignment of its design to meet ONR’s expectations.  For example, design challenges, (ref. [104] and [105]). I note the sentencing and implementation activities remain an ongoing activity.  However, I have secured satisfactory assurance of acting as a Responsible Designer at this time as I consider and accept designs naturally evolve as the design progresses through its lifecycle.
109. I consider conducting optioneering, consideration of operational experience, and the appropriate use of RGP as set out above at the design stage forms an important facet of demonstrating SSCs having the ability to reduce risks SFAIRP. I judge at a fundamental level the RP has implemented a design process that incorporates such facets. It has identified RGP, codes, standards and guidance that can facilitate the demonstration that SSCs reduce risks SFAIRP for the project lifecycle with an auditable trail, (ref. [78], [79] and [80]). 
110. To conclude, I have not identified any fundamental shortfalls and judge that an attainable path exist for the final design to be aligned with ONR expectations.

Layout and spatial facets 
111. Layout of a NPP is important:
· in that it can affect ease of access for normal operational needs, EIMT and SSC replacement activities
· to meet the duty to reduce radiation exposures to ALARP 
· as it can affect the consequences of faults and access conditions following faults and accidents 
112. Hence, I consider the following to be pertinent: IAEA Specific safety requirements, SSG-53, design of the reactor containment and associated systems for NPP, (ref.  [52]), and the following ONR’s SAPs, (ref. [41]):
· “EMT.1” - Maintenance, inspection and testing, identification of requirements
· “ELO.1” - Layout, access
113. To conduct a meaningful Step 2 assessment from a mechanical engineering perspective I have sought assurance to the adequacy of the NPP’s layout and spatial facets, (ref. [4] and [21]). This is to ensure EIMT and SSCs replacements can be conducted in a safe and controlled manner, and risks can be reduced SFAIRP. This was through technical discussions as set out within:
· RQ-01551 “3D model’s role and management”
· RQ-01775 “Layout” 
· RQ 01778 “Lifting”
· Contact records, (ref. [99], [108] and [109])
114. My assessment identified that the RP’s layout configuration, control and validation arrangement is via its building layout drawings, (ref. [4]), RQ-01551, “3D model’s role and management. I judge that this arrangement meets ONR’s expectations.
115. I noted that the RP is in the process of establishing a 3D model. However, it is at an early stage of maturity, RQ-01551 “3D model’s role and management” and contact record, (ref. [108]).  I consider there is significant merit and value in the use of a 3D model both now and for its ability to support the whole NPP’s lifecycle. 
116. The RP’s SMR-300 reference design has an 80-year design life, (ref. [4]), which is higher than those of other NPPs. For a fundamental Step 2 assessment I judge that the RP has an adequate understanding of the SSCs that will require replacement during the planned 80-year operational phase, RQ-01543 “SSCs design life”. However, the RP has provided limited assurance that it has reviewed or considered undertaking additional qualification of these SSCs. This would be required as the design develops to substantiate such claims, RQ-01543 “SSCs Design life”.  
117. To date, the RP has established a basic high-level understanding of its outage requirements and aspects of related operational experience and constraints. On this basis, I judge its outage strategy, (ref. [110]) falls short of its purpose for a concept design and the ability to establish a layout design that can demonstrate risks can be reduced SFAIRP, as:
· Of the need to lift and manoeuvre the reactor core barrel out of the shielded water and a RCP over the reactor pressure vessel, (ref. [110]); 
· The RP has not fully established its design integration review arrangements or conducted any of its constructability, operational, maintenance and safety design reviews, RQ-01775 “Layout”, RQ-01778 “Lifting” and RQ-01864 “Design process”; and  
· The RP has not demonstrated the NPP’s layout has sufficient ingress/egress provision for SSCs that will require replacement during a NPP’s operational phase, contact records, (ref. [111], and [112]).
118. My engineering judgement is that the extant NPP’s layout and spatial facets are constrained, RQ-01775 “Layout” and contact records, (ref. [111] and [109]). As such, I consider adopting such approaches will be challenging to demonstrate risks can be reduced SFAIRP. Furthermore, there may be a need for additional or larger SSCs due to changes in the safety functional categorisation or SSCs classification as the design develops through its design cycle and to meet ONR’s expectations.
119. To conclude, I judge currently that these are shortfalls as it is important to establish configured and validated procedures. This is to ensure an auditable and consistent approach is adopted for all the SSCs, layout and spatial facets. Moreover, post Step 2 as the design develops then the layout and spatial facets should be a regulatory focus topic for follow-up as part of any future normal regulatory business. 

Codes and standards
120. The expectations of IAEA Specific Safety Requirements, SSR-2/1- Requirement 9, proven engineering practices, (ref. [50]) are that: 
· Items important to safety for a nuclear power plant shall be designed in accordance with the relevant national and international codes and standards; and
· SSCs assigned important to safety to be designed, manufactured, constructed, installed, commissioned, quality assured, maintained, tested and inspected to the appropriate standards.
121. Hence, I consider the following to be pertinent:
·  “ECS.3”, Codes and standards of the ONR’s SAPs, (ref. [41]) 
122. I have assessed the RP’s specific Mechanical Engineering Codes and Standards Report, (ref. [78]) that supports its PSR Part B Chapter 19 Mechanical Engineering, (ref. [21]).
123. I judge at a fundamental level the RP’s adopted approach is adequate, although it is based on US regulatory approach and takes account of operational learning through applying the:
· US NRC specific requirements
· Electric Power Research Institute (EPRI) requirements, (ref. [38] and [80])  
124. In principle, the RP claims Mechanical Engineering equipment will be designed in accordance with American Society of Mechanical Engineering (ASME) or a recognised equivalent, (ref. [78]).  However, some SSCs’ sub-components do not have explicit standards, for example:
· the control rod drive mechanisms 
· the RCP’s seals 
125. As such these are designed and manufactured to the vendor’s specified standards, which the RP claims to be equivalent to relevant nuclear standards for the assigned classification.  At a fundamental level I judge this approach is adequate, acknowledging the sampled manufacturers are established reputable nuclear suppliers, (ref. [93] and [94]) and there is alignment with ONR’s SAP ECS.4, (ref. [41]). 
126. My assessment has identified the RP’s HVAC SSC designs to be limited in maturity, which are captured within:  
· RQ-01520 “HVAC RGP” 
· RQ-01523 “HVAC design basis”
· RQ-01698 “HVAC dependencies”  
127. Aligned with my expectations, the RP has established a commitment, “C_MECH_028”, (ref. [21]) to conduct a high-level gap analysis of its HVAC SSC designs and understand any potential impact to align the designs to meet ONR’s expectations, (ref. [59]).  The analysis is ongoing and will be completed outside the Step 2 GDA timeframe. I consider the outputs may place increased constraints on its operational and EIMT regimes. During this process, I consider the RP should consider the following:
· Ionising Radiation Regulations (IRRs), (ref. [76]) 
· EG_0_1738_1, Engineering guide, ventilation systems for radiological facilities design code, (ref. [77]) 
· ISO 17873:2004, Nuclear facilities, criteria for the design and operation of ventilation systems for nuclear installations other than nuclear reactors, (ref. [72])
· ISO 26802:2010, Nuclear facilities, criteria for the design and the operation of containment and ventilation systems for nuclear reactors, (ref. [73]) 
128. My assessment also sampled and identified that the RP’s nuclear lifting SSCs designs to be of limited maturity, RQ-01522 “Lifting RGP”, (ref. [106] and [113]).  Moreover, the UK has established specific regulations that relate to the topic and may have implications to the NPP’s layout and spatial facets:
· The Lifting Operations and Lifting Equipment Regulations 1998 (LOLER), (ref. [74]) 
129. Aligned with my expectations, the RP has established a commitment, “C_MECH_094”, (ref. [21]) to conduct a high-level gap analysis of its nuclear handling and lifting equipment designs and understand any potential impact to align the designs to meet ONR’s expectations, (ref. [62]).  The analysis is ongoing and will be completed outside the Step 2 GDA timeframe. I also note the RP has raised a design challenge, (ref. [106]) and guidance, (ref. [114]) that relates to the topic. 
130. The RP has established a design basis report of SSCs with mechanical engineering claims, (ref. [79]) and purchase specifications that set out the current assigned codes and standards for the principal Mechanical Engineering SSCs: 
· Reactor coolant pump, purchase specification, (ref. [100])
· Polar crane, purchase specification, (ref. [101])
· Reactor auxiliary building crane, purchase specification, (ref. [102]) 
· Fuel handling bridge crane, purchase specification, (ref. [103])
131. To conclude, I have not identified any fundamental shortfalls from the RP’s adopted methodology and approach to codes and standards. However, the RP has not provided sufficient assurance that the design requirements to meet regulatory expectations are fully defined or implemented at this time for either its nuclear ventilation or nuclear lifting SSCs. Moreover, the potential impact on the NPP’s layout and spatial facets. Nevertheless, I have confidence from the RP’s commitments to undertake such reviews, and an attainable path exist for the final design to be aligned with ONR expectations.

EIMT and aging management
132. The regulatory expectations of EIMT and aging management are set out within  ONR TAGs TAG-009 “Examination, inspection maintenance and testing of items important to safety”, (ref. [57]) ONR’s TAG-098 “Asset management”, (ref. [67]) and ONR TAG-109 “Aging and degradation management”, (ref. [70]).
133. Hence, I consider the following to be pertinent: IAEA Specific Safety Requirements, SSR-2/1 - Requirement 29 “Calibration, testing, maintenance, repair, replacement, inspection and monitoring of items important to safety”, (ref. [50]), WENRA Reference Levels, (ref. [53]), and ONR’s SAP, “EMT.1” - Maintenance, inspection and testing, identification of requirements and “EDR.1,2 and 3” Design for reliability, (ref. [41]).
134. I consider it is the SSC’s reliability in supporting duty operations that limits the reliance on the plant’s safety systems in fault and accident conditions. Hence, EIMT and asset management is important to ensure that each SSC can reliably deliver its design basis throughout the NPP lifecycle.  
135. I targeted the RP’s methodology and approach to EIMT surveillance and condition monitoring requirements, (ref. [21] and [79]) through, technical discussions, contacts and assessment of:
· Mechanical Engineering design basis report, (ref. [79])
· the lower tiered SDDs as set out in paragraph 49, (ref. [38])
· SSC technical specifications, (ref. [100], [101], [102] and [103]) 
· RQ-01658 “system requirements”
· contact records, (ref. [94] and [106]) 
136. I judge, at a fundamental level, the RP design process adequately takes account of the topic requirements, (ref. [21] and [79]). 
137. I consider it is fundamental for the design to provide an inherent safe and effective isolation without placing unnecessary constraints on plant operations. Hence, I assessed the topic against UK RGP HSG253 “Safe isolation of plant and equipment”, (ref. [75]) via RQ-01519 “EIMT and process isolation”. I acknowledge, some intrusive maintenance or internal inspection tasks will always require a plant shutdown. Where isolation to enable intrusive activities is appropriate, HSG253, states suitable plant isolation arrangements should be clearly defined and specified at the design stage.
138. Although the RP has provided assurance of having an established arrangement for the topic, it is aligned to current US requirements, RQ-015019 “EIMT and process isolation”. Furthermore, assurance has been secured that the facet will be considered as the RP’s design develops and fully establishes its constructability, operational, maintenance and safety design review arrangement, RQ-01775 “Layout”. 
139. Hence, I judge as part of Step 2 the RP has not yet fully demonstrated that its SMR-300 design is fully aligned to UK RGP, HSG253 “Safe isolation of plant and equipment”, (ref. [75]).  However, I am satisfied as the RP fully establishes its arrangements as part of any ongoing design development post the GDA phase it can facilitate such demonstration.
140. I also note ONR’s Strutural Integrity has issued RQ-01599 “Aging and degradation” and regulatory observation RO-HOLTECSMR300-008 “Aging and degradation considerations for the material selection process”, (ref. [115]). The RP has made a topic related commitment, “C_MSQA_109”, (ref. [21]) that relates to aging and degradation management of the main pressure components. 
141. I consider the outcome of the regulatory observation to be of interest to Mechanical Engineering as the adopted methodology could be applicable for other SSCs. However, as it targets the primary circuit SSCs, assessment of the topic has been led by ONR’s Structural Integrity with the detailed outcomes set out within its assessment report, (ref. [116]).    
142. To conclude, I judge, at a fundamental level the RP’s takes appropriate account of EIMT and asset management requirements within its design process against the above ONR expectations. Furthermore, if the ONR’s regulatory observation RO-HOLTECSMR300-008 “Aging and degradation considerations for the material selection process” is satisfactorily closed out with the SMR-300 design and SSEC updated in accordance with those requirements, an attainable path exist for the final design to be aligned with ONR expectations.

Nuclear lifting, rigging and load path faults 
143. Lifting of nuclear packages and conducting lifting operations over nuclear safety significant plant and equipment is an intrinsically hazardous, yet at times a necessary activity within an NPP.
144. The regulatory expectations of ONR’s TAG-056 “Nuclear lifting operations and lifting equipment”, (ref. [62]) are that the RP:
· defines the crane and lifting equipment reliability considering many factors, including equipment integrity 
· assesses the consequences of dropped loads and other malfunctions, regardless of integrity claims 
· defines the operating limits and conditions for cranes and lifting equipment, taking account of the failure consequences assessment, industry and regulatory guidance, engineering good practice
· demonstrates operational risks are reduced to ALARP 
145. Hence, I consider the following to be pertinent: ONR’s SAPs, “EDR.1,2 and 3” Design for reliability, (ref. [41]). 
146. I targeted the RP’s design process arrangement methodology through targeting its approach to specification of its cranes to ensure risks are reduced SFAIRP. I sampled its technical and procurement specifications content and purpose:
· polar crane, purchase specification, (ref. [101])
· reactor auxiliary building crane, purchase specification, (ref. [102])
· fuel handling bridge crane, purchase specification, (ref. [103])
147. I identified that the RP has adequately set out the requirements of high integrity features such as:
· incorporation of an emergency drum brake
· over speed detection
· protection against a double block fault
148. However, my assessment sampled and identified the cranes have not been classified as being important to safety and have been specified to US codes and standards, (ref. [79]), RQ-01522 “Lifting RGP”, and RQ-01609 “Nuclear lifting”. 
149. I judge this to be a shortfall as the RP needs to demonstrate that the design meets ONR’s expectations, specifically the LOLER Approved code of practice, (ref. [74]).  This is an ongoing process that will be completed outside the Step 2 GDA timeframe. I consider this could impact the NPP’s layout and spatial envelope. 
150. I also note the RP has self-recognised the topic as a shortfall and is taking action to address the matter and to align its arrangement to meet ONR’s expectations. Aligned with my expectations, the RP has made a commitment to address this shortfall, “C_MECH_094”, (ref. [21]). I judge that this gap analysis review and impact assessment should adequately identify the implications of aligning the design, layout and spatial facets to meet ONR’s expectations.
151. In addition, I note that the cranes claim to meet single failure proof requirements, and no further analysis is necessary under the US requirements.  However, UK RGP, ONR’s TAG-056 “Nuclear lifting operations and lifting equipment”, (ref. [62]) expects the consequences of a drop load are adequately understood, and routing of lift sequences and engineering measures are put in place to reduce the risks SFAIRP. The RP has proposed a revised methodology, RQ-01609 “Nuclear lifting” to consider the consequences of a drop load.  This has been considered by ONR’s Internal Hazard assessment, (ref. [117]) and is outside the Step 2 GDA timeframe. Hence, I judge the impact on the design requirements will need to be considered as the RP’s design develops. 
152. To conclude, I have not identified any fundamental shortfalls as part of my Step 2 assessment. However, the RP has not provided sufficient assurance that it adequately understands the design requirements to meet ONR’s expectations for its nuclear lifting, rigging and load path faults. Moreover, the potential impact on the NPP’s layout and spatial facets. Nevertheless, I have confidence from the RP’s commitment to undertake such a review that an attainable path exist for the final design to be aligned with ONR expectations.

Metrication
153. The plant is currently at the concept design phase.  The regulatory expectations of ONR’s GDA guidance, (ref. [42]) states that the generic safety and security cases are presented in, and the NPP will be built and operated using SI (Système International) units.  
154. My assessment has identified the RP’s reference design is based on US customary unit methodology, (ref. [21]). The UK and other countries across the world operate SI unit methodology and very few countries use an imperial unit system methodology or a US customary unit approach.  
155. Noting the above and assessment of:
· the RP’s strategy for the topic, (ref. [118] and [119])  
· multidiscipline RQ-01900 “Metrication”
156. I judge from a Mechanical Engineering perspective that adopting a hybrid methodology approach where some facets are metric, whilst others are US customary units will introduce additional risks. I consider any adoption of US customary/hybrid methodology approach introduces additional:
· human factor risks that relate to the operations, EIMT and SSCs replacement activities 
· SSCs obsolescence risks
· operational and EIMT training needs
157. Hence, I consider the preference from a Mechanical Engineering perspective would be for a Système International (SI) (metric) unit design that includes the safety case, design, supporting documentation, and the constructed facility. However, I am satisfied that the RP has established an adequate approach and methodology for the topic to demonstrate that metrication risks can be reduced SFAIRP.
158. To conclude, the topic is cross-cutting, and the overall assessment is set out within the ONR’s Summary report, (ref. [45]).

Electricity supply frequency 
159. My assessment has identified the RP’s reference concept design is based on a 60Hz electricity supply frequency, (ref. [38]). I consider from a Mechanical Engineering perspective, retaining 60Hz for the UK has potentially significant implications on the NPP’s layout design, spatial facets and SSCs, for example:
· Additional SSCs may be necessary to be installed to manage the electrical supply differential; and
· SSCs may require additional qualification as design parameters; for example, operational torques, loadings, size and weights may be different to the extant qualified SSCs designs. Moreover, may be judged to be a “first of a kind” SSC.
160. To conclude, the topic is cross-cutting and is of interest to Mechanical Engineering. The RP has raised a design challenge on the topic, “HI-2241520, UK GDA [DC28] Design Challenge - 60/50Hz”.  The overall topic assessment is set out within the ONR’s Electrical Engineering assessment report, (ref. [120]).

NPP modularisation and twin operational units
161. My step 2 plan, (ref. [44]) included assessment of the RP’s approach to modularisation and twin operational units. 
162. I assessed the PSR chapters that related to mechanical engineering and raised regulatory query, RQ-01521 “Modularisation and twin operational units”. 
163. My assessment as applied to the Mechanical Engineering facets did not identify any novel or fundamental facets to either modularisation or the twin operational units safety. 
164. To conclude, from a Mechanical Engineering facet I did not identify any fundamental shortfalls associated with modularisation or twin operational units that would prevent further development of the generic SMR-300 design to support any future permissioning activities.

Demonstrating risks can be reduced ALARP
165. In the UK there is a requirement to demonstrate risks are reduced SFAIRP, Health and Safety at Work Act 1974, Sections 2 and 3, (ref. [83]). 
166. Hence, I consider the following to be RGP and pertinent, ONR’s TAG-005 “Regulating duties to reduce risks to ALARP”, (ref. [56]).
167. My assessment targeted the RP’s methodology approach as set out within its:
· PSR Part A Chapter 5, Summary of ALARP, (ref. [5])
· Mechanical Engineering ALARP, (ref. [80])
168. I judge from my targeted and sample assessment as set out within section 4 the RP has demonstrated to adequately understand the principles of ALARP. Moreover, its methodologies can establish the appropriate audit trail to its design as it evolves through its lifecycle. 
169. To conclude, as applied to the Mechanical Engineering facets I did not identify any fundamental shortfalls if the ONR’s cross-cutting regulatory observations are satisfactorily closed out with the SMR-300 design and SSEC updated in accordance with those requirements, an attainable path exist for the final design to reduce risks SFAIRP.

[bookmark: _Toc213768700]Conclusions
170. This report presents my Step 2 Mechanical Engineering assessment for the GDA of the Holtec SMR-300 design. The focus of my assessment in this Step was towards the fundamental adequacy of the design and safety case. I have assessed the SSEC, SMR-300 design, and relevant supporting documentation provided by the RP to form my judgements. I targeted my assessment, in accordance with my assessment plan (ref. [44]), the content and 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. 
171. Based on my assessment, I have concluded the following:
· There are cross-cutting regulatory observations that relate to Mechanical Engineering, for example: “Fault analysis maturity” and “Adequacy of requirements management arrangements”. Hence, the safety case, structures, systems and components design requirements, rationale, layout and spatial facets will need to be reviewed and updated. The identified shortfalls are expected to be resolved as part of the delivery of the regulatory observations’ outcomes; 
· Mechanical Engineering involvement in any close out activities relating to the ONR’s cross-cutting regulatory observations, and ongoing design development post the generic design assessment phase is important; 
· Noting that it is a developing design, the design maturity of some Mechanical Engineering structures, systems and components is limited, which is proportionate for this project phase. Moreover, there is limited demonstration that risks can be reduced so far as is reasonably practicable; 
· The Requesting Party has demonstrated its ability to apply its methodologies and approaches to preparing its preliminary safety case as applied to the Mechanical Engineering facets; 
· The Requesting Party’s submission is judged to be logically structured and aligned with UK relevant good practice. In addition, its audit trail arrangement should facilitate the demonstration that risks can be reduced so far as is reasonably practicable as part of any future design development; and
· A meaningful and targeted assessment of the Requested Party’s submission has been conducted against the ONR’s Mechanical Engineering established assessment scope. The exception being the nuclear power plant’s layout and spatial facets due to the limited available design information. 
172. 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.
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	SAP Reference
	Title

	
	The Regulatory Assessment of Safety Cases: Safety Cases

	SC.1
	Safety case production process - The process for producing safety cases should be designed and operated commensurate with the hazard, using concepts applied to high reliability engineered systems

	SC.2
	Safety case process outputs – The safety case process should produce safety cases that facilitates safe operation

	
	Engineering Principles: Key Principles

	EKP.1
	Inherent safety - The underpinning safety aim for any nuclear facility should be an inherently safe design, consistent with the operational purposes of the facility

	EKP.2
	Fault tolerance - The sensitivity of the facility to potential faults should be minimised

	EKP.3
	Defence in depth - Nuclear facilities should be designed and operated so that defence in depth against potentially significant faults or failures is achieved by the provision of multiple independent barriers to fault progression

	EKP.4
	Safety function - The safety function(s) to be delivered within the facility should be identified by a structured analysis

	EKP.5
	Safety measures - Safety measures should be identified to deliver the required safety function(s)



	
	Engineering Principles: Safety Classification and Standards

	ECS.1
	The safety functions to be delivered within the facility, both during normal operation and in the event of a fault or accident, should be identified and then categorised based on their significance with regard to safety

	ECS.2
	Structures, systems and components that have to deliver safety functions should be identified and classified on the basis of those functions and their significance to safety

	ECS.3
	Codes and standards - Structures, systems and components that are important to safety should be designed, manufactured, constructed, installed, commissioned, quality assured, maintained, tested and inspected to the appropriate codes and standards

	ECS.4
	Absence of established codes and standards - Where there are no appropriate established codes or standards, an approach derived from existing codes or standards for similar equipment, in applications with similar safety significance, should be adopted

	
	Engineering Principles: Equipment Qualification

	EQU.1
	Qualification Procedures - Qualification procedures should be applied to confirm that structures, systems and components will perform their allocated safety function(s) in all normal operational, fault and accident conditions identified in the safety case and for the duration of their operational lives

	
	Engineering Principles: Design for Reliability

	EDR.1
	Failure to safety - Due account should be taken of the need for structures, systems and components to be designed to be inherently safe, or to fail in a safe manner, and potential failure modes should be identified, using a formal analysis where appropriate


	EDR.2
	Redundancy, diversity and segregation - Redundancy, diversity and segregation should be incorporated as appropriate within the designs of structures, systems and components

	EDR.3
	Common cause failure - Common cause failure (CCF) should be addressed explicitly where a structure, system or component employs redundant or diverse components, measurements or actions to provide high reliability

	
	Engineering Principles: Reliability Claims

	ERL.1
	Form of claims - The reliability claimed for any structure, system or component should take into account its novelty, experience relevant to its proposed environment, and uncertainties in operating and fault conditions, physical data and design methods

	
	Engineering Principles: Maintenance Inspection and Testing

	EMT.1
	Identification of requirements - Safety requirements for in-service testing, inspection and other maintenance procedures and frequencies should be identified in the safety case

	
	Engineering Principles: Layout

	ELO.1
	Access - The design and layout should facilitate access for necessary activities and minimise adverse interactions while not compromising security aspects
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