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[bookmark: _Toc204771113][bookmark: _Toc109727646]Executive summary
This report presents the outcomes of my chemistry 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:
· Primary and secondary water chemistry, including the capability to control chemistry within developing limits and conditions necessary in the interests of safety.
· Annular reservoir (AR) chemistry, including the capability to control chemistry within developing limits and conditions necessary in the interests of safety.
· The Requesting Party’s (RP) approach to defining and justifying the source term for SMR-300, including development using appropriate methods.
· The RP’s strategy for addressing accident chemistry, including development of design provisions for the mitigation of the consequences of an accident.
· The adequacy of the overall chemistry safety case for the PSR, including adequacy of claims and arguments and capability to demonstrate risks can be reduced so far as is reasonably practicable (SFAIRP).
Based upon my assessment, I have concluded the following:
· With regard to primary chemistry, I note there is no online boron monitoring capability in the reference design. I judge this represents a gap with relevant good practice (RGP). I am content however that this has been identified as a commitment for future work. I also consider that additional justification for the selection of natural boric acid will be required as part of routine design development. 
· I judge that the proposed secondary chemistry regime and steam generator tube material are aligned with RGP. While I judge additional consideration will be required with respect to a chloride ingress protection system (CIPS), I judge this is appropriate for consideration in the detailed design stage and should occur as part of routine design development.
· I am content with the claims and arguments with respect to chemistry mitigation of material degradation in the AR. I judge additional work is required to demonstrate that engineered means to control chemistry are adequate, however. I am content that this has been identified as a commitment for future work.
· I am satisfied with the methodology applied in deriving the SMR-300 source term and justification through comparison with operating experience (OPEX). I judge additional work will also be required to demonstrate adequate radionuclide selection and Stellite reduction SFAIRP as part of routine design development. 
· I judge that the RP has developed an adequate accident chemistry strategy for a step 2 GDA, with claims identified across the main topics of relevance to accident chemistry. I consider this will continue to develop as SMR-300 fault analysis progresses. I note commitments with respect to sump pH control in this regard to ensure alignment with RGP.
· The scope, structure and content of the safety case meet my expectations for this stage of GDA from a chemistry perspective. Further work will need to be undertaken beyond Step 2 to develop the underlying evidence supporting the chemistry claims and arguments. I am content that an appropriate case to demonstrate that risks have been reduced SFAIRP could be made for SMR-300 and I have not identified any fundamental shortfalls during the course of my assessment.

[bookmark: _Hlk168596328]Overall, based on my step 2 assessment, I have not identified any fundamental safety shortfalls from a chemistry perspective that would prevent ONR permissioning the construction of a power station based on the generic Holtec SMR-300 design.
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[bookmark: _Toc204771115]Introduction
This report presents the outcomes of my chemistry assessment of the Holtec Small Modular Reactor (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) (ref. [1] [2] [3] [4] [5] [6], [7], [8], [9] and [10]), the Design Reference Point (DRP) (ref. [11]), and supporting documentation (ref. [12]).
Assessment was undertaken in accordance with the requirements of ONR’s management system. ONR’s Risk Informed and Targeted Engagements policy (RITE) (ref. [13]), guidance on the mechanics of assessment (ref. [14]), ONR Safety Assessment Principles (SAPs) (ref. [15]), 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. [16]) 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. [17]).
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. [16]).
Prior to the start of Step 2 I prepared a detailed assessment plan for chemistry (ref. [18]). 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. [19])
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 (ref. [20] [21]). 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 chemistry assessment scope is defined in my assessment plan (ref. [18]) which is discussed in detail in section 4.1 and includes the following topics:
· Primary circuit chemistry – the RP’s safety justification for the operating chemistry to be applied to the primary circuit, including the degradation of systems, structures and components, crud generation and development of the demonstration that all relevant risks can be reduced to as low as is reasonably practicable (ALARP).
· Secondary circuit chemistry – the RP’s safety justification for the operating chemistry to be applied to the secondary circuit, including the degradation of systems, structures and components and development of the demonstration that all relevant risks can be reduced to ALARP.
· Annular Reservoir (AR) – the chemistry regime and control capability for the AR to maintain integrity of interfacing systems.
· Normal operation source term – the adequacy of the RP’s approach to defining and justifying the source term, including that it will be developed using appropriate methods, cover appropriate systems and sources of radioactivity, and that it will be appropriately integrated into the safety case.
· Accident chemistry – the RP’s demonstration that an adequate strategy exists to address accident chemistry, including design decisions with regard to mitigation of the consequences of an accident.
· The adequacy of the overall chemistry safety case as it develops, focussing at this stage on the adequacy of the claims and arguments. 
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:
· The chemistry control of oil systems (fuel and lubrication) 
· The chemistry control of service water and/or cooling towers
· The chemistry control of solid, liquid and gaseous waste systems 
· Chemical management, including storage
· Detailed specification of control and diagnostic parameters for chemical specifications in addition to limiting values
· Definition of the exact chemistry analytical equipment required for the generic site
· Chemistry operating procedures
· Detailed information for the on-site chemistry laboratories and the equipment within them
· Material compatibility processes and procedures 
· The detailed commissioning/hot functional testing chemistry regime and strategy. The RP has accepted the need to demonstrate options for commissioning are not foreclosed however.
· Care and preservation chemistry specifications (general provisions for supporting systems such as nitrogen are considered in scope)
While chemistry of waste systems are out of scope for the purposes of a Step 2 fundamental assessment, this is a topic routinely considered in later stages of GDA. I note from dialogue with Environment Agency colleagues that decay tanks are proposed in the gaseous radwaste system, as opposed to charcoal delay beds (ref. [22]). I consider this will present different conventional safety risks, and deviates from RGP identified in previous assessment of Light Water Reactors (LWRs) (ref. [23]). Additionally, I note that there is no flammable gas recombiner capability in the reference design. I judge these to be topics for follow-up as part of future normal regulatory business. 

[bookmark: _Toc204771116]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 
The ONR SAPs (ref. [15]) 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. [24]) and nuclear security series (ref. [25]) 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. [26]), which represent good practices for existing nuclear power plants, and Safety Objectives for new reactors (ref. [27]).
The relevant SAPs, IAEA standards and WENRA reference levels are embodied and expanded on in the TAGs (ref. [28]).
1.1.1. Safety Assessment Principles (SAPs) 
The key SAPs applied within my assessment are ECH.1, ECH.2, ECH.3, and ECH.4. 
· ECH.1, in my consideration of whether, by applying a systematic process, the RP’s safety case addresses all chemistry effects important to safety, including identification of appropriate limits and conditions of operation (LCO).
· ECH.2, in determining whether, where the effects of different chemistry parameters conflict with one another, the safety case demonstrates that an appropriate balance for safety has been achieved.
· ECH.3, in determining whether suitable and sufficient systems, processes and procedures are provided to maintain chemistry parameters within the LCO identified in the safety case.
· ECH.4, in my consideration of whether suitable and sufficient systems are provided for monitoring, sampling and analysis so that all chemistry parameters important to safety are properly controlled.
A list of the SAPs used in this assessment is recorded in Appendix 1.
Technical Assessment Guides (TAGs)
The following TAGs have been used as part of this assessment:
· NS-TAST-GD-005 – Regulating duties to reduce risks to ALARP (ref. [29])
· NS-TAST-GD-051 – The purpose, scope and content of safety cases (ref. [30]) 
· NS-TAST-GD-088 – Chemistry of Operating Civil Nuclear Reactors (ref. [31])
· NS-TAST-GD-089 – Chemistry Assessment (ref. [32])
· NS-TAST-GD-096 - Guidance on Mechanics of Assessment (ref. [14])
National and international standards and guidance
The following international standards and guidance have been used as part of this assessment:
· IAEA, Chemistry Programme for Water Cooled Nuclear Power Plants, Specific Safety Guide (SSG) No. SSG-13 (ref. [33]). This safety guide contains relevant guidance and international good practice and is applicable to the development of new chemistry programmes.
Integration with other assessment topics
I have worked closely with other topics (including the Environment Agency and NRW) as part of my chemistry 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. 
The key interactions with other topic areas were:
· I led for normal operation source terms, collaborating with a team of ONR inspectors (Radiological Protection and Nuclear Liabilities Regulation (NLR)) and Environment Agency assessors, to assess the adequacy of the methodology for deriving and justifying the normal operation source term; 
· I provided input to the cladding corrosion and crud aspects of the Fuel and Core assessment, leading on the effects of the primary circuit chemistry on these aspects;
· Structural Integrity led on assessing the case for the integrity of metallic components and structures. I have supported this with assessment of the effects of the operating chemistry on material degradation; and
· I provided input to Fault Studies and Severe Accidents assessments in areas where chemistry effects are important in determining the consequences or effectiveness of mitigation measures.
Use of technical support contractors
During Step 2 I have not engaged Technical Support Contractors (TSCs) to support my chemistry assessment for the Holtec SMR-300. 


[bookmark: _Toc204771117]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 chemistry. It also identifies the supporting documents submitted by the RP which have formed the basis of my chemistry 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 electrical power output capacity to the grid is 320 MWe (net) (from a thermal power of 1,050 MWth) with a design life of 80 years for non-replaceable components. The SMR-300 design submitted for assessment in GDA is a twin-unit design comprising two SMR-300 reactors and associated plant.
The SMR-300 is equipped with a number of supporting systems for normal operations and a range of safety measures to provide cooling, criticality control, and contain radioactivity under fault conditions. Passive safety features are preferred to active components, reflecting the RP’s design philosophy. 
The SMR-300 has a compact layout. The Reactor Pressure Vessel (RPV), which holds the fuel assemblies, the steam generator, RCPs and associated pipework, the Spent Fuel Pool (SFP) and the passive safety systems, are all held within a steel Containment Structure (CS) and a secondary steel and concrete Containment Enclosure Structure (CES). An 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.
For primary circuit chemistry, the SMR-300 proposes natural boron for criticality control, enriched lithium hydroxide for modified coordination pH control, hydrogen addition to suppress oxidising radiolysis products and depleted zinc to reduce operational radiation exposure. Chemistry control is achieved via the Chemical and Volume Control (CVC) system and Primary Sampling systems (PSL). The CVC system is described in PSR Chapter 5 (ref. [5]), providing means for chemical addition and purification. The PSL is described in Chapter 23 (ref. [5]), providing sampling to demonstrate effective chemistry control within the safe operating envelope. Chemistry aspects of both systems are presented in Chapter 23 (ref. [10]).
An all volatile treatment (AVT) is proposed for the secondary side chemistry, with ethanolamine proposed as the pH modifier (ref. [34]). The SMR-300 utilises a single once through steam generator. Secondary circuit feedwater chemistry is maintained via the condensate polishing system (CPO), with redundant full flow condensate treatment across all modes. Additional clean-up is available via the steam generator blowdown system (SGB), which provides continuous blowdown of up to 3% of the main steam flow rate by rerouting to the condensate system upstream of the CPO. I also note reference by the RP of IAEA TECDOC 1668, which states once through steam generators have experienced lower failure rates than recirculating steam generators. This is attributed to differences in the design, manufacture and operation (ref. [35]). While the RP accepts this OPEX is based on A600MA tube material, it anticipates this will transpose to SMR-300 due to improved material selection.
As noted above, the AR is a substantive body of several million litres of water. The AR serves as the ultimate heat sink for the SMR-300 passive safety systems during Design Basis Accidents (DBAs). Heat is transferred from the steam generator via the Secondary Decay Heat Removal (SDH) system heat exchangers, which are situated in the AR. The AR also provides heat removal from the CS as part of the passive containment heat removal system (PCH). This is unique to the SMR-300, with AR water interfacing between stainless steel and lined carbon steel materials across the SDH heat exchanger, CS and CES. The SDH heat exchanger and CS are class 1 systems and the CES is a class 2 system in accordance with the provisional UK classification system (ref. [36]). Demineralised water is proposed in this system, with recirculation via the PCH every seven days to minimise stratification of dosing chemicals and impurities. The recirculation loop has a recirculation pump, two recirculation heaters, a filter, a chemical addition tank, a chemical addition pump, piping, and components. Sodium hydroxide is presented as a pH modifier and hydrogen peroxide as a biocide. Notably, no permanent means of impurity removal is available besides bleed and feed.
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. [12]).
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 chemistry 
PSR Chapter A5 states all PSR chapters with claims contribute to the overall ALARP demonstration. Chemistry is therefore one of 18 aspects supporting the RP’s claim that “The design of the systems and associated processes have been developed taking cognisance of relevant good practice (RGP) and substantiated to achieve their safety and non-safety functional requirements” (2.2) (ref. [4]). PSR Chapter A3 further adds that not every claim / sub-claim uses terminology of ‘and reduces risk to ALARP’ within the claim wording, for brevity of presentation and readability (ref. [3]). 
PSR Chapter B23 presents a claim that “The SMR-300 chemistry regime and systems reduce chemistry-related risks during all normal operating modes and accident conditions for all phases of the lifecycle” (2.2.14) (ref. [10]). This is supported by a number of sub-claims (2.2.14.1 – 2.2.14.7) and supporting arguments. I also consider PSR Chapter B10 sub-claims (2.2.5.13) and supporting arguments to be relevant to chemistry (specifically source terms) (ref. [6]). I have considered these under six headings as follows:
1.1.2. Primary circuit chemistry
The RP presents a number of sub-claims in PSR Chapter 23 relevant to primary circuit chemistry (ref. [10]). These include reducing risks of fuel reactivity (2.2.14.1), fuel heat removal (2.2.14.2), integrity of structural materials and confinement of radioactivity (2.2.14.3). Underpinning arguments relate to application of natural boric acid, suitable and sufficient LCO, crud, fuel clad and reactor coolant system (RCS) integrity. 
A sub-claim is also presented relevant to enabling management of nuclear island chemistry (2.2.14.5). This claim is underpinned by two arguments related to suitable and sufficient addition/purification systems, and suitable and sufficient sampling systems. 
Tier 2 submissions including the SMR-300 Primary Water Chemistry Strategic Plan (ref. [37]), SMR-300 Water Chemistry Requirements (ref. [38]), UK Context-Gap Analysis of SMR-300 Primary Sampling and Monitoring Arrangements (ref. [39]) and PSL Preliminary Chemistry Engineering Justification (ref. [40]) are identified as relevant evidence.
Nuclear island auxiliary and safety system chemistry
The sub-claim that chemistry reduces risks to integrity of structural materials (2.2.14.3) is underpinned by the argument that structural material degradation of auxiliary systems (including the AR) is minimised. 
Tier 2 submissions including the CS System Based View (ref. [41]) and Decision Paper on the SMR-300 AR Water Sources of Makeup and Chemistry Requirements (ref. [42]) are identified as relevant evidence.
1.1.3. Secondary circuit chemistry
Two sub-claims are presented in relation to secondary circuit chemistry. These include chemistry reduction of risks relevant to integrity of structural materials (2.2.14.6) and supporting systems to enable management of chemistry (2.2.14.7). These claims are underpinned by arguments relating to minimisation of structural material degradation, suitable and sufficient LCO, suitable and sufficient addition/purification systems, and suitable and sufficient sampling systems. 
Supporting tier 2 submissions include the Secondary Strategic Water Plan (ref. [34]) and SMR-300 Water Chemistry Requirements (ref. [38]).
1.1.4. Normal operation source term
PSR Chapter 23 presents a sub-claim that chemistry of nuclear island systems reduces the normal operation source term of the RCS (2.2.14.4). This is underpinned by arguments that generation and accumulation of radionuclides in the RCS is minimised, source term is representative and sufficient LCO are in place to reduce the source term. 
Sub-claims in PSR Chapter 10 are also of relevance to source terms. These include characterisation of radiological risk (2.2.15.1) and supporting argument appropriate methodologies are used to calculate best estimate and design basis source terms. Claims are also presented that material selection minimises the generation of activation products (2.2.15.3), supported by argument that corrosion resistant materials are combined with reducing chemistry. 
Tier 2 submissions include the Contained Radiation Sources for Normal Operation (Primary and Secondary Source Term) (ref. [43]), Nuclear Island Minimisation Strategy for Activity Generation and Accumulation (ref. [44]), and Evaluation of SMR-300 Calculated Source Term Against Publicly Available Information (ref. [45]). 
1.1.5. Accident chemistry
Accident chemistry is subsumed within the high-level claim that the SMR-300 chemistry regime and systems reduce chemistry-related risks during all normal operating modes and accident conditions for all phases of the lifecycle (2.2.14). 
Accident chemistry is therefore presented across a number of sub-claims. These include claims that the chemistry of nuclear island systems reduces risks relevant to fuel heat removal (2.2.14.2); the chemistry of nuclear island systems reduces risks relevant to the integrity of structural materials and confinement of radioactivity (2.2.14.3); and the plant auxiliary systems enable management of nuclear island chemistry (2.2.14.5). These sub-claims are underpinned by arguments that nuclear island system blockages caused by chemical effects and byproducts in the post-loss of coolant accident (LOCA) environment do not compromise fuel heat removal (2.2.14.2-A3); accident chemistry minimises structural material degradation and the confinement of radioactivity (2.2.14.3-A4); and, the nuclear island monitoring and sampling systems are suitable and sufficient (2.2.14.5-A2), respectively. 
The sub-claims and arguments are further underpinned by tier 2 submissions including the Accident Chemistry Strategy (ref. [46]) and SMR-300 Containment Pool pH During Maximum Hypothetical Accident (MHA) LOCA (ref. [47]). 
1.1.6. Demonstrating risks are reduced ALARP
Reduction of risks ALARP is incorporated to overarching PSR Chapter A5, with the conclusion that it can be demonstrated that the generic SMR-300 reduces risks to ALARP and that the fundamental purpose of the SSEC has been fulfilled. The RP states in PSR Chapter B23 that this chapter “provides an overall summary and conclusion of the Reactor Chemistry chapter and how this chapter contributes to the overall demonstration of ALARP for the generic SMR-300”. High level chemistry claim (2.2.14) and sub-claims (2.2.14.1 – 2.2.14.7) are therefore all relevant to supporting the RP’s overarching ALARP demonstration. 
Chapter B23 includes a section summarising the chapter and overall contribution to the demonstration that risks are reduced to ALARP. This highlights alignment with RGP, consideration of risk reduction options and GDA commitments. This concludes that the approach to reactor chemistry for the SMR-300 sufficiently integrates codes, standards, and RGP and in doing so has optimally balanced the important factors, as needed, to derive an adequate chemistry basis for operating the plant. The RP therefore asserts chemistry claims and sub-claims are met, subject to completion of three GDA commitments. These relate to:
· Absence of capability to continuously monitor boron in the RCS. The RP therefore commits to incorporate continuous online boron monitoring of the primary circuit for the UK deployment of the SMR-300 following appropriate DBA Analysis (C_Reac_075).
· Absence of any permanently-installed demineralisation capability for ensuring chemistry control of the AR. The RP therefore commits to incorporate the capability to use temporary demineralisation skids and assess if these enable risk reduction SFAIRP (C_Reac_105).
· Absence of capability to chemically modify reactor cavity sump pH post-LOCA for the purpose of iodine retention. The RP therefore commits to incorporate a post-LOCA reactor cavity sump pH modifier into the design such that risks are minimised SFAIRP (C_Reac_106).
Basis of assessment: requesting party’s documentation
The principal documents that have formed the basis of my chemistry assessment are:
· PSR B Chapter 23 Reactor Chemistry (ref. [10])
· SMR-300 Primary Water Chemistry Strategic Plan (ref. [37])
· SMR-300 Water Chemistry Requirements (ref. [38])
· SMR-300 Contained Radiation Sources for Normal Operation (Primary and Secondary Source Term) (ref. [43])
· Nuclear Island Minimisation Strategy for Activity Generation and Accumulation (ref. [44])
· Evaluation of Publicly Available Radionuclide Source Term Information (ref. [48])
· Evaluation of SMR-300 Calculated Source Term Against Publicly Available Information (ref. [45])
· Decision Paper on the SMR-300 AR Water Sources of Makeup and Chemistry Requirements (ref. [42])
· UK Context-Gap Analysis of SMR-300 Primary Sampling and Monitoring Arrangements (ref. [39])
· PSL Preliminary Chemistry Engineering Justification (ref. [40])
· Secondary Strategic Water Plan (ref. [34])
· Closed Cooling Water Strategic Water Plan (ref. [49])
· Accident Chemistry Strategy (ref. [46])
· SMR-300 Containment Pool pH During MHA LOCA (ref. [47])
· UK Gap Analysis of SMR-300 Design Philosophy Against Chemistry Codes and Standards (ref. [50])
· Review of SMR-300 Chemistry Design Against ONR SAPs and TAGs 088 and 089 (ref. [51])
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Assessment strategy
My assessment focussed on a number of main themes of relevance to chemistry control. These were protection of the structural materials, maintaining fuel integrity and performance, minimisation of out of core radiation fields and minimisation of releases during fault and accident conditions.
I chose to target assessment upon areas I considered to be novel or of the most significance to safety in the context of the design and safety case. This targeting approach supports my overall Step 2 assessment objective of evaluating the design against regulatory expectations to identify any fundamental safety shortfalls that could prevent ONR permissioning the construction of a power station based on the design.
The aspects of the Holtec SMR-300 safety case that I focussed my assessment on were set out in my assessment plan, produced prior to the start of Step 2 (ref. [18]).
My assessment is based on revision 1.1 of the DRP (ref. [11]). The DRP presents the baseline design for GDA Step 2, outlining the physical system descriptions and requirements that form the design at that point in time. Where I have identified deltas between the DRP and the PSR (ref. [10]), I have sought assurance these are appropriately captured.
Assessment
Primary circuit chemistry
Justification for the chemistry choices
Expectations relevant to primary circuit chemistry are identified in the SAPs. This includes ECH.1 and ECH.2, which describe the need for a systematic review of normal and fault conditions, identification of LCO necessary in the interests of safety, and demonstration of an appropriate balance where chemical parameters may conflict. These are supplemented by NS-TAST-GD-088 (ref. [31]). 
The RP presents a number of claims in the PSR Chapter 23 on primary chemistry related to reactivity control, fuel heat removal, materials degradation (including confinement of radioactivity) and source term (ref. [10]). 
The RP’s high level justification for the chosen primary water chemistry is presented in the primary water chemistry strategy (ref. [37]). While the chosen chemistry for SMR-300 is not uncommon, I judge that the choice to select natural boric acid (rather than boric acid enriched in 10B) will require comparably more boric acid and lithium. I judge that enriched boric acid EBA would present additional benefits with respect to crystallisation risk, clad and tritium production (Regulatory Query (RQ)-01644 relates). The RP accepts that there are benefits with EBA, however states natural boric acid is preferred due to this choice aligning with its design objective for simplicity and removing the need for boron recycling systems. I note that natural boric acid was proposed for AP1000 (ref. [23]) and is applied in Sizewell B. Based on this and the RP’s safety case and RQ response, I am content with the position for Step 2 and that a case for natural boric acid can be made. This will however require further justification, which I consider to be a part of routine design development.
I note reliance on Electric Power Research Institute (EPRI) guidance in deriving LCO in the water quality requirements for the SMR-300 (ref. [38]). I acknowledge EPRI guidelines as a valuable input for this purpose, which have been used as part of a suite of evidence to underpin chemistry choices in LWRs in previous GDAs. While the submission positively recognises the need to consider the applicability of EPRI guidelines to the unique characteristics of the SMR-300, I consider the  justification presented for adopting the guidelines to be limited at this stage. I am content this is a reasonable position for Step 2 however and consider further development of underpinning safety justifications and limits to be part of routine design development. This should include justification that the chosen chemistry for SMR-300 will enable an 80-year design life. I consider Regulatory Observation (RO)-Holtec SMR-300-008 (ref. [52]) relating to aging and degradation to be relevant in this regard, with further discussion in ONR’s structural integrity assessment (ref. [53]).
Based on my review of submissions and RQ responses, I judge the expectations of ECH.1 and ECH.2 have been met for the purposes of a 2 Step GDA. I consider that a future case should provide further justification for the selection of natural boric acid as part of routine design development.
Impact on the generation, transport, and behaviour of radioactivity
EHT.4 and EHT.5 expect that the coolant within heat transport systems should minimise the potential for radioactivity accumulation or transport within the plant (ref. [15]).
The RP claims that the chemistry of nuclear island systems reduces the normal operation source term of the RCS. This is underpinned by arguments that the generation of radionuclides is minimised, and filtration and purification systems minimise the uncontrolled accumulation of radionuclides (ref. [10]). I consider that arguments related to minimisation of fuel crud are also relevant. 
Materials present in the RCS that interact with the coolant include zirconium alloy, stainless steel, zirconium, and nickel-based alloys used as structural materials within the reactor core and steam generators. I accept the RP’s argument that material selection for wetted surfaces aligns with best practice in the nuclear industry and judge this will contribute to minimising activity generation. Pertinently, the RP has produced a strategy to enable minimisation of activity by minimisation of cobalt (ref. [44]]). I discuss this in more detail in section 4.2.4 below. I am satisfied with the selected chemistry of SMR-300 to minimise corrosion of plant materials (discussed above). Specifically, I judge implementation of depleted zinc injection to represent RGP, which will assist in minimisation of operational radiation exposure.
Based on proposed RCS materials, cobalt minimisation strategy and primary chemistry choices, I judge the expectations of EHT.4 and EHT.5 have been met for the purposes of a Step 2 GDA.
Fuel cladding corrosion and fuel deposits
I judge SAPs EHT.4 and EHT.5 similarly apply to fuel clad corrosion and crud, in addition to ECH.1 and ECH.4 (ref. [15]). Related, NS-TAST-GD-088 (ref. [31]) notes that a suitably considered chemistry programme should preserve the integrity of the fuel and limit the formation of deposits (crud) which could contribute to failures or limit the degradation rate to acceptable levels. 
The RP claims that chemistry reduces risks to fuel heat removal and confinement of activity. This is supported by respective arguments that fuel heat removal is not compromised by crud, and fuel clad degradation is minimised (ref. [10]). 
Zircaloy M5 fuel cladding is proposed by the RP, with assertion of positive operating experience (OPEX). I consider this to be aligned to RGP. The RP also highlights chemistry LCO to maintain fuel clad integrity and detect fuel clad failures should they arise. This includes Dose Equivalent Iodine-131 and Xenon-133, with LCO based on US Nuclear Regulatory Commission (US NRC) Standard Technical Specifications for similar, albeit larger PWRs. I also note the RP’s assertion that analysis using EPRI’s High Duty Core Index calculation identifies SMR-300 as a low duty core with low susceptibility to crud induced power shifts (ref. [37]) (RQ-01687 relates). Based on my assessment, and discussion with ONR fuel and core specialists (ref. [54]), this provides confidence that the crud burden in SMR-300 is likely to be low. I judge however that a fuel deposit source term should be produced as part of future work to underpin this.
Based on fuel clad materials, primary water chemistry LCO and initial evidence to support the assertion that SMR-300 is a low duty core, I judge the expectations of ECH.1 – 2 and EHT.4 – 5 are proportionately met at this stage in the design process.
Control of chemistry
SAPs ECH.3 and ECH.4 describe ONR’s expectations that adequate provisions should be in place to maintain chemistry parameters within the LCO identified in the safety case. This includes means of delivering chemistry through addition, clean up and surveillance. This is aligned with IAEA SSG-13 (ref. [33]), which additionally includes an expectation for online continuous monitoring of boron. This is present in LWRs under construction and in operation in the UK.
The RP claims in PSR Chapter 23 that plant systems enable management of nuclear island chemistry. This is supported by two arguments that addition and purification systems provide sufficient control of chemistry parameters, and monitoring systems provide adequate monitoring (ref. [10]). 
Based on my review of the CVC design description (SDD) (ref. [55]), I have no fundamental concerns with regard to the high level capability to maintain chemistry control and consider this meets the expectations of ECH.3. Positively, I note update to the reference design to include provisions for zinc injection (ref. [56]). I note however that the SDD does not consistently capture safety functions relevant to chemistry claims in the PSR. For example, chemistry control and purification functions are presented as “non-safety” for the CVC and a number of other systems significant to chemistry (RQ-01577 relates). The RP highlighted that functions were based on the US approach, with review against UK expectations presented in PSR Part B Chapter 14 (ref. [8]) and GDA Commitments to ensure that the site-specific strategy for safety categorisation and classification meets UK RGP. I consider RO-Holtec SMR-300-011 (ref. [57]) related to fault analysis maturity relevant in this regard, with further discussion in ONR’s fault analysis assessment report (ref. [58]). I consider this will therefore form part of routine design development.
To gain confidence that chemistry could be effectively sampled to meet the expectations of ECH.4 and IAEA guidance, I reviewed the SMR-300 PSL (RQ-01465 and RQ-01524 relate). The RP provided a gap analysis of the SMR-300 PSL (ref. [39]) against LWRs that have previously completed GDA and operating European PWRs (including Sizewell B) (ref. [40]). This resulted in an updated PSL Piping and Instrumentation Diagram (P&ID) (ref. [59]) with improved redundancy, included within the DRP. The RP raised a commitment (C_Reac_075) in the PSR with respect to online boron monitoring in PSR Chapter 23 (ref. [10]). The RP highlighted that this will be informed by developing fault analysis (discussed above). I judge inclusion of online boron monitoring to represent RGP, and will enable early detection of transients for a significant control parameter. While I therefore consider there are gaps in the reference design and RGP, I am satisfied these have been appropriately captured and take confidence in design improvements already implemented. 
Based on my review of submissions and RQ responses, I am content the expectations of ECH.3 and ECH.4 have been met for the purposes of a Step 2 GDA. Where gaps remain with respect to online boron monitoring, I am content this is captured by PSR commitments.
Conclusion
Based on my sample, I judge the expectations of ECH.1 – 4 and EHT.4 – 5 have been met for the purposes of a Step 2 GDA. Where gaps have been identified related to online boron monitoring, I am content this is appropriately captured by commitments made by the RP and relevant ROs. 
I judge a safety case can be made for the selected chemistry regime and have no fundamental objections in this regard. I judge however further justification will be required for adoption of natural boric acid as part of routine design development. 
Nuclear island auxiliary and safety system chemistry
The AR serves as the ultimate heat sink for the SMR-300 passive safety systems DBAs. This includes accidents during which heat is transferred from the steam generator via the SDH directly to the AR. The AR is a novel feature of the SMR-300 design relative to other PWR designs. This was therefore a focus for my assessment, with ECH.1 and, ECH.3 considered applicable in terms of selection and maintenance of an appropriate chemistry regime. 
The RP claims that chemistry reduces risks relevant to the integrity of structural materials and confinement of radioactivity. This is supported by a specific argument that structural material degradation of Auxiliary Systems and Engineered Safety Features is minimised (ref. [10]). 
The RP proposes a chemistry regime of neutral demineralised water in the AR, with addition of sodium hydroxide as a pH modifier and hydrogen peroxide as a biocide as required (ref. [42]). Associated LCO are therefore stated as minimising scale formation and degradation of the CS, CES and SDH heat exchanger (ref. [10]). The RP adds that structural material integrity through life is primarily ensured through appropriate material selection and the use of coatings. An epoxy resin protective coating of the CS is therefore proposed. Based on my review of the proposed AR chemistry regime, I judge the expectations of ECH.1 are met for the purposes of a fundamental assessment (RQ-01643 and RQ-01746 relate). Notably however, there is no means to provide chemistry clean-up of AR water, with assertion that chemistry control would be achieved by bleed and feed (RQ-01643 relates). I judge this will impede the ability to achieve chemistry control and therefore achieve integrity claims. The RP subsequently reviewed requirements and engineering (ref. [41]), with a commitment raised to incorporate the capacity for temporary demineralisation skids and assess if these enable risks to be reduced SFAIRP (C_Reac_105) (ref. [10]). A related commitment to review the approach to material degradation, coating arrangements, and the ALARP position for the CS is also raised (C_Civi_093) (ref. [60]). While I judge there are therefore potential gaps with the expectations of SAP ECH.3, I welcome commitments to include temporary demineralisers and provide an ALARP justification. I judge that ONR’s structural integrity assessment and RO-Holtec SMR-300-006 (ref. [61]) related to CS design is also relevant here, with further discussion in the structural integrity assessment report (ref. [53]).
Conclusion
Based on my assessment, I judge the expectations of ECH.1 have been met for the purposes of a Step 2 GDA. While I have identified potential gaps with respect to ECH.3 and engineered controls to deliver chemistry in the AR, I am satisfied this is appropriately captured via GDA commitments and RO-Holtec SMR-300-006.
Secondary circuit chemistry
Secondary water chemistry control in a PWR is important in minimising corrosion damage and performance losses in secondary system components. This therefore ensures safety, reliability and performance across diverse systems comprising the secondary circuit. SAPs ECH.1 and ECH.2 are therefore relevant expectations. IAEA SSG-13 (ref. [33]) also sets an expectation that the secondary circuit should be operated according to an AVT or AVT with high pH. I consider high pH AVT will provide additional corrosion protection in comparison to AVT, however this may present challenges in systems with 100% condensate polishing due to resin exhaustion.   
The RP claims that chemistry of the steam and power conversion systems reduces risks relevant to the integrity of structural materials and confinement of radioactivity, and that supporting systems enable management of chemistry (ref. [10]). This is supported by arguments that steam generator degradation and fouling is minimised, secondary circuit material degradation is minimised, and that suitable and sufficient LCO, addition/purification systems, and sampling systems are included in the design.
The RP asserts that the integrity of secondary systems is ensured by design, manufacture and operation of the steam generator, optimised secondary circuit chemistry regime, material selection and lay-up practices. The RP proposes Alloy 690TT steam generator tubes and an AVT chemistry, with ethanolomine for pH control, and addition of hydrazine to scavenge oxygen (ref. [34]). I judge that the proposed steam generator tube materials and chemistry regime meet RGP. The RP proposes stainless steel or low allow steel in regions such as the main feed system, heater drain system and main turbine system. The RP adds that where carbon steel is the default selection (such as in the condensate system), this will be upgraded to materials with greater resistance to flow assisted corrosion (FAC) in locations identified as susceptible. I am satisfied with this approach. 
Secondary circuit feedwater chemistry is primarily maintained via the CPO, with redundant full flow condensate treatment across all modes. While this is unusual for LWRs in the UK, I consider this to be appropriate for the once-through steam generator proposed in SMR-300, and more in line with UK experience in Advanced Gas-cooled Reactors. Additional clean-up is available via the SGB which reroutes up to 3% of main steam flow upstream of the CPO. I judge this is fundamentally acceptable for the purpose of a Step 2 assessment.
No automated chloride ingress protection system (CIPS) is present in the SMR-300 design (ref. [62]) (RQ-01699 relates). The RP asserts that CIPS are not usually included on PWRs (other than Sizewell B), since the consequences of tube failures are different for a PWR in comparison to Advanced Gas-cooled Reactors which feature CIPS (leakage from primary to secondary as opposed to secondary to primary). The RP adds that SMR-300 uses redundant, full flow CPO, while cooling towers and air cooled-condensers are also the current options in the generic design. The RP states that additional consideration of a CIPS would therefore only be necessary if changes to the generic design were made. I am therefore content with the basis of the RP’s arguments for absence of a CIPS for the purposes of a Step 2 GDA. Given application of once-through steam generators however, I judge additional consideration of a CIPS will be required as part of routine design development.
Conclusion
Based on my assessment, I judge that the secondary circuit chemistry information that has been submitted meets the expectations of ECH.1 – 2 and SSG-13 proportionately for a Step 2 GDA. I judge the secondary system is consistent with UK RGP and should enable the RP to further develop the generic Holtec SMR-300 design and associated safety cases as part of routine design development.
Normal operation source term
The source term can be defined as the types, quantities and physical and chemical forms of the radionuclides present in a nuclear facility that have the potential to give rise to exposure to radiation, radioactive waste, or discharges to the environment. The derivation of the radioactive source term is a fundamental part of understanding and therefore being able to control the hazards associated with any nuclear facility. ONR expects that the RP is able to demonstrate and justify that this source term is appropriate to be used as the basis for the safety case in line with ECH.1 (ref. [15]) and NS-TAST-089 (ref. [32]). Application of the source term is covered by the relevant discipline assessment reports.
The RP claims that chemistry of nuclear island systems reduces the normal operation source term of the RCS. This is underpinned by the argument that the normal operational source term is representative of SMR-300, generation and accumulation is minimised, and suitable and sufficient LCO are in place (ref. [10]). Claims in PSR Chapter B10 are also relevant, with the argument that appropriate methodologies are used to calculate source terms (ref. [6]). 
The RP’s approach to defining normal operation source terms is presented in ref. [6] and [43]. This details use of the model suite SCALE 6.2.1 (TRITON and ORIGEN/ORIGAMI) for derivation of fission products, application of the American National Standards Institute (ANSI/ANS-18.1-2016 standard (ref. [63]) for activated corrosion products, and derivation of coolant activation products from first principles. I note that IAEA guidance SSG-90 recognises the use of ORIGEN as “well-known” for this purpose (ref. [64]), while ANSI standards have been utilised in GDA of other LWRs including the AP1000 (ref. [23]). I am therefore content with application of these methodologies. I note however that a more recent (2020) standard is available (ref. [65]). The RP confirmed the impact was restricted to decreasing the estimated specific activity of Zn-65 in reactor coolant (RQ-01642 relates). I was content on this basis. Radionuclide selection is based on ANSI/ANS-18.1-2016 and US NRC Regulatory Guide 1.183 (RQ-01799 relates). While I am content this contains the majority of anticipated radionuclides, I have observed inconsistencies between submissions. For example, Sb-122 and Ar-41 are identified in the Nuclear Island Minimalization Strategy of Activity Generation and Accumulation (ref. [44]) and PER Chapter 6 Demonstration of Best Available Techniques (ref. [66]) respectively. The latter contains a commitment C_QEDL_101 to ensure revised methodologies for calculating discharges of Ar-41 and Tritium are developed. I note these radionuclides have also been considered in previous GDA of LWRs. I therefore judge consideration of additional radionuclides  will be required as part of routine design development, to ensure that the source term encompasses all of the key safety significant radionuclides. 
To produce a realistic source term, representative of conditions during normal conditions, a failed fuel fraction of 0.005% is assumed. A 0.05% failed fuel fraction is applied for deriving the design basis source term, and an additional design basis source term is derived assuming a 1% failed fuel fraction which is used specifically for design basis radiological consequence analyses. Based on discussions with fuel and core colleagues, I am satisfied this is an appropriate basis for producing source terms for AOOs. I note application of design basis values for corrosion and activated coolant products in the realistic source term, which may result in an overly conservative realistic source term (RQ-01799 relates). I am satisfied this is an appropriate conservatism at this stage in the design, however. 
The RP has identified what it considers to be relevant OPEX (ref. [48]), and compared this against the realistic SMR-300 source term (ref. [45]). The RP highlighted that more weight was given in the comparison to plants with similar materials and chemistry to SMR-300 (RQ-01642 relates). I note from the comparison that SMR-300 source terms appear conservative for fission and activated corrosion products, with reasonable alignment for coolant activation products. I am content with this position for a Step 2 GDA. 
The RP considers source term generation, accumulation and minimisation within its Nuclear Island Minimisation Strategy for Activity Generation and Accumulation (ref. [44]). This discusses chemistry and pipe surface roughness. Specific to cobalt impurities, these are limited to 0.014% in steam generator tubing, and 0.05% for all other materials in contact with primary coolant. With regard to Stellite application, the RP proposes that this “shall only be used in those applications where no proven alternative exists.” The RP therefore states that the EPRI Cobalt Reduction Sourcebook is used in selecting valves, for example. While I am content with this for the purpose of a Step 2 GDA, I consider additional evidence will be required to demonstrate application of this methodology and justification that Stellite use is reduced SFAIRP as part routine design development.
Conclusion
Based on my review of the normal operational source terms for SMR-300, I judge that the methodologies applied are reasonable and meet the expectations of ECH.1. I judge additional work will be required to demonstrate adequate radionuclide selection and Stellite reduction SFAIRP as part of routine design development. 
Accident chemistry
In line with SAP ECH.1 (ref. [15]) the safety case should, by applying a systematic process, address all chemistry effects important to safety. NS-TAST-GD-089 (ref. [32]) further explains that the scope of chemistry assessment is broader than just considering normal operations. Many approaches to accident analyses can make assumptions and/or specific claims on the relative importance of chemical phenomena in justifying acceptable levels of safety. These assumptions and/or claims should be appropriately justified in the safety case. My assessment in this area focused on the RP’s demonstration that the risks associated with the three main accident topics (fission product chemistry, combustible gas chemistry, and core melt and in-vessel retention) will be appropriately modelled and adequately included in the safety case. 
Within PSR Chapter 23 Rev. 1 (ref. [10]), the RP presents an overarching claim that the SMR-300 chemistry regime and systems reduce chemistry-related risks during all normal operating modes and accident conditions for all phases of the lifecycle.
It should be noted that the development of a full Fault Schedule with the outputs of a comprehensive suite of fault analysis will not be available during GDA Step 2 timescales. Therefore, the accident chemistry strategy produced by the RP does not consider a full set of requirements/dependencies placed on chemistry from fault analysis. This has been the subject of RO-Holtec SMR-300-011 (ref. [57]) and further discussion in the fault analysis assessment report (ref. [58]).
I judge that the PSR Chapter 23 Rev. 1 (ref. [10]) clearly summarises accident chemistry and signposts to the key supporting reference on the accident chemistry strategy (ref. [46]) (RQ-01673 relates), and containment pool pH during MHA LOCA (ref. [47]). However, I am of the opinion that the RP could cross-reference PSR Chapter 23 Rev. 1 and PSR Chapter 14 and 15 Rev. 1 (ref. [8] and [9]) to highlight the interdependencies between the topic areas. I judge that this is a minor administrative shortfall, and no further regulatory action is required.
The accident chemistry strategy (ref. [46]) outlines UK RGP, regulatory expectations, and applicable US NRC requirements. The RP identifies areas requiring further work where potential gaps were highlighted. The strategy also describes, at a high-level, the Post-Accident Monitoring (PAM). The RP acknowledges that further post-GDA accident analysis will be required to refine the understanding of accident chemistry phenomena and to inform decisions around the adequacy and effectiveness of proposed mitigation strategies.
At the current DRP (ref. [20]), the design does not include the means to purposefully control the pH of the in-containment water sumps post-accident. I judge this represents a shortfall against RGP, pH modifiers are a reasonably practicable means to reduce release of otherwise volatile (and significant) radionuclides in the event of an accident (ref. [33] and [34]). The RP has acknowledged this shortfall and has raised a GDA commitment (C_Reac_106) (ref. [10]) to address this in future project stages. The RP has completed significant modelling and calculations to determine the sump water pH during LOCA to inform the decision to pH control of sump water (ref. [47]). This is clearly referenced within the accident chemistry strategy, PSR Chapter 23 and RQ-01673 response. Therefore, I am of the opinion that RP’s approach to addressing this shortfall is appropriate for the purposes of a Step 2 GDA. 
Notwithstanding the above, I am of the opinion that the RP has demonstrated that the risks associated with the three main accident topics (fission product chemistry, combustible gas chemistry, and core melt and in-vessel retention) will be appropriately considered. The analysis approaches identified by the RP for the various scenarios are likely to be reasonable from a chemistry perspective, subject to further development and justification. I note that the accident chemistry strategy identifies six forward actions, which are a result of a full fault schedule not being available during step 2 GDA timescales. This has been the subject of RO-Holtec SMR-300-011 (ref. [57]), of which further discussion is in the fault analysis assessment report (ref. [58]). From my assessment, I am of the opinion that the forward actions sufficiently capture the work required to meet regulatory expectations and I am content that they will be addressed as part of ongoing design developments post GDA.
Conclusion
In summary, I judge that the accident chemistry aspects of the RP’s safety case is developing adequately for a Step 2 GDA. I am of the opinion there are no fundamental shortfalls in the accident chemistry strategy. 
I identified a shortfall against UK RGP relating to the means to purposefully control the pH of the in-containment water sumps post-accident. I judge the approach to addressing the shortfall using a GDA commitment (C_Reac_106) is appropriate and my engagements with the RP have provided confidence in the resolution. 
I note there are a number of forward actions (ref. [46]) related to accident chemistry and associated mitigation measures. The forward actions relate to the development of a full fault schedule (see RO-Holtec SMR-300-011, led by fault analysis). Based on my assessment, I am content that these forward actions will be addressed as part of ongoing design development post GDA.   
Demonstrating risks can be reduced ALARP
The most appropriate chemistry regime will be a holistic balance between all of the safety aims. ECH.2 expects an ALARP demonstration to be made, proportionate to the level of risk and hazard, where there are a number of chemistry options available (ref. [15]). NS-TAST-GD-005 provides further guidance on what is expected of an ALARP demonstration (ref. [29]).
PSR Chapter B23 contains a summary of the ALARP demonstration for chemistry (ref. [10]). This highlights:
· Demonstration of alignment to RGP – integration of chemistry codes and standards.
· Evaluation of risk and Demonstration Against Risk Targets – chemistry indirectly supporting minimisation of the normal operation source term.
· Options to reduce risk – Down selection and justification of overall approach to primary, secondary, component cooling and AR chemistry. Incorporation of depleted zinc oxide and additional PSL sampling lines.
Based on my review of the PSR (ref. [10]), I am content that the scope and structure of the safety case is appropriate for the purpose of a Step 2 GDA. This is aligned with the key expectations of a chemistry safety case discussed in ONR TAGs, with application of a CAE approach (ref. [31], [29] and [30]). I consider that the safety case is also cognizant of RGP relevant to chemistry, with changes implemented to the design as a result (such as inclusion of zinc injection, as discussed above) and optioneering of chemistry choices apparent. Where gaps remain (online boron monitoring, sump pH control and AR chemistry control), I am content that these have been appropriately captured by commitments raised by the RP. While this has resulted in some deltas between the SSEC and the DRP, I am content this is not a fundamental issue. I therefore judge that an appropriate case to demonstrate risks have been reduced ALARP could be made for SMR-300. 
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Conclusions
This report presents the Step 2 chemistry 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. [18]), 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 RGP. 
Based on my assessment, I have concluded the following:
· With regard to primary chemistry, I note there is no online boron monitoring capability in the reference design. I judge this represents a gap with RGP. I am content however that this has been identified as a commitment for future work. I also consider that additional justification for selection of natural boric acid will be required as part of routine design development. 
· I judge that the proposed secondary chemistry regime and steam generator tube material are aligned with RGP. While I judge additional consideration will be required with respect to a CIPS, I am content this is appropriate for consideration in the detailed design stage and should occur as part of routine design development.
· I am content with the claims and arguments with respect to chemistry mitigation of material degradation in the AR. I judge additional work is required to demonstrate that engineered means to control chemistry are adequate, however. I am content that this has been identified as a commitment for future work.
· I am satisfied with the methodology applied in deriving the SMR-300 source term and justification through comparison with OPEX. I judge additional work will also be required to demonstrate adequate radionuclide selection and Stellite reduction SFAIRP as part of routine design development. 
· I judge that the RP has developed an adequate accident chemistry strategy for a step 2 GDA, with claims identified across the main topics of relevance to accident chemistry. I consider this will continue to develop as SMR-300 fault analysis progresses. I note commitments with respect to sump pH control in this regard to ensure alignment with RGP.
· The scope, structure and content of the safety case meet my expectations for this stage of GDA from a chemistry perspective. Further work will need to be undertaken beyond Step 2 to develop the underlying evidence supporting the chemistry claims and arguments. I am content that an appropriate case to demonstrate that risks have been reduced ALARP could be made for SMR-300 and I have not identified any fundamental shortfalls during the course of my assessment.
Overall, based on my assessment to date, and subject to the provision and assessment of suitable and sufficient supporting evidence, I have not identified any fundamental safety shortfalls that could prevent ONR granting permission for construction of a power station based on the generic Holtec SMR-300 design.
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	SAP No.
	SAP Title

	ECH.1
	Engineering principles: chemistry – Safety cases

	ECH.2
	Engineering principles: chemistry – Resolution of conflicting chemical effects

	ECH.3
	Engineering principles: chemistry – Control of chemistry

	ECH.4
	Engineering principles: chemistry – Monitoring, sampling, and analysis

	EHT.4
	Engineering principles: heat transport systems – Failure of heat transport system

	EHT.5
	Engineering principles: heat transport systems – Minimisation of radiological doses
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