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Background
[bookmark: _Int_6elfpfxV][bookmark: _Int_7o3rsXMl]Chemical behaviour plays an important role in determining the consequences of postulated accident scenarios for a nuclear facility. It can influence the progression of an accident by determining the phases of materials, their physical and chemical properties, and heat transfer processes. It also influences the distribution, release and retention of fission products, and thus the potential source term and radiological consequences of an accident. This is true for both design basis and severe accidents, although for the latter the uncertainties are often larger.
[bookmark: _Int_fR6HqjBk]Chemical behaviour is also important in determining the generation, transport and removal of combustible gases that could be generated during faults, particularly during severe accidents. This aspect is already considered as part of RO-RRSMR-009 (Ref. [1]), and therefore is not part of this Regulatory Observation (RO) or considered further below. 
In safety cases it is common to make assumptions and simplifications about the chemical behaviour that may take place during accidents as part of determining the potential consequences. Given the direct impact that these assumptions and simplifications can have on the results of the consequence analysis, ONR expects adequate justification that chemistry behaviours are applicable to the specific facility design and are representative of the postulated accident sequences considered.

During Step 2 of the Generic Design Assessment (GDA) of the Rolls-Royce SMR design, the Requesting Party (RP), Rolls-Royce SMR Ltd, submitted its strategy and intentions for the development of the severe accident chemistry aspects of its Environment, Safety, Security and Safeguards (E3S) case (Ref. [2]). In Step 3 of GDA a document setting out the RP’s intentions for scope and deliverables in the chemistry topic area was issued (Ref. [3]), describing the intent to submit a first issue of “Severe Accident Chemistry Analysis Report” in June 2025. In place of that submission, an alternative submission was delivered (Ref. [4]).

[bookmark: _Int_TcdfVvhi]ONR has reviewed Ref. [4] and its underlying references (Refs. [5], [6] and [7]) and, whilst some relevant information is presented, ONR has identified that further work is required by the RP to document and justify that its approach to chemical behaviour is adequate. Ref. [4] focusses at a high level on the treatment of chemical behaviour in the analysis of radiological consequences in severe accidents; little detail is provided on the methods to be used, why they are appropriate, and on the supporting evidence that is planned to be produced. Additionally, no information is provided in Ref. [4] on how chemical behaviour in the progression of severe accidents is being considered and assumptions appropriately justified, or alternatively, how a case will be made that such chemical effects are not important in severe accidents in the Rolls-Royce SMR. The submission and underlying references lack a consistent narrative and specificity to the Rolls-Royce SMR design.

The first issue of “Severe Accident Analysis Report” was not submitted in June and has been delayed to December 2025. Based on ONR’s review of Ref. [4], ONR has limited confidence that an adequate demonstration that appropriate assumptions have been made on the influence of chemistry in severe accidents will be provided, that is suitably representative of the generic Rolls-Royce SMR design.

Relevant Legislation, Standards and Guidance
The ONR Safety Assessment Principals (SAPs) (Ref. [8]) of most relevance to this RO are:

· ECH.1 Safety cases should address all chemistry effects important to safety.
The safety case should demonstrate that a comprehensive and systematic analysis has been performed to identify and analyse how chemistry can impact safety during accident conditions.
· FA.15 Fault states, scenarios and sequences beyond the design basis that have the potential to lead to a severe accident should be analysed.
The severe accident analysis should be based on an adequate understanding of the severe accident phenomena and accident progression. Where severe accident uncertainties are judged to have a significant effect on the assessed risk, research aimed at confirming the modelling assumptions should be performed.
· AV.2 Calculation methods used for analyses should adequately represent the physical and chemical processes taking place.
The physical and chemical form of radioactivity need to be considered, but also the physical and chemical processes assumed to be taking place, need to be representative.
· AV.3 The data used in the analysis of aspects of plant performance with safety significance should be shown to be valid for the circumstances by reference to established physical data, experiment, or other appropriate means.
· AV.6 Studies should be carried out to determine the sensitivity of the analysis (and the conclusions drawn from it) to the assumptions made, the data used and the methods of calculation.

ONR’s Technical Assessment Guide (TAG) for chemistry assessment (Ref. [9]) also provides relevant guidance, including that:
· [bookmark: _Int_juCDEv0t]The chemical and physical form of radioactivity plays an important role in determining the relevant phenomena which govern its long-term post-accident behaviour.
· There should be adequate justification that chemistry phenomena are applicable to the specific facility design and are representative of postulated accident sequences.
· [bookmark: _Int_oYelncky]The performance of any claimed safety systems to remove and retain radionuclides, the assumed chemical and physical forms of radionuclides, and how these might evolve over the course of an accident are key considerations.

[bookmark: _Int_SapvBUd1]ONR’s GDA technical guidance (Ref. [10]) notes that the chemistry assessment also considers the effects of chemistry during fault conditions, as this can influence the rate of progression and ultimate consequences of a particular fault. This includes the generation, transport and behaviour of radionuclides and reactive species and in particular, will focus on the adequacy of any assumptions or treatment in supporting analysis. This will span the full range of fault conditions from Design Basis faults up to and including Severe Accidents.

A range of international guidance is also of relevance, including:
· IAEA SSG-2 (Ref. [11]) paragraph 2.17: Under accident conditions, source term evaluation requires simulation codes capable of predicting fission product release from fuel elements, transport through the primary system and containment or spent fuel pool building, the related chemistry affecting this transport and the form in which the radioactive material would be released.
· IAEA SSG-4 (Ref. [12]):
· Paragraph 6.11 notes that interactions between various physicochemical processes should be correctly addressed in the code selected to perform the analysis of the progression of severe accidents.
· [bookmark: _Int_1BYG4QlM][bookmark: _Int_BJ9QtYXX]Paragraph 10.17 notes that in the source term analysis, all of the processes that affect the release and transport of radioactive material inside the containment and in adjacent buildings should be modelled. These processes include retention of radioactive material inside the containment and adjacent buildings; resuspension, re-vaporisation, condensation, and re-entrainment (e.g. as a result of energetic phenomena, chemical reactions, or mechanical effects).

Regulatory Expectations
In line with the standards and guidance described above, ONR expects a severe accident chemistry safety case for a new reactor to demonstrate:
· Adequate representation of all the chemistry processes that influence the progression of the severe accident and the eventual release of radioactivity;
· Use of appropriate and validated methods;
· Appreciation of the uncertainties in the models and the potential effect on the results of the analysis, including demonstration that there are no cliff-edge effects.

The purpose of this RO is for the RP to define how it intends to deliver a clear and consistent E3S case narrative, demonstrating appropriate consideration of chemical behaviour in the progression of severe accidents and in severe accident radiological consequences for the Rolls-Royce SMR design. The information provided in response to this RO should give details of the bounding analysis being undertaken, the inputs to the analyses and why they are appropriate, and the version of the Rolls-Royce SMR design reference the analysis will represent. The information should be demonstrably specific to the Rolls-Royce SMR design and should make clear how the consideration of chemical effects in severe accident scenarios supports other parts of the E3S case. While iodine chemistry may be a key aspect, since the properties of iodine mean that it is particularly important in estimating radiological consequences, the response should be wider than this.

ONR expects similar considerations relevant to combustible gases during severe accidents to be provided as part of the overall Rolls-Royce SMR E3S case, however we consider this aspect to be part of RO-RRSMR-009.
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Regulatory Observation Actions and Resolution Plan
RO-RRSMR-013.A1 – Define the scope of the consideration that will be given to chemical behaviour during severe accidents and how it will support the E3S case

In response to this Regulatory Observation Action, Rolls-Royce SMR should:
· Provide documentation which describes the detailed scope of “Severe Accident Chemistry Analysis Report” Issue 1, including details of any exclusions from the scope.
· Provide an outline structure of the report indicating the main sub-sections.
· Provide a plan of the work that is scheduled to feed in to the report and in to other relevant submissions.
· Describe where “Severe Accident Chemistry Analysis Report” Issue 1 sits within the E3S case structure.
· Describe how the analysis defined in action 2 supports the E3S case, including:
· The relevant claims and arguments the analysis will support;
· How the conclusions of the work will be presented in E3S Chapter 20 and underlying documentation;
· How the consideration of chemical effects in severe accident scenarios supports other parts of the E3S case.

Rolls-Royce SMR Resolution Plan for RO-RRSMR-013.A1
In response to this action, Rolls-Royce SMR will submit the following documentation:
· Severe Accident Chemistry Analysis Report – Scope and Contents [13]. Production of a standalone / interim report, to be submitted by 07th October 2025 as a technical note to outline the content and scope of the “Severe Accident Chemistry Analysis Report” Issue 1. This report will contain the following items:
· Section titles and proposed document structure. The proposed format is to utilise the Rolls-Royce SMR Technical Report Template (TS-DD-01). 
· Expected section contents and interfacing reports / references. 
· Notable exclusions from the scope of the Severe Accident Chemistry Analysis Report.
· Severe Accident Chemistry Analysis Report – Plan of Work [14]. Production of a work plan to be submitted by 17th October 2025 as a technical note. This submission will outline the plan of the work that is scheduled to feed in to the “Severe Accident Chemistry Analysis Report, Issue 1” and in to other relevant GDA submissions. This will be a development of the content provided in [13] and will show the following: 
· Names of key work items, and their estimated start and end dates.
· Dates of other key submissions.
· Input dates for analysis into these other key submissions. 
· Severe Accident Chemistry E3S Case Interface Report (SMR0027070/001) [15]. Production of a technical note to be submitted by 31st October 2025 to provide clarification on the integration of Severe Accident Chemistry within the E3S case. This report will include:
· [bookmark: _Int_nXrgb0pj]A document map showing connections (inputs, outputs and claims), with references, between relevant documents within the Rolls-Royce SMR E3S Case. 
· Listing and description of Claims and Sub-claims that the Chemistry Analysis supports, and the proposed chapters where these claims will sit.
· Forward plan for how the conclusions of the Severe Accident Chemistry Analysis Report will be presented within E3S Case Chapter 20, any developments will be captured within Version 4 of the E3S Case. 

Table 1: Document Mapping to Regulatory Expectations for RRSMR-013.A1 
	Regulatory Expectations for RO-RRSMR-013.A1  
	Document To Be Developed 
	Relevant Information Previously Shared  

	Provide documentation which describes the detailed scope of “Severe Accident Chemistry Analysis Report” Issue 1, including details of any exclusions from the scope.
Provide an outline structure of the report indicating the main sub-sections.
	Severe Accident Chemistry Analysis Report – Scope and Contents [13]
	N/A

	Provide a plan of the work that is scheduled to feed in to the report and in to other relevant submissions.
	Severe Accident Chemistry Analysis Report – Plan of Work [14]
	N/A

	Describe where “Severe Accident Chemistry Analysis Report” Issue 1 sits within the E3S Case structure.

Describe how the analysis defined in action 2 supports the E3S Case, including:
· The relevant claims and arguments the analysis will support;
· How the conclusions of the work will be presented in E3S chapter 20 and underlying documentation;
· How the consideration of chemical effects in severe accident scenarios supports other parts of the E3S case.

	Severe Accident Chemistry E3S Case Interface Report (SMR0027070/001) [15]
	N/A



RO-RRSMR-013.A2 – Define the bounding analysis to be undertaken

In response to this Regulatory Observation Action, Rolls-Royce SMR should:
· Provide documentation that describes how uncertainties associated with chemistry effects in severe accidents will be bounded by the analysis assumptions / methods selected.
· Describe what the key inputs are to the analysis and why they are appropriate.
· Describe how the chemistry effects, that are important in determining the progression of the accident and in the analysis of radiological accident source terms, will be identified and justified.
· Provide documentation that explains which version of the Rolls-Royce SMR design reference point the analysis will represent.
· If this is different to the final design reference point in GDA, provide a summary of how uncertainties in the design will be bounded.

Rolls-Royce SMR Resolution Plan for RO-RRSMR-013.A2
In response to this action, Rolls-Royce SMR will submit the following documentation:
· Severe Accident Modular Accident Analysis Program (MAAP) Methodology Report, SMR0006141/004 [16]. This report includes a subsection highlighting the proposed route for Chemistry phenomena to be included and modelled adequately within Severe Accident Analysis (SAA). While this report does not list the specific analyses performed it describes how Rolls-Royce SMR select sequences for SAA, perform best-estimate SAA, and develop figures of merit and success criteria, providing context for the SAA and Severe Accident (SA) Chemistry analyses to be performed.  
· Identification of Severe Accident Scenarios, SMR0012443/002 [17]. This report assesses current SAA requirements (to support deterministic claims, Probabilistic Safety Assessment (PSA), Radiological Consequences Analysis (RCA), and design areas) and considers the impact of MAAP modelling improvements on expected accident progression. This report implements the sequence selection process defined within [16] to identify the scenarios that form the basis for the analysed SA sequences. This report, in combination with the Testing and Assessment Matrix (TAM) shows the MAAP analysis which Rolls-Royce SMR will perform for the design at Design Reference Point (DRP)4. Where the TAM determines that MAAP is adequately modelling SA phenomena (including chemistry phenomena), the analysis to be undertaken is captured by [17]. Where this is not the case, the additional analysis to be undertaken will be described within the TAM [19]. Both sets of analysis to be undertaken will be combined and summarised within [15].
· [bookmark: _Int_QSqamDif]Severe Accident Phenomena Identification and Ranking Table (PIRT) (MAAP), SMR0006357/002 [18]. This document is being updated to meet a GDA Step 3 deliverable. The previous iteration of this document was produced in December 2023, and was representative of a design pre-DRP (RD6). As part of this update, the PIRT will be reviewed for the adequacy of MAAP modelling of phenomena, including chemistry related phenomena, as relevant for the Rolls-Royce SMR at DRP4. As part of these reviews, the inclusion of additional identified Chemistry related phenomena may be proposed if relevant for the Rolls-Royce SMR at DRP4. These proposals will be implemented in the next iteration of the PIRT which is due for submission on 30th September 2025. 
· [bookmark: _Int_y1mDxphq]Severe Accident TAM (MAAP), SMR0006213/002 [19]. The TAM is an SAA process aiming to determine whether the analysis methods / models are fit for purpose with no significant shortfalls in validation evidence. Where applicable, the TAM (for MAAP) may be used to recommend further sensitivity and uncertainty analysis that will be used to quantify and reduce areas of uncertainty in the MAAP model. Further work will be listed within the TAM document however any work resulting from the review of MAAP’s performance of modelling chemistry phenomena will also be listed within [15]. Following on from the review of the PIRT, the TAM is reviewed to ensure that current methods are bounding of any uncertainty associated with MAAP. This includes any uncertainties related to the chemistry phenomena. The TAM is scheduled to be submitted to ONR alongside the PIRT on the 30th September 2025. 
· [bookmark: _Int_yQ3EVvXp]Severe Accident Chemistry E3S Case Interface Report (SMR0027070/001) [15]. This report will include statements describing the DRP that SAA, SA RCA, and their associated chemistry analyses will be based on / be representative of. In instances where the analysis diverges from the final DRP declared in GDA there will be statements highlighting the work plan to demonstrate the position is bounding of the final design (for GDA). This report will also contain a list of the analysis which will be completed within GDA. As described in the response to RO-RRSMR-013.A1 this report will provide a document map showing connections (inputs, outputs and claims), with references, between relevant documents within the Rolls-Royce SMR E3S Case. This document map shall include references to SAA and SA RCA documents containing relevant analysis descriptions / results. 
Table 2: Document Mapping to Regulatory Expectations for RRSMR-013.A2 
	Regulatory Expectations for RO-RRSMR-013.A2 
	Document To Be Developed 
	Relevant Information Previously Shared  

	Describe how the chemistry effects, that are important in determining the progression of the accident and in the analysis of radiological accident source terms, will be identified and justified.

	Severe Accident MAAP Methodology Report, SMR0006141/004 [16].
	The previous version of this report (SMR0006141/003) [20] was submitted on the 25th October 2024.

	Describe what the key inputs are to the analysis and why they are appropriate.

Describe how the chemistry effects, that are important in determining the progression of the accident and in the analysis of radiological accident source terms, will be identified and justified.

	Identification of Severe Accident Scenarios, SMR0012443/002 [17].
	The previous version of this report (SMR0012443/001) [21] was submitted on the 25th October 2024.

	Provide documentation that describes how uncertainties associated with chemistry effects in severe accidents will be bounded by the analysis assumptions / methods selected.

Describe what the key inputs are to the analysis and why they are appropriate.

Describe how the chemistry effects, that are important in determining the progression of the accident and in the analysis of radiological accident source terms, will be identified and justified.

	Severe Accident Phenomena Identification and Ranking Table (PIRT) (MAAP), SMR0006357/002 [18].
	The previous version of this report (SMR006357/001) [22] was submitted on the 5th December 2023. 

	Provide documentation that describes how uncertainties associated with chemistry effects in severe accidents will be bounded by the analysis assumptions / methods selected.

Describe what the key inputs are to the analysis and why they are appropriate.

Describe how the chemistry effects, that are important in determining the progression of the accident and in the analysis of radiological accident source terms, will be identified and justified.

	Severe Accident Testing and Assessment Matrix (TAM) (MAAP), SMR0006213/002 [19].
	The previous version of this report (SMR0006213/001) [23] was submitted on the 5th December 2023.  

	Provide documentation that explains which version of the Rolls-Royce SMR design reference point the analysis will represent.

If this is different to the final design reference point in GDA, provide a summary of how uncertainties in the design will be bounded.

	Severe Accident Chemistry E3S Case Interface Report (SMR0027070/001) [15].
	N/A
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Impacted Submissions
	Existing Submission 
	Impact 

	Severe Accident MAAP Methodology Report, SMR0006141/003 [20]
	This document is the previous version of the MAAP Methodology Report which was submitted on 25/10/2024 as part of RRSMR-REG-0395N. 
An up-issue (Issue 4) of this document has been provided within GDA and contains updates as a result of this RO. This up-issue was already included on the Master Document Submission List (MDSL) with updates detailed in the listing below.

	Severe Accident MAAP Methodology Report, SMR0006141/004. [16]
	This report was an existing submission which has been amended to close the iteration loop for the inclusion of relevant phenomena in the SAA. 
[bookmark: _Int_UlHDj2Dx][bookmark: _Int_w2QXIRfo]The changes as a result of this RO are exclusively to Section 10.4 which now confirms that the process for identifying relevant phenomena (including Chemistry phenomena) for SA assessments, and reviewing modelling adequacy is performed through the PIRT and TAM. 
This content has been incorporated as part of the most recent issue of this document on 28/08/2025 which was issued to ONR as part of RRSMR-REG-0691N. 
No further revisions of this document are planned within GDA. 

	SAA Sequence Selection Report, SMR0012443/001 [21].
	This document is the previous version of the document now titled ‘Identification of Severe Accident Scenarios’ which was submitted on 25/10/2024 as part of RRSMR-REG-0395N. 
An up-issue (Issue 2) of this document has been provided within GDA. The updates were routine and were not directly as a result of this RO however they are relevant to its resolution as they detail the planned SAA activities for analysis of the Rolls-Royce SMR at DRP4. 

	Identification of Severe Accident Scenarios, SMR0012443/002 [17].
	This report was an existing submission which has been included in this resolution plan due to its contribution towards RO-RRSMR-013.A2. The updates to this report were routine, however in conjunction with the TAM they outline the SAA (and any additional chemistry analyses) to be completed for the RR SMR at DRP4. 
This content has been incorporated as part of the most recent issue of this document on 28/08/2025 which was issued to ONR as part of RRSMR-REG-0691N. 
No further revisions of this document are planned within GDA.

	Severe Accident Phenomena Identification and Ranking Table (PIRT) (MAAP), SMR0006357/001. [22]
	This document is the previous version of the PIRT which was based on a pre-DRP (RD6) position. It was submitted on 05/12/2023 as part of RRSMR-REG-0149N. 
An additional issue (Issue 2) of this document will be provided within GDA. This up-issue is already included on the MDSL with updates detailed in the listing below.  

	Severe Accident Phenomena Identification and Ranking Table (PIRT) (MAAP), SMR0006357/002. [18]
	This version of the PIRT was an already planned submission to capture updates to plant maturity and their effect on relevant SA phenomena.
[bookmark: _Int_vsKNxNou]The delivery date for this document is unchanged as a result of this RO. This document will be delivered on 30/09/2025. 

	Severe Accident Testing and Assessment Matrix (TAM) (MAAP), SMR0006213/001. [23]
	This document is the previous version of the TAM which was based on a pre-DRP (RD6) position. It was submitted on 05/12/2023 as part of RRSMR-REG-0149N. 
An additional issue (Issue 2) of this document will be provided within GDA. This up-issue is already included on the MDSL with updates detailed in the listing below.  

	Severe Accident Testing and Assessment Matrix (TAM) (MAAP), SMR0006213/002. [19]
	This submission will be developed in parallel with reference [18]. Changes to its content are dependent on the review of the PIRT [18]. 
Where applicable the TAM may be expanded to incorporate new sensitivity studies or uncertainty analysis. 
[bookmark: _Int_J5nT2Kjy]The delivery date for this document is unchanged as a result of this RO. This document will be delivered on 30/09/2025. 

	Severe Accident Chemistry Analysis Report – Scope and Contents (SMR00TBC) [13].
	This document is a new submission which will detail the expected scope, contents, ahead of the delivery of the ‘Severe Accident Chemistry Analysis Report, Issue 1’. 
[bookmark: _Int_kcj7gkfd]This document has been created directly as a result of this RO as part of the resolution to RO-RRSMR-013.A1. The submission date for this document is 07/10/2025. 

	Severe Accident Chemistry Analysis Report – Plan of Work [14]
	This document is a new submission which will detail a plan of work for the delivery of the ‘Severe Accident Chemistry Analysis Report, Issue 1’. 
[bookmark: _Int_bHqt2uYa]This document has been created directly as a result of this RO as part of the resolution to RO-RRSMR-013.A1. The submission date for this document is 17/10/2025.

	Severe Accident Chemistry E3S Case Interface Report (SMR0027070/001) [15]. 
	[bookmark: _Int_pY9d8SfU]This document is a new submission which will detail the expected impacts of Severe Accident Chemistry with the wider E3S Case. Expected contents are listed under the the Rolls-Royce SMR resolution plans for RO-RRSMR-013.A1 and A2. 
[bookmark: _Int_NADIXrFv]This document has been created directly as a result of this RO to form part of the resolution to RO-RRSMR-013.A1 and A2. The submission date for this document is 31/10/2025. 

	Environment, Safety, Security and
Safeguards Case Version 3, Tier 1, Chapter
20: Chemistry, SMR0004982/004. [24]
	[bookmark: _Int_KFS7FmVh]This document was submitted on 22/08/2025 as part of RRSMR-REG-0661N. It may change as a result of the actions proposed to resolve RO-RRSMR-013.A1. The conclusions of the Severe Accident Chemistry Analysis report will later be incorporated within the E3S Case Tier 1 Chapter for Chemistry. 
At a high level the proposed changes to this chapter to implement developments in Severe Accident Chemistry will be described within the ’Severe Accident Chemistry E3S Case Interface Report (SMR0027070/001)’. This action is expected be closed out before Version 4 of the E3S Case is released (in July 2026), and as such submission of Version 4 of Chapter 20 is not included as part of the resolution plan. 
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