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Rolls-Royce SMR RO Resolution Plan



	RO Unique Number:
	RO-RRSMR-020

	RO Title:
	Internal Blast Safety Case within Containment

	Lead Technical Topic:
	Internal Hazards

	Related Technical Topic(s):
	Civil Engineering
Control & Instrumentation
Electrical Engineering
Fault Studies
Mechanical Engineering
Structural Integrity


Background
The Office for Nuclear Regulation (ONR) expects sufficient justification and evidence that reactor designs are tolerant to design basis hazards. Where blast hazards are identified which could potentially impact Structures, Systems and Components (SSC)s which support nuclear safety functions, ONR expects proportionate characterisation of the hazard and substantiation evidence (where required to support withstand claims). ONR expects that the safety case should be focussed on those scenarios which represent the greatest level of hazard and risk and/or represent areas of novel design. The safety case should include a demonstration that sufficient preventative, protective and mitigative safety measures, taken together, ensure that the reactor can achieve safe shutdown following a design basis blast hazard.
Additionally, ONR expects that the layout of nuclear safety critical systems and sources of blast hazards are adequately considered such that the hazardous effects are limited by design as far as reasonably practicable, see Safety Assessment Principle ELO.4. The generic Rolls-Royce SMR design is known to be compact which poses challenges when considering the impact of blast hazards. A suitable and sufficient justification for the layout of containment and its robustness to potential blast sources, considering all safety significant targets, is therefore expected within Generic Design Assessment (GDA).


Regulatory Observation Actions and Resolution Plan
RO-RRSMR-020-A1: Demonstrate that design basis blast hazards within containment are tolerable
In response to this Regulatory Observation Action, Rolls-Royce SMR Ltd should:
· Complete a suitable and sufficient identification of blast hazards within containment,
· Justify that cases selected for detailed analysis are bounding or otherwise risk informed, based on the consideration of hazard and risk amongst other relevant factors,
· Characterise the selected cases including suitable sensitivity analysis to provide confidence in the plant’s overall tolerability to blast hazards in containment,
· Substantiate withstand claims placed on SSCs, including civil barriers and Very High Reliability (VHR) components. Alternative means that provide confidence in the adequacy of the design should be provided, where sufficient detailed evidence cannot be produced at this time,
· Demonstrate that sufficient SSCs remain available to support safe shutdown within containment following a postulated blast hazard.
Rolls-Royce SMR Response to RO-RRSMR-020-A1
Rolls-Royce SMR has reviewed RO-RRSMR-020-A1 and identified the existing and planned evidence required to demonstrate that design basis blast hazards within Containment are tolerable. Collectively, the documents identified below provide evidence to address RO-RRSMR-020-A1.
The following issued reports have been identified as supporting evidence for the Regulatory Observation (RO) action. Where updates to issued documents are required to address the RO, these are identified below. Submissions that have not yet been issued are also included where they form part of the evidence base supporting closure of the RO action.
Internal Hazards Summary Report - Reactor Island within Hazard Shield (SMR0007172)
Issue 1 of this report, which has already been issued, was developed prior to the establishment of a Design Reference Point (DRP) and reflects an earlier stage of design maturity. Since then, significant design development and analysis have been completed to ensure the design reduces risk to As Low As Reasonably Practicable (ALARP).
Issue 2 of the Internal Hazards Summary Report will provide the integrated deterministic Internal Hazards Safety Case for design basis blast hazards within Containment. The report will provide the integrated response to RO-RRSMR-020-A1 by drawing together the outputs from hazard identification, blast characterisation and engineering substantiation. The report will provide the overall safety argument demonstrating that design basis blast hazards have been suitably and sufficiently identified, that bounding and risk-significant blast scenarios have been selected and justified, and that the resulting blast demands have been characterised using appropriate analytical methods and sensitivity studies.
The report will present the integrated safe shutdown argument, demonstrating that safety-significant SSCs, civil structures and VHR components can withstand the applicable blast loads or are otherwise adequately protected, and that sufficient SSCs remain available following a postulated blast event to deliver the required safety functions and achieve safe shutdown.
The report will also describe how the deterministic assessment is supported by engineering substantiation to demonstrate the adequacy of credited safety measures and the tolerability of any exceptions to segregation. The rationale for prioritising withstand assessments through structural evaluations for blast cases across identified targets will be described.  Assumptions, limitations or areas of design maturity will be identified, together with the basis on which they are considered tolerable for GDA. The report will therefore provide the principal integrating evidence demonstrating that the consequences of design basis blast hazards within Containment are tolerable and that the residual risks have been reduced to a level that is ALARP.
Interim Hazards Schedule and Requirements for Design Reference Point 2 (SMR0023053)
Issue 1 of this report, which has already been issued, defines the high-level internal hazards safety claims within the DRP 2 Containment. Since then, further design development and analysis have been completed.
For DRP 5, the hazards schedule will be separated into individual blocks; therefore, the Internal Hazards Schedule for Containment (SMR0037540, Issue 1) will be issued as a block-specific Internal Hazards Schedule.
The Internal Hazards Schedule for Containment will be provided to reflect the DRP 5 design. The report will establish the internal hazard safety claims necessary to ensure the continued availability of Fundamental Safety Functions and will identify the SSCs credited with protecting against or mitigating the consequences of internal hazards including blast events. This issue will provide the basis from which subsequent blast source identification, target identification, blast analysis and substantiation activities are developed.
Civil Engineering Assessment of Internal Hazards Loading Schedule (SMR0026815)
Issue 1, which has already been issued, sets out the methodology for converting internal hazard events into structural loading demands on Reactor Island structures. It presents an assessment of the capability of safety-significant civil structures to withstand loads arising from internal hazards for DRP 2, including blast events, and identifies areas where further design development, optioneering or analysis refinement may be required. 
This report will be superseded by the Design Substantiation Report for Reactor Island: Containment Internal Structures, described below. 


Internal Hazards Analysis Report: Containment (SMR0026144)
Issue 1 of this report, which has already been issued, presents the Internal Hazards assessment for the DRP 3 Containment.
Issue 2 of this report will present the internal hazards assessment for DRP 5 Containment. It will identify the safety-significant SSCs within Containment, determine the bounding hazard source and establish the methodology and assumptions used to derive hazard loadings, including blast. The assessment evaluates both individual and combined hazard scenarios. The report will provide the rationale used to interpret the Internal Hazards Analysis Spreadsheet and will support the demonstration that blast hazards have been suitably and sufficiently identified.
Internal Hazards 3D Blast Modelling Report: Containment and Interspace (SMR0028189)
Issue 1, which has already been issued, presents Computational Fluid Dynamics (CFD) modelling of the high-risk blast scenarios identified for DRP 3. The report sets out the blast cases considered, modelling assumptions and sensitivity studies undertaken, and provides an assessment of blast wave propagation and pressure distributions within the areas analysed.
Issue 2 will be updated to reflect the DRP 5 design for the high-risk blast scenarios. The CFD analysis will provide further insight into blast wave behaviour within complex plant configurations, for which this modelling approach is particularly well suited.
The blast loads to be taken forward for substantiation, informed by both the semi-empirical blast analysis presented in the Internal Hazards Analysis Report: Containment and the CFD analysis presented in the Internal Hazards 3D Blast Modelling Report: Containment and Interspace, will be identified within the Engineering Schedule: Internal Hazards. The Engineering Schedule: Internal Hazards will define the bounding blast loading requirement applicable to each credited SSC.
The basis for the selection of the blast loading will be provided within the Internal Hazards Summary Report. This will provide the rationale for the cases taken forward within the substantiation process.
Rolls-Royce SMR Containment Vessel - Response to Non-Fire Internal Hazards (SMR0033072)
Issue 2 of this report, which has already been issued, provides a structural assessment of the Containment Vessel against a range of non-fire internal hazards for DRP 3, including blast, as well as a broader range of internal hazards such as valve stem missiles, high-energy arcing faults, pipe whip and flooding. The assessment demonstrates the capability of the Containment Vessel to withstand blast hazards from internal hazards assessment and provides evidence that containment integrity can be maintained under postulated blast conditions. 
Issue 3 will be provided to reflect the DRP 5 design.

Reports not yet issued
Internal Hazards Analysis Spreadsheet: Containment (SMR0038201, Issue 1)
This spreadsheet will identify SSCs located within the DRP 5 Containment along with the hazard sources and targets. For each target SSC, the spreadsheet will identify the applicable Containment blast sources. The spreadsheet will provide traceability between identified blast hazards and affected targets. It will also provide a structured basis for confirming that blast hazards have been suitably and sufficiently identified for the DRP 5 design.
The spreadsheet will act as the primary source of the assessment outputs and demonstrate that hazard sources and targets have been systematically identified. The Internal Hazards Analysis Report: Containment (SMR0026144, Issue 2) will provide the narrative, methodology, assumptions, analytical approach and engineering judgement used to identify hazard sources and targets, assess consequences and interpret the assessment results. The report therefore provides the rationale and context required to understand and justify the conclusions captured within the spreadsheet.
Internal Hazards Blast Withstand Analysis Reports
In addition to the Containment Vessel, withstand analyses of in-containment SSCs under blast loading will be presented in two reports: 
1. Internal Hazards Blast Withstand Analysis Report – Work Package 2, Issue 1
2. Internal Hazards Blast Withstand Analysis Report – Work Package 3, Issue 1
The scope of these reports is presented in Table 3. The analyses and assessments of blast withstand will be performed following applicable guidance for Internal Hazards Withstand Acceptance Criteria of Mechanical SSCs (SMR0036393, Issue 1). Specific claims and imposed functional requirements against each target will be defined in the Engineering Schedule: Internal Hazards (SMR0033505, Issue 1), for which acceptance criteria are defined. The prioritisation of evaluated cases with respect to the safety classification of the SSC or the induced loading will be summarized in the Internal Hazards Summary Report - Reactor Island within Hazard Shield (SMR0007172, Issue 2). 
Engineering Schedule: Internal Hazards (SMR0033505, Issue 1)
The Engineering Schedule: Internal Hazards will establish a clear line of sight between identified internal hazards, the nuclear safety functions required following a hazard event, and the SSCs credited with delivering those functions.
The schedule will define the functional requirements placed on safety-significant SSCs and identify the applicable unmitigated bounding hazard demands. For each target SSC, it will identify the relevant hazard loading requirements and the credited safety functions.
The schedule will present the engineering substantiation supporting each claim, including references to analytical assessments, design calculations, relevant good practice arguments and engineering judgement. It will also document the hazard protection strategy adopted for each target, demonstrating whether hazard demands are withstood directly by the SSC or reduced through the application of protective measures.
Where detailed substantiation is not available at the GDA stage, the schedule will provide proportionate confidence statements and identify assumptions, limitations and future substantiation activities where required beyond GDA.
Overall, the Engineering Schedule: Internal Hazards will provide a structured record of the internal hazards engineering requirements, loads and supporting evidence underpinning the Internal Hazards Safety Case and supporting the claim that credited SSCs remain capable of performing their required safety functions following the relevant design basis internal hazard events.
Design Substantiation Report for Reactor Island: Containment Internal Structures (SMR0016284, Issue 1)
This report will provide the safety-case-facing substantiation of Containment civil structures and demonstrate that the structural requirements placed upon those structures are satisfied through design, analysis, construction and through-life management arrangements.
In support of the blast hazard safety case, the report will provide evidence that Containment internal structures, barriers and other credited civil features are capable of performing their required safety functions when subjected to design basis blast loads. The report will therefore substantiate the claims made on civil structures for protection of safety-significant SSCs, mitigation of blast consequences and preservation of safe shutdown capability.
This report forms a key element of the evidence supporting civil withstand claims and contributes directly to demonstrating that the civil barriers credited within the blast safety case are capable of fulfilling their intended nuclear safety role.
RO-RRSMR-020-A1 Response Summary
Table 1 provides the supporting reports which are listed against the RO action(s) they will address. The Internal Hazards Summary Report - Reactor Island within Hazard Shield (SMR0007172, Issue 1) will provide the integrated deterministic Internal Hazards Safety Case for the response to RO-RRSMR-020-A1.
[bookmark: _Ref235712707]Table 1: Supporting reports which are listed against the RO action(s) they will address
	RO Action number
	Action Requirement
	Supporting Reports

	RO-RRSMR-020-A1 Action 1
	Complete a suitable and sufficient identification of blast hazards within containment.
	· Internal Hazards Analysis Spreadsheet: Containment (SMR0038201, Issue 1)
· Internal Hazards Analysis Report: Containment (SMR0026144, Issue 2)

	RO-RRSMR-020-A1 Action 2
	Justify that cases selected for detailed analysis are bounding or otherwise risk informed, based on the consideration of hazard and risk amongst other relevant factors.
	Internal Hazards Analysis Report: Containment (SMR0026144, Issue 2)
Engineering Schedule: Internal Hazards (SMR0033505, Issue 1)
Internal Hazards Summary Report - Reactor Island within Hazard Shield (SMR0007172, Issue 2)

	RO-RRSMR-020-A1 Action 3
	Characterise the selected cases including suitable sensitivity analysis to provide confidence in the plant’s overall tolerability to blast hazards in containment.
	Internal Hazards Analysis Report: Containment (SMR0026144, Issue 2)
Internal Hazards 3D Blast Modelling Report: Containment and Interspace (SMR0028189, Issue 2)

	RO-RRSMR-020-A1 Action 4
	Substantiate withstand claims placed on SSCs, including civil barriers and VHR components. Alternative means that provide confidence in the adequacy of the design should be provided, where sufficient detailed evidence cannot be produced at this time.
	Engineering Schedule: Internal Hazards (SMR0033505, Issue 1)
Design Substantiation Report for Reactor Island: Containment Internal Structures (SMR0016284, Issue 1)
Rolls-Royce SMR Containment Vessel – Response to Non-Fire Internal Hazards (SMR0033072, Issue 3)
Internal Hazards Blast Withstand Analysis Report – Work Package 2, Issue 1
Internal Hazards Blast Withstand Analysis Report – Work Package 3, Issue 1

	RO-RRSMR-020-A1 Action 5
	Demonstrate that sufficient SSCs remain available to support safe shutdown within containment following a postulated blast hazard.
	Internal Hazards Schedule for Containment (SMR0037540, Issue 1)
Engineering Schedule: Internal Hazards (SMR0033505, Issue 1)
Internal Hazards Summary Report - Reactor Island within Hazard Shield (SMR0007172, Issue 2)



RO-RRSMR-020-A2: Demonstrate that the containment layout has been optimised with respect to blast hazards and SSCs
In response to this Regulatory Observation Action, Rolls-Royce SMR Ltd should:

· Articulate how the containment layout has been optimised to reduce risk with respect to blast hazards. This should include evidence to support the arrangement of components forming the primary and secondary circuits and SSCs which support nuclear safety functions including VHR components. In particular the demonstration should provide evidence to support the layout of SSCs which support safe shutdown safety functions.

Rolls-Royce SMR Response to RO-RRSMR-020-A2
Rolls-Royce SMR has reviewed RO‑RRSMR‑020‑A2 and identified the evidence needed to demonstrate that the DRP 5 Containment layout has been developed with appropriate consideration of blast hazards. As RO‑RRSMR‑020‑A2 contains a single action, no summary table linking the action to supporting reports is provided.
Blast and Explosion Hazard Decision Record (SMR0031989, Issue 1)
Issue 1 of this report, which has already been issued, provides the decision-making record supporting the management of internal blast and explosion hazards for a subset of DRP 3 cases. The report documents the options considered, the selected protection measures and the rationale for those decisions, demonstrating that blast hazard considerations have influenced the design and protection of safety-significant SSCs. The report therefore contributes to the demonstration that the Containment layout and associated protection measures have been developed using a structured optioneering process.
DRP 5 related amendments, together with decisions for a wider set of cases, will be captured in the Engineering Schedule: Internal Hazards, described above.
Reports not yet issued
Containment Layout Summary Report (SMR0038229, Issue 1)
This submission will describe the design rationale for the Containment layout and the extent to which blast hazard considerations have informed its development. It will set out the key factors that have influenced the arrangement of major SSCs within Containment, including layout, spacing, routing and structural arrangements.
The report will describe how blast hazard considerations have been balanced alongside operational, functional, constructability and spatial constraints within Containment.
The report is intended to support the broader ALARP narrative by providing evidence of how blast hazard considerations have been taken into account during the development of the Containment layout and how opportunities for reasonably practicable risk reduction have been considered. 
The report will reference relevant decision records, layout studies, the 3D model and optioneering activities that informed the development of the Containment layout. Collectively, this information will provide supporting evidence for the design decisions taken and the extent to which blast hazard considerations have influenced the resulting layout.
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Schedule
Figure 1 presents the schedule of activities to support resolution of RO-RRSMR-020.
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Figure 1: Schedule of Resolution Activities


Impacted Submissions
Table 2 and Table 3 list the submissions on the Master Document Submission List (MDSL) that will be impacted through resolution of this RO, and how they will be impacted. 
Table 2: Existing MDSL Submissions
	Existing Submission
	Impact
	Submission Date

	Internal Hazards Summary Report - Reactor Island within Hazard Shield, SMR0007172, Issue 1
	Issue 1 was developed prior to the establishment of a DRP and reflects an earlier stage of design maturity.
Issue 2 of this report will provide the integrated deterministic safety case demonstrating that design basis blast hazards within Containment are tolerable. It will draw together the conclusions from hazard identification, blast modelling, and SSC substantiation to demonstrate safe shutdown capability and ALARP.
	Issued - 10th January 2024
To be issued – 17th December 2026 (already planned)

	Interim Hazards Schedule and Requirements for Design Reference Point 2, SMR0023053, Issue 1
	Issue 1 provides the existing internal hazards claims and credited SSCs for DRP 2. It will be superseded for DRP 5 by block-specific Internal Hazards Schedule submissions.
The Internal Hazards Schedule – Containment (SMR0037540, Issue 1) will provide the updated hazard-to-fault progressions, claims and credited SSCs required to support closure of RO-RRSMR-020-A1.
	Issued – 9th May 2025


To be issued – 6th August 2026 (already planned)

	Civil Engineering Assessment of Internal Hazards Loading Schedule, SMR0026815, Issue 1
	Issue 1 sets out the methodology for converting internal hazard events into structural loading demands on Reactor Island structures. It presents an assessment of the capability of safety-significant civil structures to withstand loads arising from internal hazards for DRP 2.
The Design Substantiation Report for Reactor Island: Containment Internal Structures (SMR0016284, Issue 1) will support the demonstration that civil structures can fulfil their required safety functions when subjected to design basis internal hazard loads, including blast loading.
	Issued – 26th September 2025


To be issued - 21st December 2026 (already planned)

	Internal Hazards Analysis Report: Containment, SMR0026144, Issue 1
	Issue 1 provides the existing Containment internal hazards assessment for DRP 3.
Issue 2 will provide the updated DRP 5 containment internal hazards analysis, including the identification of hazard sources, assessment assumptions and derived hazard loadings.
	Issued – 16th December 2025
To be issued – 28th August 2026 (already planned)

	Internal Hazards 3D Blast Modelling Report: Containment & Interspace, SMR0028189, Issue 1
	This submission provides CFD modelling for the high risk cases for blast events for DRP 3. 
Issue 2 will provide 3D modelling for the high risk cases for DRP 5, including scenario definition, pressure distribution results and sensitivity studies.
	Issued – 11th March 2026
To be issued – 8th October 2026 (already planned)

	Blast and Explosion Hazard Decision Record, SMR0031989, Issue 1
	This submission records the optioneering decisions and rationale for blast and explosion hazard protection. 
Any amendments or additional decisions arising from the DRP 5 design will be captured within the Engineering Schedule: Internal Hazards, SMR0033505, Issue 1. 
	Issued – 9th April 2026

	Rolls-Royce SMR Containment Vessel - Response to Non-Fire Internal Hazards, SMR0033072, Issue 2
	Issue 2 provides the DRP 3 substantiation of the Containment Vessel against non-fire internal hazards, including blast. 
Issue 3 will assess the Containment Vessel against DRP 5. 
	Issued – 1st May 2026
To be issued – 12th November 2026 (new submission)




[bookmark: _Ref235452223]Table 3: New MDSL Submissions
	New Submission
	Impact
	Submission Date

	Internal Hazards Analysis Spreadsheet: Containment, SMR0038201, Issue 1 (already planned)
	This submission will identify safety-significant SSCs within Containment that may be challenged by blast hazards. For each target SSC, it will identify applicable blast sources and associated hazard loads, providing traceability between hazards, affected SSCs and safe shutdown substantiation.
	13th August 2026

	Internal Hazards Blast Withstand Analysis Report – Work Package 2, Issue 1
(new submission)
	This submission will include the blast withstand analysis and justification of:
a) Containment Isolation Valves
b) Reactor Coolant System Pipework
c) Steam Generator Vessel and Supports
d) Low Pressure Injection System at primary conditions
e) Local Ultimate Heat Sink Passive Containment Cooling Heat Exchanger and Pipework
f) Steam Purification System
g) Passive Steam Condensing System
	12th November 2026

	Internal Hazards Blast Withstand Analysis Report – Work Package 3, Issue 1
(new submission)
	This submission will include the blast withstand analysis and justification of:
a) Reactor Pressure Vessel
b) Integrated Head Package / Control Rod Drive Mechanism
c) Pressuriser and Supports
d) Main Feedwater Lines
e) Auxiliary Feedwater Lines
f) Reactor Coolant Pumps
g) Main Steam Lines
h) Low Pressure Automatic Depressurisation System
i) High Pressure Automatic Depressurisation System
j) Isolation Valves of Low Pressure Automatic Depressurisation System, High Pressure Automatic Depressurisation System, High Temperature Overpressure Protection, Low Pressure Injection System
	12th November 2026

	Engineering Schedule: Internal Hazards, SMR0033505, Issue 1 (already planned)
	This submission will provide the primary line of sight between identified DRP 5 blast hazards, applicable loading requirements, nuclear safety functions, credited SSCs and the engineering evidence supporting SSC withstand claims.
	12th November 2026

	Containment Layout Summary Report, SMR0038229, Issue 1 (already planned)
	This submission will provide the justification required to address RO-RRSMR-020-A2 by demonstrating how the DRP 5 Containment layout has been optimised with respect to internal blast hazards, including the arrangement and protection of SSCs required to support safe shutdown.
	17th December 2026
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