
	[image: ]
	[image: ]
	[image: ]



	GDA Regulatory Observation

	REGULATOR TO COMPLETE

	RO unique no.:
	RO-HOLTECSMR300-014

	Revision:
	0

	Date sent:
	14/08/2025 (Draft version)
30/09/2025 (Formal Issue)

	Acknowledgement required by:
	21/10/2025

	Resolution Plan Agreement Required by:
	18/11/2025 

	Record Reference:
	ONRW-2126615823-8356
AR-01796

	Related RQ / RO No. and CM9 Ref: (if any):
	RQ-01595, RQ-01601, RQ-01611, RQ-01616, RQ-01639, RQ-01678 & RQ-01705

	Observation title:
	Design methodology for the justification of the Concrete Strengthened Steel Modules

	Lead technical topic:

Civil Engineering

	Related technical topic(s):
 
External Hazards
Structural Integrity


	REGULATORY OBSERVATION:

	Background
The concept design of the Holtec SMR-300 Nuclear Island includes a Containment Enclosure Structure (CES) which is comprised of a structural form entitled Concrete Strengthened Steel Modules (CSSM). A CSSM consists of steel faceplates filled with concrete. The faceplates are connected by vertical and horizontal steel stiffener plates welded at interfaces (ref. [1]). The individual CSSMs are fabricated in a steel fabrication workshop, transported to site by heavy goods vehicle, lifted into position and welded/bolted to adjacent CSSMs. The modules are then filled with concrete. This form of construction is becoming more common and supports Holtec’s modularisation concept.
In the UK DBAA Summary Report [11] Holtec identifies the CES as a nuclear safety-related structure, that encloses the Containment Structure (CS) and forms the outer face of the Annular Reservoir (AR). The AR forms the ultimate heat sink for cooling under fault conditions. Therefore, the CES needs to be robust and capable of withstanding earthquake, aircraft impact, and other environmental loadings over the proposed 80 year design life. (ref. [1]).

The RP recognises that the CSSM construction utilised for the CES is novel and has had limited previous civil nuclear applications. One of the available nuclear-specific steel plate concrete composite design codes is Appendix N9 of ANSI/AISC N690-18 (ref. [3)] which is endorsed by the US NRC in the regulatory guide RG 1.243 (ref. [4]). The AISC Steel Design Guide 32, (ref. [5]) contains design guidance for modular steel-plate concrete composite walls. 
The absence of some of the composite and profile features in the proposed CSSM necessitates further consideration of the applicability of ANSI/AISC N690-18 Appendix N9. The AISC Design Guide 32 has limited data for curved module walls and so has limited applicability.

The RP has taken a design decision after formal submission of the GDA DRP [9] to change the general arrangement of both the CS and the CES for the SMR-300, as presented in decision paper HI-2241524 [10]. The chosen option increases containment volume below grade and utilises the CSSM as a containment boundary. The design requirements associated with a CSSM containment structure will require consideration for the justification of the SSC. 

Holtec has recognised that further development of its proposed CSSM design is required and has partnered with Purdue Applied Research Institute (PARI) to enable validation with advanced analysis techniques (i.e., finite element modelling) backed by experimental testing. 

I have raised RQ-01595, RQ-01601, RQ-01616, RQ-01639, RQ-01678 and RQ-01705.

Whilst the RP has provided a high-level overview of the way forward, I consider that, given the safety significance of the CES, further work is required to fully identify the functional performance requirements and to substantiate that the design can deliver these requirements throughout the proposed lifetime of the plant. 

Relevant Legislation, Standards and Guidance
Safety Assessment Principles (ref. [6]):
ECS.4 Absence of established codes and standards, 
ECS.5 Use of experience, tests or analysis,
EQU.1 Qualification procedures,
ERL.1 Form of claims,
ECE.1 Functional performance,
ECE.12 Structural analysis and model testing and
ECE.16 Materials.

Technical Assessment Guides (TAG)
TAG 17 – Civil Engineering (ref. [7]):
New Nuclear Power Plants: Generic Design Assessment Technical Guidance, ONR-GDA-GD-007 (ref. [8]).

IAEA SSR 2/1 - Safety of Nuclear Power Plants: Design Rev. 1

Regulatory Expectations
ONRs regulatory expectations with respect to the assessment of novel and un-proven civil engineering designs are outlined within the SAPs and TAG 17. Key extracts related to this aspect are detailed below:

TAG 17, Annex 1, Section 4.10 - All items important to safety shall be of a design that has either previously been proven in equivalent applications, or if not, items shall be of high quality and of a technology that has been qualified and tested with appropriate qualification procedures (EQU.1). 

This expectation is repeated in international guidance via Requirement 9 of the IAEA guidance SSR 2/1 (ref. [12]) and ERL.1. This can mean that design decisions are not fully substantiated at the early design stages, with a reliance on site specific information, mock-ups or trials. In these situations, the Inspector may have expectations for future works, and to identify commitments the dutyholder has made to fulfil these in the future. 

TAG 17, Annex 1, Section 4.18 - If the design includes novel or unusual materials, components and construction methods, sufficient evidence (e.g. mock-ups or demonstrations) shall be provided to demonstrate confidence in the buildability of the design.

Since there are no nuclear industry design codes [2] that are wholly applicable to the Holtec CSSM structural form and in the absence of established codes and standards I consider this to be a novel structural form and requires further substantiation of the qualification procedures to provide a level of confidence commensurate with international nuclear codes and standards for the classification of the SSC for all relevant operational, environmental, fault and accident conditions. 

Since the CES is a principal means of ensuring nuclear safety and is designated as a nuclear safety related SSC in the Holtec SMR300 Design Basis Accident Analysis it will require a high level of substantiation. Where CSSMs are being used elsewhere in the design they will require a level of substantiation commensurate to the safety claims being made upon them. 

Noting that the RP is only completing a two-step GDA and therefore only a fundamental assessment of the design is required. I note that whilst the RP has acknowledged the gap relating to the substantiation of the CSSM as evidenced by its on-going testing and analysis works, as the CES represents a fundamental part of the design with significant nuclear safety claims I consider that an RO is necessary to ensure that Holtec has plans to substantiate the design of the CSSMs in line with the safety claims made upon them. 
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	REGULATORY OBSERVATION ACTIONS

	RO-HOLTECSMR300-014.A1 – Identification of structures comprised of CSSM and the associated Safety Functional Requirements

In response to this Regulatory Observation Action, the RP should:
· Identify all structures where CSSM is intended to be used
· List all safety claims/functional requirements for the CSSM



	RO-HOLTECSMR300-014.A2 – Benchmarking of the CSSM design against relevant design codes  

In response to this Regulatory Observation Action, the RP should: 

· Provide clarity on the CSSM design(s) to be used and tested 
· Identify and justify the relevant design codes or performance standards for the CSSMs.  
· Identify the gaps within codes and standards and how the proposed analysis and testing strategy will address these gaps


	RO-HOLTECSMR300-014.A3 – Design methodology for the justification of the Concrete Strengthened Steel Modules 

The RP should set out how it will implement the learning/outcomes from its testing and analysis programmes into the the design and safety case. ONRs expectations are principally detailed in TAG17.

ONR expects that the design methodology will provide an equivalent level of assurance as provided by international nuclear codes and standards across all normal operational and fault conditions. The design methodology should consider beyond design basis performance of the CSSM.

The RP should demonstrate in the methodology the types of lifetime data covering the item’s construction, manufacture, testing, inspection and maintenance that need to be retained to support any claims made in the safety case throughout the operational life of the facility. 

Resolution required by ONR is 'to be determined by Holtec Resolution Plan'.
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