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	GDA Regulatory Observation

	REGULATOR TO COMPLETE

	RO unique no.:
	RO-HOLTECSMR300-005

	Revision:
	1.0

	Date sent:
	17/09/2025

	Acknowledgement required by:
	30/07/2025 (unchanged at revision 1.0 as there are no substantive changes in technical content or impact on the resolution plan)

	Resolution Plan Agreement Required by:
	20/08/2025 (unchanged at revision 1.0 as there are no substantive changes in technical content or impact on the resolution plan)

	Record Reference:
	AR-01743

	Related RQ / RO No. and CM9 Ref: (if any):
	RQ-01850, Compliance with Rod-Average Fuel Burnup Limit

	Observation title:
	Fuel Rod Burnup

	Lead technical topic:
Fuel and Core
	Related technical topic(s):


	REGULATORY OBSERVATION:

	Background

The requesting party (RP) has presented a structured set of safety-related limits on fuel and core design parameters in the UK GDA SMR-300 Fuel Design Criteria and Limits report (Ref [1]). It includes limits on the maximum fuel burnup (irradiation) allowable on an assembly-average basis and on a rod-average basis. Different limits apply to fuel rods containing only UO2 fuel pellets and for those with fuel pellets containing UO2 and gadolinia neutron poison.
The SMR-300 nuclear design basis report presents the nuclear design of the reactor core, the nuclear design methods used and predictions of safety margins against the applicable limits and criteria. Through review of the SMR-300 nuclear design basis report at revision 0 (Ref [2]) I found that the SMR-300 core design for cycle 5 (representing the equilibrium cycle) was predicted to be non-compliant with the design limit set by the RP on maximum rod-average fuel burnup. I raised regulatory query (RQ)-01850 to seek evidence that it was possible to achieve a compliant core nuclear design within the constraints of the SMR-300 core (size, thermal power, etc). In responding to RQ-01850, the RP submitted design basis report revision 1 (Ref [3].) In this report the non-compliance has been partially addressed, but a non-compliance remains with the rod-average fuel burnup limit for fuel rods containing gadolinia poison.
The burnup limit for a fuel rod effectively sets a safe working life (as referred to by Safety Assessment Principle (SAP) EAD.1, Ref [4]) for the fuel in terms of irradiation. Compliance with the limit is necessary to ensure adequate margins for the effects of ageing and degradation of the fuel and clad (SAP EAD.2). Compliance with the limit is also necessary to ensure the validity of some fuel performance calculations that justify fuel integrity in normal operation and faults. The RP has recognised the non-compliance and (as reported within Ref [3]) intends to raise an internal design challenge paper (DC33) to determine how the topic should be addressed. It has also raised a GDA commitment (C_Fuel_128) to track the issue.
During GDA Step 2, the RP has not provided a demonstration that the non-compliance can be addressed through core design optimisation alone. However, within Ref [3], the RP has reported new analysis to show that if core thermal power was reduced slightly, the fuel burnup limits would be met. Alternatively, it may be possible to address the non-compliance by introducing an advanced fuel design. These options could have implications for the plant design outside of core nuclear design scope.
Overall, the RP has several potential options to resolve this matter. However, it is not clear whether the matter can be resolved without any impact on the wider SMR-300 plant or its design characteristics. I therefore judge it appropriate to manage it using a regulatory observation (RO).
Relevant Legislation, Standards and Guidance

ONR Safety Assessment Principle (SAP) EAD.1 states that the safe working life of structures, systems and components that are important to safety should be evaluated and defined at the design stage (Ref [4]). For fuel, the specified burnup limit effectively constitutes the safe working life, defined in terms of irradiation.
SAP EAD.2 states that adequate margins should exist throughout the life of a facility to allow for the effects of materials ageing and degradation processes on structures, systems and components.
SAR ERC.1 states that the design and operation of the reactor should ensure the fundamental safety functions are delivered with an appropriate degree of confidence for permitted operating modes of the reactor. One of the fundamental functions is the confinement of radioactive material, which could be compromised if degradation of the fuel and clad is not adequately allowed for.
IAEA specific safety guide SSG-52 (Ref [5]) paragraph 3.70 states “Fuel discharge burnup limits, which depend on the performance of the fuel rods and fuel assembly, and on the fuel management approach, should be assessed and justified accordingly.”
SAPs paragraph 681 (supporting SAPs AV.1 and AV.2) states “the limits of applicability of analytical models should be identified.” The applicability of some fuel safety limits and analytical models is likely to be limited to a certain burnup range because of the limitations of experimental data.
Regulatory Expectations

Informed by SAP EAD.2 and SSG-52, I expect the RP to present a core design with evidence that adequate margins exist to allow for the effects of irradiation on the fuel and clad, by demonstrating compliance with the relevant fuel burnup limits.
Informed by SAP EAD.1 and SSG-52, if the fuel burnup limits are modified from those presented in Ref [1] then I would expect the modification to be justified. This justification should give consideration both to anticipated degradation of the fuel and clad, and to the limits of applicability of relevant safety analysis methods.
Informed by SAP ERC.1, if the core nuclear designs (fuel loading patterns) are modified from those presented in Ref [3] to achieve compliance with fuel burnup limits, then I would expect the RP to provide a demonstration that compliance with other nuclear design criteria in Ref [1] is also maintained (this being necessary to support a demonstration that the fundamental safety functions will be delivered with an appropriate degree of confidence.)
The scope of the response to this RO should be limited to a demonstration that the SMR-300 fuel burnup limits can be met, with justification of any changes to the fuel burnup limits or the core nuclear design required to achieve this. If other changes to the plant design or safety case are required due to the solution adopted then full implementation of those changes is not within the scope of this RO. However, an impact assessment should be undertaken and affected areas of the design and safety case should be identified.
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	REGULATORY OBSERVATION ACTIONS

	RO-HOLTECSMR300-005.A1 – optioneering of the means by which to address the non-compliance against the fuel burnup limit
In response to this Regulatory Observation Action, the RP should:
· undertake optioneering to determine a preferred means by which to address the identified non-compliance with the fuel burnup limit; and
· explain why the chosen option is preferred, to support a future demonstration that risks are reduced to as low as reasonably practicable (ALARP).

RO-HOLTECSMR300-005.A2 – evidence of compliance with the fuel burnup limit
In response to this Regulatory Observation Action, the RP should provide evidence that after pursuing the chosen option to address this shortfall:
· the SMR-300 core nuclear design is compliant with the relevant fuel burnup limit;
· the SMR-300 core nuclear design remains compliant with all other relevant nuclear design criteria and limits; and
· any changes to the SMR-300 nuclear design criteria and limits have been justified.

RO-HOLTECSMR300-005.A3 – assessment of wider impact of the chosen option
In response to this Regulatory Observation Action, the RP should:
· identify whether the chosen option to address this shortfall has any impact on the SMR-300 plant outside of the core nuclear design, or on the SMR-300’s design characteristics; and
· describe any additional work necessary to support full implementation of the chosen option, including consideration of its potential impacts on the wider plant and safety, security and environment case.
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