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[bookmark: _Hlk203565152]INTRODUCTION: In 2022, NEA’s Working Group for Fuel Safety published Technical Opinion Paper No. 19, “Applicability of Nuclear Fuel Safety Criteria to Accident-Tolerant Fuel Designs” that summarized the group’s review of the applicability of the existing fuel design and performance requirements and identification of related data gaps. The paper provides an overview of the technical opinion paper and its conclusions. 
[bookmark: _Hlk203565325]OVERVIEW
Following the 2011 Great East Japan Earthquake and the resulting nuclear accident at the Fukushima Daiichi Nuclear Power Plant, global interest has expanded in researching and developing nuclear fuels with enhanced accident tolerance. Such accident-tolerant fuels (ATF) include improved designs, materials, and performance features beyond the current generation of slightly enriched UO2 ceramic pellets within cylindrical zirconium alloy cladding. The NEA (Nuclear Energy Agency) Expert Group is a collective of specialists and professionals who focus on various aspects of nuclear energy. Its primary goal is to assist its member countries in maintaining and further developing the scientific, technological, and legal bases required for the safe, environmentally friendly, and economical use of nuclear energy for peaceful purpose. In this vein, activities were pursued to support global advancement of ATF technologies. 
In 2022, NEA’s Working Group for Fuel Safety (WGFS) published Technical Opinion Paper (TOP) No. 19, “Applicability of Nuclear Fuel Safety Criteria to Accident-Tolerant Fuel Designs” [1]. The activity was follow-on to the publication of “State-of-the-Art Report on Light Water Reactor Accident Tolerant Fuels” [2] from the Expert Group on Accident-tolerant Fuels for Light Water Reactors (EGATFL). The EGATFL investigated a large number of advanced fuel designs and materials and defined a technology readiness level based upon the existing empirical database supporting the characterization of material properties and performance, reported in the publication. The Working Group for Fuel Safety (WGFS) performed a review of the technologies focusing on the: 
(1) evaluation of the applicability of existing fuel design and performance requirements to each of the five ATF designs,
(2) identification of new phenomena or mechanisms which create the need for new or different performance metrics and design requirements, 
(3) identification of data gaps, and 
(4) discussion of opportunities for international collaborative research to fill these data gaps. 
The WGFS TOP summarizes the results of the activity, thus reflecting the knowledge collected up to October 2020.


APPLICABILITY OF FUEL DESIGN ANF PERFORMANCE REQUIREMENTS TO ATF
By cross-referencing the report of the EGATFL with results from an international survey of most likely ATF candidates for deployment, the scope of the TOP was narrowed down to the following ATF technologies: coated zirconium alloy fuel rod cladding, FeCrAl fuel rod cladding, silicon carbide fuel rod cladding, doped uranium dioxide ceramic fuel pellets, and uranium silicide ceramic fuel pellets. Then, using the foundation provided in the nuclear fuel safety criteria and design requirements documented within the second edition of Nuclear Fuel Safety Criteria Technical Review [3], the report provides a detailed assessment of each of the above listed ATF technologies against over 50 phenomena important to safety-related fuel design and performance requirements. The detailed evaluation table for each ATF technology is available as an online annex [4]. 
Due to their limited departure from the currently licensed fuel technology, coated zirconium alloy fuel rod cladding and doped UO2 fuel pellets were found to have the least impact on the applicability of existing fuel design, performance requirements and nuclear safety criteria. Based on the degree of characterization of irradiation properties and performance, doped UO2 fuel pellets have already been deployed in reload quantities in at least one country and both of these near-term ATF design concepts are relatively close to licensing and deployment in several other countries. Nevertheless, there are opportunities for collaborative research to fill gaps in the empirical database and further enhance knowledge and understanding. FeCrAl fuel rod cladding, silicon carbide fuel rod cladding, and uranium silicide fuel pellets introduce more pronounced impacts on existing fuel design and performance requirements and nuclear safety criteria. Larger data gaps exist for these longer-term ATF design concepts, which lack the degree of characterization available for the short-term ATF design concepts. 
A variety of new phenomena were identified which could challenge the applicability of existing performance metrics and analytical limits or created the need for new criteria. Chromium-coated zirconium alloy cladding may be susceptible to hydrogen permeability from the coolant through the coating surface into the base material during normal operation and may experience a zirconium-chromium eutectic reaction at the cladding-coating interface and chromium diffusion into the base material under accident conditions. FeCrAl cladding may be susceptible to embrittlement due to chromium-rich particle precipitation during normal operation and unstable oxide formation under accident conditions with high heating rates. Silicon carbide cladding may experience chemical compatibility issues and dissolution during normal operation and generation of methane and carbon monoxide under severe accident conditions. No new phenomena were identified for doped UO2 fuel, whereas U3Si2 fuel exhibited a severe exothermic reaction with water and steam. 
The TOP also describes opportunities for collaborative international research programs that could help fill research needs and data gaps for each ATF technology, particularly with respect to providing publicly available data. Research needs are divided by the type of facilities and capabilities within each facility needed to fill the specific data gap. This cross-cutting format illustrates how any given research facility could support multiple ATF technologies. Priority should be assigned to research supporting the licensing of near-term ATF technologies: chrome-coated zirconium alloy cladding and doped UO2 fuel pellets. However, recognizing the calendar time for long-term irradiation campaigns, radionuclide decay (i.e. cooling), and transportation to hot cell facilities, priority must also be given to research needs for the most commercially viable long-term ATF technologies.
SUMMARY AND CONCLUSIONS
The major findings of the TOP are summarized in Table 1. It includes the relative impact on existing fuel safety criteria, the number of new phenomena, and the relative magnitude of data gaps are defined for each of the five ATF technologies. These relative impacts consider the number and degree of changes in safety criteria, performance and design requirements, and analytical limits. The relative magnitude of data gaps represents the overall effort required to characterize the irradiated material properties and performance considering the extent of the existing empirical database. 
TABLE 1. SUMMARY OF THE EVALUATION
	
[bookmark: _bookmark0]ATF design concept
	EGATFL
technology readiness level*
	Relative impact on existing fuel safety criteria
	Number of new phenomena
	Relative magnitude of data gaps

	Coated zirconium alloy cladding
	4
	Low
	3
	Low

	FeCrAl cladding
	3-4
	Medium
	2
	Medium

	Silicon carbide cladding
	< 3
	High
	3
	High

	Doped UO2 ceramic pellets
	8
	Low
	0
	Low

	Uranium silicide ceramic pellets
	< 3
	High
	1
	High


* In 2018, the EGATFL report defined a TRL for each ATF design concept from 1 to 9, with 9 defined as routine commercial-scale operation. Multiple reactors operating.

The TOP concludes that while ATF designs offer significant safety and performance benefits, there are still unknowns and data gaps that need to be addressed through further research and testing. Collaborative efforts are essential to advance the development and licensing of these innovative fuel technologies.
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