
 
 

UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D.C. 20555-0001 
 

February 10, 2020 
 
 
MEMORANDUM TO:  John P. Segala, Chief 
  Advanced Reactor Policy Branch 
  Division of Advanced Reactors and Non-Power 
     Production and Utilization Facilities 
  Office of Nuclear Reactor Regulation 
  
FROM:  Jordan P. Hoellman, Project Manager /RA/ 
  Advanced Reactor Policy Branch 
  Division of Advanced Reactors and Non-Power 
     Production and Utilization Facilities 
  Office of Nuclear Reactor Regulation 
 
SUBJECT:  SUMMARY OF A PUBLIC MEETING WITH ELECTRIC POWER 

RESEARCH INSTITUTE REGARDING TOPICAL REPORT  
  EPRI-AR-1(NP), URANIUM OXYCARBIDE (UCO) 

TRISTRUCTURAL ISOTROPIC (TRISO) COATED PARTICLE 
FUEL PERFORMANCE, ON DECEMBER 9, 2019 

 
 
The U.S. Nuclear Regulatory Commission (NRC) staff held a Category 1 public meeting with the 
Electric Power Research Institute (EPRI) and other stakeholders on December 9, 2019.  The 
purpose of the meeting was to discuss technical details associated with the staff's review of the 
EPRI TRISO Topical Report (Agencywide Documents Access and Management System 
(ADAMS) Accession No. ML19155A173) to promote a common understanding of the technical 
issues identified during the staff's regulatory audit conducted on October 8-9, 2019. 
 
The meeting notice can be found in the ADAMS under Accession No. ML19343A030.  The 
meeting notice is also posted on the NRC public website.  Enclosures 1 and 2 are the meeting 
agenda and attendance list for the meeting, respectively.  The other documents referenced 
during the discussion can be found at the ADAMS Accession Nos. given below: 

 
• ML19336A057 – Public Meeting Discussion Topics related to EPRI Topical Report, 

Uranium Oxycarbide (UCO) Tristructural Isotropic (TRISO) Coated Particle Fuel 
Performance 

 
 
Enclosures: 
1.  Public Meeting Agenda 
2.  List of Attendees 
 
CONTACT:  Jordan Hoellman, NRR/DANU 
                     (301) 415-5481
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• ML19340A093 – Presentation Materials for December 9, 2019 Public Meeting regarding 
Topical Report EPRI-AR-1(NP), Uranium Oxycarbide (UCO) Tristructural Isotropic 
(TRISO) Coated Particle Fuel Performance 

Summary of Meeting: 

On December 9, 2019, staff from the NRC conducted a public meeting with representatives 
from EPRI and other advanced reactor stakeholders to discuss technical details associated with 
the staff's review of the EPRI TRISO Topical Report to promote a common understanding of the 
technical issues identified during the staff's regulatory audit conducted on October 8-9, 2019. 
 
EPRI provided an overview of the TRISO fuel performance topical report, noting that the effort is 
an EPRI-led collaboration to support commercialization of mature high-temperature reactor 
(HTR) designs.  The topical report is based on the U.S. Department of Energy (DOE)-sponsored 
advanced gas reactor (AGR) program launched in 2002, specifically the AGR-1 and AGR-2 
campaigns, which included irradiation, post-irradiation examination (PIE), and available  
post-irradiation safety testing.  The topical report includes three conclusions for NRC review and 
approval: 
 

1. AGR-1 and AGR-2 testing provides a foundational basis for use of UCO TRISO particle 
designs in the fuel elements of HTR designs (i.e. designs with pebble or prismatic fuel 
and helium or salt coolant) 

2. UCO TRISO-coated fuel particles that satisfy the parameter envelope defined by 
measured particle layer properties can be relied on to provide satisfactory performance 

3. AGR-1 and AGR-2 fission product release data and fuel failure fractions can be used for 
licensing of reactors employing UCO TRISO-coated fuel particles 

Representatives from the Idaho National Laboratory (INL) discussed their proposed approach to 
address the technical issues (i.e. draft requests for additional information (RAIs)) identified 
during the staff’s regulatory audit conducted on October 8-9, 2019. 
 
Regarding draft RAI #1, which requests additional clarification related to important irradiation 
parameters in addition to those provided in the conclusions as a bound for the “range of normal 
operating and off-normal accident conditions,” INL discussed that there are other irradiation 
condition parameters in addition to burnup and temperature important for fuel performance, 
including time-averaged temperature, power density, and fast neutron fluence.  INL discussed 
that their approach to address the RAI is to summarize the key irradiation condition parameters 
in tabular and graphical form.  INL noted that the accident conditions discussed in the topical 
report are elevated temperatures (1600-1800°C) that is intended to provide sufficient data for 
vendors to apply to their specific accident scenarios and not intended to bound or imply 
acceptable accident conditions.  The staff noted that this approach presents a reasonable 
approach to address the RAI question. 
 
Draft RAI #2 requests additional clarification related to appropriate ranges for additional 
important fuel parameters (i.e. kernel-to-buffer ratio, silicon carbide (SiC) microstructure, carbon 
content of the UCO kernel) and the importance of an uninterrupted coating process in 
manufacturing the UCO TRISO particles.  INL discussed that the ranges of actual values of the 
important parameter related to kernel-to-buffer ratios would be provided for the AGR-1 and 
AGR-2 fuel and noted that the relationship is more complex than kernel and buffer volumes, and 
includes other terms, including peak burnup.  The staff noted that this approach, provided with 
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sufficient detail, would likely satisfy the staff’s request.  Related to SiC microstructure, INL 
stated that the AGR program did not have a quantitative specification but used a “visual 
standard” to avoid excessively large grain sizes and unfavorable orientations in the SiC 
microstructure.  INL discussed that the approach to responding to the request would reference 
the visual standard.  The staff noted that it would be appropriate to provide the visual standard 
and that the staff would have further internal discussion regarding how to address the qualitative 
specification in the staff’s safety evaluation.  Related to UCO kernel stoichiometry, INL 
discussed that their approach includes a discussion of the AGR-1 and AGR-2 kernel chemistry 
analysis in light of published studies and supplementary data on AGR-1 kernel-to-kernel 
chemistry variability.  INL discussed that calculations indicate that UCx content as low as 10% is 
sufficient to maintain UCx present in the kernel up to approximately 10% fissions per initial metal 
atom (FIMA).  AGR-1 and AGR-2 fuel have approximately 30% UCx content, indicating large 
margin of excess carbide for burnup up to 20% FIMA.  The staff noted that these additional 
clarifications would prove useful as part of the response to the staff’s request.  Related to the 
uninterrupted coating process, INL discussed that uninterrupted coating is the standard in 
modern TRISO fabrication and is considered a process requirement when applying the results 
of the topical report.  INL discussed that the approach to responding to the request is to make 
this process requirement explicit in the conclusions of the report.  The staff noted that this 
approach would address the staff’s request. 
 
Draft RAI #3 requests clarity on the requested acceptable fuel parameter range for each 
property in Table 5-5 for NRC approval.  The staff noted the difficulty in approving a specified 
range outside of what was tested.  INL discussed that statistical analyses indicate that a 
substantial percentage of fuel particles’ layer thicknesses resided outside the range specified for 
the mean.  INL noted that in other cases, the particle population resides almost entirely within a 
range more narrow than the specified mean range.  INL discussed that their approach to 
address the request is to reformulate the data to demonstrate the total range of values that were 
irradiated.  The staff stated that they understood the proposed approach. 
 
Regarding draft RAI #4, which relates to the applicability of fission product release data, INL 
discussed that Conclusion 3 was not intended to imply that the data provided in the topical 
report are sufficient to use for licensing reactors without additional data and that the text can be 
revised to state that the data “can be used to support licensing of reactors.”  INL clarified that 
Conclusion 3 does not apply to short-lived isotopes since there is no data presented in the 
report on short-lived isotopes.  Conclusion 3 only applies to fission products specifically 
reference in the topical report.  The staff understood the approach to addressing the request 
and noted that these clarifications would support the staff’s evaluation. 
 
The staff discussed that they would prepare and issue the RAIs as discussed in the meeting to 
support the staff’s evaluation of the topical report. 
 
At the end of the business portion of the meeting, there was an opportunity for the public to 
provide comments and ask questions.  There were no questions or comments from members of 
the public. 
 
In a subsequent clarification call on January 15, 2020, the staff, EPRI, and other advanced 
reactor stakeholders discussed the applicability of the staff’s assessment of “Next Generation 
Nuclear Plant [NGNP] Quality Assurance Program Description [QAPD],” dated September 12, 
2012 (ADAMS Accession No. ML12241A157) to the data presented in the topical report (draft 
RAI #5).  The NRC clarified that they are seeking a description to confirm that the scope of 
activities performed to obtain and submit the data used to support the topical report was 
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evaluated within the scope of the staff’s assessment of the NGNP QAPD.  EPRI and the 
industry representatives stated that the NGNP QAPD included a broader scope than the data 
collected to support the topical report but included the activities performed to support the topical 
report. 
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  Enclosure 1 

AGENDA FOR PUBLIC MEETING 
U.S. NUCLEAR REGULATORY COMMISSION (NRC) 

Monday, December 9, 2019 
1:00 p.m. – 3:00 p.m. 

 
PURPOSE:  To discuss technical details associated with the staff's review of the Electric 

Power Research Institute (EPRI) TRISO Topical Report to promote a common 
understanding of the technical issues identified during the staff's regulatory audit 
conducted on October 8-9, 2019. 

 
OPEN 
 
Time Topic Led By 

 
1:00 p.m. Opening Remarks NRC 
   
1:05 p.m. TRISO Fuel Performance Topical 

Report Overview 
EPRI 

   
1:30 p.m.  Approach to Responding to draft 

Requests for Additional Information 
Related to NRC Review of Topical 
Report EPRI-AR-1(NP) 

Idaho National 
Laboratory/NRC 

   
2:30 p.m. Discussion and next steps NRC/EPRI/Stakeholders 
   
2:50 p.m. Opportunity for public comments Public/NRC 
   
3:00 p.m. Adjourn 

 
 

   
  
  
 



 

  Enclosure 2 

PUBLIC MEETING 
U.S. NUCLEAR REGULATORY COMMISSION 

Monday, December 9, 2019 
1:00 p.m. – 3:00 p.m. 

 
List of Attendees 

 
Name Organization 

Representing the Nuclear Regulatory Commission 
Jordan Hoellman  NRR/DANU/UARP 
Boyce Travis NRR/DANU/UART 
Jeff Schmidt NRR/DANU/UART 
Chris Van Wert NRR/DANU/UART 
John Segala NRR/DANU/UARP 
Amy Cubbage * NRR/DANU/UARP 
Arlon Costa * NRR/DANU/UARP 

Representing Industry 
Andrew Sowder Electric Power Research Institute (EPRI) 
Cristian Marciulescu EPRI 
Steve Nesbit LMNT Consulting (EPRI consultant) 
Paul Demkowicz Idaho National Laboratory (INL) 
Madeline Feltus US Department of Energy (DOE) 
Pete Pappano X-energy 
Steve Schilthelm BWXT 
Farshid Shahrokhi Framatome, Inc 
Dave Petti * INL 
Darrell Gardner * Kairos Power 
Peter Hastings * Kairos Power 
Jim Tompkins * Kairos Power 
Diana Li * DOE 
Everett Redmond * Nuclear Energy Institute (NEI) 

Representing Public 
Ed Lyman * Union of Concerned Scientists 

 
   * = participated via teleconference 
 
 

 


