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Our goal: help bridging the gap 
between nuclear data developers 
and end-users that are engaged in 
developing and deploying 
advanced nuclear energy systems

What we achieved in the first year
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Different 
concepts

Different 
fuels

Different 
physics 
behavior

Advanced reactor technologies are significantly different than LWRs

Different 
geometries

LWR fuel assembly

SCALE model  
of Hermes

Ref: https://www.ornl.gov/scale/learning

Different needs and requirements for 
computational tools and nuclear data 
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Sensitivity coefficients of key 
nuclides and nuclear data 
with impact on advanced 
reactor performance and 
safety metrics

Uncertainties of key 
advanced reactor and fuel 
metrics due to nuclear data 
uncertainties

We are developing resources for enabling end-user-driven, application-driven 
improvements in the nuclear data pipeline to address these needs 

Benchmark models to 
assess nuclear data impacts 
beyond keff and fresh fuel, 
as function of fuel burnup
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Benchmark models were developed that are representative of three high priority 
advanced reactor technologies : HTGR, FHR, MCFR

HTGR: created a full-core power model 
for HTR-10 pebble bed reactor, based on 
existing  IRPhE benchmark for initial 
(fresh fuel, room temperature)criticality

FHR: created an improved 
equilibrium fuel composition model 
for a fluoride salt cooled high 
temperature reactor, by leveraging 
a model developed under another 
project 

MCFR: created a computationally 
effective fuel burnup model that is 
representative of molten chloride 
fast reactor MCFR-D, as basis for 
studying  nuclear data impacts
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SAMPLER
(random sampling, 

with MG data)

Sensitivity coefficients and uncertainties resulting from nuclear data were 
calculated for the benchmark models using capabilities in the SCALE code system 

TSUNAMI toolset
(perturbation theory, 
with CE or MG data)

keff sensitivities 

keff uncertainties

reactivity coefficients 
sensitivities

Uncertainties in 
responses (e.g., 
actinides content) due 
to uncertainties in  
(cross sections, fission 
yields, decay data)
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HTR-10: top keff sensitivities for fresh fuel core and full-power core 
show similarities, and 239Pu as relevant player for non-fresh fuel
      

initial, fresh fuel, core model

full-power core model

Ref: R. Elzohery et. al, “Nuclear data impact on HTR-10 

pebble bed reactor metrics”, M&C 2025 (accepted) 

dke𝒇𝒇

𝒌𝐞𝐟𝐟

= 0.5539 ± 0.0037 %

dke𝒇𝒇

𝒌𝒆𝒇𝒇

 = 0.6767 ± 0.0026 %

keff uncertainty resulting from 
nuclear data uncertainties

keff sensitivity coefficients
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HTR-10: uncertainties resulting from nuclear data in selected actinides and 
fission products in fuel at 81 GWd/t discharge burnup are generally less than 5%

Ref: R. Elzohery et. al, “Nuclear data impact on HTR-10 
pebble bed reactor metrics”, M&C 2025 (accepted) 

HTR-10 full core SCALE model

Core slice model

HTR-10 vs FHR fuel pebble

Relative uncertainties in predicted nuclide mass as result of 
cross sections and fission yields and FY uncertainties 

Nuclide concentration in fuel
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FHR: top keff sensitivities show similarities to HTR-10 full-power core, except 
for relevant nuclides in the coolant salt 7Li, 9Be, and 19F

FHR SCALE model

FHR fuel pebble model

keff top positive and negative sensitivity coefficientsRef: F. Bostelmann et. al, “Impact of cross section and 
fission yield uncertainties on the fuel inventory in a 
high temperature FHR”, ND2025 (accepted) 
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MCFR-D: top contributors to keff uncertainty for fresh fuel core and 
core at 5-yr operation are reactions in 25Mg and U isotopes

3D core model

Ref: R. Hirji et. al, “Development of a representative molten 

chloride fast reactor model to assess the impact of nuclear data”, 

M&C 2025 (accepted) 

Axial slice model

fresh fuel core

core at 5-yr operation
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Two conference full-papers were accepted for M&C 2025 and 
two accepted for oral presentation at the ND2025 conference

International Conference on Mathematics and Computational Methods 
Applied to Nuclear Science and Engineering (M&C 2025)
Denver, CO, April 27-30, 2025

 

16th Nuclear Data for Science and Technology Conference (ND2025)
Madrid, Spain, June 22-27, 2025
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We are helping bridging the gap between nuclear data developers and end-users 
that are engaged in developing and deploying advanced nuclear energy systems

By the end of this year, we will have an initial repository with comprehensive models and S/UQ result files

to share for review by and feedback from our BNL colleagues
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