
INL is a U.S. Department of Energy National Laboratory operated by Battelle Energy Alliance, LLC

INL/MIS-21-61795-Revision-0

VTR Fuel Design & Analysis
Update Presentation

February 2021

Doug Crawford, Douglas L Porter



DISCLAIMER

This information was prepared as an account of work sponsored by an
agency of the U.S. Government. Neither the U.S. Government nor any
agency thereof, nor any of their employees, makes any warranty, expressed
or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness, of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately
owned rights. References herein to any specific commercial product,
process, or service by trade name, trade mark, manufacturer, or otherwise,
does not necessarily constitute or imply its endorsement, recommendation,
or favoring by the U.S. Government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily state or reflect
those of the U.S. Government or any agency thereof.



INL/MIS-21-61795-Revision-0

VTR Fuel Design & Analysis Update Presentation

Doug Crawford, Douglas L Porter

February 2021

Idaho National Laboratory
Idaho Falls, Idaho 83415

http://www.inl.gov

Prepared for the
U.S. Department of Energy

Under DOE Idaho Operations Office
Contract DE-AC07-05ID14517



VTR Fuel Design & 
Analysis Update

FEBRUARY 25, 2021

Note:  Information regarding site location is preliminary. The decision for site location is 
determined via DOE acquisition processes that have not yet been completed. 

D. L. Porter, D. C. Crawford, VTR Fuel Design & Analysis



FY 2021 Fuel Design & Analysis Priorities

• Post-appropriation priorities and scope adjusted (somewhat) to align with Project priorities
• Fuel feedstock supply

‒ Address accommodation of possible WG Pu feedstock compositions (Ga, impurities)
§ Fuel performance assessment; fabrication & specification experience

‒ Support evaluation of potential source materials

• Fuel performance and design analysis
‒ U-Pu-Zr-Ga performance analysis
‒ As possible, continued progress on BISON metal fuel benchmark cases and sensitivity/uncertainty 

analysis
• Fuel and in-core assembly component design

‒ Support design of interfacing interfacing priorities
‒ Make progress on other assembly component conceptual designs, budget permitting

• Other
‒ Fuel alloy specification to accommodate WG Pu feedstock
‒ HT9 components supplier qualification
‒ Fuel performance design basis: HT9 cladding creep and stress rupture updates
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Fuel Feedstock Supply

• U-Pu-Zr-Ga assessment: so far, U-Pu-Zr-Ga use appears 
justifiable, but with uncertainty

‒ Experimental work to provide additional data for reducing uncertainties
§ Fuel microstructure (X521 as-fab’d and irr’d characterization)
§ Ga diffusion from fuel into Ga (U-Pu-Zr-Ga/Cladding diffusion 

couples)
‒ Analysis and technical evaluation to clarify uncertainties

§ Thermodynamics-based study to predict phase equilibria and melting 
temperature impact

§ Assessment of potential impact on fuel constituent migration and 
solidus temperatures

§ Ga impact on cladding (embrittlement, wastage)

• Pu supply options support
‒ Fuel performance assessment of possible impurities from Pu sources
‒ Assessment of Pu-239 reduction for increased U-235 enrichment
‒ Fuel Performance Design Basis revision for Pu = 10 to 26 wt.%
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U–Zr and U–Pu–Zr metallic alloy fuels. Ogawa
et al. [4] analyzed the U–Zr system by solving the
one-dimensional Fick’s equation numerically. A
qualitative suggestion regarding the effect of the
addition of Pu in U–Zr was made. No experimental
data were utilized to verify the model predictions.
Hofman et al. [5] analyzed their postirradiation data
to develop a computer model that predicts the redis-
tribution in a binary U–Zr fuel. Model results were
parametrically compared to measured U and Zr
redistribution profiles to obtain estimates for the
necessary kinetic and/or thermo-kinetic coefficients.
Ishida et al. [6] extended a model by Marino [7] for
the U–Zr binary system to the U–Pu–Zr ternary
system. Assuming Pu was equally partitioned in U
and Zr, they assessed a quasi-binary system numer-
ically. Their model, however, predicted redistribu-
tion profiles that were shifted towards the fuel
surface, which differed from measured profiles and
was perhaps due to fuel temperature predictions

that were too high. Kim et al. [8] assessed the kinetic
and/or thermo-kinetic properties for irradiated U–
Pu–Zr fuel based on redistribution profiles mea-
sured at the end of fuel life. By utilizing the method
proposed by Sohn et al. [9], the constituent interdif-
fusion fluxes of U, Pu and Zr at the end of fuel life
were calculated without the need or knowledge
of ternary interdiffusion coefficients (~Dk

ij’s) and
heats of transport ð~QiÞ. The calculated interdiffusion
fluxes were then employed to obtain effective inter-
diffusion coefficients and heats of transport.

As a prediction method of the kinetics of constit-
uent redistribution, we developed a computer model
[10] applicable to fuel constituent redistribution in
ternary U–Pu–Zr alloy fuels by extending the model
used for U–Zr binary alloy fuels in Ref. [5]. The new
computer model calculates Zr redistribution by
solving diffusion equations using a simplified
pseudo-binary phase diagram, treating Pu to be
immobile, and by enhancing diffusion and thermo-

Fig. 1. Cross-sectional optical photomicrograph of the postirradiation fuel and electron probe microanalysis (EPMA) scans obtained
from at an elevation of 230 mm (z/L = 0.67) from the fuel bottom of element T179. The Y-axis is for the uncorrected unitless
concentrations of U, Pu and Zr. The scans were performed from the fuel center to the fuel surface along the X-axis.

18 Y.S. Kim et al. / Journal of Nuclear Materials 359 (2006) 17–28



Fuel Performance and Design Analysis

• ORNL work had been continuing adaptation and demonstration of BISON 
application to VTR fuel

‒ Benchmarking cases for X430, X421, IFR-1
‒ Sensitivity/Uncertainty analyses
‒ Preliminary BISON analyses of VTR to highlight needs for additional work
‒ Selected tasks to continue with re-scope

• FY 2021 scope revised to emphasize Ga implications for U-Pu-Zr-Ga
‒ ORNL assessment of U-Pu-Zr-Ga fuel performance questions
‒ Looking for thermodynamic assessment of phase equilibria and potential impacts to melting 

temperature, fuel constituent distribution, and Ga migration
‒ Include potential impurities from Pu feed, such as Ag and Co, in thermodynamic analyses
‒ Expected to continue into FY 2022
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Fuel and In-Core Component Design

• Priority in FY 2020 and FY 2021 has been given to evaluation and design of assembly 
lower nozzles to support core designers determine intended core flow distribution

• When possible, work has progressed to elaborate some details of fuel and in-core 
assembly conceptual designs

• Remainder of FY 2021 work
‒ Continue to support core design and analysis as needed
‒ Push forward to elaborate details of assembly conceptual designs, such as

§ Mechanical attachment of HT9 ducts to upper and lower fixtures
§ Fuel assembly grid plates and fuel rod end plugs
§ Attachment of reflector blocks to upper and lower assembly fixtures
§ Additional internal features of shield assemblies, reflector assemblies, and control assemblies

‒ Note that we need to know core-wide fast flux distribution to assess fluence on non-fueled 
components

§ Will allow us to determine which sub-components need to be HT9, for its lower swelling, and 
which can be 316L
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Fuel and Components Specification
• Not much movement, but progress in support of the following:
• Fuel specification

‒ Fuel alloy impurity specification, based on ANL evaluation
‒ Requested Pu-239 fissile equivalence for other fissile isotopes (U-235, Am-241)

• HT9 components specification (TerraPower)
• Fuel performance design basis: HT9 cladding creep and stress rupture updates

‒ Could support eventual increase in burnup limit
§ Reduces Pu requirement
§ Reduces fuel cost
§ Reduces spent fuel and TRU waste
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