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SIGA® combines: Composite SiC (strength, toughness)

Monolithic SIC (hermeticity, corrosion)




« Chemical Vapor Infiltration/Deposition
manufacturing at GA-EMS:
— Tubes up to 15” (hundreds/batch)
— Tubes up to 36” (tens/batch)
— Tubes to 144” (demonstration basis)
— Planar/test coupons (hundreds/batch) Hared Tubes for
— Complex structure demos (small batch)

— Ceramic to Ceramic joints (tens/batch)

Planar for Thermo-
mechanical Testing Cladding }
Honeycomb Insulation Micro Channel Heat Exchangers
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 Implemented CFD modeling of CVD process
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* Finite element model gives stress-strain of SIC-SIC
— 3D model capable of utilizing a wide variety of complex

fiber architectures

 Model inputs include:
— Fiber Preform
— Fiber Tow Properties
— Matrix Properties
— Dimensions

Initial Architecture

Example Input Data for Fiber Tow

Property

Dimensions 1.25 x 0.15 mm
Elastic Modulus 301 GPa
Tangent Modulus 61 GPa
PLS Strain 0.16 %
Failure Strain 0.80 %
e
Meshed fiber Same preform with

preform matrix added



Non-linear composite response is

captured in model

— Matches closely to experimental
stress-strain

Model used to predict localized

stress and strain

Ultimately need is to simplify for
Incorporation into other models
— Unit Area Approach

— Super-elements

— Direct Coupling

Localized Strain Hoop Testing

Model

Experimental (DIC)
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Fuel Performance

Calibration m

~350 um fuel
microsphere

Low cost Irradiation

Experiments
Microfuel samples

The combination of microstructurally-informed advanced nuclear fuel
performance modeling and simulation (M&S) tools with targeted irradiation
and other select experimental data that can significantly reduce the cost
and number of irradiation experiments, and, ultimately the cost and time

Fuel Pellets

Material Behavior Microfuel samples-to-

Pellet Behavior
Multi-scale Modeling Finite Element Analysis

Evaluation o
Property Models

Pellet-to-Fuel Rod

Behavior
Fuel Performance Code

associated with new fuel qualification.



« PHASE 1: Expedited
materials testing and
screening of fuels
systems

« PHASE 2: Separate
effects testing
coupled with integral
fuel analyses

 PHASE 3: Integral fuel

testing and validation Phase 2 Workflow for iterative analyses and testing



 US DOE-NE funded demonstration using UC
— EM? uses UC fuel, also a fuel of interest for NTP

* Fuel Fab, Modeling, and Irradiation effort

 Key data for phase | & 2 AFQ
— Approach: Small, but mighty

OAK RIDGE

National Laboratory



Irradiation over multiple cycles in HFIR

Fundamental properties for model validation %OAK RIDGE
— swelling, fission gas release, microstructure National Laboratory

Post-irradiation heating tests to measure fission gas release at
elevated temperature

BISON being used to capture preliminary fuel performance
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Burn-Up Swelling Fission Gas Release



« Ab-initio electronic structure
modeling of Xe behauvior,
diffusion, and clustering in UC

* Density Functional theory
calculation of vacancy and
Xe clustering

« Parameterization of bubble
populations using Xolotl
calculations



« Accelerated irradiation of UC pellets using Idaho National Laboratory
Fission Accelerated Steady-State (FAST) capsule design and approach

 Reduced size pellets key objectives:
— Fission gas release
— Fuel Swelling
— Creep
— Microstructural Evolution
— Validate science-based models




ACCELERATED FUEL QUALIFICATION
WHITE PAPER

PRE-APPLICATION LICENSE REVIEW OF SILICON
CARBIDE COMPOSITE CLAD URANIUM CARBIDE
FUEL FOR LONG-LIFE GAS-COOLED FAST REACTOR
CORES

ENERGY MULTIPLIER MODULE
ACCELERATED FUEL QUALIFICATION
STRATEGY

Prepared py General Atomics — Electromagnetic Systems

Through workshops, white
papers, journal articles, and
NRC pre-application reviews
the AFQ Working Group and
GA-EMS are pushing forward

with both community and

NRC buy-in




Nuclear fuel performance spans an enormous spatial and temporal range
with multiple coupled physical processes

— Use all of the above approaches — mechanistic models, look up tables,
empirical formula, inline models, exc.

Connecting atomic properties with macroscopic properties with
manufacturing modeling
— Statistical mechanics models can help

Uncertainty quantification and propagation
— Independent validation and multiscale measurements

Regulator Buy-In
— Early Communication is key
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