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BIRTHPLACE OF NUCLEAR ENERGY
 Argonne’s heritage dates back to
Enrico Fermi and the first
controlled chain reaction (CP-1)

 Argonne pioneered thermal and
fast reactors, as well as fuel
recycling technologies

 Our work forms the foundation

The world’s first controlled-nuclear chain reaction was
demonstrated by Fermi’s team at the University of
Chicago on Dec. 2, 1942. Operations moved to nearby
“Argonne Lab” named after the surrounding forest.



for commercial reactors in use
worldwide, and future advanced
reactors to come
Argonne continues to advance
the science and technology
foundations for nuclear energy

 Nuclear energy expertise also
The first demonstration of usable nuclear electricity:
four light bulbs were lit on December 20, 1951 with
electricity generated by EBR-1, the world’s first
LMFBR designed by Walter Zinn’s team at Argonne.
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applied to advance other
Argonne Initiatives

ADVANCED REACTORS: CAPABILITY EXAMPLES
 Fast Reactors
– VTR Core Design and Safety Analysis

– Sodium Component Testing
– Fast Reactor Databases
– Advanced Materials

 Gas Reactor Decay Heat Removal Validation Testing
 Molten Salt Property Measurements
 Cross-cutting Reactor Applications
– Computational Modeling
– Advanced Manufacturing
– Radiation Damage Science
– Artificial Intelligence/Machine Learning

THE VERSATILE TEST REACTOR
Argonne Leads Nuclear Design
and Safety Analysis Activities
 Objective is to establish fast neutron
irradiation capabilities to help accelerate the
testing of advanced nuclear fuels, materials,
instrumentation, and sensors (CD-0, 2/2019)
 Leverages Argonne’s extensive expertise in
designing and operating fast reactors
 Incorporates the inherent safety features of
metallic fuel and a pool-type coolant system,
along with passive safety features for decay
heat removal

Mechanisms Engineering Test Loop (METL)
 Provide a sodium test facility for small and
intermediate-scale sodium components and
instrumentation at prototypic conditions

 Provide an environment where the next generation of
engineers can engage in fast reactor R&D
 Initial fill of sodium into METL in May 2018.
 15 55-gallons drums were heated and transferred
to the sodium dump tank.
 Gear Test Assembly (GTA) was fully assembled, water
and air tested, and moved to B308 for commission
 First test article into METL December 2018
 Operated for ~9,800 simulated core assembly
removal and insertion cycles under load
 First test vessel removed in August 2019
 Thermal Hydraulic Test Article (THETA) will use two
test vessels to model pool stratification
 Complete design/fab in FY19 with startup in FY20
https://www.anl.gov/nse/mechanisms-engineering-testloop-facility

Fast Reactor Databases:
https://frdb.ne.anl.gov/
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New Fast Reactor Materials:
Code Qualification for Alloy 709
•

Background:
•

•

Alloy 709 (20Cr-25Ni) is an austenitic stainless
steel with significant time-dependent strength
advantage over 316H stainless steel as a SFR
construction material
Enhanced time-dependent strengths of Alloy
709 with respect to 316H can reduce
commodity requirements, and thereby
decrease the capital cost of the reactor plant

Status:
•
•

Alloy 709 plates
fabricated from
45,000 lb
commercial heat

Can also permit structural components to
withstand higher cyclic and sustained loading,
leading to higher safety margins, and the
prospect of eliminating costly add-on hardware
instituted in past designs, and other design
innovations and simplifications
Qualification efforts for ASME Division 5 Code
Case for 100,000 h and 760C are ongoing
Tests include tensile, creep, fatigue, and creepfatigue

Density FLiNaK

MOLTEN SALT PROPERTY MEASUREMENTS

2.2

 Thermophysical property data are needed to support MSR design, licensing, and
operation
– Predicting molten salt behavior during normal and transient conditions requires
knowledge of heat capacity, density, viscosity, and thermal conductivity data over a
range of temperatures and salt compositions
– Available data are not sufficient or of suitable quality
• LiF-BeF2-UF4 data from MSRE is available but most MSR developers are
considering other salt mixtures for which reliable property values must be measured
– Data quality necessary for licensing a reactor requires standardized methods with
known precision and accuracy for benchmark salts

Property Measurements available at Argonne with actinide-bearing fuel salt and
coolant salt
Property

Method

Density & volumetric thermal expansion

Archimedes method (in Ar-atmosphere radiological glovebox)

Heat capacity, melting point, phase
equilibria

Differential scanning calorimetry (in Ar-atmosphere radiological
glovebox)
Rotating spindle viscometer (in Ar-atmosphere radiological
glovebox)
Laser flash analysis system (in radiological hood with
equipment operated under Ar purge or vacuum)

Viscosity
Thermal diffusivity & thermal conductivity
Fission product & actinide solubility

Chemical analysis and DSC

Mass transfer diffusion coefficients

Restricted diffusion cells (in Ar-atmosphere radiological
glovebox)

Measured
Janz, 1967
Vriesema, 1979
Chrenkova, 2003
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COMPUTATIONAL MODELING OF ADVANCED REACTORS
 Developed and deployed the next generation System Analysis Module (SAM) for
advanced reactors based on MOOSE framework

 Developing and integrating higher fidelity neutronics, heat and fluid transport,
and structural mechanics tools for multi-physics simulations and mechanistic
source term assessments
– Griffin/PROTEUS/MCC-3, Nek5000, Pronghorn and Diablo
 Validating and applying these tools for reference liquid-metal fast reactor, HTGR,
MSR/FHR and microreactor concepts in collaboration with industry and NRC
– MSRs with moving fuel and chemistry modeling
– Pebble-bed concepts with double-heterogeneity in a moving core
– Fast reactors with wider range of reactivity feedback phenomena
– Micro-reactors with heat-pipe cooling
 Benefits
– Improve prediction of reactor performance and safety behavior
– Mechanistic approach with reduced empiricism and closer-to-first-principle solutions
to reduce uncertainties, enable improved design and safety margins
– Limit and optimize costly integral experiments
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ADVANCED MANUFACTURING OF NUCLEAR
FUELS & MATERIALS
 Exploring additive manufacturing techniques employing
powders encapsulated in filaments or slurries
− Address drawbacks of laser-sintering (expense,
resolution, waste, warping)
− Demonstrated capabilities to print UO2 fuel pellets and
matrices for fuels or HX
 Applying atomic layer deposition (ALD) techniques to
protect material surfaces
− Provide conformal coatings inside and outside complex
shaped components
− Explored in combination with techniques suited to
deposition of thicker coatings
− Applications to LWR Zy cladding, FR SS cladding, fuel
particles in dispersion fuels
 Developing low-temperature techniques for manufacture
of ceramic composites
− Proposed for diverse applications (HTR and for LWR
ATF)
− Infiltration of a porous structure or direct synthesis on
metallic or ceramic substrate
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3D nuclear fuel printing
capability implemented in a
radioactive glovebox

High resolution AM methods used to print
intricate matrices for fuels or heat exchangers

ALD coated Zirlo
cladding segments

Air and autoclave testing of ALD coated Zircaloy
samples show improved corrosion resistance

ZrN

After ALD
ZrN coating

U-Mo powder

U-7Mo
Fuel Plate Cross Section
Conformal ALD ZrN Coating

Aluminum matrix

EDS Mapping of a
Manufactured Fuel Plate

Increasing Fundamental Understanding of
Radiation Damage
 Employing in situ examination of microstructural effects in
materials using IVEM and APS facilities
 APS provides focused high-energy X ray beams for probing
nanostructure of materials with high time resolution
 Proposed a new beamline (XMAT) at the APS for in situ
examination of radiation damage
– Employs a superconducting linear accelerator to irradiate material
samples
– Energetic heavy ions (MeV/nucleon) penetrate into bulk of
material samples
Enables
– 2-3 orders of magnitude faster dose accumulation
– New insights into radiation damage

– Improved computational modeling
– Optimization of in-reactor testing
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APPLICATION OF AI/ML TO OPERATIONS
BWR Moisture Carryover Prediction
Predictive ML-Model is in
Use at US BWR Plants

Feature Selection Based on Engineering Constraints

Elevated MCO: Turbine Damage, Human Dosage

3

1
MCO tends to increase at the end of cycle

Train ML Model for Performance Improvement
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LEARN MORE ABOUT
OUR WORK…
Argonne web page:

https://www.anl.gov
Nuclear Science and
Engineering Division web page:
https://www.anl.gov/nse
Chemical and Fuel Cycle
Technologies Division web page:
https://www.anl.gov/cfc

Thank you.

