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

INL/RPT-23-75736-Revision-0

Idaho National Laboratory
Nuclear Fuel Cycle
Separations Capabilities

November 2023

Michael Anthony Norato



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/RPT-23-75736-Revision-0

Idaho National Laboratory Nuclear Fuel Cycle
Separations Capabilities

Michael Anthony Norato

November 2023

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



Idaho National Laboratory Nuclear
Fuel Cycle Separations Capabilities

Michael Norato, PhD
Director, Fuel Cycle Science & Technology
Nuclear Science and Technology
Idaho National Laboratory



DOE National Laboratories
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Lawrence Berkeley
National Laboratory

Berkeley, California

Sandia National
Laboratories
Livermore, California
Albuquerque, New Mexico

Lawrence Livermore
National Laboratory

Livermore, California

Los Alamos National Laboratory
Los Alamos, New Mexico

Oak Ridge
National Laboratory

Oak Ridge, Tennessee

Savannah River
National Laboratory
Aiken, South Carolina

Thomas Jefferson
National Accelerator Facility
Newport News, Virginia

Princeton Plasma
Physics Laboratory
Princeton, New Jersey

Brookhaven
National Laboratory
Upton, New York

National Energy Technology Laboratory
Morgantown, West Virginia
Pittsburgh, Pennsylvania

Fermi National Accelerator Laboratory
Batavia, Illinois

Argonne National
Laboratory
Argonne, Illinois

Ames Laboratory
Ames, Iowa

SLAC National
Accelerator Laboratory

Menlo Park, California

Pacific Northwest National Laboratory
Richland, Washington

Idaho National Laboratory
Idaho falls, Idaho National

Renewable
Energy
Laboratory
Golden, Colorado



“Spectrum” of DOE Laboratories
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Advancing Technologies: Role of DOE Labs
Supporting the entire technology lifecycle
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Applied
Science

Engineering Serial
Production

Basic Science
Understanding How
The World Works

Basic Science
To Advance
Applications

R&D Test
Beds

Demonstration
and Deployment

Test Beds

Ideally suited for high-
complexity, multi-

disciplinary, long-time
horizon challenges that
span the fundamental to

applied R&D
Emphasis on early
discovery--focus on
solutions with smaller
technical complexity

Market needs and
competitive
pressure—focus R&D
on near term solutions
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$1,572 M
5,400+

569,178
890

FY21 Total Operating
Cost
Employees
Acres
Square Miles

50

12
817.
5

Miles railroad for
shipping nuclear fuel

4 Operating reactors

12 Hazard Category II & III

non-reactor
facilities/activities
Radiological
facilities/activities

3 Fire
Stations

Miles high-voltage
transmission lines

Unique site, infrastructure, and facilities that enable energy
and security R&D at scale
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INL is addressing the world’s most challenging problems

• Nuclear fuels
and materials

• Reactor systems
design and
analysis

• Fuel cycle
science
and technology

• Nuclear safety
and
regulatory
research

• Advanced
scientific
computing

• Transient testing
• Analytical

laboratories
• Post-irradiation

examination
• Advanced

characterization
• Fuel fabrication
• Space nuclear

power
and isotope
technologies

• Advanced
transportation

• Environmental
sustainability

• Clean energy
• Advanced

manufacturing
• Biomass

• Critical
infrastructure
protection and
resiliency

• Nuclear
nonproliferation

• Physical defense
systems

• Steady-state
neutron
irradiation of
materials and
fuels

– Naval Nuclear
Propulsion
Program

– Industry

– National
laboratories
and universities
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Increased urgency as imports from Russia are no
longer viable to support advanced reactors initial cores
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INL Solvent Extraction Capabilities

• MEAB Mixer-settlers: 32 stages

• CINC V2 centrifugal contactors: 30 stages

• Glass mixer-settler systems: 30 and 20 stages

• Stainless steel 20 L mixer-settlers: 20 stages

• Rousselet-Robatel mixer-settlers: 16 and 32 stages

• DOE design mixer-settlers: 16 stages

• Miscellaneous: pulse columns, single and dual stage systems

• Over 200 stages of SX equipment in total



Flowsheet Development Approach

Chemistry Modules

Governing SX
Mass Balance

Model

Flowsheet Design

Testing and Validation



CMI Organization (Phase II, 2018-2023)
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Industry, Academia, and National Laboratory Partnerships

• Adjacent Rare Earth Element
Separations
−MP Materials, Mountain Pass
−Cytec Solvay Group
−Energy Fuels
−Marshallton Research

Laboratories
−Oak Ridge National Laboratory
−Colorado School of Mines

• Lithium extraction and recovery
−Rio Tinto Borates
−All American Lithium
−Oak Ridge National Laboratory
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• Rare Earth Recovery from
Phosphate Ore Processing
−Florida Industrial & Phosphate

Research Institute
− J.R. Simplot Company
−The Mosaic Company
−Oak Ridge National Laboratory
−UT Knoxville



Battelle Energy Alliance manages INL for the U.S. Department of Energy’s Office of Nuclear Energy.
INL is the nation’s center for nuclear energy research and development, and also performs research

in each of DOE’s strategic goal areas: energy, national security, science and the environment.
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