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- Enabling energy dominance and security through
research, development, and demonstration

VISION

To change the
world’s energy future
and secure our nation’s
critical infrastructure.

MISSION

To discover, demonstrate and
secure innovative nuclear
energy solutions, other clean

energy options and critical
infrastructure.
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- Our Heritage: The National Reactor
Testing Station drove nuclear innovation
in the U.S. and around the world A 4

Reactor Tests | though IV

! . ] 1 - Experimente.:-l. -
1 St NUCIear power plant o 8 Breeder Reactor-1
U.S. city to be powered by nuclear energy =

Submarine reactor tested; training of nearly 40,000
reactor operators until mid-1990s

Mobile nuclear power plant for the army

Demonstration Basis for LWR Aircraft and Materials émEnngv;melaﬁm
. . . xperiments [-

of self-sustaining . reactor safety aerospace testing

fuel cycle reactor testing reactors

S1W - aka Submarine
Thermal Reactor
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- DOE labs support the entire technology lifecycle

R&D Test Demonstration and )
Beds 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

Fraction of Institutions Effort and Competence

UNIVERSITIES NATIONAL LABS INDUSTRY
Basic Science Basic Science Applied Engineering Serial
Understanding How To Advance Science Production
The World Works Applications
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- Creating an abundant, affordable, secure,
resilient energy future

Energy &
Environment
Science &

Technology /

Advanced
Test Reactor

Complex /

Materials and \:"';g / National &

Fuels Complex Homeland
Security Science

& Technology

6 IDAHO NATIONAL LABORATORY

/Nuclear Science\

& Technology




v whle
7 f“f’\ B

.
Battelle Energy Alliance manages INL for the '
U.S. Department of Energy’s Office of Nuclear Energy w‘b |d0h0 NGrlonG' I-Gborallory




ldaho National Laboratory




- Accelerating advanced reactor demonstration and deployment

NATRIUM
, ‘ AURORA i TerraPower
B PROJECT PELE Bilo ) MICRO HERMES 2 ol

=% Front End Engineering

and Experiment N : [ \
Designp{FEEED} _ DoD & BWXT | MICRO Kairos | SMR
Ao, A\ Ton e Xe-100ps -
ntares | . Southern Co, & X-energy & Dow | SMR

Detailed Engineering
and Experiment Design (DEEP)
eVINCI NTR@

Westinghouse | TEST REACTOR

.4 MARVEL
DOE | TEST REACTOR

.

! ! _J
= SMR-300
HOLTEC | SMR

-@

KALEIDOS
Radiant | TEST REACTOR

Aalo-X LOTUS i .
: Aalo | MICRO _ NRIC | TEST BED
DOME =gy e

NRIC | TEST BED b Se 7 e

Natura MSR-1 !
Natura Resources | &l [

& Abilene Christian HERMES
University | TEST REACTOR Kairos | TEST REACTOR
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- Economic prosperity and global competitiveness
demand a dramatic, rapid expansion of nuclear
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II W U.S. Nuclear Power Capacity 306W

NEW NUCLEAR POWER | Total Global Nuclear Power Capacity

CAPACITY ADDED BY YEAR I
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QA (@1 LWR Technology Advanced Reactor
6@} . \N—/I @ Deployment Demonstration and
N irst Nuclear )
Neutron /o PowerPlant N\ :® Deployment
Discovered ‘@ EBR-1 First N
= Commercial Watts Bar
First Nuclear Power Unit 2 (R
Self-sustaining Generation, @
Chain Reaction, Shippingport
o
ni

@@' o) )
N |<@| G@'

Nuclear :
Fission i ol
. First Nuclear |
Discovered Submarine, -
USS Nautilus
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Il Sustaining the existing commercial reactor fleet
and expanding deployment of nuclear energy

Advanced
modeling and
simulation

Regulatory
and safety
research

Advanced
reactor cycle and fuels and
technologies separations materials

- \\
Q . ; v N RIC National Reactor
'Sur . luc o 1[[ o / GAI N IGatewa){for'AcceIerated Innovation Center
nnovation in Nuclear \
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- Reactor Systems Design & Analysis

« Supporting analysis into reactor core design,
physics, thermal hydraulics, irradiation experiment
analysis, digital reactor technology development
and integrated energy markets.

Capabilities

W=t Irradiation experiment
2 neutronics & thermal
=5 design & analysis

Reactor physics,
core analysis,
design & modeling

Design, development &
testing of microreactors &
integrated energy system
experimental facilities

Systems analysis &
economics
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- Nuclear Safety and Regulatory Research

Ensuring the nation’s safe & sustainable use of complex systems by
leveraging risk, reliability, & operational performance.

Capabilities
Advanced —
computer | 5 Rlslft?: \ Nuclear Systems
science, ‘ decision

engineering &

engineering integration

visualization &
data

sciences

Power T

Cyber & \ User facilities & Wik g 3 ) )
. . % systems & & Licensing &
information advanced \ . .
, . . . ' electrical regulations
' sciences instrumentation

engineering
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- National Reactor Innovation Center

Partnering with industry and national labs to bridge the gap between
research, development, and technology deployment; a national program
located at INL

Capabilities

Engineering &

fec;\zg;:ed | Experimental | W Virtual Test = experiment
testbeds ==/ facilities A ¥ Bed 4 design
| expertise
Advanced Digital  Siting & Maritime
construction engineering for + regulatory .
demonstration

' Sy fechnologies - nuclear support
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- Fuel Cycle Science & Technology

Supporting solutions for the integrated nuclear fuel cycle, critical materials
recovery, national security and space-related applications.

Capabilities

Molten salt

Radiation/actinide L thermophysical P Critical materials
< chemistry ™ properties & , ¥ recovery/separation
chemistry
Used nuclear fuel
P'}‘/;zggsegicz; HALEU transpo_rta tion,
pro 9 conversion p ack_agmg, &
oxide/metal fuel interim storage
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- Scientific Computing & Al

Supporting solutions for the integrated nuclear fuel cycle, critical materials
recovery, national security and space-related applications.

Capabilities

Al/ML, data science,
< and visualization
expertise

Nuclear
Computational
Resource Center

e | Multiphysics
| IS [ frameworks and
' tools

Nuclear
Research Data
System

Supercomputers
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- Nuclear Fuels and Materials

 Accelerating the development and qualification of
nuclear fuels and materials.

Capabilities
Development of sodium-free metallic fuels

Nuclear
fuels/materials
development and
qualification

Mechanistic, multiscale
modeling of fuels and
materials under irradiation

Irradiation experiment
I design and testing in ATR
'~ and TREAT

W Tritium
transport/interaction
y  with materials

Modeling of microstructure evolution of
nuclear fuels under irradiation using MARMOT
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- Lab Initiative: Enabling the Tripling of
Nuclear Power by 2050

Goal:

* Triple U.S. commercial deployment of nuclear power by
2050 ensuring energy security.

Barriers:
* Finance - upfront costs, budget overruns.

* Generation — base-load vs load following, electrons and
beyond

 Delivery - project delays, supply chain limitations and
regulation. US nuclear capacity has the
potential to triple from ~100 GW

« Sustainability — fuel supply, waste management,
y PPy J in 2024 to ~300 GW by 2050

addressing proliferation concerns
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Il Pillar 1: Increase Nuclear Capacity to Ensure Energy
Security.

=, Sustaining the Economics and Increasing the Life of the
Le1  Current Fleet.

@ Technologies for Designing, Developing and Demonstrating
Advanced Reactors.

oA Enabling Risk-informed Deployment of New Nuclear Plants.

a
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Il Pillar 2: Realize Sustainable and Flexible Fuel Cycle
Solutions

oo Developing and Demonstrating a Sustainable Front-end to
-7 Back-end Fuel Cycles.

kﬂ Taking Fuel and Legacy Materials Management from Concept
to At-scale Demonstration.

O Developing Agile Instrumentation and Detection Technologies

o to Address Proliferation Risk Concerns




Il Pillar 3: Develop and Demonstrate Advanced Technology
Fuels for Current and Advanced Concept Reactors

ﬁ Moving Advanced Fuel Fabrication from Benchtop to Scale.

kﬂ Designing Economic Recycled Fuel Fabrication.

. @ Achieving the Promise of Advanced Fuels: Ceramic and Metallic Fuels
& and Fuel Salts.

R Designing New Fuel Forms with Disposal in Mind.
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I Pillar 4: Change the Build Paradigm for Nuclear
Energy Systems

Qa Deploying Advanced Manufacturing Technologies.

Implementing Factory-based Commercial Construction.

Q Implementing New Approaches to Instrumentation and
Controls to Enable Remote and Autonomous Operation.
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Advance the Mechanistic Prediction of the Performance of
Nuclear Energy Systems.

Understanding Degradation

Improving Materials
@ E[ggﬁgzezgtr;haenlaevel ofthe ‘/” Performance in Harsh
Moleculé. Environments

Enabling Challenge: Next-

Developing High-fidelity a_ :
: : : level Coupling of Test
\ﬁ m;)flhe;gglfr}gs&mulatlon Q Design, Measurement, Data
J1es. Analysis, and Modeling
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Light Water Reactor Sustainment
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- Modernize Fleet

INL Human Systems Simulation Laboratory
Key Areas Of R&D Task Analysis Workshop

=,

Human & Technology
Integration

Provides effective integration of plant
personnel and innovative technologies

Dlgltal Infrastructure
[ a.5ustainabie pia -
i h ecture 1 sign ths fransition

R gacy an 1104] 81
maximizing efMdency and ensuring no
mpact to safe and reliable plant operation

Integrated Operation for Nuclear Data Archltecture & Analytics
Achieve LWR fleet electric market competitiveness ' Develop advanced data collection,
by transfarming the nuclear business mode N - —_ — - , and processing techr

through business-driven technology and ]
nnovation, to achieve long-term technical and
economic viabllity.
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- Nuclear H, Demonstration Projects

T

2023-2024

Energy Harbor:
Davis-Besse NPP
(~1-2 MWe LTE)

FuelCell Energy:

Xcel Energy: Prairie APS/Pinnacle West Rleancz)ggtLe:;\llc))n at

Island NPP ~150 Hydrogen: Palo

kWe steam Verde Generating Nuclear energy
Station (~15-20 and SOEC

Thermal &

Electrical Integration MWwe LTE)
(High-temperature H, Production for
steam electrolysis/ Combustion and
Solid oxide Synthetic Fuels

electrolysis (SOEC))
IDAHO NATIONAL LABORATORY

Constellation:
Nine-Mile Point NPP
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ACCIDENT TOLERANT FUELS

I Improving LWR Fuels P
- Evaluations of accident-tolerant fuel with High Burnup |
(0 Plant ua et
~ Objectives e
[ [l [l . @ Less Waste
« Economic gains via extended refueling cycle, |
lower volume of new and spent fuel Q-
Easa ENERGY ‘ NUCLEAR ENERGY
° P|ant Reload Op‘t|m|za‘t|on Image Credit: U.S. Department of Energy
S (link)
— Objectives
« All-inclusive integrated framework for fuel [t

reload analyses

« Optimization of core configuration to minimize
new fuel volume

— Benefits of Risk-Informed Approach

* Allows enhanced optimization of core
configuration and further reduction of new fuel
volume

Configuration of Reactor Core
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https://www.energy.gov/ne/articles/5-things-you-should-know-about-accident-tolerant-fuels#:%7E:text=Accident%20tolerant%20fuels%20are%20industry%2Dled&text=DOE%20and%20the%20national%20labs,the%20U.S.%20Nuclear%20Regulatory%20Commission.

Advanced Reactor Expansion
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The past and future of nuclear power

40GW
II W U.S. Nudear Power Capacity 30GW
NEW NUCLEAR POWER M Total Global Nuclear Power Capacity

CAPACITY ADDED BY YEAR . I M U.S. Nuclear Power Capacity Projection
] Total Global Nudear Power Capacity Projection 206W
|I| III“I“I.. . . sIRRRRRRRRER oo
N1 1T 11 AT 1111/ -

DISCOVERY DEMONSTRATION PROTOTYPE MATURITY SUSTAINMENT/RETIREMENTS NEW NUCLEAR

2042

@ LWR Technology Advanced Reactor
@ . Deployment Demonstration and
Neutron pirst Nudlear Deployment

Discovered Pouzgmant First
i Commercial @ @ @ Watts Bar

First Nuclear Power Unit2 Q
Self_-sustaln_mg Generation, Three Mile Chernobyl Fukushima
Chain Reaction, Shippingport Island Daiichi

CpP-1 Vogtle

Unit 3

@ ® &

Fission .
: First Nuclear Vogtle
Discovered Submarine, Unit 4
USS Nautilus
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Il Advanced reactor experiments,
demonstrations, and test beds at INL

Naval Reactors

Facility

To Arco
Advanced

Test Reactor
Complex

(Central
Fadilities Area

Radioactive Waste
Management Complex

Idaho Nuclear Technology
and Engineering Center

o Critical Infrastructure -"

7 Test Range Complex

Specific

Manufacturing

Capability at

Test Area North

To Rexburg
e o Materials and Research
T Fuels Complex and Education
Campus

To Idaho Falls
(28 miles)

To Blackfoot

1

2

4

Materials and Fuels Complex

DOME
NRIC | TEST BED Southern Co. &

TerraPower § EXPERIMENT
i ;

Transient Reactor Test Facility

LOTUS
NRIC | TEST BED

MCRE

MARVEL Mh
DOE ITEST REACTOR = ;

INL Site

AURORA
Oklo | MICRO

Critical Infrastructure Test Range Complex

DoD & BWXT | MICRO mm
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Il MARVEL - Test Microreactor

L

Thermal Power 100 kKW (85 kW nominal)

Electrical Power 20 kWe (QB80 Stirling Engines)

Weight <12 US ton

Primary Coolant Sodium-Potassium eutectic

Intermediate Coolant Lead

Coolant Driver Natural Convection, single phase

Fuel HALE(UZrH), 304SS clad, end caps
Moderator Hydrogen

Neutron Reflector Graphite, Beryllium (S200), Beryllium oxide
Reactivity Control Radial Control Drums, Central Absorber

Primary Coolant Boundary = SS316H

Project Goals:
Rapid development of a small-scale microreactor that
¥ weoreacor PTOVIAES @ platform to test unique operational aspects and
MRP:55 applications of microreactors
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Jlll Demonstration of Operational . Repurposing EBRU
Microreactor Experiments (DOME) dome

* Test bed for
microreactors less
than 20 MWt

* Construction
underway

DOE authorization

- FEEED Studies
Underway With
Westinghouse,
Radiant Nuclear,
Ultra Safe Nuclear
Corp

* Operational as soon
as 2026

IDAHO NATIONAL LABORATORY




Laboratory for Operations and Testing \ Repumesing Zes
in the U.S. (LOTUS) Power Physics

Reactor cell

« Supports high
security materials

» First experiment will
be the Molten
Chloride Reactor
Experiment, a
partnership between
TerraPower and
Southern Company

. I - Completed _
i | | preliminary design
P | LR reviews January 2024
— Sy .
* QOperational as soon
\-'-@ as 2027
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Design, construct,
and operate
TerraPower’s
Molten Chloride
Fast Reactor
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I Space Nuclear Power

Fission Nuclear

Surface Thermal

Power Propulsion
Supporting Develop an

NASA for NTP reactor

Lunar and and engine

Martian technologies

nuclear surface capable of

energy sending

And space humans to s
exploration. Mars in the o 8

2030’s
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- Enabling future fusion energy systems
Collaborations | * National Labs: ORNL,
SRNL, PPPL and LLNL

Modeling and | * MELCOR fusion for plant
simulation safety assessment
* Modern probabilistic risk * General Atomics for
assessment to support design P blanket design
N  Private-public industry
i} ; partnership initiatives

and regulatory approaches

MOOSE high-fidelity
multi-physics tools

 Tritium production, transport
and inventories (STAR facility)

* Modified neutron
spectrum testing (ATR)

Irradiated/tritium materials
characterization (SPL/IMCL)

Experimental
capabilities

ENERGY

XCIME CORPORATION

IDAHO NATIONAL LABORATORY
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Jlll Transforming our energy system provides an
opportunity for a secure and resilient energy future

TODAY

Electricity-only focus

Nuclear Energy
Generation

Other Energy
Generation

(Light water reactors, high
temperature advanced reactors,
small modular reactors, etc.)

(Variable renewables,
municipal waste, fossil
with carbon capture, etc)

Integrated energy systems (IES) leverage the
contributions from nuclear fission beyond electricity

Biofuel, Hydrogen for New chemical Polymers, Industrial Fertilizer, Iron, steel, Wood products, (lean District Flexible
transportation transportation processes chemicals heat & fuels ammonia metals cardboard, Water heating electridty
fuels paper
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Advancing R&D across our S&T initiatives with Al and ML

Nuclear reactor sustainment and
expanded deployment

* Autonomous operation
+ Semi-autonomous design
* Licensing automation

Integrated fuel cycle solutions
* Nonproliferation autonomous detection

Integrated energy systems
* Integrated energy and grid twins
* Autonomous siting tool

Advanced materials and manufacturing
for extreme environments

» Material prediction for harsh environments

Secure and resilient cyber physical systems
« All hazards analysis

Crosscutting frameworks
* Big data

* Al frameworks

* Surrogate physics tools

@ unit (22) Material [3]
Parameter [36] Numbervalue [221]

. ManufacturingSetting [66] StringValue [8]
ManufacturingSubprocess [6] Compound [3)

. ManufacturingProcess [3] MaterialConstituent [6]
MaterialType [2] ResultantValue [61)

. FileGeometry [7] Buildinstance [33]
sampleGeometry [7] PararmeterStudy [1]

. PredictiveModelOutput [5] BooleanWValue [10]
PredictiveModel [5]

. PredictiveModelParameter [15]

Resultant [2]

Advanced Methods for Manufacturing
using Ontology and Numeric Objects for
Iterative Design (AMMONOID) is defining
digital representation of manufacturing
process, materials, geometries, and
experiments to generate predictive
models and digital twins.
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