INL/MIS-23-73234-Revision-0

Nuclear Science &
Technology May 2023
Highlights

July 2023

Addison Marie Arave

.

|daho National

|_(] oml‘ory INL is a U.S. Department of Energy National Laboratory operated by Battelle Energy Alliance, LLC



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-23-73234-Revision-0

Nuclear Science & Technology May 2023 Highlights

Addison Marie Arave

July 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



CL“\!-) ldaho National Laboratory



Research Highlight

- Research Team Observes Fracture Behavior of Xe-irradiated
Nanograined UO,

A research team at the Materials and Fuels Complex (MFC) performed in situ cantilever bending tests in the ldaho
National Laboratory (INL) Irradiated Materials Characterization Laboratory’s Titan transmission electron
microscope (TEM) with a Pl 95 picoindenter to examine the fracture behavior of Xe-irradiated nanograined UO,.

* The experimental study revealed multiple cracking stages during the fracture process (shown below — top row).

The team characterized the post-fracture crack region via various TEM-based techniques (shown below — bottom
row).

This capability directly enabled the study of mechanical behavior and was used on an ultrafine-grained ion-
irradiated sample to support the mechanistic understanding of fracture behavior.

* This research was prompted after a completed Rapld Turnaround Experlment

Load (iN)

Top: Load versus displacement under various fracture stages.

Bottom: Post-fracture crack region characterization by (a) high-
angle annular dark field image; (b) Scanning/transmission

] : iz electron microscope energy dispersive spectroscopy spectrum,
D | e (c) High-resolution TEM image; and (d) fast Fourier
ey ; 3 8 transform of image ¢ showing the crystal structure of UO,

grains next to the primary crack.

Primary and secondary crack
along nano-UQ, grain boundary &
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Research Highlight

DOE-NE Advanced Sensors and Instrumentation Program

Researchers Develop a High-Throughput Method to Create
New Advanced Materials

INL collaborated with the University of Notre Dame to develop an aerosol jet printing

technique capable of creating graded compositions and fabricating materials at small
resolution.

— This capability has applications in material discovery studies and sensors and

instrumentation applications for multi-modal sensors and advanced passive
sSensors.

This in situ mixing and printing method facilitates real-time tweaks on the ratio of mixed
materials, which is an important feature unavailable in most conventional multi-material P
printing methods, such as those using feedstocks in liquid—liquid or solid—solid phases.

INL contributed to a Nature publication on this work led by the University of Notre

Demonstration of rapid printing of
Dame. This was one of a small handful of papers on additive manufacturing published

combinatorial materials with gradient

in Nature composition (Bi,Te; to Ag).
- The new method outlined in this paper promises the development of
compositionally complex materials inaccessible via conventional manufacturing
approaches.
= INL worked directly with the University of Notre Dame for this Title: High-throughput printing of combinatorial materials from aerosols
Vl\\l/g['l_(e’ gg%geh other contributors also collaborated with Authors M. Zeng, Y. Du, Q. Jiang, N. Kempf, C. Wei, M. Bimrose, A.

Tanvir, H. Xu, J. Chen, D. Kirsch, J. Martin, B. Wyatt, T. Hayashi, M.
Saiedi-Javash, H. Sakaue, B. Anasori, L. Jin, M. McMurtrey, Y. Zhang
Journal: Nature

Link: DOI: 10.1038/s41586-023-05898-9
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Research Highlight

- DOE-NE Gateway for Accelerated Innovation in Nuclear
Advanced Reactor Supply Chain Assessment Ildentifies
Nuclear Deployment Needs within 5 to 10 years

n

Advemneczd Reactor

+ Gateway for Accelerated Innovation in Nuclear (GAIN) and contributors MG  frised s sl chincn
at Idaho National Laboratory produced an Advanced Reactor Supply @ _
. . ----@ Graphite
Chain report released on May 19. This report assesses the needs for e e rens
advanced nuclear deployment. The focus was specific to: .@..4..“"5.,_5
- Vessels, nuclear graphite, pumps, heat exchangers, and sensors. N ot
. ‘e . . L ----------------------- ‘----0Vessel
*  GAIN surveyed 20+ companies on current capacities and projections for e
5-10 year timeframes. ‘ ot :
@ '''' ° LExt:htulngdj?r
+ Forinitial deployment, there is a domestic supply chain and companies o _____ < bumo
are willing to ramp up production assuming the following hurdles can be aill _ IR
Ove rCO m e : Nu:[euﬂi::::;zz :E[g;r-lg.;\;lg\;vlyeur . TARBET ________________________
- el B Gl R
— Workforce issues G S B
- Increased capacity to meet 5 year and 10 year targets (investment et ®
will be needed) Overview of the advanced reactor supply chain assessment

~ Companies are unwilling to invest without certainty of orders or for the various components considered in this study.

other items that will secure that investment Title: Advanced Reactor Supply Chain Assessment

— Some companies need access to raw materials Authors: Christopher Lohse (GAIN), Abdalla Abou-Jaoude (INL), William D.
. . . . . . Jenson (INL) and lan Prado (INL)
This information b.u"ds on prior United States Department of Energy Journal: U.S. Department of Energy Office of Scientific and Technical
(DOE) supply chain work but does not necessarily reflect the views of Information
DOE. Link: https://www.osti.gov/biblio/1973747

GATTEWAY FOR ACCELARATED INNOVATION IN NUCLEAR




Research Highlight

- Nuclear Regulatory Commission Advanced Reactor Content of Applications Program

First-Ever Complete Technology-Neutral Advanced Reactor
Licensing Guidance Released for Public Comment

* The industry-led, Department of Energy-funded, Technology-Inclusive
Content of Applications Project (TICAP) built on the Licensing
Modernization Project’s (LMP) risk/consequence-based approach. This
approach is to develop portions of an advanced reactor application

under 10 Code of Federal Regulations Parts 50 and 52. (@?USERC

A NUCLE. .GULATY 1SSION
tecting People and the Environment

* For the last two years, INL and the Nuclear Regulatory Commission
(NRC) have reviewed industry TICAP proposals and drafted the
remaining application guidance documents needed for licensing under DANU-ISG-2022-01
the Advanced Reactor Content of Application Project (ARCAP). N Advanced Reactor Applications.—Roadmap.

Draft Interim Staff Guidance

« The NRC has issued the draft ARCAP roadmap regulatory guide as
interim staff guidance (ISG) to support near-term applications. This
includes the DOE’s two Advanced Reactor Demonstration awardees.
NRC also issued 8 additional 1ISGs to inform advanced reactor
applications.

May 2023

* The draft NRC regulatory guide that formally endorses TICAP was also
issued, completing the guidance for a 12-chapter Safety Analysis Report

that utilizes the LMP methodology.

Draft Regulatory Guide issued as Interim Staff Guidance.

NUCLEAR SAFETY & REGULATORY RESEARCH | REGULATORY SUPPORT

Christopher.Chwasz@inl.gov
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Research Highlight

- DOE Office of Science Basic Energy Sciences, Chemical and Materials Sciences to Advance Clean Energy Technologies and Low-Carbon Manufacturing

Researchers Measure Radiation-Induced Interhalogen Chemistry
in Molten Salts for the First Time

1.0 A ICI™ o0 e
. : L : . "n M
* A new ionic compound species, iodine-chlorine radical " ', @O s
anion (ICl—), has been identified for the first time in a g0 ¢ Se
molten salt eutectic. 205l w7 .
< T .,
« The fundamental understanding of iodine species in molten [ .
salts is essential to the deployment of next generation 20 »q '32AA ‘
. o I om
molten salt reactor technologies. z Ll AT wm“‘“
* Pulsed electron irradiations using the Brookhaven National ' ‘;‘; "‘\ T YV
o 0.0 14 1 1 ] NEE NN pgEEEpEE =
Laboratory Laser Electron Accelerator Facility were 300 400 500 600 700 800 900 1000 1100
employed to investigate the impact of iodide ions on the | Wavelength (nm)
T . . . Normalized, deconvoluted transient spectra from the electron
fundamental radiation chemistry occurring in molten pulse irradliation of molten KI (10 wt.%) in LIC-KC eutecitic at
Ch | Ol’id es aIt m I XtU res 400 °C. (ICI*- = iodine-chlorine radical anion, Cl,™~ = dichlorine

radical anion, and eg~ = solvated electron).

’ ThIS StUdy determlned that the new Interhalogen SpeCIGS Title: Impact of lodide lons on the Speciation of Radiolytic Transients in

(ICl=—) exhibited a lifetime on the order of microseconds Molten LiCI-KCI Eutectic Salt Mixtures

. . . . . . Journal: Physical Chemistry Chemical Physics
and “kely haS Slgnlflcant Impllcatlons fOI" the transport and Authors: Jacy K. Conrad, Kazuhiro lwamatsu, Michael E. Woods, Ruchi

i i i i i Gakhar, Bobby Layne, Andrew R. Cook, and Gregory P. Horne
accumulation of iodine in molten salt reactor environments. A g e R

IDAHO NATIONAL LABORATORY

NUCLEAR SCIENCE & TECHNOLOGY | CENTER FOR RADIATION CHEMISTRY RESEARCH
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Research Highlight

DOE-NE Nuclear Energy Advanced Modeling and Simulation Program

New TimeStepper System Enables Arbitrary Transient Simulation Time
Complexity in MOOSE

« Multiphysics simulations rely on numerical time

Fuel Rod - Upper Fuel Temperature Primary Loop - Max Core Temperature

stepping methods to discretize simulation of 2000 [ ROGmeased L -
transient phenomena in time. o B T
* The TimeStepper in MOOSE (Multiphysics £ 1500 4/”\{«1/,.—. -
Object Oriented Simulation Environment) g
determines the time steps during transients. E _—
Various basic regimes for stepping through the 3
simulation were available, but only one could be = | I Coreostet ressre.
used at a time. 500 ] | ; ‘ ' I_ -I-(:"I"‘eal)l(l'\etmaSSI ow rate
« The new TimeStepper System supports 0o w0 20 0 a0 s o ommew ST 0 "
: ) . : Time [d o, , —
composing multiple stepping regimes and O h"“e[ a”){ o Fio2 Exampleof vy loop simton
: : ; ; ; ig.1: Example of time history in fuel performance :
thStO-mIZleg activation of time steppers during simulationl"l. The TimeStepper system will provide a Time Stepper system can support a small step at
€ simulation. simple solution to follow such complex time steppingin ~ the break to capture the rapid change physics and
. - . . transient fuel temperature mode[ing_ another time Stepper for the S/OWIy Increase
« This capability simplifies the workflow for :
; j ) i ‘ temperature in the fuel.
complex time stepping in Multiphysics
simulations, provides more erxibiIity for Title: Apdplicagign_of K;iging znl(jg/grfi_atignal Bayelsian Monte Carlo method for
tomiz tim t ina reaim n tter improved prediction of dope ission gas release
custo it ?ﬁ eds Ie.pp fg eg. eS: and ble © Authors: Yifeng Che, Xu Wu, Giovanni Pastore, Wei Li, Koroush Shirvan
SUPPO S ; e mO e Ing Of éngineering scale Journal: Annals of Nuclear Energy
Multiphysics simulations. Link: https://doi.org/10.1016/j.anucene.2020.108046

) ) =
ADVANCED SCIENTIFIC COMPUTING | COMPUTATIONAL FRAMEWORKS M © © g E
Mengnan.Li@inl.gov, Guillaume.Giudicelli@inl.gov, Logan.Harbour@inl.gov ' - }\j | Q 5 (DARO NATIONAL LABORATORY




Research Highlight
Department of Energy

Department of Energy Releases Report on Pathways

to Commercial Liftoff of Advanced Nuclear

« This report is designed to help industry, investors, and stakeholders make decisions
about the emerging technologies that are needed to slash greenhouse gas emissions
by highlighting possible solutions to overcome barriers and achieve widespread

@ ENERGY

L 20 Pathways to
commercialization. Commercial Liftoff:
- U.S. domestic nuclear capacity has the potential to scale from ~100 GW in 2023 to Advanced Nuclear

~300 GW by 2050—driven by deployment of advanced nuclear technologies.
« Advanced nuclear includes a range of proven and innovative technologies.

« Advanced nuclear provides a differentiated value proposition for a decarbonized grid.

— Nuclear energy generates carbon-free electricity, provides stable power that
complements renewables, has low land-use requirements, and has lower
transmission requirements than distributed or site-constrained
generation sources.

* An initial order book of 5-10 (likely) Generation I11+SMRs by 2025
would catalyze follow-on growth of the advanced nuclear industry.

Title: Pathways to Commercial Liftoff: Advanced Nuclear
« Andrew Foss, currently on detail assignment from INL to the DOE Authors: DOE Loan Programs Office, Office of Technology

Office of Policy, worked closely with DOE colleagues to prepare the B SHE o  ECel cu e el e s s )
report Demonstrations, Office of Policy, and Argonne National Laboratory

Link: doi.org/https://liftoff.energy.gov/wp-content/uploads/2023/03

/20230320-Liftoff-Advanced-Nuclear-vPUB.pdf

REACTOR SYSTEMS DESIGN & ANALYSIS | INTEGRATED ENERGY & MARKET ANALYSIS IDAHO NATIONAL LABORATORY

andrew.foss@inl.gov



Research Highlight

NASA Space Nuclear Propulsion Project
- Researchers Develop Predictive Transient Model for TREAT-
Sirius Experiments

] (Steady State Calculations)
* An improved predictive transient model was developed to support analysis for the National Aeronautics AR 5
and Space Administration (NASA)-sponsored Sirius experiments in the Transient Reactor Test Facility N ;
(TREAT). el Ragssion Mods! (Potnomal Regresson W
J .
* The model relies on two surrogate models based on MOOSE stochastic tools and steady state Serpent PdtTt Model Workflon
calculations to predict the control rod axial position and its corresponding reactivity during a transient. redictive Transient g Mode’ Jorkrlow
/ Predictive Transient Model \
* The model has the following components: Demand Power Signal
— Data Generation: Performs steady state analysis using Serpent code to generate reactivity data | Pa i ' . !
points and differential worth coefficients as a function of control rod axial positions and fuel pOttervotal | | Rty
average temperature. o ke b
- Inverse Kinetics: Converts the demand power signal into a reactivity signal. " '”‘ ’
- Differential Worth Surrogate: Predicts the differential rod worth coefficients based on Serpent \ /
calculations. Rl [E e Sirius-2c Full Power Expenment %
- Proportional Controller: Determines the equivalent-reactivity control rod axial position. T Blind Prediction [0
- Reactivity Insertion Surrogate: Calculates the inserted reactivity from axial control rod g0 | CR emand ositen T
movements and core average temperature. —— Cora Ao Tamperaturs | JE <
1 e 500 &
- Adiabatic Feedback: Determines average fuel temperature at each time point. e bl o2 | &
s r2s & -
- Point Kinetics: Calculates the total reactor power with given reactivity and kinetics parameters E N S /A e 5 (450§
during the transient. ELrT =\ 3 8
« The model was validated against Sirius-1 experimental data and utilized to perform Sirius-2c¢ blind ls% 400‘5‘
prediction. 2 0 o
* The model contributes to the long distance nuclear thermal propulsion (NTP) mission by providing a s
critical capability for NTP modeling. ; b, 30

o 5 10 15 20 25 30 35 40
Time (s5)

REACTOR SYSTEMS DESIGN & ANALYSIS | REACTOR PHYSICS METHODS & ANALYSIS

Mustafa.Jaradat@inl.gov; Sebastian.Schunert@inl.gov; Frederick.Gleicher@inl.gov; Mark.DeHart@inl.gov IDAHO NATIONAL LABORATORY




Research Highlight

- DOE-NE Advanced Reactor Technologies - Gas Cooled Reactors Program
Database Constructed for High-Temperature Gas-Cooled
Reactor Thermal-Hydraulic Experimental Facilities

- -
« Atotal of 33 projects focused on high-temperature gas-cooled morans o | ] massmam | omsswma | towouwsea  |spwcsswos
reactor (HTGR) research have been funded by the U.S. — —

LOWER PLENUM 16-10244 16-10244
15-8627

Department of Energy (DOE) under the Nuclear Energy University
Program (NEUP) since 2009, representing an investment of $26
million. The data and detailed results obtained for these
experiments are, in most cases, still located at the universities and
cannot be publicly accessed.

PLENUMMIXING
S JET IMPINGEMENT
g
il
5

FLENUM TO FLENUM 20-20074 20-20074

09-784 15-8205 14-6786
AIRINGRESS 20-19896 - 1917183
14-6435  20-19896

. 1815058 14-6786
STEAM/WATER INGRE S5 —

09-771 2124108 11-318
FORCED CONVECTION 113081 5 5 00my 21-24104
16-10509 21-24287

11-3218
21-2415

« To improve access to this valuable HTGR validation dataset and
optimize the return on the significant investment made by DOE,
the Advanced Reactor Technologies (ART) - Gas Cooled Reactors
(GCR) program has started a survey of current and completed
HTGR NEUP projects to develop a public-access database. This
database can be used to retrieve computational fluid dynamics
and system code validation data.

PHENOMENA

(CORE)

CONJUGATE
HEAT TRANSFER INGRESS

146794 14-6435

r: 14-6794
NATURAL CONVECTION 1610508 313815

RCCE PERFORMANCE ®-817 20-1989% 20-1939%

3 15-8205
CORE BYFASS FLOW 15-8627

FLUID STRATIFICATION 14-5435

MULTIPHYSICS
20-198% 13-17037 21-24111 26607
(FISSION PRODUCT, SAFETY ANALY SIS, ST SISt FRE S 2
THERMAL-MECHANICAL, ETC.)

. The publi shed INL rep ort provi des an overview of the research Thermal-fluids phenomena summary (FY09-22) for HTGR-related NEUP projects.

projects and ident_ifies validation knowledge gaps still existing in Title: High-Temperature Gas-Cooled Reactor Research Survey and
.HTC_BR therma!-ﬂuld research. The HTGR database development Overview: Preliminary Data Platform Construction for the Nuclear Energy
is aimed to guide future NEUP-funded research and promote the University Program

use of existing high-quality data in future code verification and Authors: Sunming Qin & Gerhard Strydom, Cam Binh T Pham, Minseop
validation matrices. Song, Stefan H. Vietz, Mitchell A. Plummer

Link: https://doi.org/10.2172/1887092

REACTOR SYSTEMS DESIGN & ANALYSIS | ADVANCED REACTOR TECHNOLOGY & DESIGN IDAHO NATIONAL LABORATORY

sunming.qin@inl.gov; gerhard.strydom@inl.gov



Research Highlight

Nuclear Regulatory Commission Advanced Nuclear Reactor Modeling Project

Researchers Model Depressurized Loss-Of-Forced-Cooling Event  vewciyrew
of High-Temperature Gas-Cooled Reactor - Pebble-Bed Module 4

«  To support the Nuclear Regulatory Commission’s (NRC) efforts to develop and Fuel Temperature Evolution during DLOFC Transient Scenario.
model support for advanced non-light water reactors, an equilibrium full core oo
model was developed for the reference High-Temperature Gas-Cooled 1500
Reactor - Pebble-Bed Module (HTR-PM) reactor. 1400
*  The model couples the following codes to perform Multiphysics analysis: £ oo
- Griffin: Solves reactor physics parameters including equilibrium core Tgmo
depletion and transient solutions. £ 1000
- Pronghorn: Solves porous medium equations for the fluid regions and "o =
conduction in the solid regions. L
- BISON: Solves thermal conduction problems for pebbles in the pebble- "
bed core to provide fuel and moderator spatial temperature fields. . ” w0 w0 2 100 120 a0

Time [hr]
0 hr 2.5hr 6 hr 14 hr 30hr 56 hr

-==-VSOP-Avg. ----- VSOP-Max.

BlueCRAB-Avg.

BlueCRAB-Max.

*  The developed model of the HTR-PM was used to perform equilibrium core
steady state calculations and depressurized loss of forced cooling accidents.

— Numerical test results show very good agreement with published Very
Superior Old Programs results.

. - Steady state solution: eigenvalue within 150 pcm, power peaking factor

+ 1000 within 0.2%.

_: - Transient solution: average and maximum temperatures are within 1%.
Eg *  The model contributes to the NRC mission of licensing Pebble-Bed Reactors by

providing the necessary capabilities for Multiphysics modeling and simulation.
Fluid Temperature Evolution During DLOFC Transient Scenario.

REACTOR SYSTEMS DESIGN & ANALYSIS | REACTOR PHYSICS METHODS & ANALYSIS

IDAHO NATIONAL LABORATORY

mustafa.jaradat@inl.gov; sebastian.schunert@inl.gov; javier.ortensi@inl.gov




Research Highlight

- NNSA Material Management and Minimization Reactor Conversion Program
Oxide Growth Implemented During an Advanced Test Reactor Powered
Axial Locator Mechanism Cycle

Oxide Thickness (microns}

 Mini-Plate-ATR (MP-ATR) is a fueled experiment being irradiated 1349
during a high-power Advanced Test Reactor (ATR) Powered Axial 1039
Locator Mechanism (PALM) cycle. 830

« A PALM cycle occurs when the irradiation cycle utilizes the PALM
to change the axial position of different experiments to simulate

MWL
OOt el DI NI
ounounow

d iffe re nt reaCtor Con d iti OnS . Pawel Oxide Growth Correlation for MP-ATR PALM Cycle
« A PALM cycle in ATR typically is run at higher reactor power and .

increased reac’For coolant press.ure than nf)rmal cycles. ) I L
« The MP-ATR high-power experiment required the use of the 12

Pawel correlation, which predicts oxide growth on aluminum-clad
fuel plates with high surface heat flux and surface temperature
conditions. This is due to it having a built-in sensitivity to heat flux
and the ability to accommodate higher heat flux ranges than other
correlations.

« This work resulted in increased confidence in using the Pawel : m B "
correlation for predicting oxide for aluminum-clad fuel plates Tore o
durmg an ATR PALM CyC|e fOl' the MP'ATR experlment. Oxide thickness for the MP-ATR experiment at 24 hours, 120

hours, and 240 hours.

IDAHO NATIONAL LABORATORY

(m
=
o

Oxide Thickness cro

o ~ o [=4] oo

0 200 250

REACTOR SYSTEM DESIGN & ANALYSIS | IRRADIATION EXPERIMENTS THERMAL HYDRAULICS ANALYSIS

jason.barney@inl.gov
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Research Highlight
DOE-NE Integrated Energy Systems Program

Researchers Enhance Technoeconomic Analysis by Integrating with
Additional Software

* The open-source Framework for Optimization of Resources and

Economics (FORCE) tool suite, developed at INL, enables
technoeconomic simulations of integrated energy systems under
market uncertainty.

— Grid portfolio optimization is implanted using the Holistic Energy
Resource Optimization Network (HERON) plugin via stochastic,
bi-level optimization.

— HERON uses simple linear physics models.

S
def ctions,
con of

chooses heet and
Gre e

renewable energy
fossil fuel energy

double market loop
optimization

’ -g:)i FI)Dl ee 3 IgHr;/tl)?ltde%r? gl?gny asnfstsem;h(%ﬁlg Fl,D Al\_artg':OHI’I’ESt()) Q)C]jc;/xgrc ee Jslgzt:% e Overview of DISPATCHES multi-period price-taker technoeconomic workflow and models
ithin nucl flowsheet.
Institute for the Design of Advanced Energy Systems (IDAES) platform to i nuolear enorgy Howsheet
create steady-state algebraic models which describe plant components.

- For example, hydrogen storage tank and turbines for combustion, A @ >O 4 | Diagram of the
electrolyzer, wind turbine. (vee @] Nuclear Energy Case
Pipeline with Hydrogen

* New capability integrates DISPATCHES algebraic models within HERON m-p@-p/ production and
and solves using a single optimization level. This provides: " —p@  Combustion.
— Higher fidelity analysis with steady-state plant component models
— Computationally efficient solution while still using physics models Title: FORCE-DISPATCHES Integration - Initial

_ : - Demonstration (INL/RPT-22-69033)
New HERON workflow, which currently implements nuclear- Authors: Gabriel J. Soto. Paul Talbot

hydrogen case (see right). Link: doi.org/10.2172/1891636

REACTOR SYSTEMS DESIGN & ANALYSIS | DIGITAL REACTOR TECHNOLOGY & DEVELOPMENT IDAHO NATIONAL LABORATORY

gabriel.sotogonzalez@inl.gov



Research Highlight

DOE-NE Integrated Energy Systems Program
- New Capability Developed for RAVEN to Optimize and Minimize Input
Parameters for Accelerated Analysis with Similar Accuracy

« The RAVEN team, in collaboration with Argonne National Laboratory, and with contributions from Ultra Safe Nuclear Technologies
(USNC-Tech), recently deployed a fully integrated system for the automated selection of optimal input parameter space. This is
specifically designed for construction of Machine Learning/Artificial Intelligence (ML/Al) models to represent physics-based models.

« The integrated feature selection framework is aimed to identify the most relevant features for maximizing the accuracy of ML/AI
models using a blend of supervised learning techniques and recursive feature elimination (RFE) methods.

« This development represents a key contribution in the effort to quickly deploy ML/Al models, optimally constructed for deployment in

modeling and simulation, digital twin applications, etc.
RFE: Loop over N_Groups . .
——— Coupled SES and BOP systems with 303 input parameters
— .
Gusterngin. No Reduced to 9 optimal parameters for DMDc ML/AlI model
. Filtering?
Y:S Electric Power Generation  Firing Temperature  Steam Turbine Pressure  Power Sensor Output
No

¢

N_Groups Best
Set
!

No

; k600 540 { ————q 113 {————1
Hierarchical 3.0 1 SES SES | BOP | BOP
Clustenng 45 4 1500 4 5.35 4 | 1.12 A |

Yes 4.0 4 1400 4 ! 1.11 A |

= Training Data 3.30 1 == = Training Data == = Training Data

35 - == = Training Data

= —— DMDc Model 1300 4 —— DMDc Model DMDc Model [1.10 4 DMDc Model
S 3.0 4 5.25 4 [ |
. 200 - i 1.09 |
N_Groups =N l Yes £ 251 5.20 4 | |
w -
" 2.0 1 1100 4 l 108 l
— Grouping - - : : . ; 5 : - . —_— . ——
2000 3000 4000 5000 2000 3000 4000 S000 2000 3000 4000 5000 2000 3000 4000 5000
RAVEN Advanced Optimal Input Parameter Space Search Scheme. SES: Secondary Energy Source System, BOP: Balance of Plant System, DMDc: Dynamic Mode Decomposition with Control.

REACTOR SYSTEM DESIGN & ANALYSIS | DIGITAL REACTOR TECHNOLOGY & DEVELOPMENT
congjian.wang@inl.gov

NUCLEAR SAFETY & REGULATORY RESEARCH | RELIABILITY, RISK, & RESILIENCE SCIENCES
diego.mandelli@inl.gov
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NASA Space Nuclear Propulsion Project Research ng hllg ht

BlueCRAB Models Used to Predict Temperatures of Sirius-2C Full
Power Experiment

* The objective of Sirius experiments is to examine the performance of
Nuclear Thermal Propulsion (NTP) fuels when subjected to
temperature ramp rates that are prototypical of NTP system startup.

Depiction of the current Sirius-2c¢
model for thermal analysis.

* These tests will determine whether operational temperature
conditions will result in detrimental performance phenomena.

3000

g 20997 * The Sirius-2C test specimen were irradiated in the Transient Reactor
g Test (TREAT) Facility with irradiation startup ramp rates that are
§ 7] prototypical of a potential reactor’s ramp rate.
s 1000 - — Ablind prediction of the Sirius-2C was performed with the
T mvo predicted Temp, Comprehensive Reactor Analysis Bundle (BlueCRAB) MOOSE
500 - ——- Max. Predicted Temp. SU|te Of tOOIS
——= Min. Predicted Temp.
2 Bestestimate — The prediction demonstrates that the BlueCRAB MOOSE tools
°o 10 20 30 40 50 60 can do predictive and bounding analysis for experiments inside
Time [=] TREAT.
C 1 f predicted and d t t file of Sirius-2C full _ ey ;
"mp"””s"gx‘l’o et Toq In@;ifgﬁhe%";;’zg;‘zg&z oionivdies ot The predictions contribute and enable the successful and safe

operation of NTP rockets for long range space missions.

IDAHO NATIONAL LABORATORY
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Program Highlight

- Thermal Hydraulics Analysis Code Training Provided to
Increase Modeling Capabilities for ATR Irradiations

* The Irradiation Experiments Thermal Hydraulics Analysis department  §j~——--—-___ _
performs thermal analyses of irradiation experiments in the Advanced 5 |
Test Reactor (ATR). '

- ATR thermal hydraulics predictions are performed using a validated
version of the RELAP5-3D code.

* The team requested RELAPS5-3D training to increase their
understanding of existing RELAP5-3D ATR models and increase In-pile
thermal hydraulics modeling capabilities for ATR. test

Top head closure plate
Instrumented lead

Vessel wall

Fuel

Core

« The RELAPS-3D training included an overview of ATR-relevant input
models and a discussion on modeling natural convection driven flow
inversion.

 Future training and discussions will be provided to INL staff on

advanced models for ATR and the Transient Reactor Test Facility
(TREAT). k

* The purpose of this training series is to provide INL staff with industry ST el e riktand
standards for system analysis code modeling. g esperibe ofdlet piping

ATR Components found in RELAP5-3D Model.

IDAHO NATIONAL LABORATORY
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Program Highlight

- DOE Office of Technology Transitions Technology Commercialization Fund
INL Completes Kickoff Meeting to Model Fuel Rod
Ballooning Transient

* The Electric Power Research Institute (EPRI) is sponsoring a
Technology Commercialization Fund (TCF) project on the
development of a Loss-of-Coolant Accident (LOCA) analysis tool.

Time-dependent Volume

Single Junction

Branch

* INL and EPRI are jointly developing an assessment tool that - he(2),qy (2) + f,(2)
supports deployment of higher burnup light-water reactor (LWR) fuel. E== /\
* INL's assessment tool couples BISON for nuclear fuel performance :_E

|

I ﬁ*lm

predictions with RELAP5-3D for thermal hydraulic predictions.

U

Temp (K)

: 8

+ The INL tool will allow modelling of Fuel Fragmentation, Relocation,  § e § i
and Dispersal (FFRD) during simulated LOCAs. E = ° <d(z) >g j

- EPRI identified the FFRD modeling as a need of the nuclear = " B
. <q"(z) >re 600
industry.

« The Kickoff Meeting occurred on May 11 in INL's Collaborative i TP !jbj
Computing Center auditorium and included presentations by e |
representatives from EPRI and INL experts. Representation of RELAP5-3D Coupling with BISON.

REACTOR SYSTEMS DESIGN & ANALYSIS | THERMAL FLUIDS SYSTEMS METHODS & ANALYSIS
mauicio.tanoretamales@inl.gov; george.mesina@inl.gov

NUCLEAR FUELS & MATERIALS | COMPUTATIONAL MECHANICS AND MATERIALS
jason.hales@inl.gov; kyle.gamble@inl.gov
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Program Highlight
Radioisotope Power Systems

Thermal Analysis Group Qualifies Pu-238 Production in the Advanced
Test Reactor for Use in Current and Future NASA Space Missions

* INL has taken a significant step in supporting the
domestic restart of Pu-238 production to power
technology for deep space missions.

« This goal of this collaboration with DOE and NASA is
to produce ~1.5 kg of heat source material annually
at the domestic level.

« The thermal analysis team expedited qualification of
the new ATR-Gen-1 targets for insertion into several
irradiation positions at the Advanced Test Reactor
(ATR).

« The team ensured that safety requirements were
met, aided in the shipment and receipt of irradiation
targets, and configured equipment for reactor

insertion and extraction. RPS program leads and thermal analysis team (left to right) Andrew Zillmer, Joshua Fishler,
William Green, Stacey Wilson, Jason Barney, Austen Fradeneck and Piyush Sabharwall.

IDAHO NATIONAL LABORATORY

 Qualification efforts will produce ~200g of heat
source material, positioning DOE targets ahead of
schedule.
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Program Highlight

- Over 100 Participants Attend Training on Framework for
Optimization of ResourCes and Economics (FORCE) Tool Suite

« The Integrated Energy Systems (IES) program, hosted a
hands-on training session for its modeling and simulation
tool suite “Framework for Optimization of ResourCes and
Economics” (FORCE) on April 4—6.

* The training primarily targeted people who are new to
energy systems modeling and informed participants of the
FORCE framework’s possible applications.

— FORCE allows researchers to analyze interconnected
energy-related sources and the associated techno-
economics of the integrated energy systems.

* The hybrid event was hosted both in-person and remotely.

— It attracted more than 100 participants from national
laboratories, academia, industry and international
organizations.

* Presentations are available online from the |IES website.

FORCE training participants during the event.

REACTOR SYSTEMS DESIGN & ANALYSIS | INTEGRATED ENERGY & MARKET ANALYSIS
aaron.epiney@inl.gov IDAHO NATIONAL LABORATORY



https://ies.inl.gov/SitePages/FORCE%20training%202023.aspx

Program Highlight

- Applied Visualization Laboratory Hosts Department of Energy

Computer Graphics Forum

« The DOE Computer Graphics Forum (DOECGF) is an
annual event that first began in the 1970s. This meeting is
intended to allow government-sponsored computer
graphics/scientific visualization scientists, engineers, and
practitioners to have the opportunity to share recent
research, development, and deployment results.

« From April 25-27, the Applied Visualization Laboratory
hosted the annual DOECGF at the Center for Advanced
Energy Studies.

— There were 55 attendees (33 in person, 22 online).

— There were 23 participating institutions including DOE A prosertera DOECGF giing a technicaltak
National Laboratories, Department of Defense, military,
other federal agencies, universities, and industry.

 Discussions covered institutional capabilities, technical talks,
and future needs in the field of visualization.

« The Applied Visualization Laboratory was heavily utilized and
allowed attendees to conduct demonstrations of capabilities.

ADVANCED SCIENTIFIC COMPUTING | Al DATA AND VISUALIZATION
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Program Highlight

I INL Hosts 11th Artificial Intelligence and Machine Learning
Symposium

* INL held its 11th Artificial
Intelllgence and MaChlne Learnlng [ Advanced reactors will be highly autonomous and remotely controlled,

and will operate at variable power ratings and in rural locations

(Al/ML) Symposium on April 27.

* The focus was on Al/ML In
Instrumentation, control, and
automation.

* The virtual symposium was
attended by researchers and

praCtItlonerS from a Varlety Of Screenshot of a presentation during the virtual symposium.
organizations within the nuclear
community.

NUCLEAR SAFETY AND REGULATORY RESEARCH
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Program Highlight

DOE-NE Nuclear Science User Facilities
- Nuclear Science User Facilities Awards Approximately
$1.74M for Rapid Turnaround Experiments

* Nuclear Science User Facilities (NSUF) has awarded 28
proposals to support advancing nuclear science and technology.

» This is the second award for FY 2023.
« The awards total is approximately $1.74M.

« These awards went to 19 principal investigators from universities
and nine from national laboratories.

* NSUF selected these projects from a competitive pool of quality
Rapit Turnaround Experiment (RTE) proposals submitted during
the solicitation period.

. Awards totaling approximately $1.74M have been approved to
« The NSUF team evaluates proposals based on various factors, support the advancement of nuclear science and technology.

including technical approach, mission relevance and scientific-
technical merit.

* Find current and past awards here.

: t=‘ 1su- Nuclear Science
NUCLEAR FUELS & MATERIALS — @ I I User Faciities
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https://nsuf.inl.gov/Home/Projects

- Advanced Fuels Campaign Hosts Metallic Fuels Workshop

» Advanced Fuels Campaign (AFC) leads the
Department of Energy (DOE) objectives for metallic \ﬂm_a, IMW 4=;§ ///

fuel, which is the primary advanced fuel technology VA gﬂ - |
for planned sodium fast reactor (SFR) deployment. -\

* Presentations from national metallic fuel
stakeholders highlighted their organization’s status
and needs regarding metallic fuel.

* Reviewed the DOE Advanced Fuels Campaign
(AFC) research and development (R&D) goals.

» Attended by representatives from industry (Oklo,
ARC Clean Energy, TerraPower, Global Nuclear
Fuel, Lightbridge, Westinghouse, Dominion
Engineering, Tokamak Energy), Department of
Energy Office of Nuclear Energy HQ, Department of
Energy ldaho, the Nuclear Regulatory Commission UV .
(NRC), and 5 National Laboratories. Sskohacers o he AFC worksho (ap). Represetatives fom DOE. NRC.roaclr

startup companies, and national laboratories pose with metallic fuel technology
leaders and pioneers (seated): Doug Porter (INL) and Leon Walters (ARC).

FUEL DEVELOPMENT, PERFORMANCE & QUALIFICATION | NUCLEAR FUELS AND MATERIALS
Colby.Jensen@inl.gov IDAHO NATIONAL LABORATORY




Program Highlight

- DOE U.S. Industry Opportunities for Advanced Nuclear Technology Development

INL Supports Accelerated Qualification of
Kairos Power Reactor through Simulation

* INL recently completed a multi-year project supported by the Department
of Energy U.S. Industry Opportunities for Advanced Nuclear Technology
Development in partnership with Argonne National Laboratory, Los
Alamos National Laboratory, and Kairos Power, LLC (KP).

« Through this project, INL enhanced modeling and simulation tools to Simulated diffusion of silver originating from a small subset of
support accelerated qualification of the KP fluoride-salt-cooled high the fuel particies within a fuel pebble (shown), which are
assumed to fail in this demonstration BISON calculation.

temperature reactor (KP-FHR) in two major areas:

— Improvement and validation of the models for fission product
transport and failure prediction in TRISO fuel in the BISON code.

— Qualification support for the KP-FHR vessel by integrating models
for high-temperature creep and creep-fracture of alloy 316H into the
Grizzly code.

Time: 2000.00 hr
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« INL's contribution was instrumental in helping KP submit a topical report
on TRISO fuel analysis to the United States NRC and resulted in 6
journal publications (published and in-review).

Stress concentration near a postulated crack in a Grizzly
simulation of a prototypical 316H reactor vessel.

IDAHO NATIONAL LABORATORY
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Program Highlight

- DOE-NE Nuclear Energy Advanced Modeling and Simulation Program

Nuclear Energy Advanced Modeling and Simulation Team Participates

in the Reactor Physics Technical Area Meeting at INL

« Members of the Nuclear Energy Advanced Modeling and Simulation
(NEAMS) reactor physics technical area met at INL on May 9-10.

» Four Argonne National Laboratory, five Oak Ridge National Laboratory and
nine Idaho National Laboratory researchers discussed implementation
plans for the Griffin (deterministic) and Shift (Monte Carlo) computer
codes.

« The meeting, which took place in the auditorium of the INL Collaborative
Compute Center (C3), was designed to:
— Encourage brainstorming
— Provoke collaboration between researchers

— Allow flexibility in idea generation. 7

« The primary outcomes were the clear understanding of reactor physics
workflows and detailed implementation needs to support:

— Fast reactor cross sections preparation for homogenized and duct-
heterogeneous geometries

— Pebble bed reactor online cross section preparation
— Pebble bed reactor startup and burning-in phases.

~0
REACTOR SYSTEMS DESIGN & ANALYSIS | REACTOR PHYSICS METHODS & ANALYSIS Argon ne % OAK RIDGE m

National Laboratory  Idoho National Laboratory

javier.ortensi@inl.gov

Members of the Griffin and Shift
teams collaborate on assigned tasks
during this hands-on meeting
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Program Highlight
DOE-NE Light Water Reactor Sustainability Program

Light Water Reactor Sustainability Program Hosts Halden Reactor
Project Human Technology Organization Annual Board Meeting

* The yearly Halden Reactor Project Human Technology
Organization (HTO) board meeting met on May 9-10. Research
program directors from various countries associated with Halden
convened at INL.

» Key topics of discussion included artificial intelligence systems for
operations and maintenance, human and organizational factors
methods, cyber and human factors, digital instrumentation, and
control with probabilistic risk assessment and plant
modernization.

» Halden's team of experts possess extensive knowledge and
expertise in various areas of nuclear science and technology.
This collaboration fosters innovation and supports the growth of
the United States nuclear industry.

Halden Project Annual Board meeting participants from

19 countries, both virtually and in-person.

» Bruce Hallbert, chairman of the Halden HTO Program Review
Group and INL employee, emphasized the current focus on
control room-related work.

) LIGHT WATER
NUCLEAR SAFETY AND REGULATORY RESEARCH | LIGHT WATER REACTOR SUSTAINABILITY PROGRAM I-WR ._(_.]_ Eﬁmmmmv
Bruce.Hallbert@inl.gov B
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Program Highlight

- Lfght Water Reactor Sustainability Program Hosts Halden
Project’s International Workshop on Simulators for Future
Operational Concepts

* The Halden Project Board meeting concluded with a two-day workshop, May
11-12, chaired by Dr. Ron Boring from INL.

* The workshop focused on the importance of human factors simulation facilities
for developing future control room concepts.

« Significant key topics of discussion were uses of simulators to support plant
modernization and to develop control rooms for advanced reactors.

« Simulators like INL's Human Systems Simulation Laboratory (HSSL) support
control room design and operator-in-the-loop evaluations for engineering and
licensing purposes.

Simulator workshop attendees.

« Over 30 international on-site and virtual participants joined INL researchers to
discuss emerging control room topics, such as artificial intelligence,
automation, and cybersecurity.

* The workshop highlighted the value of international collaboration in human
factors research, the need for complementary simulators to support different
research needs, and emerging simulator requirements for advanced reactors.

LWRS.(_ i,
NUCLEAR SAFETY AND REGULATORY RESEARCH | HUMAN FACTORS AND RELIABILITY M
Ronald.Boring@inl.gov IDAHO NATIONAL LABORATORY




People / Leadership Highlight

DeHart to Serve on Nuclear Science and Engineering
Editorial Advisory Board

« Mark DeHart has joined the Editorial Advisory Board for Nuclear Science and
Engineering (NSE), an international research journal of the American Nuclear

Society (ANS).

— Board members are notable leaders in relevant technical areas who
volunteer to advise, guide, and assist the Editors in the production of the

journal.

— Members serve a number of functions through regular meetings or
teleconferences, including:

+ Elicitation of high quality technical and review paper submissions

i . oy . . Newest member of the Edlitorial Advisory
* ldentifying topics and recruiting guest editors for special issues of NSE Board for Nuclear Science and Engineering,
 ldentifying and recruiting manuscript reviewers Mark Dehart

« Participate in annual meetings of the NSE Editorial Advisory Board at
ANS meetings.
* NSE is the oldest peer-reviewed journal in its field, publishing since 1956.

— Its focus is on the fundamentals of nuclear systems, theoretical physics, mathematical treatments, advanced
computational methods, nuclear data improvements, and uncertainty analysis & quantification.

— NSE publishes technical papers, technical notes, critical reviews, rapid communications, book reviews, and letters to

the editor.
IDAHO NATIONAL LABORATORY
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People / Leadership Highlight

- INL Staff Tour Korea Atomic Energy Research Institute Facility and the
Wolsung Nuclear Power Plant

* From April 23-27, representatives from INL
attended the International Conference on
Advances in Nuclear Power Plants (ICAPP
2023).

— Nuclear Science and Technology was well
represented by Division Director Jess
Gehin, Youssef Shatilla, Mark DeHart, Dr. Jess Gehin discussing advanced reactors A visit to the new KAERI facility under
W”“am PhIIIIpS and James Klng during a morning plenary session. construction near Gyeongji, Korea.

« Dr. Han Gyu Joo, President of the Korea Atomic Energy Research Institute
(KAERI), arranged special tours and social time after the conference for ldaho
National Laboratory, Argonne National Laboratory, and Oak Ridge National
Laboratory leadership. The tour included:

« Wolsung Nuclear Power Plant and the Shin Wolsong-1 OPR-1000
reactor

« New KAERI advanced reactor research site under construction at
Gimpo near Gyeongji, S. Korea L
Tour of KAERI headquarters HANARQO reactor

« Main KAERI campus in Daejon, S. Korea and the High-Flux at Dasjon, Korea.

Advanced Neutron Application Reactor (HANARO).

REACTOR SYSTEMS DESIGN & ANALYSIS | REACTOR PHYSICS METHODS & ANALYSIS
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People / Leadership Highlight

Curtis Smith Presented with the Idaho State University 2023 Professional
Achievement Award for the College of Science and Engineering

« Dr. Curtis Smith, Director of the Nuclear Safety and
Regulatory Research Division at INL, was awarded two
awards:

— The ldaho State University (1ISU) 2023
Professional Achievement Award for the College of
Science and Engineering

« This award recognizes individuals who
have made a significant impact in the science
and engineering profession, community, and
at ISU.

— The American Nuclear Society 2023 Fellow Award
 This distinction of Fellow is awarded to

American Nuclear Society members for Award winner Curtis _
outstanding accomplishments in the area of Smith. Curtis Smith’s Professional
nuclear science and engineering. Achievement Award from

Idaho State University.

IDAHO NATIONAL LABORATORY

« Smith has dedicated 33 years of service to INL in a
variety of positions.

NUCLEAR SAFETY AND REGULATORY RESEARCH
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People / Leadership Highlight

Pattrick Calderoni Nominated as United States Technical Advisor for the
International Atomic Energy Alliance Technical Working Group on
Nuclear Power Plant Instrumentation and Control

« The International Atomic Energy Agency (IAEA) Technical Working cﬂ ‘a&
Group on Nuclear Power Plant Instrumentation and Control (TWG- IAEA
NPPIC) is a group of experts from IAEA member states nominated by Ll MOy SN
their governments and appointed by the IAEA Deputy Director

General.

« Experts advise the IAEA and support the program implementation in
the area of instrumentation and control (1&C) and human-system
interface technologies.

* In May 2023, Pattrick Calderoni was nominated as United States
Technical Advisor:

— Pattrick Calderoni is the National Technical Director (NTD) for the
DOE-NE Advanced Sensor and Instrumentation (ASI) program.

— Only two representatives were nominated nationwide.

— Calderoni’s ASI NTD nomination reflects the growing interest in
|&C technologies for advanced reactor concepts.

NUCLEAR FUELS & MATERIALS
pattrick.calderoni@inl.gov

U.S. IAEA TWG-NPPIC Technical
Advisor Nominee Pattrick Calderoni.
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People/Leadership Highlight

- INL Hosts the 46t Actinide Separations Conference

INL welcomed scientists and engineers to the Actinide Separations Conference. This is an annual
conference to discuss the latest research related to recovery, isolation, and purification of actinide

elements.
« The conference was held May 16—18 at INL Meeting Center.
* INL hosted 152 attendees representing 7 national laboratories, 14 universities, and 8 countries.

ACTINIDE
5 1 separamONs
CONFERENCE

46th Annual
Actinide Separations Conference

Energy Innovation Laboratory Meeting Center
Idaho Falls, ID

May 16-18, 2023

5
NN st Notrd oborsry

Group photo of 46! Actinide Separations Conference attendees.

IDAHO NATIONAL LABORATORY
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People/Leadership Highlight

- Nuclear Science User Facilities Director Brenden Heidrich
Joins Editorial Board for Open-access Research Journal

« Brenden Heidrich, the Nuclear Science User Facilities (NSUF) director, has
been appointed to the editorial board of a new open-access journal of the
American Nuclear Society (ANS).

« The soon-to-be-launched publishing platform Nuclear Science and
Technology Open Research (NSTOR) is an exciting joint initiative between
the ANS and publisher F1000.

« The new platform aims to publish academic works on all areas of nuclear
research and will focus on some areas not represented in their current
technical journals.

« Through the Department of Energy’s Office of Nuclear Energy, the NSUF is
committed to providing easy access to data. This journal:

- Maximizes the potential for research to be have real-world impact.

— Accelerates research progress, meaning new insights and innovations
will be available to those who need them more rapidly.

— Facilitates collaboration, engagement and research dialogue through
open data sharing, transparency and attribution.

)
4] W \uclear Science
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NSUF Director Brenden Heidrich.
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Publications

- Garrett, L., M. Burger, A. Burak, X. Sun, P. Sabharwall, and I. Jovanovic. “Monte Carlo Analysis of
Coolant Stream Impurity Gamma Emissions in Gas-Cooled Fast Reactors,” Nuclear Technology
Journal, 2023. https://www.tandfonline.com/doi/full/10.1080/00295450.2023.2196233.

* Horne G., Conrad J., Woods M.. 2023. "Radiolytic evaluation of select sulfur chlorides (S2CI2 and
SOCI2) for advanced low temperature chlorination of zirconium-based used nuclear fuel cladding."
Radiation Physics and Chemistry. Vol. 206. https://doi.org/10.1016/j.radphyschem.2022.110732.

- J. D. Bess, P. Blaise, O. Buss, M. D. DeHart, M. Fleming, I. Hill, G. llas, T. lvanova, E. lvanov, W. J.
Marshall, J.-F. Martin, T. M. Miller, C. G. Percher, A. Petruzzi, U. S Rohatgi, T. E. Valentine,

“Engagement opportunities in OECD NEA benchmark development,” Frontiers in Energy Research,
11, 2023. https://www.frontiersin.org/articles/10.3389/fenrg.2023.1085788/full.

- J. D. Bess, T. lvanova, I. Hill, J.-F. Martin, J. B. Briggs, L. Scott, M. D. DeHart, C. G. Percher, W. J.
Marshall, P. Blaise, “Intrinsic value of the international benchmark projects, ICSBEP and IRPhEP,
for advanced reactor development,” Frontiers in Energy Research, 11, 2023.

https://www.frontiersin.org/articles/10.3389/fenrg.2023.1085788/full.




Publications

* Mandujano, H. Cein, Tafere, Melaku Sisay, Muniraju, Naveen Kumar Chogondahalli, Creason, Tielyr
D., McWhorter, Timothy M., Gofryk, K., Heitmann, T. W., Zhang, Qiaobao, Saparov, Bayrammurad,
Nair, H. S.. 2023. "Magnetic structures and excitations in sawtooth olivine chalcogenides Mn2SiX4
(X =S, Se)." DALTON TRANSACTIONS. Vol. 52. https://doi.org/10.1039/D3DT00052D.

« Matthews, Christopher, Novascone, Stephen, Casagranda, A, Aagesen, L., Unal, Cetin, Andersson,
David. 2023. "Development and formulation of physics based metallic fuel models and comparison
to integral irradiation data." JOURNAL OF NUCLEAR MATERIALS. Vol. 578.
https://doi.org/10.1016/j.jnucmat.2023.154343.

« Meehan, Nicholas A., Seo, Seok Bin, Howard, T. K., Brown, Nicholas R.. 2023. "Sensitivity Analysis
of Transient Critical Heat Flux by RIA Under High-Pressure Flow Boiling Conditions in TRTL."
NUCLEAR TECHNOLOGY. https://doi.org/10.1080/00295450.2023.2195355.

* Murray, Micaih J., Jones, Matthew M., Peterman, Dean R., Neal, Sharon L.. 2023. "Monitoring the
impact of ionizing radiation on CdSe/ZnS semiconductor quantum dot photoluminescence."

RADIATION PHYSICS AND CHEMISTRY. Vol. 206.

https://doi.org/10.1016/j.radphyschem.2022.110731.




Publications

- Skifton, R., 2023. High-temperature irradiation-resistant thermocouple instability model for in-pile
reactor use. Front. Energy Res. 11:1099584. doi: 10.3389/fenrg.2023.1099584.

- Slaughter, A. E., Prince, Zachary M., German, Peter, Halvic, lan, Jiang, W., Spencer, B. W.,
Dhulipala, Somayajulu L. N., Gaston, D. R.. 2023. "MOOSE Stochastic Tools: A module for
performing parallel, memory-efficient in situ stochastic simulations." SOFTWAREX. Vol. 22.
https://doi.org/10.1016/j.s0ftx.2023.101345.

« Smith, C, Bawane, Kaustubh, Salvato, Daniele, Bachhav, Mukesh, Keiser, D., Miller, Brandon, Gan,
J, Jue, J. F., Choe, Dong, Gilbreath, Paul, Hanson, William. 2023. "Early self-organization of fission
gas bubble superlattice formation in neutron-irradiated monolithic U-10Mo fuels." JOURNAL OF
NUCLEAR MATERIALS. Vol. 578. https://doi.org/10.1016/j.jnucmat.2023.154358.

« Song, M., Yang, Jingfan, Liu, Xiang, Hawkins, Laura R., Jiao, Zhijie, He, Lingfeng, Zhang,
Yongfeng, Schwen, D, Lou, Xiaoyuan. 2023. "Void swelling in additively manufactured 316L
stainless steel with hafnium composition gradient under self-ion irradiation." JOURNAL OF
NUCLEAR MATERIALS. Vol. 578. https://doi.org/10.1016/j.jnucmat.2023.154351.
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- Publications

- Wang, Yifei, Mezyk, S. P., McLachlan, Jeffrey R., Grimes, Travis S., Zalupski, P. R., O'Bryan, Hailie
M. T., Cook, Andrew R., Abergel, Rebecca J., Horne, Gregory P.. 2023. "Radiolytic Evaluation of
3,4,3-LI(1,2-HOPO) in Aqueous Solutions." JOURNAL OF PHYSICAL CHEMISTRY B. Vol. 127.
https://doi.org/10.1021/acs.jpcb.3c01469.

» Yadav, Dileep Kumar, Zhang, Qiaobao, Gofryk, K., Nair, H. S., Uma, Sitharaman. 2023. "Evidence
of Long-Range and Short-Range Magnetic Ordering in the Honeycomb Na3Mn2SbO6 Oxide."
INORGANIC CHEMISTRY. https://doi.org/10.1021/acs.inorgchem.3c00666.

« Zhang Y., McMurtrey M., Anasori B., Kempf N., Zeng M., Kirsch D.J., Tanvir A.N.M., Martin J., Du Y.,
Saeidi-dJavash M., Wyatt B.C., Bimrose M.V., Jin L., Xu H., Wei C., Jiang Q., Chen J., Hayashi T.,
Sakaue H.. 2023. "High-throughput printing of combinatorial materials from aerosols." Nature. Vol.
617. https://doi.org/10.1038/s41586-023-05898-9.
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