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Welcome from Idaho National Laboratory
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Dr. David Hill, Deputy Laboratory 

Director for Science and Technology, 

Idaho National Laboratory
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Welcome to ATR NSUF

Dr. Todd Allen, ATR NSUF 
Scientific Director and 

professor of engineering 
physics at the University 

of Wisconsin-Madison
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Inside This Report

This inaugural report is 
a snapshot in time and 
therefore describes activities 
that occurred in FY 2009. 

However, due to the late 
publication of this report, 
we decided some sections 
warranted a broader 
perspective of the program. 
For instance, the Call for 
Proposals section includes 
information on Rapid-
Turnaround Experiments, 
which were not initiated until 
FY 2010. Also, the Users 
Week section provides a 
combined overview of all 
Users Weeks starting in FY 
2008. Other examples can be 
found throughout the report.

We hope that including this 
additional information helps 
you see the tremendous 
growth the program has 
undergone since its inception. 
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capabilities at-a-glance

ATR NSUF — A New Model for Collaborative Research
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ATR NSUF offers university researchers and students a variety of opportunities for networking and collaborating, 
bringing the best minds together to research nuclear energy challenges.



Recent DOE-NE documents are useful guides for understanding 
the direction of nuclear energy research:

•  Nuclear Energy Research and Development Roadmap: 
Report to Congress — a plan for research, development 
and demonstration activities that will ensure nuclear energy 
remains viable energy option for the U.S.

•  Nuclear Energy Enabling Technologies (NEET) Workshop 
Report — a report of the recent meeting with stakeholders 
to obtain their input on the crosscutting technology needed 
to support NE roadmap objectives and to inform a possible 
solicitation for transformative, “out-of-the-box” solutions 
across the full range of nuclear energy technology issues

 • 2010 Performance Plan — a review of FY 2009 
performance and FY 2010 objectives in critical program 
areas with an overview of NE programs, funding profile and 
designated role within the DOE Strategic Plan.

Supporting the DOE-NE Roadmap
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For more information

Visit the DOE Office of 
Nuclear Energy webpage 
at http://www.ne.doe.gov/

The DOE-NE approach 
to meeting its objectives 
is described in the 
DOE-NE Research and 
Development Roadmap, 
available at http://www.

ne.doe.gov/pdfFiles/

NuclearEnergy_Roadmap_

Final.pdf
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capabilities at-a-glance
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The Advanced Test 
Reactor is essentially 
the nucleus of the ATR 
NSUF. The reactor’s 
design exploits a 
unique serpentine core 
configuration that offers 
a large number of test 
positions (see the cross-
section of the reactor 
core at right). 

Neutron flux in the 
Advanced Test Reactor 
varies from position to 
position and along the 
vertical length of the test 
position. It also varies 
with the power level in 
the lobe(s) closest to the 
irradiation position.
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Idaho National Laboratory: Advanced Test Reactor 

The Advanced Test Reactor is a water-cooled, high-flux test reactor, with a unique 
serpentine design that provides large power variations among its flux traps. The beryllium 
control cylinders contain hafnium plates, which can be rotated toward and away from the 
core, and hafnium shim rods, which withdraw vertically and can be individually inserted 
or withdrawn for minor power adjustments. The reactor’s curved fuel arrangement places 
fuel closer on all sides of the flux trap positions than is possible in a rectangular grid. The 
reactor has nine of these high-intensity neutron flux traps and 68 additional irradiation 
positions inside the reactor core reflector tank, each of which can contain multiple 
experiments. There is a hydraulic shuttle irradiation system, which allows experiments to 
be inserted and removed during reactor operation, and pressurized water reactor (PWR) 
loops, which enable tests to be performed at prototypical PWR operating conditions.

More information: https://secure.inl.gov/atrproposal/documents/
ATRUsersGuide.pdf

University Partner: Massachusetts Institute of Technology (MIT) Reactor

The MIT reactor is a 5 MW tank-type research reactor. It has three positions available for 
in-core fuel and materials experiments over a wide range of conditions. Water loops at 
pressurized water reactor/boiling water reactor (PWR/BWR) conditions, high-temperature gas 
reactor environments at temperatures up to 1400°C and fuel tests at light water reactor (LWR) 
temperatures have been operated and custom conditions can also be provided. A variety of 
instrumentation and support facilities are available. Fast and thermal neutron fluxes are up 
to 1014 and 5x1014 n/cm2–s. The MITR has received approval from the Nuclear Regulatory 
Commission for a power increase to 6 MW which will enhance the neutron fluxes by 20%. 

More information: https://secure.inl.gov/atrproposal/documents/MITR_
UserGuide.pdf

(above) MIT reactor 
facility in Cambridge, 
Mass. (left) Annular 
fuel rig in the MIT 
reactor core

University Partner: North Carolina State University (NC State) 
PULSTAR Reactor 

The PULSTAR reactor is a 1 MW pool-type nuclear research reactor located in NC 
State’s Burlington Engineering Laboratories. The reactor, one of two PULSTAR reactors 
built and the only one still in operation, uses 4% enriched, pin-type fuel consisting of 
uranium dioxide pellets in zircaloy cladding. The fuel provides response characteristics 
that are very similar to commercial light water power reactors. These characteristics 
allow teaching experiments to measure moderator temperature and power  
reactivity coefficients including doppler feedback. In 2007, the PULSTAR  
reactor produced the most intense low-energy positron beam with the  
highest positron rate of any comparable facility worldwide.

More information: https://secure.inl.gov/atrproposal/documents/
PULSTARReactor.pdf

(above) PULSTAR reactor 
facility on the NC State  

North Campus in 
Raleigh, N.C.

(right) View downward  
toward the PULSTAR  

reactor pool

(top) Advanced Test Reactor facility at the INL Site in Idaho
(below) Aerial view of the Advanced Test Reactor head
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INL: Hot Fuel Examination Facility, Analytical Laboratory, Electron Microscopy 
Laboratory

The Hot Fuel Examination Facility is a large alpha-gamma hot cell facility dedicated to remote 
examination of highly irradiated fuel and structural materials. Its capabilities include nondestructive 
examination, such as dimensional measurements and visual examination; and destructive examination, 
such as mechanical testing and metallographic/ceramographic characterization. The facility also offers 
a 250 kWth Training Research Isotope General Atomics (TRIGA) reactor used for neutron radiography to 
examine internal features of fuel elements and assemblies.

The Analytical Laboratory is dedicated to analytical chemistry of irradiated and radioactive materials. 
It offers NIST-traceable chemical and isotopic analysis of irradiated fuel and material via wide range of 
spectrometric techniques, including inductively coupled plasma mass and optical emission spectrometry 
(ICP-MS and ICP-OES), a dynamic reaction cell for inductively coupled plasma-mass spectrometry 
(ICPMS-DRC) and thermal ionization mass spectrometry (TIMS). 

The Electron Microscopy Laboratory (EML) is dedicated to materials characterization, primarily using 
transmission electron, scanning electron and optical microscopy. The EML also houses a dual-beam 
Focused Ion Beam (FIB) that allows examination and small-sample preparation of radioactive materials 
for further atom probe, transmission electron microscopy (TEM) and micro-mechanical testing. Part of 
the laboratory is dedicated to sample preparation, providing researchers with support, equipment, safety 
systems and procedures to prepare samples of diverse materials for analysis.

More information: https://secure.inl.gov/atrproposal/documents/PIECapabilitiesGuide.pdf

(above top) Hot Fuel Examination Facility, 
located at the Materials and Fuels 
Complex at DOE’s INL Site in Idaho 
(below) A dual-beam Focused Ion Beam  
at the Center for Advanced Energy  
Studies (CAES)

capabilities at-a-glance
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University Partner: University of Nevada, Las Vegas (UNLV) 
Harry Reid Center Radiochemistry Laboratories 

Post-irradiation examination capabilities at the Radiochemistry Laboratories 
include metallographic microscopy, x-ray powder diffraction, Rietveld 
analysis, scanning electron and transmission electron microscopy, electron 
probe microanalysis and x-ray fluorescence spectrometry.

More information: https://secure.inl.gov/atrproposal/documents/
UNLVPartnerFacilityUserGuide.pdf

Post-irradiation examination capabilities at the Harry Reid 
Center Radiochemistry Laboratories, located on the UNLV 
campus in Las Vegas, Nev.

University Partner: University of Wisconsin–Madison 
(UW-M) Characterization Laboratory for Irradiated 
Materials

The Characterization Laboratory for Irradiated Materials offers post-
irradiation examination capabilities including scanning electron and 
transmission electron microscopy on neutron-irradiated materials.

More information: https://secure.inl.gov/atrproposal/
documents/UniversityofWisconsinCLIMGuide.pdf

A JEOL 200CX TEM 
equipped with EDS 
and scanning system, 
and an electropolisher 
and dimpler at the 
Characterization 
Laboratory for 
Irradiated Materials, 
located on the  
UW-M campus in 
Madison, Wis.

University Partner: North Carolina State University  
(NC State) Nuclear Services Laboratories

Post-irradiation examination capabilities at NC State’s Nuclear  
Services laboratories include neutron activation analysis, radiography  
and imaging capabilities and positron spectrometry.

More information: https://secure.inl.gov/atrproposal/
documents/PULSTARReactor.pdf

The Positronium 
Annihilation Lifetime 

Spectrometer, 
located in the 

PULSTAR reactor 
facility on the  

NC State North 
Campus in  

Raleigh, N.C.

University Partner: University of Michigan (U-M)  
Irradiated Materials Complex 

The Irradiated Materials Complex provides capabilities (laboratories 
and hot cells) for conducting high-temperature mechanical properties, 
and corrosion and stress corrosion cracking experiments on neutron 
irradiated materials in an aqueous environment, including supercritical 
water, and for characterizing the fracture surfaces after failure.

More information: https://secure.inl.gov/atrproposal/
documents/UniversityofMichiganIMCandMIBLFacilities.pdf

Capabilities at the 
Irradiated Materials 
Complex on the U-M 
campus in Ann Arbor, Mich.
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University Partner: Illinois Institute of 
Technology (IIT) Beamline at Argonne 
National Laboratory’s Advanced 
Photon Source

The Materials Research Collaborative Access 
Team (MRCAT) beamline offers a wide array of 
synchrotron radiation experiment capabilities, 
including x-ray diffraction, x-ray absorption, 
x-ray fluorescence and 5 μm spot size 
fluorescence microscopy. 

More information: https://secure.
inl.gov/atrproposal/documents/
AdvancedPhotonSource.pdf

capabilities at-a-glance

Aerial view of the Advanced Photon Source at Argonne 
National Laboratory, located in Argonne, Ill.
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University Partner: North Carolina State University 
(NC State) PULSTAR Reactor Facility

The PULSTAR reactor facility offers a selection of dedicated 
irradiation beam port facilities — neutron powder diffraction, 
neutron imaging, intense positron source and ultra-cold neutron 
source. An intense positron source has been developed to supply 
a high rate positron beam to two different positron/positronium 
annihilation lifetime spectrometers.

More information: https://secure.inl.gov/atrproposal/
documents/PULSTARReactor.pdf

Positron beam cave containing magnetic switchyards and transport 
solenoids, located in the PULSTAR reactor facility on the NC State 
North Campus in Raleigh, N.C.

University Partner: University of Michigan (U-M) 
Michigan Ion Beam Laboratory 

The 1.7 MV Tandetron accelerator in the Michigan Ion Beam 
Laboratory offers controlled temperature proton irradiation 
capabilities with energies up to 3.4 MeV as well as heavy ion 
irradiation.

More information: https://secure.inl.gov/
atrproposal/documents/UniversityofMichigan 
IMCandMIBLFacilities.pdf

Michigan Ion Beam Laboratory for Surface Modification and 
Analysis, located on the U-M campus in Ann Arbor, Mich.

University Partner: University of Wisconsin–
Madison (UW-M) Tandem Accelerator Ion Beam

A 1.7 MV terminal voltage tandem ion accelerator (Model 
5SDH-4, National Electrostatics Corporation Pelletron 
accelerator) installed at UW-M features dual ion sources for 
producing negative ions with a sputtering source or using a 
radio frequency (RF) plasma source. The analysis beamline 
is capable of elastic recoil detection and nuclear reaction 
analysis.

More information: https://secure.
inl.gov/atrproposal/documents/
UniversityofWisconsinCLIMGuide.pdf

Tandem Ion Beam 
Accelerator, 

located on the 
UW-M campus in 

Madison, Wis.
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For more information

Mitchell K. Meyer
Scientific Programs 
Manager 
(208) 526-6833 
mitchell.meyer@inl.gov
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Open Calls 
Irradiation, Post-Irradiation Examination, Critical 
Facility and Synchrotron Radiation Experiments
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Since the first call for 
research in 2008, the 
ATR NSUF program 
has funded 27 projects 
with approximately 81 
participating researchers 
from 21 institutions. 
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For more information

Frances Marshall
ATR Experiment Program Manager 
(208) 526-8947 
frances.marshall@inl.gov

For more information

Mary Catherine Thelen
Program Administrator
(208) 526-5209
mary.thelen@inl.gov
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Other Calls
Rapid-Turnaround Experiments
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An ATR NSUF Users 
Week participant 
looks into the Hot 
Fuel Examination 
Facility during a tour of 
INL’s post-irradiation 
examination facilities at 
the Material and Fuels 
Complex.
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Some of the participants at 
the FY 2009 Users Week 
gather for a group photo. �������	��$��$�-��.
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Since its inception in 2007,  
ATR NSUF Users Weeks has 
welcomed more than 326 
participants from around the world, 
including faculty and students from 
32 universities across the U.S.
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— Dennis Miotla, DOE-Office of Nuclear Energy  
Deputy Assistant Secretary for Nuclear Power 

Deployment, speaking at the second annual  
ATR NSUF User’s Week dinner

For more information

http://atrnsuf.inl.gov/

Users/UsersWeek/

tabid/164/Default.aspx
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Two researchers listen 
intently during a Users Week 
Research Forum.
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User’s Week provides researchers and students with opportunities for learning, 
networking and collaborating with others who share an interest in nuclear researcher.
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Additional Educational Programs and Opportunities

For more information

Jeff Benson
Education Coordinator
(208) 526-3841
jeff.benson@inl.gov
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—  Dr. Jeff King, the lead for a faculty-student research team from Colorado School of 
Mines and the Missouri University of Science and Technology
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Each ATR NSUF research project summarized 
in this report can be reviewed at a glance.

A green sidebar at the left side of each project 
summary highlights the DOE-NE research and 
development needs that the project addresses. 

The U.S. map at the upper left of the summary 
highlights one of ATR NSUF’s distinguishing 
characteristics — its broadly collaborative 
nature. For each project, the highlighted states 
represent the locations of those involved, 
including:

•   ATR NSUF as well as any partner facilities

•   Research team members — principal 
investigators, project engineers, 
students and other collaborators from 
universities and national laboratories 
from across the U.S. The locations of 
collaborators from industries or other nations 
are not highlighted on the map. 

Below the map is an array that 
represents the ATR NSUF distributed 
partnership. It highlights the specific 
partners involved in the research 
project.

The table, located at the bottom left, 
includes important details about the 
project, including:

•   ATR NSUF and partner 
capabilities utilized

•    Materials or instrumentation 
addressed in the research as well 
as specific related information

•   A list of team members and 
collaborators.

Acronyms Used in This Report

The ATR reactor vessel is a cylinder that is 12 feet in diameter, 36 feet 
in height and constructed of stainless steel. The reactor’s core, which 

includes 40 fuel elements, is 4 feet in diameter and height.
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Irradiation Test Plan for the ATR National Scientific User 
Facility (Pilot Project)
Kumar Sridharan, principal investigator (University of Wisconsin–Madison)
e-mail: kumar@engr.wisc.edu
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This project was the pilot project for 
the ATR/NSUF program. Not only was it 
instrumental in streamlining technical and 
programmatic management of irradiation and 
post-irradiation examination experiments, it 
paved the way for successful and efficient 
interaction between the ATR-NSUF program 
and university users in the future.

Table 1. ATR NSUF Partner Facilities/Capabilities

INL Advanced Test Reactor, PIE facilities

UW–M PIE facilities

Table 2. Materials Description

Ferritic-martensitic steels
• HT-9 (from INL, ORNL and LANL)a 
• T91
• NF616
• 9Cr nanostructured oxide-dispersion 

strengthened (ODS) steel (from JAEA)a 
• grain boundary engineered HCM12A
• Fe-Cr binary alloys

All samples irradiated to 
3 and 6 dpa at  
300, 400, 500, 700°C

Austenitic alloys (from UW-M) 
• 800H
• NF709
• D9 
• Super 304H 
• HT-UPS-AX-6 (developed at ORNL)a

Fe-Cr-Mo-B metallic glasses (from UW-M)

Ceramic materials 
• SiC 
• ZrO2-MgO

Metals and a refractory alloy
• W (from Westinghouse)a

• Ag (from Westinghouse)a

• ODS-Mo

Table 3. Team Members/Collaboratorsa

• UW-M — Kumar Sridharan (principal investigator); Yong Yang, Jon McCarthy (investigator/project 
engineers); Peng Xu (post-doctoral investigator); Alicia Certain, Kevin Field, Tyler Gerczak (graduate 
students); Shuhong Nie (visiting scientist)

• INL — Heather MacLean (principal investigator); Mitchell Meyer (investigator/project engineer)
• University of Idaho, INL — Ram Prabhakaran (graduate student)
• U-M — George Jiao (investigator/project engineer); Janelle Warley (graduate student)
• Pennsylvania State University — Cem Topbasi (graduate student)
• University of South Carolina — Djamel Kaoumi (investigator/project engineer)

a. Additional participants/collaborators included Oak Ridge National Laboratory (ORNL); Los Alamos National Laboratory (LANL); 
Japan Atomic Energy Agency (JAEA); Westinghouse; Alabama A&M; University of California, Berkeley

project at-a-glance
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Example

ATR Advanced Test Reactor
ATR-C Advanced Test Reactor-Critical facility
ATR NSUF Advanced Test Reactor National Scientific User Facility
DOE-NE U.S. Department of Energy Office of Nuclear Energy
dpa displacements per atom
IIT Illinois Institute of Technology
INL Idaho National Laboratory
MIT Massachusetts Institute of Technology
nm nanometer 

NC State North Carolina State University 
PIE post-irradiation examination 
PIE post-irradiation examination
SEM scanning electron microscopy
TEM transmission electron microscopy
μm micrometer
U-M University of Michigan
UW-M University of Wisconsin–Madison
UNLV University of Nevada, Las Vegas
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Irradiation Test Plan for the ATR National Scientific User 
Facility (Pilot Project)
Kumar Sridharan, principal investigator (University of Wisconsin–Madison)
e-mail: kumar@engr.wisc.edu

This research program was the pilot project 
for the ATR NSUF program. Not only was it 
instrumental in streamlining technical and 
programmatic management of irradiation and 
post-irradiation examination (PIE) experiments, 
it paved the way for successful and efficient 
interaction between the ATR NSUF program 
and university users in the future.

Table 1. Project Details — Irradiation Test Plan for the ATR NSUF (pilot project)

ATR NSUF and Partners – Facilities and Capabilities

INL Advanced Test Reactor, PIE facilities

UW–M PIE facilities

UNLV PIE facilities

Materials Description

Ferritic-martensitic steels
• HT-9 (from INL, ORNL and LANL)a 
• T91
• NF616
• 9Cr nanostructured oxide-dispersion 

strengthened (ODS) steel (from JAEA)a 
• grain boundary engineered HCM12A
• Fe-Cr binary alloys

All samples irradiated to 3 and 6 dpa at 300, 400, 500, 700°C

Austenitic alloys (from UW-M) 
• 800H
• NF709
• D9 
• Super 304H 
• HT-UPS-AX-6 (developed at ORNL)a

Fe-Cr-Mo-B metallic glasses (from UW-M)

Ceramic materials 
• SiC 
• ZrO2-MgO

Metals and a refractory alloy
• W (from Westinghouse)a

• Ag (from Westinghouse)a

• ODS-Mo

Team Members/Collaboratorsa

• UW-M — Kumar Sridharan (principal investigator); Yong Yang, Jon McCarthy (co-investigators); Peng Xu 
(post-doctoral investigator); Alicia Certain, Kevin Field, Tyler Gerczak (graduate students); Shuhong Nie 
(visiting scientist)

• INL — Heather MacLean (principal investigator)
• University of Idaho, INL — Ram Prabhakaran (graduate student)
• U-M — Gary Was and George Jiao (collaborators); Janelle Warley (graduate student)
• Pennsylvania State University — Arthur Motta (collaborator); Cem Topbasi (graduate student)
• University of South Carolina — Djamel Kaoumi (collaborator)

a. Additional participants/collaborators included Oak Ridge National Laboratory (ORNL), including Shared Research Equipment 
(SHaRE) program; Los Alamos National Laboratory (LANL), including Los Alamos Neutron Science Center (LANSCE);  
Japan Atomic Energy Agency (JAEA); Westinghouse; Alabama A&M; University of California, Berkeley; and National Institute  
of Standards and Technology (NIST). 
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SiC temperature
monitors

(~12.5 mm length)

Miniature tensile
samples

(16mm length)

U.S. penny
(19mm length)

TEM disks
(3mm length)
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— Kumar Sridharan, Ph.D., Fellow of American Society for Materials, 
Distinguished Research Professor, College of Engineering,  

University of Wisconsin–Madison

Figure 1. The geometries of 3- and 6-dpa irradiated samples — 3-mm TEM disks; miniature tensile 
samples and rectangular silicon-carbide temperature monitors — are shown enlarged (top) and at their 
approximate actual size (bottom). A U.S. penny is shown as a basis for comparison.
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Irradiation of Potential Inert Matrix Materials
Juan Claudio Nino, principal investigator (University of Florida)
e-mail: jnino@mse.ufl.edu

project at-a-glance
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Table 1. Project Details — Irradiation of Potential Inert Matrix Materials

ATR NSUF and Partners – Facilities and Capabilities

INL Advanced Test Reactor, PIE facilities

Materials Description

• MgO·1.5Al2O3
• MgAl2O4
• MgO
• Nd2Zr2O7
• 0.7MgO-0.3Nd2Zr2O7
• Mg2SnO4

All samples irradiated to 1 and 2 dpa at 350 and 700°C

Team Members/Collaborators

• University of Florida — Juan Claudio Nino (principal investigator);  
Donald Moore and Peng Xu (graduate students)

• INL — Pavel Medvedev (principal investigator); Mitchell Meyer (manager); Gregg Wachs (project 
engineer)
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— Juan Claudio Nino, Ph.D., Associate Professor, Materials Science and 
Engineering, University of Florida, Gainesville, Fla.

Figure 1. (clockwise from top left): Pavel Medvedev, INL principal investigator and Donald Moore, a 
University of Florida graduate student, prepare to load samples at INL; the new hardware design for 
loading TEM samples; closeup of the assembly hardware at the beginning of sample loading; Moore 
loads samples onto the sleeve and basket fixture assembly.
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Influence of Fast Neutron Irradiation on the Mechanical 
Properties and Microstructure of Nanostructured Metals/
Alloys
K. L. Murty, principal investigator (North Carolina State University)
e-mail: murty@ncsu.edu

project at-a-glance
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Table 1. Project Details — Influence of Fast Neutron Irradiation on the Mechanical Properties and 
Microstructure of Nanostructured Metals/Alloys

ATR NSUF and Partners – Facilities and Capabilities

INL Advanced Test Reactor, PIE facilities

NC State PULSTAR reactor, PIE facilities

Materials Description

• Cu
     - nc-Cu 
     - conventional-Cu
• Nickel
     - nc-Ni
     - conventional Ni
• Steel
     - ultrafine-grained
     - conventional
• Oxide-dispersed strengthened alloys
     - MA-956
     - MA-754

• Cu samples irradiated in PULSTAR reactor up to 0.34 dpa 
and in Advanced Test Reactor to 1 and 2 dpa

• Remaining samples irradiated to 1 and 2 dpa

Team Members/Collaborators

• NC State — K. L. Murty (principal investigator); Walid Mohamed (Ph.D. candidate)
• University of Idaho — Indrajit Charit (co-principal investigator);  

Ramprashad Prabhakaran (Ph.D. candidate)
• INL — Douglas Porter (principal investigator)
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 — K. L. Murty, Ph.D., Director of Graduate Programs and Professor, 
Nuclear Engineering, and Materials Science and Engineering,  

North Carolina State University
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Figure 1. Stress-strain curves for conventional copper 
(below left) and nanocrystalline copper (below right) show 
radiation-induced hardening for conventional copper.

��������	
������������
��
������		�
�����������	�	����������		�
�����������	�	����

�
�


��
	#


	
��

#�

-�
LM

�#
�	

�

;�
#�

	�

Figure 2. Microhardness measurements of the nanocrystalline copper show radiation-
induced hardness variations relative to variations in dosage levels (dpa).

����������	
�������
	��������	��	����

�	�������	

����������
����������	��	����

�	�������	

����������
��

���������	��	��������
������	

Figure 3. Microstructure 
evolution is shown in TEM 

samples: conventional copper 
(below, top) and nanocrystalline 

copper (middle and bottom).
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Irradiation Performance of Fe-Cr Base Alloys
James F. Stubbins, principal investigator (University of Illinois)
e-mail: jstubbins@staff.uiuc.edu
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Table 1. Project Details — Irradiation Performance of Fe-Cr Base Alloys

ATR NSUF and Partners – Facilities and Capabilities

INL Advanced Test Reactor, PIE facilities

Materials Description

Model alloys
• Fe
• Fe-9Cr
• Fe-9Cr-0.1C
• Fe-9Cr-0.5C
• Fe-12Cr
• Fe-12Cr-0.2C
• Fe-12Cr-0.5C
• Fe-14Cr*
• Fe-19Cr*
Commercial alloys
• T91
• HT-9
Developmental alloy
• MA-957
* Single crystal materials, no miniature 
tensile samples

All samples irradiated to 0.01, 0.1, 0.5, 1.0, 5.0 and 10.0 dpa 
at 300, 450, 550°C

Team Members/Collaborators

• University of Illinois — James Stubbins (principal investigator)
• INL — Jian Gan (principal investigator); Maria Okuniewski (co-investigator);  

Gregg Wachs (project engineer)
• University of Idaho — Carolyn Tomchik (graduate student)
• Georgia Institute of Technology — Chaitanya Deo (collaborator)
• General Electric Company — Eric Loewen (collaborator)
• Los Alamos National Laboratory — Stuart Maloy (collaborator)
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— J. F. Stubbins, Ph.D., Department Head and Professor,  
Nuclear, Plasma and Radiological Engineering, University of Illinois

Figure 1. Dark field microscopic images show 50-nm samples of pure Fe, Fe-14Cr and Fe-19Cr single crystal material that were irradiated 
at the Intermediate Voltage Electron Microscope/Tandem Facility at Argonne National Laboratory. The samples were irradiated at 450°C 
with irradiation doses of (each row, from left): 0, 1 x 1014, 4 x 1014, 7 x 1014 and 1 x 1015 ion/cm2. Alloy samples of the same materials will 
be subjected to neutron irradiation at similar dosage levels in the Advanced Test Reactor and re-examined.
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Characterization of Advanced Structural Alloys for 
Radiation Service
G. R. Odette, principal investigator (University of California, Santa Barbara)
e-mail: odette@engineering.ucsb.eduproject at-a-glance
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Table 1. Project Details — Characterization of Advanced Structural Alloys for Radiation Service

ATR NSUF and Partners – Facilities and Capabilities

INL Advanced Test Reactor, PIE facilities

Materials Description

• Tempered martensitic steels
• Nanostructured ferritic alloys
• Mn-Mo-Ni bainitic pressure vessel 

steels
• Stainless steel
• Simple model alloys

• Samples irradiated to approximately 1.5-6 dpa at 
temperatures between 300 and 750°C

Team Members/Collaborators

• University of California, Santa Barbara — G. R. Odette (principal investigator)  
David Gragg, Doug Klingensmith, Ben Sams, Takuya Yamamoto (co-principal investigators);  
Nicholas Cunningham (Ph.D. candidate)

• INL — Jim Cole (principal investigator); Paul Murray, Gregg Wachs, Tony Walters (project engineers)
• Los Alamos National Laboratory — S. Maloy (collaborator)
• Oak Ridge National Laboratory — J. Busby (collaborator)
• Pacific Northwest National Laboratory — R. Kurtz, M. Toloczko (collaborator)
• University of California, Berkeley — B. D. Wirth (collaborator)
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— G. R. Odette, Ph.D., Professor, Mechanical Engineering and Materials, 
 University of California Santa Barbara

Temperature scale is 270°C–303°C

Specimen
Temperature
Range:
± 6.5°C

G2494-76a

Figure 1. An example of a 300°C isothermal temperature packet.

Fe-15Cr TiW Ni Foils
G2494-76b

Figure 2. Two sample configurations include: (left) a typical diffusion multiple specimen for Fe-W-Cr-Ti and (right) a nickel foil wedge specimen 
stack-up for in situ helium implantation studies.
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Advanced Non-Destructive Assessment Technology to 
Determine the Aging of Silicon-Containing Materials for 
Generation IV Nuclear Reactors
David L. Olson, principal investigator (Colorado School of Mines)
e-mail: dolson@mines.edu
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Table 1. Project Details — Advanced Non-Destructive Assessment Technology to Determine the 
Ageing of Silicon-Containing Materials for Generation IV Nuclear Reactors

ATR NSUF and Partners – Facilities and Capabilities

INL PIE facilities

MIT MIT reactor, PIE facilities

Materials Description

• SiC Samples irradiated to fluence of 1019 cm-2

Team Members/Collaborators

• Colorado School of Mines — David L. Olson (principal investigator); Michael Kaufman, Jeff King, 
Brajendra Mishra (investigator/project engineers); Travis Koenig (Ph.D. candidate)

• INL — Mitchell Meyer (principal investigator); Jim Cole, Rory Kennedy (investigators)
• MIT — Lin-wen Hu, Gordon Kohse (collaborators)

Note: A related ATR NSUF 
project, “Radiation Stability 
of Ceramics for Advanced 
Fuel Applications,” is 
discussed on page 24 of this 
report.
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— David L. Olson, Ph.D., PE, John Henry Moore Distinguished Professor of 
Metallurgical Engineering; Professor of Metallurgical and Materials Engineering 

Lead Scientist, Materials Science Program, Colorado School of Mines

Figure 1. The preliminary results indicate a correlation between irradiation level and impedance in 
irradiated silicon carbide, a future reactive fuel clad material.
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Real-Time ATR-C Flux Sensors
George Imel and Jason Harris, principal investigators (Idaho State University)
e-mail: gimel@isu.edu or harris@physics.isu.edu
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Table 1. Project Details — Real Time ATR-C Flux Sensors

ATR NSUF and Partners – Facilities and Capabilities

INL Advanced Test Reactor, PIE facilities

In-reactor Instrumentation Description

• Sub-miniature fission chambers
• Self-powered neutron detectors 

(SPNDs)
• Back-to-back fission chambers (BTBs)

Detectors installed in Advanced Test Reactor-Critical facility 
and compared

Team Members/Collaborators

• Idaho State University — George Imel, Jason Harris (principal investigators);  
Eric Bonebreak (M.S. candidate, mechanical engineering)

• INL — Joy Rempe (principal investigator)
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Figure 1. A sub-miniature fission chamber (bottom), a 
real-time state-of-the-art in-pile flux detection instrument 
developed by the Commissariat de Energie Atomique, is one 
of the flux detector technologies that will be assessed at the 
Advanced Test Reactor. A matchstick is shown as a basis for 
comparison.

�	�
�

������
Figure 2. Another flux detector that will be assessed is a 
commercially available self-powered neutron detector (SPND).

Figure 3. The third type of flux detector that will be assessed 
is a back-to-back (BTB) fission chamber, shown closed above 
right and open below. 

/�������&��#����������(�!�����(�������$����8�#�����!�(�$�
��$���#���$����*�'��5�'�D5�����3��**�$$������(����������
���*�<������	���#�4���(�������������>�����$������<���������������
�����!�������������&��*��E�)�(���#���$26

— George Imel, Ph.D., Professor, Founding Dean,  
College of Science and Engineering, Idaho State University
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A High Fluence Embrittlement Database and ATR Irradiation 
Facility for Light Water Reactor Vessel-Life Extension
G. R. Odette, principal investigator (University of California, Santa Barbara)
e-mail: odette@engineering.ucsb.eduproject at-a-glance

D
O

E-N
E N

eed: Advanced Structural M
aterials 

Table 1. Project Details — A High Fluence Embrittlement Database and ATR Irradiation Facility for 
Light Water Reactor Vessel-Life Extension

ATR NSUF and Partners – Facilities and Capabilities

INL Advanced Test Reactor, PIE facilities

Materials Description

• Reactor pressure vessel steels (variety 
to be determined)

• Model alloys (variety to be determined)a

Samples irradiated to approximately 3.8x1012 n/cm2-s at 255, 
270, 290, 310°C

Team Members/Collaboratorsa

• University of California, Santa Barbara — G. R. Odette (principal investigator);  
Takuya Yamamoto (co-principal investigator); Doug Klingensmith (investigator/project engineer);  
N. Reilly-Shapiro, S. Cun, J. Krafve, S. Kabachek (undergraduate research team)

• INL — Mitchell Meyer (principal investigator); Paul Murray, M. Sprenger (project engineers)
• Oak Ridge National Laboratory — Randy Nanstad (collaborator)
• University of California, Berkeley — B. D. Wirth (collaborator)

a. Additional participants/collaborators in the effort to identify and acquire alloys include: Bill Server at ATI Consulting;  
Rolls Royce Marine Power; Electric Power Research Institute; Bettis Atomic Power Laboratory; Central Research Institute  
of Electric Power Industry (Japan)
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Figure 1. Flux-fluence map for reactor pressure vessel steel irradiations.
Figure 2. The preliminary design of the irradiation capsule shows 
the cross section and gas gap controlled temperature profile.
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— G. R. Odette, Ph.D., Professor, Mechanical Engineering and Materials, 
 University of California Santa Barbara
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Irradiation Effect on Thermophysical Properties of 
Hafnium-Aluminide Composite: A Concept for Fast 
Neutron Testing at ATR
Heng Ban, principal investigator (Utah State University)
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Table 1. Project Details — Irradiation Effect on Thermophysical Properties of Hafnium-Aluminide 
Composite: A Concept for Fast Neutron Testing at ATR

ATR NSUF and Partners – Facilities and Capabilities

INL Advanced Test Reactor, PIE facilities

Materials Description

• Al3Hf
• Al3Hf-Al composite

Sample fabrication and measurement completed; irradiation 
test plan prepared

Team Members/Collaborators

• Utah State University — Heng Ban (principal investigator)
• UNLV — Thomas Hartmann (collaborator); Adam Gerth, Kurt Harris, Heather Wamper (students)
• INL — Donna Post Guillen (principal investigator)



�������	������������������������������ • �

Volume Fraction Al3Hf Intermetallic

Th
er

m
al

 C
on

du
ct

iv
ity

 (W
/m

*K
)

250

200

150

100

50

0
0.00

Sample # 53
Sample # 55

1.000.800.600.400.20

Future Activities
�	������'
����������	��#�	�#���	�	����
5�#�

	����#
����������
��	#
	�
����������	��	�#�
������#�

���������#&	���#�(����)�	�������������
��������������
��#����,-;-�

Publications, Presentations and Patents

4�����G��J
����!���$��G�����!�K�)��G	���!�I��6	�!��
"��G
����+���
��������	���'�I	��
�����
�
#��
B�����
���A	���
	�������	����0	����������
(���
���
�������#&	���#�(����)�	����!�����
"B�GG�;-!��	���
���!�B�!�K���;L�;.!�,-;-!�G	����
;-;;2�

4��I��@	�����!����J����!�I��6	�!���G��J
����!���$��
G�����!�B��G	������	�#�(��I	���	��!�0	��
�	�
���
	�#�B�	�	����
5	�
������	�B��#��
���B����#�
(����	���������0
����!�����"B�GG�;-!��	��
�
���!�B�!�K���;L�;.!�,-;-!�G	����;-;;:�

4��"��	#
	�
���(����G�	�����������()����0�G��/���3�
"��	#
	�
�������������(���������
�	��G������
���
���	�I	��
�����
�
#��B�����
��3���B�������
����0	����������(���
���	���()!�������������
"�3�G$��L,F=!�A	����;2!�,-;-�

4��G����"��	#
	�
����+	�
�	�
���G�	����������
�()����0�G��/���3�"��	#
	�
�������������
(���������
�	��G������
������	�I	��
��
���
�
#��B�����
��3���B�����������0	���
�������(���
���	���()!�������������"�3�
G$��LMMF!�A	����,L!�,-;-�

/���$����8�#���$�$����$#�������������'�(�#�(�(����$��������$��������
���������!��$����*�$���$�$��(���26

— Adam Gerth, graduate student, 
Mechanical and Aerospace Engineering, Utah State University

Figure 1. The graph shows the thermal conductivity for two samples of Al3Hf in an Al 
matrix at different volume fractions: sample #55 (Al3Zr type) with predominantly high-

temperature phase and sample #53 (Al3Ti type) with low-temperature phase.
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Table 1. Project Details — Advanced Damage-Tolerant Ceramics: Candidates for Nuclear Structural 
Applications

ATR NSUF and Partners – Facilities and Capabilities

INL Advanced Test Reactor, PIE facilities

Materials Description

• Ti3SiC2
• Ti3AlC2
• Ti2AlC

samples machined; experimental test plan drafted

Team Members/Collaborators

• Drexel University — Michel W. Barsoum (principal investigator); Darin Tallman (graduate student)
• Savannah River National Laboratory — E. N. Hoffman, R.L. Sindelar (collaborators)
• INL — Jian Gan (principal investigator)
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Figure 1. An illustration below shows the unit cells of: (a) a M2AX 
phase, b) a M3AX2 phase and c) a M4AX3 phase.

Figure 2. A photo on the 
cover of the September 

1997 issue of Journal of 
the American Ceramic 

Society shows the 
extraordinary extent that 

individual ultra-large 
grained Ti3SiC2 samples 

can deform at room 
temperature.

Figure 3. A closeup shows a bridged crack in a coarse-grained Ti3SiC2 
sample tested at room temperature.

Figure 4. A nut and screw machined out of Ti3SiC2 can be cut with 
a manual hack saw, showing that all the MAX phases are most 
readily machinable in their final fully dense state.
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SiC Composite Tubing for Light Water Reactor Fuel 
Cladding Applications
Mujid S. Kazimi, principal investigator (Massachusetts Institute of Technology)
e-mail: kazimi@mit.edu
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Table 1. Project Details — Irradiation and Examination Program for Triplex SiC Composite Tubing for 
Light Water Reactor Fuel Cladding Applications

ATR NSUF and Partners – Facilities and Capabilities

MIT MIT Research Reactor (PIE activities also at MIT)

Materials Description

• SiC/SiC composite “Triplex Ceramic 
Cladding” tubing

Samples irradiated to pressurized water reactor conditions 
(300°C, 10 MPa); required 12 months operation for 
approximately 1 dpa

Team Members/Collaborators

• MIT — Mujid S. Kazimi (principal investigator); Gordon Kohse, Yakov Ostrovsky, Sung Joong Kim  
(co-investigators); David M. Carpenter (Ph.D. candidate); Jacob P. Dobisesky, John D. Stempien  
(M.S. candidates); Uuganbayar Otgonbaatar (undergraduate student)

• Ceramic Tubular Products, LLC — H. Feinroth (collaborator)
• Electric Power Research Institute — K. Yueh (collaborator)
• Westinghouse Electric Company, LLC — E. Lahoda (collaborator)
• INL — Mitchell Meyer (principal investigator)
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 — David M. Carpenter, Ph.D. candidate,  
Department of Nuclear Science & Engineering,  

Massachusetts Institute of Technology

Figure 1. Triplex SiC composite 
clad tube samples — round 
7-generation (near right) and 
round 6-generation (far right) 

— after Phase 1 irradiation 
under pressurized water reactor 
conditions in an in-core loop at 

the MIT reactor.
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Radiation Stability of Ceramics for Advanced Fuel 
Applications
Yong Yang, principal investigator (University of Wisconsin–Madison; currently located 
at University of Florida)
e-mail: yongyang@ufl.edu
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Table 1. Project Details — Radiation Stability of Ceramics for Advanced Fuel Applications

ATR NSUF and Partners – Facilities and Capabilities

INL PIE facilities

UW–M PIE facilities

Materials Description

• ZrC 
• TiC
• ZrN
• TiN

Samples previously irradiated at Advanced Test Reactor to  
1 dpa at 800°C

Team Members/Collaboratorsa

• UW-M — Yong Yang (principal investigator); Clayton Dickerson (graduate student);  
Robert Agasie (director, UW-M reactor laboratory)

• INL — Jian Gan (principal investigator), David Duncan (project manager)

Note: A related ATR NSUF project, “Advanced Non-
Destructive Assessment Technology to Determine the Aging 
of Silicon-Containing Materials for Generation IV Nuclear 
Reactors,” which is using ion irradiation to study the radiation 
response of these ceramic materials, is discussed on page 
12 of this report.
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500 m 5 nm

Figure 1. A ZrC TEM sample was prepared using the dimpling and ion milling method.
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Table 1. Project Details — Study of an Irradiated Ferritic Steel by Synchrotron X-Ray Diffraction and 
X-Ray Absorption Spectroscopy

ATR NSUF and Partners – Facilities and Capabilities

INL PIE facilities

IIT Advanced Photon Source

Materials Description

• Ferritic/martensitic steel  
(mod.9Cr-1Mo)

Samples irradiated to 1, 4, 10 dpa at 32-57°C (to a mixed 
proton and spallation neutron flux) at LANL

Team Members/Collaboratorsa

• Argonne National Laboratory — Meimei Li (principal investigator)
• IIT — Jeff Terry (principal investigator); Yulia Trenikhina, Dan Olive, Hasitha Ganegoda (graduate students)
• INL — Mitchell Meyer (collaborator)
• Los Alamos National Laboratory — Stuart Maloy (collaborator)
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 — Meimei Li, Nuclear Engineering Division, Argonne National Laboratory

Figure 1. The graphs below show Fourier transformations of the Fe–, Mo–, Cr– and Nb–edges EXAFS spectra as functions of dose in irradiated mod.9Cr-1Mo steel.
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project at-a-glance

Synchrotron X-Ray Diffraction and X-Ray Absorption Fine 
Structure Study of Irradiated Binary Carbides
Jeff Terry, principal investigator (Illinois Institute of Technology)
e-mail: terryj@iit.edu
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Table 1. Project Details — Synchrotron X-Ray Diffraction and X-Ray Absorption Study of Irradiated 
Binary Cables

ATR NSUF and Partners – Facilities and Capabilities

INL Advanced Test Reactor, PIE facilities

UW–M PIE facilities

IIT Advanced Photon Source

Materials Description

• AlN 
• SiC
• TiC
• TiN
• ZrC
• ZrN

Samples irradiated to 1 dpa at 800°C

Team Members/Collaborators

• IlT — Jeff Terry (principal investigator); Hasitha Ganegoda, Dan Olive, Yulia Trenikhina  
(graduate students in physics)

• INL — Mitchell Meyer (principal investigator)
• UW-M — collaborated in obtaining and mounting sample materials
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— Jeff Terry, Ph.D., Assistant Professor of Physics, 
Illinois Institute of Technology
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Figure 2. Measurements of ZrC and ZrN show similar results, though shorter interatomic distances were observed for ZrN.

Figure 1. An aerial view shows 
the Advanced Photon Source at 

Argonne National Laboratory. 
The large building in the left 
foreground is the Center For 
Nanoscale Materials, one of 
five DOE nanoscale science 

research centers.
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FY 2008 Projects 
Irradiation Test Plan for the ATR National Scientific User 
Facility (Pilot Project)

Proposed by: Kumar Sridharan, University of Wisconsin–Madison

DOE-NE need addressed: Advanced Structural Materials

Nonstoichiometric Spinel as Inert Matrix (also titled “Irradiation 
Behavior of Oxide Ceramics for Inert Matrices”)

Proposed by Juan Nino, University of Florida

DOE-NE need addressed: Improved/Advanced Nuclear Fuels

Irradiation Performance of Fe-Cr Base Alloys

Proposed by James Stubbins, University of Illinois

DOE-NE need addressed: Advanced Structural Materials

Influence of Fast Neutron Irradiation on the Mechanical 
Properties and Microstructure of Nanostructured Metals/Alloys

Proposed by K. L. Murty, North Carolina State University

DOE-NE need addressed: Advanced Structural Materials

Advanced Non-Destructive Assessment Technology to 
Determine the Aging of Structural Materials for  
Generation IV Nuclear Reactor

Proposed by David Olson, Colorado School of Mines

DOE-NE need addressed: Advanced Structural Materials

Characterization of the Microstructures and Mechanical 
Properties of Advanced Structural Alloys for Radiation  
Service: A Comprehensive Library of Advanced Test Reactor 
Irradiated Alloys and Specimen

Proposed by Robert Odette, University of California, Santa Barbara

DOE-NE need addressed: Advanced Structural Materials
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FY 2009 Projects
Radiation Stability of Ceramics for Advanced Fuel Applications

Proposed by Yong Yang, University of Wisconsin-Madison

DOE-NE need addressed: Improved/Advanced Nuclear Fuels

High Fluence Embrittlement Database and Advanced  
Test Reactor Irradiation Facility for Light Water Reactor  
Vessel Life Extension

Proposed by Robert Odette, University of California, Santa Barbara

DOE-NE need addressed: Advanced Structural Materials

Irradiation Behavior of Triplex SiC/SiC Tubing Under  
Pressure Water Vessel (PWR) Conditions

Proposed by Mujid Kazimi, Massachusetts Institute of Technology

DOE-NE needs addressed: Advanced Structural Materials, 
Improved/Advanced Nuclear Fuels

Irradiation Effect on Thermophysical Properties of Hafnium-
Aluminide (Hf3Al-Al) Composite: A Concept for Fast Neutron 
Testing at Advanced Test Reactor

Proposed by Heng Ban, Utah State University

DOE-NE needs addressed: Advanced Structural Materials

Real-time Advanced Test Reactor-Criticality (ATR-C) Flux 
Sensors

Proposed by George Imel, Idaho State University

DOE-NE needs addressed: Advanced Instrumentation and 
Controls, Advanced Structural Materials, Improved/Advanced 
Nuclear Fuels

Advanced Damage Tolerant Ceramics: Candidates for  
Nuclear Structural Applications

Proposed by Michel W. Barsoum, Drexel University

DOE-NE need addressed: Advanced Structural Materials
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FY 2010 Projects
Measurement of Actinide Neutronic Transmutation Rates with 
Accelerator Mass Spectroscopy

Proposed by George Imel, Idaho State University

DOE-NE needs addressed: Advanced Structural Materials, 
Improved/Advanced Nuclear Fuels

Hydride Light Water Reactor (LWR) Fuel Rod Irradiation

Proposed by Donald Olander, University of California, Berkeley

DOE-NE need addressed: Improved/Advanced Nuclear Fuels

Development and Validation of an Advanced Test Reactor-
Criticality (ATR-C) Radiation Transport Model

Proposed by Denis Beller, University of Nevada, Las Vegas

DOE-NE need addressed: Advanced instrumentation and controls

Low Fluence Behavior of Metallic Fuels

Proposed by Yongho Sohn, University of Central Florida

DOE-NE need addressed: Improved/Advanced Nuclear Fuels

Radiation-Induced Segregation/Depletion at Grain Boundaries 
in Neutron-Irradiated 304 Stainless Steel (304SS) at  
Low Dose Rates

Proposed by Emmanuelle Marquis, University of Michigan

DOE-NE need addressed: Advanced Structural Materials

Multi-scale Investigation of the Influence of Grain Boundary 
Character on Radiation-Induced Segregation (RIS) and 
Mechanical Behavior in Light Water Reactor (LWR) Steels

Proposed by Mitra Taheri, Drexel University

DOE-NE need addressed: Advanced Structural Materials

High Temperature In-Pile Irradiation Test of Single Phase U3Si2
Proposed by Darryl Butt, Boise State University

DOE-NE need addressed: Improved/Advanced Nuclear Fuels

Irradiation Behavior and Performance of a Uranium-Zirconium 
Metal Alloy Fuel

Proposed by Sean McDeavitt, Texas A&M University

DOE-NE need addressed: Improved/Advanced Nuclear Fuels

Investigation of the Thermodynamics of Plutonium/Iron 
Solubility in Brines Using X-Ray Absorption  
Spectroscopy (XAS)

Proposed by Donald Reed, Los Alamos National Laboratory

DOE-NE need addressed: Stable Waste Forms

Synchrotron X-Ray Diffraction Measurements of Spatially 
Resolved Strain Fields in Nuclear Fuel Plates

Proposed by Maria Okuniewski, Idaho National Laboratory

DOE-NE need addressed: Improved/Advanced Nuclear Fuels

Study of an Irradiated Ferritic Steel by Synchrotron X-Ray 
Diffraction (XRD) and X-Ray Absorption Spectroscopy (XAS)

Proposed by Meimei Li, Argonne National Laboratory

DOE-NE need addressed: Advanced Structural Materials

Synchrotron X-Ray Diffraction (XRD) and X-Ray Absorption 
Fine-Structure (XAFS) Study of Irradiated Binary Carbides

Proposed by Jeff Terry, Illinois Institute of Technology

DOE-NE need addressed: Advanced Structural Materials

FY 2010 Rapid-Turnaround 
Experiments
Microstructural and Irradiation Effects on Silver (Ag) and 
Cesium (Cs) Diffusion in Chemical Vapor Deposition  
Silicon Carbide (CVD-SiC)

Proposed by Izabela Szlufarska, University of Wisconsin–Madison

DOE-NE need addressed: Improved/Advanced Nuclear Fuels

Radiation Effects on Ceramic Coating of Advanced Cladding 
for Fast Reactors

Proposed by Jian Gan, Idaho National Laboratory

DOE-NE needs addressed: Improved/Advanced Nuclear Fuels, 
Stable Waste Forms

Developing a Mechanistic Understanding of Radiation  
Tolerant Materials

Proposed by David Hoelzer, Oak Ridge National Laboratory

DOE-NE needs addressed: Advanced Structural Materials, 
Improved/Advanced Nuclear Fuels
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