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Abstract - To help ensure the long-term viability of nuclear energy through a robust and sustained research and development 
effort, the U.S. Department of Energy (DOE) designated the Advanced Test Reactor and associated post-irradiation 
examination facilities a National Scientific User Facility (ATR NSUF), allowing broader access to nuclear energy researchers. 
The mission of the ATR NSUF is to provide access to world-class nuclear research facilities, thereby facilitating the 
advancement of nuclear science and technology. The ATR NSUF seeks to create an engaged academic and industrial user 
community that routinely conducts reactor-based research.   

Cost free access to the ATR and PIE facilities is granted based on technical merit to U.S. university-led experiment teams 
conducting non-proprietary research. Proposals are selected via independent technical peer review and relevance to DOE 
mission.  Extensive publication of research results is expected as a condition for access.  During FY 2008, the first full year
of ATR NSUF operation, five university-led experiments were awarded access to the ATR and associated post-irradiation 
examination facilities.  The ATR NSUF has awarded four new experiments in early FY 2009, and anticipates awarding 
additional experiments in the fall of 2009 as the results of the second 2009 proposal call.  As the ATR NSUF program mature 
over the next two years, the capability to perform irradiation research of increasing complexity will become available.   
These capabilities include instrumented irradiation experiments and post-irradiation examinations on materials previously 
irradiated in U.S. reactor material test programs.  The ATR critical facility will also be made available to researchers.  

An important component of the ATR NSUF an education program focused on the reactor-based tools available for resolving 
nuclear science and technology issues. The ATR NSUF provides education programs including a summer short course, 
internships, faculty-student team projects and faculty/staff exchanges. In June of 2008, the first week-long ATR NSUF Summer 
Session was attended by 68 students, university faculty and industry representatives. The Summer Session featured 
presentations by 19 technical experts from across the country and covered topics including irradiation damage mechanisms, 
degradation of reactor materials, LWR and gas reactor fuels, and non-destructive evaluation. 

High impact research results from leveraging the entire research infrastructure, including universities, industry, small business, 
and the national laboratories.  To increase overall research capability, ATR NSUF seeks to form strategic partnerships with 
university facilities that add significant nuclear research capability to the ATR NSUF and are accessible to all ATR NSUF 
users.  Current partner facilities include the MIT Reactor, the University of Michigan Irradiated Materials Testing 
Laboratory, the University of Wisconsin Characterization Laboratory, and the University of Nevada, Las Vegas Transmission 
Electron Microscope User Facility.  Needs for irradiation of material specimens at tightly controlled temperatures are being 
met by dedication of a large in-pile pressurized water loop facility for use by ATR NSUF users. Several environmental 
mechanical testing systems are under construction to determine crack growth rates and fracture toughness on irradiated test 
systems.  These state-of-the-art capabilities, combined with a recent DOE investment in post-irradiation analytical equipment 
including a shielded Electron Probe MicroAnalyzer, a dual beam Focused Ion Beam, x-ray micro-diffraction, and scanning 
laser thermal diffusivity measurement will increase ATR-NSUF cutting-edge research capabilities for future users. 
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I. INTRODUCTION 

The Advanced Test Reactor (ATR), located at the Idaho 
National Laboratory (INL), is a pressurized light water-
moderated, beryllium-reflected reactor. The ATR has been 
in continuous operation for over 40 years and in April 2007 
the U.S. Department of Energy (DOE) designated the ATR, 
along with the associated post-irradiation examination 
facilities at the INL, a National Scientific User Facility 
(NSUF) [1-4]. Creation of a user facility allows new 
communities of users access to the unique capabilities of 
the ATR. This includes the university research community, 
regulators, and light water reactor industry. Recognizing 
that university users have not had a significant recent 
history in performing reactor-based testing, the ATR NSUF 
has instituted an educational program to increase the level 
of understanding of testing capability and test design and 
conduct. Finally, recognizing that additional radiation 
materials science capability exists at U.S. universities, a 
Partnership Program has been implemented, through which 
university reactors and examination equipment can become 
an integral part of the NSUF. These partnerships help 
ensure that irradiation materials science needs are met.  

II. UNIVERSITY RESEARCH EXPERIMENTS 

University research experiments are selected via a 
proposal submission and review process. The ATR NSUF 
publishes broad research request guidelines, generally 
corresponding to goals of DOE NE programs (Generation 
IV, Advanced Fuel Cycle Initiative, Light Water Reactor 
Sustainability), receives proposals submitted by universities 
throughout the year, and reviews and selects proposals 
twice a year. Proposal selection is conducted independent 
peer and panel reviews to ensure the best science is selected. 
For those experiments selected, the cost of the irradiation 
and post-irradiation examination is borne by the NSUF on 
the condition that research results are published in the open 
literature. 

The first university experiments were selected in 2008, 
with four experiments conducted in the ATR and one at the 
MIT Reactor (MITR) under the partnership program 
(explained below). The five experiments, each led by a 
principal investigator from a different university, 
investigate a diverse set of technologies to address a wide 
range of problems: 

� University of Florida, Prof. Juan Nino, 
Irradiation Behavior of Oxide Ceramics for Inert 
Matrices—This project builds on previous 
internationally conducted research and continues 
an effort to address reduction of the growing 
radiotoxic inventory of nuclear waste in the U.S., 
through use of an inert matrix to burn plutonium 
and transuranic waste as an inert matrix fuel. The 
inert matrix materials must be stable under 

irradiation and similar in thermophysical and 
neutronic properties to UO2. This experiment 
will assess the effect of irradiation on material 
stability and thermal properties of a specific class 
of inert matrix materials. 

� North Carolina State University, Prof. K. L. 
Murty, Influence of Fast Neutron Irradiation on 
the Mechanical Properties and Microstructure of 
Nanostructured Metals/Alloys—This research 
will study neutron irradiation effects on 
nanostructured metals and alloys. Both 
nanograined and oxide-disperson strengthened 
alloys will be investigated. This research seeks to 
investigate the stability of these materials under 
irradiation. 

� University of Illinois, Prof. James Stubbins, 
Irradiation Performance of Fe-Cr Base Alloys—
This research, through a coordinated set of 
experiments and post-irradiation examination 
and analyses seeks to provide significant new 
insight into the irradiation behavior of ferritic 
alloys. The main objective is to investigate alloy 
behavior under a range of irradiation conditions 
that serve as the basis for development of 
materials models. 

� University of California Santa Barbara, Prof. 
Robert Odette, Characterization of the 
Microstructures and Mechanical Properties of 
Advanced Structural Alloys—This research 
project produces a library of irradiated structural 
materials at temperatures of 300º to 800 ºC and 
doses of 3 – 4 dpa. The resulting sample library 
will largely consist of ferritic steels, advanced 
nanostructured ferritic alloys and model alloys. 
The library of irradiated materials will be used to 
address scientific questions ranging from 
microstructural evolution and phase stability to 
radiation hardening and high-temperature 
radiation softening, and non-hardening 
embrittlement. 

� Colorado School of Mines, Prof. David Olson, 
Advanced Nondestructive Assessment 
Technology to Determine the Aging of Silicon-
Containing Materials for Generation IV Nuclear 
Reactors— The proposed research will develop 
in situ, non-destructive sensors to assess 
accumulated damage in nuclear structural 
materials. 

The North Carolina State University experiment will be 
the first experiment to complete irradiation in ATR, with 
samples withdrawn from the ATR for post-irradiation 
examination in June 2009. All four ATR irradiations will be 
completed by December 2010.  

An additional pathway for university research was 
created in 2009. Researchers are now offered access to a 
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library of irradiated samples that is being collected by the 
NSUF, most from previous DOE-funded material and fuel 
development programs. University experimenters can 
propose analysis of these samples in a “PIE-only” 
experiment. This ensures that value is obtained from 
samples previously irradiated but never analyzed. 

In addition to the experiments described above, four 
new experiments were selected in January 2009. Two will 
utilize the irradiation capabilities of the ATR, one 
experiment will utilize the MIT reactor, and one experiment 
will be the first post-irradiation examination (PIE) only 
project: 

� University of California, Santa Barbara, Prof. 
Robert Odette, High fluence embrittlement 
database and ATR irradiation facility for LWR 
vessel life extension 

� Massachusetts Institute of Technology, Prof. 
Mujid Kazimi, Irradiation behavior of triplex 
SiC/SiC tubing under PWR conditions. 
(MITR) 

� University of Wisconsin, Dr. Yong Yang, 
Radiation stability of ceramics for advanced 
fuel applications (PIE only)  

� Utah State University, Dr. Heng Ban, 
Irradiation effect on thermophysical properties 
of Hf3Al-Al composite: A concept for Fast 
Neutron Testing at ATR 

Figure 1 shows current ATR NSUF/university 
experiment collaborations. 

Fig. 1. Universities leading ATR NSUF experiments.

Feedback from potential university users is continually 
solicited by the NSUF to ensure any new capability 
optimizes customer needs for new analytical capability. 

III. RESEARCH CAPABILITY  

The goal of the ATR NSUF is to ensure the long-term 
viability of nuclear energy through a robust and sustained 
research and development effort. Current irradiation testing 
capabilities available to users includes static capsule and 
instrumented and controlled tests under a range of fast to 
thermal flux ratios. Post-irradiation examination capability 

includes a full suite of non-destructive and destructive 
examinations, mechanical testing, and 
microstructural/microchemical analysis using optical, 
scanning, and transmission microscopy.  

Development of new experimental capability is based 
on user needs. Current capability development projects 
include improving in-reactor experiment instrumentation, 
adding additional post-irradiation analytical capability, a 
improved irradiation test rigs and the capability for post-
irradiation mechanical testing in simulated reactor 
environments. 

In-reactor instrumentation development is focused on 
providing real-time data on material response to radiation, 
such as swelling, thermal conductivity and corrosion. 

State-of-the-art post-irradiation analysis capabilities 
being installed include a shielded Electron Probe 
MicroAnalyzer, a dual beam Focused Ion Beam, x-ray 
micro-diffraction, and scanning laser thermal diffusivity. 

Research focused on developing a scientific 
understanding of material degradation phenomenon in 
LWRs (Light Water Reactors) is an important part of the 
ATR NSUF mission. A complete R&D capability to support 
this mission does not currently exist in the U.S. Near-term 
upgrades to the ATR NSUF to support this research include 
a pressurized water loop installed in a high flux region of 
the core and environmental crack growth rate and fracture 
toughness testing facilities for both irradiated and non-
irradiated materials. The reactor test loop allows 
independent temperature, pressure, and chemistry control of 
experiments. This loop and support facilities are scheduled 
for commissioning in July 2010. Crack growth rate and 
environmental fracture toughness equipment for baseline 
testing of unirradiated materials is currently operational. 
The first of four environmental crack growth rate systems 
for testing irradiated material will be functional in FY 2010 
with one additional system made operational each 
subsequent year.  

The new research capability will be demonstrated 
through a pilot project that examines the trends in 
environmental crack growth rates and fracture toughness 
for high strength alloys X-750 and XM-19 as a function of 
irradiation dose.  

IV. EDUCATIONAL PROGRAMS 
                                                        
The ATR NSUF has initiated an educational program to 
inform potential users of current and emerging nuclear 
science and technology issues and the tools available to 
address these issues. The first one-week ATR NSUF 
summer session was held in June 2008. During the week, 
68 participants, consisting of undergraduate students, 
graduate students, post-doctoral fellows, faculty, and 
industrial staff representing 29 universities, and a variety of 
industries and national laboratories attended lectures and 
seminars on topics ranging from "How an investigator 
conducts reactor experiments," and “Corrosion and 
Radiation Damage Basics,” to "Conducting an integrated 
experimental/modeling program" and “Post-irradiation 
Examination Techniques.”  Figure 2 shows the 
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demographics of the summer session participation. The 
program featured guest lecturers from a number of 
universities, nuclear industry, DOE national laboratories 
and the Electric Power Research Institute. 

Fig. 2. The location of the universities participating in the first 
ATR NSUF summer session. 

In 2009, the educational program will include an 
expanded two-day course on experimental conduct and a 
research forum to discuss research needs, ongoing ATR 
NSUF research programs, and results. These educational 
programs will be combined with new user workshops and 
technical tours into a combined “Users Week” to be held 
the first week of June 2009. 

Another component of the educational initiatives is the 
sponsorship of an effort to publish a textbook on reactor-
based testing. Editors and authors from PNNL, ORNL, MIT, 
and INL will contribute to this new book. 

The ATR NSUF has instituted a faculty student research 
team program. The purpose of these teams is to engage 
students and faculty in a collaborative research effort with 
INL researchers. These teams are led by a faculty member 
from an accredited U.S. university and must include at least 
two students. Students and faculty from these teams spend 
up to 12 weeks at the INL. Two teams were selected in 
2009: 

� Missouri University of Science and Technology, Dr. 
Jeffrey King, and Colorado School of Mines, Dr. 
Brian Gorman. This team will develop methods to 
perform fine-scale spatial modeling of local 
irradiation conditions within a specimen, and 
develop corresponding post-irradiation specimen 
analysis methods that link the analysis with the 
experimental results on the millimeter scale. 

� University of Wisconsin, Dr. Paul Wilson, and 
University of Texas at Austin, Dr. Erick Schneider. 
This team will demonstrate High Fidelity Coupled 
Neutronic and Thermal Analysis of ATR 
Experiments (integrating CAD, neutronic models, 
and thermal models for analysis of experiments in 
ATR). 

The ATR NSUF also sponsors summer interns in three 
primary areas: support of irradiation experiments, 
development of ATR NSUF capability, and nuclear  
facility operations. Interns focused on nuclear facility 
operations may be selected for tuition scholarships and 

provided and offered employment at the INL following 
university graduation.  

In 2010, an expanded ATR NSUF program will include 
post-doctoral fellows and visiting scientists. 

V. UNIVERSITY PARTNERSHIP PROGRAM 

To increase overall research capability, ATR NSUF 
seeks to form strategic partnerships with university 
facilities that offer significant nuclear research capability, 
and are accessible to all ATR NSUF users. The ATR NSUF 
Partnership Program allows universities to self-nominate 
capability. If the ATR NSUF determines, through review by 
a panel, that the research capability adds value to users, the 
capability is added to the NSUF.  

Current partner facilities include the MIT Reactor, the 
University of Michigan Irradiated Materials Testing 
Laboratory, the University of Wisconsin Characterization 
Laboratory, and the University of Nevada, Las Vegas 
Transmission Electron Microscope User Facility. These 
facilities are accessible to research teams that have been 
awarded an ATR NSUF research project. 

The NSUF also seeks to establish relationships with 
other national user facilities to make routine the analysis of 
reactor-irradiated materials in the high-end analytical 
equipment established at these user facilities. This 
combination of national assets will optimize the scientific 
value from each NSUF experiment. 

IV. CONCLUSIONS 

The ATR NSUF was created to expand opportunities for 
reactor-based testing to a broader spectrum of the nuclear 
technology research community. The NSUF provides a 
mechanism for university-led experiment teams to conduct 
irradiation science, and sponsors an educational program to 
improve the capabilities of researchers to conduct reactor-
based experiments. Operation of the ATR NSUF includes 
development of research capability to conduct irradiation 
materials science, including establishing capabilities in 
support of water-cooled reactors. The NSUF will continue 
to improve the capability in response to customer needs. 
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NOMENCLATURE 

ATR NSUF: Advanced Test Reactor National Scientific 
User Facility 

INL: Idaho National Laboratory 

LWR: Light Water Reactor 
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MITR: Massachusetts Institute of Technology Reactor 

ORNL: Oak Ridge National Laboratory 

PIE: Post-irradiation Examination 

PNNL: Pacific Northwest National Laboratory 
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