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The Nation’s Nuclear Energy Lab

INL is pioneering a model of leadership for the U.S. Department of Energy’s Office of Nuclear Energy 
(DOE-NE). The model helps DOE-NE unite leading scientists and engineers with the world-class capabilities, 
unique facilities and the synergistic environment needed to conduct transformational nuclear research, 
development and demonstrations (RD&D). INL also is helping define how DOE-NE can work more closely 
with the nuclear energy industry by evaluating its RD&D needs and identifying where government 
capabilities may contribute. 

Complex-wide guidance 
INL input and expertise continue to help 
DOE-NE develop a research strategy 
consistent with its Nuclear Energy 
Roadmap . INL is leading development 
of the roadmap implementation plans 
and guiding a research model that 
integrates broad technical expertise to 
match research endeavors with the right 
facilities and capabilities . 

DOE-NE has selected INL to develop a 
new RD&D plan for used fuel storage 
and transportation . The plan will 
include specifi c science-based activities 
necessary to close knowledge gaps, and 
will identify facilities and resources 
needed to complete activities identifi ed 
in the plan . INL also is leading a 
DOE-NE effort to devise a research plan 
for the development of accident-tolerant 
nuclear fuels . 

Stewardship of research infrastructure is 
another important component of INL’s 
contributions . INL led the development 
of DOE-NE’s 20-year Facilities for the 
Future of RD&D report, which evaluates 
existing infrastructure capabilities, needs 
and options for closing gaps . As steward 
to the overwhelming majority of core 
nuclear energy RD&D capabilities, INL 

A sophisticated furnace, which has since been installed in a 
hot cell at the Hot Fuel Examination Facility, is prepared and 
tested in the Fuel Conditioning Facility’s mock-up area.

LeadershipNUCLEAR
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Nuclear Energy Summit  
INL organized and co-hosted the 
“New Millennium Nuclear Energy 
Summit” in Washington, D .C ., to initiate 
development of a long-term strategy 
and path forward for nuclear energy 
in the U .S . The summit attracted U .S . 
utility and energy company executives, 
the Nuclear Regulatory Commission 
chairman, energy policymakers from 
the Obama administration and other 
political figures. Discussions focused on 
U .S . nuclear energy challenges including 
financing, public-private partnerships, 
infrastructure, and new technology 
development . During the summit, 
Energy Secretary Steven Chu endorsed 
creation of a national clean energy 
standard requiring utilities to increase 
their use of low-carbon energy sources, 
including nuclear and clean-coal power .

National Scientific User Facility 
The Advanced Test Reactor (ATR) 
National Scientific User Facility 
(NSUF) expanded beyond the simple 
idea of providing ATR irradiation space 
to external researchers . The facility 
is now defining a new 21st century 
model for stewardship of critical 
national capabilities . According to this 
model, unique national capabilities for 
reactor-based testing and analysis at 
universities and other laboratories are 
available to NSUF users, which enable 
the best scientific ideas to be paired 
with the nation’s relevant experimental 
capabilities — ideas rather than 
institutions drive the research .

More than two dozen industry CEOs, labor and 
nongovernmental organization representatives, 
energy investors, and elected o�cials attended 
the Nuclear Energy Summit co-hosted by INL in 
Washington, D.C.

LeadershipNUCLEAR (CONT.)
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The Blue Ribbon Commission’s final 
report to the Secretary of Energy noted 
that INL’s ATR user facility exemplified 
“the kind of RD&D infrastructure that 
could yield particularly high returns on 
public investment .” 

Last year, the ATR User Facility opened 
the Microscopy and Characterization 
Suite (MaCS), in collaboration with the 
Center for Advanced Energy Studies 
at INL . Last year also marked the 
first two experiments irradiated in the 
newly installed ATR Hydraulic Shuttle 
Irradiation System (HSIS) . The system 
allows sample irradiation periods 
to be tailored to match experiment 
specifications — irradiation no longer 

has to align with ATR operating and 
outage schedules. This flexibility allows 
for experiments as short as minutes and 
opens up new research opportunities 
at ATR for DOE research, university 
experiments and industry participants . 

Light Water Reactor Sustainability  
INL and the Electric Power Research 
Institute (EPRI) are leading 
implementation of DOE’s Light Water 
Reactor Sustainability (LWRS) program . 
Last year, INL engaged utilities 
and vendors for advanced sensors 
and instrumentation work under the 
program . INL also is host and organizer 
of a workshop for the LWRS Advanced 
Instrumentation, Information & Control 
(II&C) Working Group . The workshop’s 
objectives include updating the II&C 
vision document, reviewing results of 
pilot projects, previewing the planned 
FY 2012 research activities and touring 
INL simulation capabilities . 

The MaCS lab enables national users to 
access high-end analytical equipment, 
including an atom probe, a transmission 
electron microscope, a focused ion beam 
system, a Raman spectrometer and an 
atomic force microscope.
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Commission support
INL supported the Blue Ribbon 
Commission on America’s Nuclear 
Future by hosting a subcommittee visit 
(above) and providing comments on the 
2011 draft report . The commissioners 
toured INL facilities in 2010 and 
consulted with experts to learn about 
expertise and research capabilities 
that might infl uence discussions about 
technology development opportunities 
and long-term nuclear fuel storage 
capabilities . 

Accident recovery expertise 
The events in Japan amplifi ed interest 
in the recovery at the U .S . Three Mile 
Island Unit 2 (TMI-2) because parallels 
can be drawn between the two incidents . 
Japan’s Central Research Institute of 
Electric Power Industry (CRIEPI) asked 
INL to perform research into the TMI-2 
recovery effort and its applicability to 
the Fukushima Daiichi cleanup . INL 
researched these issues and summarized 
them in the “Three Mile Island Core 
Debris Packaging, Transportation, and 
Storage Summary,” which also included 
research into the corrosion of spent 
nuclear fuel exposed to seawater .

“ The professionalism and commitment of your staff 

contributed directly to the success of the Department’s 

and the United States’ ability to respond to the 

Fukushima incident . . . This was an outstanding example 

of how the Department and its employees can quickly 

come together . . . to address an issue of national and 

international importance.” 

–Peter Lyons, 

Assistant Secretary for Nuclear Energy







Collaborations WITH...

The nuclear energy industry  

Engaging nuclear and other industries is a core INL objective. As the nation’s lead laboratory for nuclear 
energy research and development, INL contributes analysis and information to inform industry progress. 
In FY 2011, INL held or supported 21 workshops with industry, government and international entities. 
INL’s nuclear industry engagements crosscut laboratory, government and commercial sectors.

Sustaining the fl eet 
Half of the nation’s current reactor 
fl eet — 104 reactors that supply nearly 
20 percent of U .S . electricity — are 
more than 30 years old . Sustaining 
and modernizing these plants is 
essential for their continued safe and 
effi cient operation. Such efforts also 
can help bridge the implementation 
of new reactor designs . Several INL 
partnerships support modernization and 
sustainability of the current reactor fl eet. 

For example, INL is engaged with 
industry and participates in the 
Department of Energy Light Water 
Reactor Sustainability Utilities Working 
Group, whose members include 
41 operating sites and 69 reactors. 
The group’s goal is to identify and 
prioritize research aimed at fl eet 
sustainability and modernization .

Diablo Canyon Power Plant provides 
electricity for nearly 3 million homes in 
northern and central California.
Photo courtesy Paci� c Gas & Electric
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The Electrical Power Research Institute is a partner on 
several INL research projects, including this project at 
the Center for Advanced Energy Studies investigating 
how di�erent metallic alloys are damaged by the 
environment within nuclear power reactors.

Testing materials 
The performance of materials is greatly 
affected by the high radiation fields 
inside a nuclear power reactor . INL  
and the Electric Power Research 
Institute (EPRI) are working together  
to understand stress cracking, crack 
growth rates and the fracture toughness 
of various material alloys while in 
high-radiation environments .

Reactor safety analysis  
INL has developed the industry’s premier 
modeling tools for reactor and reactor 
fuel development and has licensed them 
for use to companies and universities 
around the world . This includes RELAP5-
3D, which can be used for reactor safety 
analysis, reactor design, simulator training 
of operators, and as an educational tool by 
university nuclear engineering programs . 

RELAP5-3D is a state-of-the-art 
simulation tool that allows users to 
model the coupled behavior of the 
reactor coolant system and the core for 
various operational transients and 
possible accidents that might occur in a 
nuclear reactor . RELAP5-3D has been 
licensed for numerous nuclear and 
non-nuclear applications, including 
modeling of jet aircraft engines and 
fossil power plant components . Renewed 
international interest in nuclear power, 
plus development of an improved 
RELAP5-3D licensing process, has 
enhanced INL’s mission of advancing 
nuclear safety and research .

11

Updating control rooms  
INL experts are providing technical 
collaboration to utilities to review 
aging analog instrumentation systems . 
INL suggestions for improving control 
technologies can improve human 
performance, bolster safety and reduce 
human error in power plants .

New reactor designs  
INL has a long history of designing and 
building reactors, so it is only natural 
that a wide range of reactor designers 
seek to collaborate with INL to learn 
about INL advances in nuclear fuel 
design, human factors design principles 
and other areas . INL has agreements 
with many of these companies to share 
technical information and expertise . 
Such information can help support 
industry’s development of both small 
modular reactors and larger advanced  
reactor designs .

RELAP5-3D licenses in FY11

Domestic International Total

Universities 9 7 16

Commercial 
Entities

12 14 26

Government 
Institutions 

4 1 5

Total 25 22 47

During FY 2011, INL licensed RELAP5-3D to 47  
diverse users.
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Collaborations WITH...

Academic institutions 

Partnerships with U.S. colleges and universities extend America’s academic research capabilities and 
help develop the workforce of the future. Academic institutions and researchers across the nation are 
benefiting from access to the resources, capabilities and expertise at INL. 

Idaho’s research partnership  
The Center for Advanced Energy Studies 
(CAES) at INL is a partnership between 
INL and Idaho’s three public research 
universities . In FY 2011, more than 125 
affiliated researchers from CAES partner 
institutions published more than 90 
research findings and won $18.3 million 
in funding for research and infrastructure . 
CAES also continues to attract students 
to Idaho nuclear science and engineering 
university programs, with more than 550 
students enrolling in such programs 
during the Spring 2011 semester . 

Massachusetts Institute of Technology 
INL provided technical support and 
leadership to the MIT study, “The Future 
of the Nuclear Fuel Cycle,” and INL 
Director John Grossenbacher is an MIT 
Nuclear Fuel Cycle Study Advisory 
committee member . MIT professor  
Ju Li was appointed to the newly 
established Battelle Energy Alliance 
(BEA) professorship for Nuclear 
Science and Engineering . Dr . Li will 
apply his groundbreaking research into 
atomic-scale materials behavior to a 
broad range of challenges, including 
energy storage, waste management  
and reactor materials .

Wireless technology expert and MIT 
research scientist John Chapin visited 
INL as part of the lab’s faculty exchange 
program . Chapin currently serves on 
several industry and government advisory 
boards including the Federal 
Communication Commission’s Technical 
Advisory Council and the U .S . Army’s 
Independent Review Team for 
Technology Readiness . During a 
symposium for INL employees, he noted 
how INL is positioned to support national 
needs related to spectrum sharing 
research and experimentation . 

In FY2011, 47 students interned or conducted  
graduate-level research at CAES, which awarded  
$10,000 in college scholarships that year.





INL has established a 10-year, three-party CRADA  
with Korea Atomic Energy Research Institute (KAERI)  
and University of Chicago Argonne to conduct 
electrochemical recycling research. 

Collaborations WITH...

Other governments and agencies

State, regional, national and international policy makers rely upon objective data to inform their positions 
and decisions. So do government and industry agencies and associations. A diverse array of such 
partners is working with INL to research solutions to a variety of challenges.

Water resource management  
In 2011, INL launched the Mountain 
West Water Institute (MWWI), a 
regional research institution dedicated 
to delivering solutions for sustainable 
water resource management in the 
Mountain West and the Western Energy 
Corridor . The Environmental Protection 
Agency (EPA) Office of Research and 
Development signed an agreement with 
INL to support the institute . 

INL initiated the institute by hosting the 
MWWI Waters of the West Workshop 
in Salt Lake City, Utah . Attendees and 
speakers included representatives from 

water agencies and research institutions 
from the five MWWI states (Idaho, 
Utah, Montana, Oregon and  
Wyoming), the Western Governors’ 
Association, Western States Water 
Council, U .S . EPA, U .S . Geological 
Survey, U .S . Bureau of Reclamation, 
and the National Oceanic and 
Atmospheric Administration . 
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CapabilitiesNEW

Strategic Infrastructure 

INL continues to build infrastructure and acquire advanced instrumentation and tools to develop, 
demonstrate and deploy state-of-the-art research capabilities. Capability needs outlined in the U.S. 
Department of Energy’s Nuclear Energy Technology Roadmap help guide these efforts. INL initiated seven 
projects that work toward achieving the strategic infrastructure outlined in the INL Ten-Year Site Plan. Two 
of the projects were completed in FY 2011 and up to four additional projects will be initiated in FY 2012.

Irradiated Materials  
Characterization Lab  
INL demonstrated considerable progress 
toward developing world-class post-
irradiation examination capabilities in 
three main areas, including the Irradiated 
Materials Characterization Laboratory 
(IMCL) . By year-end, the IMCL 
design was complete and construction 
was under way . The 8,500-square-
foot test bed for developing advanced 
characterization techniques will be 

a Hazard Category 2 nuclear facility 
and will be operational by the end of 
calendar year 2012 .

The abundance of work and employees 
at the Materials and Fuels Complex 
that hosts this facility drove the need 
for new office space. The INL Campus 
Development Office completed 
construction of a new office building, 
marking the first new office space at  
that facility in many years .Construction of the IMCL will conclude in 2012.

16
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Energy Systems Laboratory  
In FY 2011, INL broke ground for the 
91,000-square-foot Energy Systems 
Lab (ESL), which will house bio-energy 
feedstock engineering, advanced battery 
testing and integrated hybrid energy 
systems research . Hybrid Systems 
Testing Laboratories (HYTEST) will  
be completed after occupancy . 

INL also delivered on-schedule and 
on-budget the DOE Radiological and 
Environmental Sciences Lab (RESL) 
and obtained private investment for 
construction of the Research and 
Education Lab (REL) . Construction  
on the 149,000-square-foot REL will 
begin in Spring 2012 .

“ We have made an investment that will support the safety of thousands of workers 

across the DOE complex, protection of the environment, and consistency in radiological 

work. This facility houses a couple dozen of the best scientists in the DOE complex.”

–Dennis Miotla, DOE Deputy Assistant Secretary for Nuclear Facility Operations/ 

Chief Operating Officer, on the new DOE Radiological  

and Environmental Sciences Lab at INL.
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The biomass Feedstock Process Demonstration 
Unit at INL (top) is unique in the nation. INL’s new 
supercomputer, Fission (bottom), is one of the 
100 fastest computers in the world.

High Performance Computing 
The data center supporting INL’s 
High Performance Computing (HPC) 
capabilities was modifi ed to support 
Fission, a high-speed supercomputer 
approximately six times larger than 
INL’s existing supercomputer . The 
Center for Advanced Modeling and 
Simulation at INL (CAMS) will 
apply Fission’s capabilities across a 
wide range of scientifi c disciplines to 
revitalize existing programs and fuel 
the vision for national programs . 







Technology:ADVANCING NUCLEAR ENERGY

Pioneering nuclear research  
INL has expanded the limits of nuclear 
research by pioneering techniques for 
microscopic examination of irradiated 
materials . Lab experts demonstrated a 
sample preparation technique that makes 
it easier for researchers to examine 
irradiated fuel at the nanoscale . They 
demonstrated successful use of a focused 
ion beam to prepare an irradiated fuel 
sample for nanoscale investigation using 
a transmission electron microscope . 
This accomplishment revealed material 
behavior that suggests increased stability 
of a new type of reactor fuel . 

Lab researchers are also using a Local 
Electrode Atom Probe to study in 
atomic-level detail how materials 
respond to prolonged irradiation . This 
work can help researchers understand 
factors that may cause weaknesses in 
materials exposed to prolonged radiation 
inside a nuclear reactor . Such studies 
also can provide key information for 
computer models, which need data on a 
fine scale to accurately represent fuels 
and materials behavior .
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Technology:ADVANCING ENERGY SECURITY
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Energy storage improvements  
INL collaborated with industry and 
academia to develop a smart battery 
monitoring system that can track 
the health of hybrid and plug-in 
hybrid electric car batteries just as 
a gas gauge lets you know when 
you’re about to run out of fuel . 
The Impedance Measurement Box 
(IMB) offers a new tool that the 
electrical industry can use to better 
analyze energy storage systems and 
improve electrical operations . It has 
significant application in nearly all 
battery markets and won the R&D 100 
Award as one of the most innovative 
inventions of 2011 .

INL battery testing has contributed 
to increasing energy densities and 
extending battery calendar life from 
two years to 10 . In addition, the lab is 
developing novel chemical solutions 

that improve abuse tolerance, lower cost, 
improve performance and show promise 
as advanced battery electrolyte materials .

Enhancing biofuel quality  
Myriad activities demonstrated INL’s 
leadership and numerous partnerships 
with industry, academia, government 
agencies and other national labs 
to improve the cost and quality of 
biomass feedstocks . INL organized a 
collaborative workshop and unveiled 
the Feedstock Process Demonstration 
Unit (PDU), a one-of-a-kind pilot-scale 
research and development platform  
(read more on page 18) .

The Impedance Measurement Box (IMB) o�ers 
a quicker, cheaper battery monitor that leads to 
more accurate lifetime predictions and doesn’t 
drain the battery during testing, as other 
methods may.
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“The mobile Process 

Demonstration Unit to 

be housed here will have 

unique capabilities; not only 

in the nation but, we think, 

in the world. This is really 

the only one . . . and we’re 

extremely proud that it’s 

here in Idaho because  

this group has worked  

very hard.” 

— John Ferrell, Office of 

Biomass Program at DOE’s  

Office of Energy Efficiency 

& Renewable Energy.

In addition, INL developed the Biomass 
Research and Development Resource 
Library, which provides relevant, 
real-world information about research 
biomass samples . Biomass laboratory 
studies traditionally have been limited 
to pristine plant samples, which don’t 
account for real-world variables such as 
industrial collection, drying or grinding 
methods . The new biomass sample data 
system allows simple logging of such 
information so research studies can 
control for these variables and learn how 
they impact sample integrity . 

Finally, INL organized a symposium 
that was chosen for inclusion at 
the 2012 American Association 
for the Advancement of Science 
annual meeting . The panel included 
distinguished speakers from across the 
biofuels research community, including 
INL, DOE, the U .S . Department of 
Agriculture, and universities in the  
U .S . and Canada .

INL’s biomass sample data system includes an extensive 
sample library (more than 2,000 samples and growing) and 
a data system that tracks samples and provides pedigree 
information about their handling.
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Technology:ADVANCING INFRASTRUCTURE SECURITY

Enhancing national security

INL’s multiprogram capabilities support critical infrastructure protection, cybersecurity and nuclear 
nonproliferation.  Applied science and real-world assessments of improved energy systems and natural 
resource development help secure the country’s future and protect the environment.

A team led by INL Chief Wireless Scientist Dr. Hussein 
Moradi has developed a wireless technology platform 
that identi�es and utilizes available spaces in the radio 
frequency spectrum that are not occupied by other signals.
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Technology:ADVANCING INFRASTRUCTURE SECURITY

Boosting cybersecurity  
The Department of Homeland Security 
(DHS) Control Systems Security 
Program continues to provide increased 
support to owners, operators and 
vendors of critical infrastructure . In 
FY 2011, the DHS Industrial Control 
Systems Cyber Emergency Response 
Team (ICS-CERT) continued to provide 
key support that addressed risk to the 
nation’s critical infrastructure sectors . 
ICS-CERT fly-away teams (right) were 
deployed to seven organizations, and 
the ICS-CERT published more than 100 
security alerts and advisories to the ICS 
community warning of various threats 

and vulnerabilities impacting  
control systems . 

In FY 2011, the program also assisted 
the control systems community by 
conducting more than 40 cybersecurity 
training courses both domestically and 
internationally for public and private 
partnerships with more than 1,300 
attendees . Additionally, more than 
75 Cyber Security Evaluation Tool 
onsite assessments were completed and 
approximately 600 participants attended 
the Fall 2010 and Spring 2011 Industrial 
Control Systems Joint Working  
Group conferences . 

The ICS-CERT responds to and analyzes control systems-
related incidents, conducts vulnerability and malware 
analysis, and provides situational awareness.



Modeling the grid  
INL continues to enhance grid modeling 
capabilities through testing and 
refinement of its Real Time Digital 
Simulation (RTDS) modeling approach . 
In collaboration with Dr . Santiago 
Grijalva from the Georgia Institute 
of Technology, INL has developed a 
technology roadmap defining gaps 
relative to Smart Grid design and 
implementation . Initial efforts involved 
development of a dynamic electric 
grid system model to define issues and 
parameters affecting power grid systems 
with high percentages of renewable 
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INL’s RTDS helps power systems engineers (above) create 
a highly detailed power grid model. 

generation capacity . INL successfully 
modeled and compared operational 
data at the F .E . Warren Air Force 
Base . Additional collaborations will 
allow validation and scalability, 
which utilities could use for 
renewable integration planning .
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Existing building improvements 
The Common Support Building at 
INL’s Advanced Test Reactor Complex 
earned LEED (Leadership in Energy 
and Environmental Design) certification 
in March 2011 . INL also installed four 
cool roofs to reflect sunlight and lessen 
cooling costs. The new roofing meets 
the secretary of energy’s requirements 
for “cool roofs” and eliminates more 
than $400,000 of deferred maintenance.  

Energy Savings Performance  
An Energy Savings Performance 
Contract brought $35-million worth 
of energy-saving infrastructure 
improvements to the lab’s Materials 
& Fuels Complex . The complex 
transitioned from fuel oil to electricity 
for steam heating and replaced more 

than 6,000 outdated lighting fixtures. 
The project will reduce carbon 
dioxide emissions by 12 million 
pounds annually . Facility upgrades 
include energy-efficient lighting, 
heating systems and building controls . 

New INL facilities are using xeriscaping 
to save water and associated landscape 
maintenance expenses.

U.S. Deputy Secretary Daniel Poneman 
(right) recognized INL’s energy 
management e�orts in November 2011.
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Workforce development  
INL supported seven technical school 
degree/certification programs. The lab 
also helped dozens of Idaho high school 
students earn technical certificates or 
college credits by awarding 28 dual 
credit grants to help students pay the 
extra fees charged for dual credit courses . 

INL awarded $10,000 each to Idaho 
State University’s Energy Systems 
Technology and Education Center 
(ESTEC) and Eastern Idaho Technical 
College . The money funds scholarships 
for students in science, technology, 
engineering and math-related fields. 

Two new programs were added at 
ESTEC, which INL helped establish . INL 
and industry input helped launch the new 
renewable energy technician program and 
nuclear operations technology program .

DOE’s Nuclear Energy University Programs funds nuclear 
energy research and equipment upgrades at U.S. colleges  
and universities. It also provides scholarships and fellowships 
to students studying nuclear science or engineering.

STEM education support  
INL awarded 22 mini-grants (up to 
$2,000) to help teachers across Idaho 
improve STEM education through 
classroom equipment, materials and 
professional development . The lab 
also provided two $10,000 classroom-
makeover grants and 24 informal 
STEM grants (worth between $2,000 
and $4,000) to help pay for field trips, 
classroom supplies, science camps and 
other needs . INL also sponsored more 
than 28 community-based STEM 
events in FY 2011 .

i-STEM 
INL is a founding partner and primary 
sponsor of the Idaho STEM Initiative 
(i-STEM), a partnership of educators, 
government agencies and businesses 
working to improve STEM education .  
This year, approximately 400 Idaho 
educators attended i-STEM institutes 

held in three separate parts of the state . 
INL and partner schools received a 
$645,000 grant through the Idaho 
Department of Education to help cover 
the cost of these institutes for three years 
and to study their effectiveness .

Nuclear Energy University Programs 
INL continued to administer DOE’s Office 
of Nuclear Energy University Programs 
(NEUP) through the Center for Advanced 
Energy Studies . NEUP R&D contract 
awards announced this year included  
51 recipients from 31 U .S . universities  
in 21 states . Partner institutions include  
10 national laboratories, 15 industry 
partners, and seven others including 
foreign institutions . Ten minority-serving 
institutions were involved . 




