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1. Laboratory Director’s Statement

These are exciting times at Oak Ridge National
Laboratory (ORNL). Across our campus, a new
generation of research facilities is coming out of
the ground. Existing facilities and infrastructure
are being renovated to meet the needs of 21st
century research, and facilities that have outlived
their usefulness are being decommissioned and
demolished. New research capabilities are being
developed, positioning this Laboratory at the
leading edge of several dynamic and promising
fields of scientific inquiry and enabling usto help
meet the most critical needs of the Department of
Energy (DOE) and the nation.

The successfully completed upgrade of the High
Flux Isotope Reactor and the “on time, on budget,
as promised” performance of the multilaboratory
team that is keeping us on track for completion of
the Spallation Neutron Source (SNS) in 2006
position ORNL to become the world’'s leading
center for neutron science. These resources will
offer unmatched capabilities for forefront research
in fields ranging from materials science to
structural biology.

The Center for Nanophase Materials Sciences, to
be located at the SNS site, will take advantage of
these resources to explore the structure and
dynamics of nanomaterials. We are building on
ORNL'’s strong core programs in materials science
and engineering, expertisein synthesisand
processing of new materials, world-class
characterization facilities, and emerging strength in
computational materials science to create next-
generation research tools and capabilities. Our new
Advanced Materials Characterization L aboratory
will soon house the world’shighest resolution
electron microscopes. The ability to visualizeand
manipulate matter and control structure at the
molecular or atomic level is one of the great
frontiers of science and technology, and ORNL will
be among the leading research institutions
advancing thisfrontier.

William J. Madia

Director
Oak Ridge National Laboratory

Continuing dramatic advancesin computing power
are leading to new discoveriesin amost every field
of science and engineering. ORNL isbuilding
significant new capabilitiestoreaizethe
transforming promise of modeling and simulation
created by terascale computers. Our IBM Power4
“Cheetah” positions ORNL among the world's
leading centers for open scientific computing. We
are also engaged in a partnership to develop a
100-teraflops system, and looking forward to the
possibility of petascale computing by 2010. Two
new facilities are being constructed to support this
work: the privately funded Computational Sciences
Building, which will provide specialized spacefor
next-generation high-performance systems, and a
building funded by the state of Tennessee to house
the Joint Institute for Computational Sciences,
which will stimulate collaborative research and

1-1
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facilitate the effective use of our computing
resources by our university partners. Substantial
investments in the network infrastructure
connecting us with our regional partnersare
extending these capabilitiesto the university
research community and enhancing research
collaboration.

These new capabilities will serve uswell aswe
address the challenges of observing and
understanding the functioning of complex
biological systems. With the completion of the
Laboratory for Comparative and Functional
Genomicsin FY 2003, we will be able to maintain
and extend the role of our Mouse Genetics
Research Facility in exploring the relationship
between genes and biological function. Through
this facility and our laboratory modernization
program, we will consolidate our capabilitiesin
the life and environmental sciences at the main
ORNL campus and focus them on next-generation
biology and its applicationsto health, energy, and
the environment. As prelude to this, ORNL began
three new major pilot projectsin DOE’s Genomes
to Lifelnitiativethat integrate microbial genomics
with computing and advanced anal ytical
technologies.

We are simultaneously working to renew and
extend the culture of partnership that makes
ORNL anintegral part of our nation’s research
enterprise. Increasingly close research ties
between ORNL, the University of Tennessee, and
the six research universities that are part of the
UT-Battelle team are manifested in the work
undertaken through joint institutes in neutron
science, computational science, and biology, as
well as new joint research programs and less
formal interactions. With the help of Oak Ridge
Associated Universities, we are strengthening our
engagement with minority educational institutions
and with awide array of research universities both
in our region and across the nation.

Perhaps the most exciting aspect of this renewal of
ORNL's physical and intellectual resourcesisthe
opportunity that it creates for addressing the
pressing problems of the day. Recent events have
forcefully reminded us of the many challengesto
both national and global security. In addition to last

1-2

year’s terrorist attacks on the United States and
their aftermath, such events as the energy crisisin
the western United States, the recent threat of
large-scale war on the Indian subcontinent, and the
ongoing turmoil inthe Middle East illustrate the
diversity and significance of these challenges. U.S.
leadership in science and technology and the ability
to rapidly bring our science and technology to bear
on critical challenges are central to our national
security inal of itsmilitary, economic, energy, and
environmental dimensions.

Our nation needs a secure, affordable, reliable, and
environmentally acceptable energy supply. We are
devel oping technol ogies and systems for
improving the efficiency of energy production and
use and for strengthening and protecting the
nation’s energy infrastructure. We are al'so
conducting research on the effects of energy
technologies and decisions on the environment
and society. Two privately funded facilities now
under construction, the Engineering Technology
Facility and the Research Office Building, will
facilitate the integration of our extensive
capabilitiesin these areas. We are also deeply
involved in the development of next-generation
nuclear reactors, and we are planning the
modernization of our nuclear research facilities.
Successful early-stage reviews of the Quasi-
Poloidal Stellarator may create the opportunity to
address critical issuesin fusion reactor design,
addressing long-term challenges of energy supply.

We are increasing our capacity to contribute to
urgent homeland defense and other national
security needs through expanded partnerships with
DOE, the Department of Defense, and other
national security clients. We are adding staff with
extensive knowledge of specific homeland defense,
nonproliferation, and military challenges, who are
working across our research organizationsto bring
ORNL science and technology to bear on those
challenges. New ideas are emerging in such areas
as interconnected sensor networks for rapid
detection and characterization of nuclear, chemical,
and biological agents.

We are delivering on our commitments to enhance
our overall operational performance and our
institutional effectiveness. The deployment of our
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Standards-Based Management System is providing
ORNL employees with a centralized resource for
procedures that enable them to perform their work
safely and do their jobs more efficiently. We have
made good progressin reducing workplace
hazards, and we are taking steps to accelerate our
disposition of legacy materials. We are
implementing afacility management model
designed to provide our research staff with first-
rate facilities and services. We have completed a
realignment of our security posture that includes
more effective protection of site boundaries and a
building-based approach to physical security.

Indirect costs have been reduced by $13 million,
while, at the same time, salariesat ORNL have
been brought up to market levels, and steps have
been taken to improve the quality of work life. In
combination with our modernization program,
these efforts are going along way to making
ORNL an “employer of choice” for outstanding
research personnel. Indeed, we are successfully
recruiting new research and leadership talent in
strategic areas, bringing new ideas and
perspectives into our research mix.

With all the work that we have done “at the Lab,”
we have not overlooked our responsibilitiesto our
community. UT-Battelle has invested more than
$3 millionin education, civic and cultural activities,
and economic growth in East Tennessee. In his
February 2002 State of the State address,
Governor Don Sundquist drew attention to
ORNL'’s role as an economic development partner
and cited the creation of 26 new start-up
companies since April 2000.

It isthrough partnerships—with the state of
Tennessee, with DOE, and with our university,
industrial, and community partners—that we are
making such exceptional progress toward our
goals. | want to acknowledge the contributions of
our partners and recognize the hard work and
dedication of the ORNL staff. Together, we are
successfully managing and implementing an
aggressive agenda. The product of our effortsisa
genuinely 21st century research institution, home
to an outstanding research staff, advancing the
leading edges of science, contributing broadly to
our community and region, and truly making a
difference for our nation and the world.
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2. Mission and Roles

2.1 Mission Statement

The Oak Ridge National Laboratory (ORNL)
is amultiprogram science, technology, and
energy laboratory with distinctive
capabilities in materials science and
engineering, neutron science and technology,
energy production and end-use technol ogies,
mammalian genetics, environmental science,
and scientific computing. In support of the
missions of the U.S. Department of Energy
(DOE), ORNL conducts basic and applied
research and development (R& D) to create
scientific knowledge and technol ogical
solutions that
* strengthen the nation’s leadership in key
areas of science;
* increase the availability of clean, abundant
energy;
* restore and protect the environment; and
* contribute to national security.

ORNL is managed for DOE by UT-Battelle LLC, a
partnership between The University of Tennessee
(UT) and Battelle.

2.2 Mission Roles

Asamultiprogram national laboratory, ORNL
carriesout R&D in support of all four of DOE’s
Major Mission areas: science, energy resources,
environmental quality, and national nuclear
security. As described in the Srategic Laboratory
Missions Plan—Phase | (Laboratory Operations
Board, U.S. Department of Energy, July 1996), the
Laboratory plays a principal role in fundamental
science and energy resources and has a specialized
participating role in environmental quality and
national nuclear security.

2.2.1 Key R&D Activities
2.2.1.1 Science

ORNL's R&D in science supports the delivery of
the scientific advances and technical innovations

Artist’'s conception of ORNL's new East Campus.

that enable DOE to carry out itsmissions. The

Laboratory conducts R&D for DOE in basic

energy sciences, biological and environmental

research, fusion energy sciences, advanced
scientific computing research, and nuclear physics.

Activities span the following fields:

» Materials science and engineering, with
emphasis on development of ceramics and
composites, metals and alloys, carbon-based
materials, surfaces and thin films, polymers, and
high-temperature superconductors; nanoscale
science and engineering; and new techniques for
materials synthesis, processing, and
characterization

» Neutron science, with strengths in neutron
scattering, isotope production, and design and
operation of accelerator-based and reactor-based
neutron sources

« Life sciences, with emphasis on functional
genomics and proteomics, biotechnology,
bioengineering, computational biology, and
bioinformatics

 High-performance computing, with emphasis on
computer and computational science, distributed
computing, networking, and intelligent systems

» Environmental sciences, spanning ecosystem
research and climate change science (carbon
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sequestration, ecosystem effects, carbon cycle,
data management, integrated assessment),
environmental remediation science research,
genomic science for plant and microbial
systems, and ecological management science
and technology

*» Separations and analytical chemistry, chemical
sciences, and chemical engineering technology,
with activities in separations science,
hydrothermal solution chemistry and
geochemistry, actinide science and radioactive
materials characterization, isotope separations,
computational chemistry and chemical
engineering, integrated chemical and
bioanalytical instrumentation, miniaturization of
chemical reactions and separations, mass
spectrometry, environmental monitoring and
technology, materials chemistry, fundamental
chemistry of energy production and use, and
interface and surface science

 Fusion science and technology, spanning plasma

theory, magnetic confinement experiments,

plasma heating and fueling, atomic physics, and

materials devel opment

Studies of the fundamental properties of matter

at the atomic, nuclear, and subnuclear level,

focusing on (1) nuclear structure physics and

nuclear astrophysics with radioactive ion

beams; (2) relativistic heavy-ion beam physics,

aimed at the creation and characterization of the

guark-gluon plasma; and (3) atomic, molecular,

and optical physics

* Instrumentation and measurement science and

technology

Robotics and intelligent machines

 Social sciences, providing support for planning
and policy decisions related to major energy and
environmental issues

DOE's Office of Science (DOE-SC) isthe largest
single sponsor of R&D at ORNL. The Laboratory
carries out work for the Offices of Basic Energy
Sciences, Biological and Environmental Research,
Advanced Scientific Computing Research, Fusion
Energy Sciences, and High Energy and Nuclear
Physics. Other sponsors of R&D in science
include the National Aeronautics and Space
Administration, the U.S. Department of Defense,
and the U.S. Department of Health and Human
Services.
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2.2.1.2 Energy Resources

ORNL'’s in-house energy programs, the largest and
most broadly based among the DOE national
laboratories, span basic and applied research,
technology devel opment, technical assistance, and
management of energy-related information. These
programs link the physical, engineering,
environmental, economic, and social sciencesto
provide not only new science and technology but
also frameworks for improved performance in
technology development and deployment, analyses
of environmental externalities connected with
energy production, and insights for planning and
policy decisions related to major energy and
environmental issues. Key focus areas are the
following:
 Energy-efficient technologies for buildings,
industrial, transportation, and utility end-use
 Bioenergy, with afocus on sustainable biomass
feedstock and conversion technologies
« Distributed energy resources, emphasizing
integrated systems and utility reliability
e Carbon sequestration R&D
 Fossil energy, emphasizing applied materials,
fuel cells, and efficient turbine systems
* Nuclear technology and safety

Most of thiswork is sponsored by DOE’s Offices
of Energy Efficiency and Renewable Energy,
Fossil Energy, and Nuclear Energy, Science and
Technology. Other sponsors include the U.S.
Department of Transportation, the U.S.
Department of Defense, the Nuclear Regulatory
Commission, and the Environmental Protection
Agency.

2.2.1.3 Environmental Quality

ORNL supports the cleanup of DOE's
environmental legacy through the integration of
capabilitiesin analytical chemistry, biochemical
engineering, bioremediation, biotechnology,
chemical separations, earth and ecological
sciences, environmental chemistry and
engineering, geological sciences, instrumentation
and measurement science and technology, and
robotics and intelligent machines. Key R&D
activities include the following:

» Environmental management science

e Environmental technology development
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 Life-cycle analysis and health and
environmental risk assessment

DOE's Office of Environmental Management
(DOE-EM) provides funding to ORNL for basic
and applied research, development, demonstration,
and technical support to address environmental
management problems, principally at DOE sites,
with increasing emphasis on technology transfer.
Work that supports waste management and
remedial action projects at DOE's Oak Ridge,
Paducah (Kentucky), and Portsmouth (Ohio) sites
is coordinated with Bechtel Jacobs Company LLC,
which manages DOE’s Oak Ridge environmental
management program under a management and
integration contract. Much of the R&D, however,
serves other DOE sites. DOE’s Environmental
Management Science Program, a collaborative
initiative of DOE-EM and DOE-SC, sponsors
basic research to address |ong-term technical
issues and solve challenging problems presented
by DOE's environmental legacy. Fundamental
research on the bioremediation of metal and
radionuclide contaminants is supported by DOE-
SC, and ORNL manages the Field Research Center
of the DOE-SC Natural and Accelerated
Bioremediation Program, afocal point for field-
scale research on bioremediation of metals and
radionuclides. ORNL also performs work for the
Environmental Protection Agency.

2.2.1.4 National Nuclear Security

ORNL contributes to DOE’s mission of reducing

the global nuclear danger through national nuclear

security, nuclear safety, and nonproliferation

effortsin three areas:

» Management and disposition of weapons-related
nuclear material

» Promoting nonproliferation and international
nuclear safety, with an emphasis on reducing the
threat from biological, chemical, and nuclear
agents

* Modeling and simulation of the effects of
biological, chemical, and nuclear releases using
high-performance computing

Funding from the Office of the Deputy
Administrator for Defense Programs in DOE's
National Nuclear Security Administration (NNSA)
supports nuclear weapons R& D, high-performance

computing, and facility transition and process
modernization. The NNSA Office of the Deputy
Administrator for Defense Nuclear
Nonproliferation supports R&D activities and
technical assessments related to national security
requirements. Much of thiswork is performed
through partnership with the Y-12 National
Security Complex. The DOE Office of Fissile
Materials Disposition supports the devel opment of
nuclear-based technologies for fissioning surplus
plutonium in power reactors and efforts to dispose
of surplus>U.

Other sponsors of work related to national security
include the DOE Offices of Counterintelligence,
Intelligence, and Security and Emergency
Operations; the U.S. Department of Defense; the
U.S. Department of Justice; the Federal
Emergency Management Agency; the Federal
Aviation Administration; and other government
agencies with afocus on intelligence collection
and analysis, national security, law enforcement,
and public safety.

2.2.2 Other Activities

ORNL produces isotopes for use in industry,
medicine, and research; provides technical
leadership and field management to DOE
programs; operates information analysis centers,
serves as a national repository for 22U; and
performs other tasks, frequently on an ad hoc
basis, for DOE organizations.

ORNL transfers the knowledge and technol ogy
that are the products of its R&D to the private
sector through a variety of mechanisms, including
partnerships, personnel exchanges, and licensing
of intellectual property.

ORNL actively supports the education of the next
generation of scientists, engineers, technicians,
and educators through a variety of programs for
students and faculty at all academic levels.

2.2.3 Major Facilities

An important part of DOE’s science mission is
conceiving, constructing, and operating large-
scale, complex facilities for R&D. ORNL ishome
to 16 designated national user facilities (more than
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any other national laboratory) that are available to
laboratory, industrial, and academic users. It aso
operates a number of other facilities that are used
in executing DOE missions. Mgjor facilities are
listed in Table 2.1.

2.2.4 Major Partnerships and
Collaborations

ORNL uses partnerships as a means of conducting
collaborative R& D and performing work for
customers other than DOE; of transferring
technology to industry and assisting in its
commercialization; and of supporting the
education of the next generation of scientists and
engineers.

R& D partnerships and collaborations are
described in detail in Sect. 6. Planned work for
other sponsors, which helps ORNL to maintain the
R&D expertise available to DOE and broadens the
application of the Laboratory’s strengths to
mission-related needs, is described in Sect. 5.6,
with detailed descriptions of ongoing work
provided in the Supplemental Information
appended to this report. Technology transfer and
economic development activities are described in
Sect. 8.1, and education partnerships are discussed
in Sect. 8.2.
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Table 2.1. Major facilities at ORNL

Designated user facilities
Bioprocessing Research Facility
Buildings Technology Center
Californium User Facility for Neutron Science
Fuels, Engines, and Emissions Research Center
High Flux | sotope Reactor
High Temperature Materials L aboratory
Holifield Radioactive lon Beam Facility
Metals Processing L aboratory User Center
Metrology R& D Laboratory
Mouse Genetics Research Facility
National Transportation Research Center
Oak Ridge Electron Linear Accelerator
Oak Ridge National Environmental Research Park
Physical Properties Research Facility
Power Electronics and Electric Machinery

Research Center

Shared Research Equipment Program

Other key facilities
Center for Computational Sciences
Center for Engineering Science Advanced Research
Free Air Carbon Dioxide Enrichment Facility
Irradiated Fuels Examination Laboratory
Multicharged lon Research Facility
Natural and Accelerated Bioremediation Research
Program Field Research Center
Radiochemical Engineering Development Center
Robotics Technology Assessment Facility
Seafloor Process Simulator
Spallation Neutron Source (under construction)
Walker Branch Throughfall Displacement
Experiment




3. Laboratory Strategic Plan

National |aboratoriesexist to
meet national needs. Oak Ridge
National Laboratory (ORNL),
and our sister |aboratories, must
deliver outstanding science and
technology to meet current
mission requirements, whilealso
ensuring that we are well
prepared asinstitutionsfor
tomorrow’s problems. These dual
expectations define our ongoing
management challenge: to
anticipate future national needs
and build the capabilitiesto meet
those needs, all thewhile
delivering today’s programswith
uncompromising excellence. The
ever accelerating pace of
scientific advance and
technological change, combined with rapid change
inthe nation’s broadly construed national security
needs since the end of the cold war, has intensified
both the challenge and the need for sound strategic
planning.

Our strategic planning processisthe principal tool
by which, in partnership with the Department of
Energy (DOE) leadership, we integrate these
short-term and long-term requirements and devel op
astrategy and implementation plan that responds to
both. Each year we take a fresh look at our
aspirations and goalsfor ORNL, considering new
technical directions, specific challenges, and
strategies for achieving our aspirations and goals.
We perform asituation analysis, reviewing our
current situation and external factors that could
influence our choices, major trends, and
opportunities. We review the Laboratory’s principal
needs and formulate plans to address them. Our
major actions are captured in the ORNL
Laboratory Agenda, which provides a structured
framework for communicating our major strategic
thrusts and the associated actions.

DOE 2001 On-Site Review of the ORNL Institutional Plan.

Thisyear the juxtaposition of short-term and long-
term reguirements has been vividly demonstrated
by the profound change in our understanding of the
nation’s national security needs consequent on the
September 2001 terrorist attacks on the homeland
United States. The Secretary of Energy has
articul ated the Department’s overarching mission
as national security, broadly construed. The
Department’s core science, energy, environmental
cleanup, and national security programs have been
placed in the context of that broad mission. Asa
nation we are taking urgent measures to increase
our safety and security immediately, and the
nation’s science and technology institutions,
including particularly the national laboratories, have
been asked to bring today’s technology to bear—
rapidly and effectively—on urgent security needs.
At the sametime, the nation’s political leadership
has recognized homeland defense as an enduring
challenge, and one that will require new technical
solutionsto abroad suite of very demanding
problems over the long run. We have been
reminded that in the broadest sense our national
security depends on our enduring leadershipin
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science and technology, and our ability to
effectively deploy our science and technology to
provide effective solutionsto pressing, and very
practical, problems.

Fromitsoriginsin the Manhattan project through
the present, ORNL has made substantial
contributionsto the nation, from advancing the
frontiers of science to delivering abroad array of
new technologies that have found government and
economic application. We are convinced that
ORNL iswell positioned to build on thishistory and
make every bit as substantial contributionsin the
years to come. Our strategic plan for ensuring that
ORNL is prepared to make these contributionsis
summarized below.

3.1 Situation Analysis

Strategic planning for anational laboratory begins
with our best understanding of national needs and
of the dependence of potential solutionsto those
needs on science and technology, and on an honest
assessment of the strengths and capabilities of that
laboratory. It isnot possibleto provide adetailed
analysis of these factorsin the space available
here, but the following paragraphs summarize the
major items that we have considered in our
planning.

3.1.1 National Needs and the DOE
Mission

Inan overarching, and broadly construed, national
security context, we believe that there are clear
near- and long-term requirementsthat will
substantially influence the direction of DOE
programs. Theincreasing prominence of policy
issues with asignificant science and technol ogy
component—such as the threats posed by
weapons of mass destruction, the possible effects
of human actionson the global climate, andrising
demandsfor energy in devel oping nations—wiil|
sustain the growing recognition that science and
technology can boost economic growth, strengthen
national security, and improve human health and
the environment. Specific developmentsthat
inform our planning includethefollowing:
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» Astechnology becomesincreasingly availableto

organizations or countries whose goals and
interests conflict with those of the United States,
thisnation must constantly improveits
capabilitiesto detect, degrade, defeat, and
mitigate the impact of weapons of mass
destruction or mass effects. Needs range from
information acquisition and analysisto effective
security for cross-border transport of people and
goodsto rapid detection, characterization, and
response to terrorist acts.

» The nation’swidespread, and increasing, depen-

dence on interconnected critical infrastructures
(e.g., banking and finance, energy, telecommuni-
cations, transportation, water systems, and
essential government services) will create a
demand for new and better forms of protection
against physical and cyber threats.

» Advances in science and technology that help

serve the nation’sincreasing need for deployable
products and systems in support of homeland
security are of critical importance. The availabil-
ity of these products and systems for immediate
usein protecting the nation will depend on how
quickly scientific and technol ogical advances

can be brought to application.

e Thenational energy system isundergoing a

significant transition in responseto changesin
regulatory frameworks, waste management
requirements, alternative energy costs, and other
factors. The transition to a deregulated electric-
ity industry offers opportunitiesfor increased
deployment of renewable energy technologies,
nuclear power, and other clean energy systems,
but it also heightens concerns about the cost,
reliability, safety, and environmental impact of
systemsfor the production, transmission, and
distribution of energy.

» Growing evidencefor changesin global climate

as the result of human actions, coupled with
increasesin world population and energy
demand, will create a major impetus to more
fully understand the effects of global climate
change on ecosystems and society, increase
energy efficiency, create new sources of clean
energy, manage carbon emitted from the global
energy system, and reduce greenhouse gas
emissions.
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3.1.2 Science and Technology

The breathtaking pace of scientific and
technologica advance has been punctuated with
such recent milestones as completion of the
Human Genome project and the advent of multi-
Teraflop computers. Among the trends in science
and technology that we believe will create new
opportunitiesfor meeting national needs, we
highlight thefollowing:

» Modeling and simulationwill become
increasingly central to many scientific and
engineering fields, drawing onand driving
advances in computational science and
computing power. Continuing advancesin
computing technology and modeling software
allow usto model complex natural and
engineered systems with increased spatial and
temporal resolution, with more accurate physics,
and across multiple spatial and temporal scales.
Areas of research that will see dramatic
conseguencesinclude biology, climate, fusion,
materials science, among many others.

» Asthe experimental tools of natural science
continueto advance, our ability toinvestigate
complex biological systemsat afundamental
level isgrowing rapidly. Asweimprove our
fundamental understanding of biological systems,
wewill enhance not only our ability toimprove
human health and well-being but our
understanding of the natural environment, the
ability to deliver goods and servicesthrough
biologically based processing methods, our
capacity to meet growing energy needs with
reduced environmental impact, and our ability to
respond to biological weapons.

 Continued advancesin our ability toimage and
mani pul ate matter at molecular and atomic
scales offer extraordinary scientific opportunities
and promise dramatic technological advances.
To realize these opportunities, scientific efforts
will be focused in such areas as control of self-
assembly processes and creation and
characterization of structure and properties at
the nanoscale. We believe that these efforts will
represent one of the dominant scientific and
technological themes of the first decades of the
21st century.

3.1.3 Developments at ORNL

Developments under way at ORNL are
substantially strengthening the ability of the
Laboratory to maintain and extend its traditions of
research excellence and productivity. Major
factorsthat are shaping and strengthening our
ability to contributeincludethefollowing:

» Combined investments by DOE, the private
sector (through the UT-Battelle Development
Corporation), and the state of Tennessee are
addressing ORNL'’s long-standing and more-
than-pressing need for facilities modernization
and infrastructurerevitalization. In combination
theseinvestmentsare providing facilities suitable
for leading-edge experimental and computational
research; greatly increasing our attractiveness
as an employer of research staff; and allowing
usto retireroughly 1.8 million square feet of
spacein outmoded and largely decrepit buildings,
reduce the cost of facilities operations, and
improve research efficiency.

» DOE'sinvestmentsin renewal and upgrading of
the High Flux Isotope Reactor (HFIR) and
construction of the Spallation Neutron Source
(SNS) position ORNL to become the world's
leading institution for neutron science. With this
capability comes enhanced capacity for
research at the forefront of the materials,
biological, and physical sciences, alongwith
opportunity for substantially increased
engagement with broad elements of the
research community in the United States.

» Similarly, DOE'sinvestment in constructing and
equipping the Center for Nanophase Materials
Sciences, the Laboratory of Comparative and
Functiona Genomics, and theAdvanced
Materials Characterization Laboratory and DOE
support for the acquisition of ever more capable
terascale computing facilitiesare significantly
extending our research capabilitiesin scientific
areas where ORNL has traditional research
strengths, and where there are significant
opportunitiesto contribute to DOE’s energy and
national security programs.

 Qur ability to contribute to homeland defense,
nonproliferation and materials control, and other
national security needs has been enhanced
through acombination of factors, including
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transfer of responsibility and staffing for
programs aligned with ORNL capabilitiesfrom
Y-12to ORNL, addition of high-level expertise
inintelligence community and defense needsto
our national security directorate, and enhanced
partnerships with sister laboratories.

* New DOE investmentsin the ORNL fusion
program and in nuclear science and technology,
coupled with ongoing investmentsin, and
pending revitalization of, our facilitiesthat
support these programs strengthen ORNL's
ability to broadly support DOE’s energy
programs.

» The steady maturation of the university
partnerships that are central to the UT-Battelle
management model, and ongoing effortsto
establish university and laboratory partnerships
with the research community, are enhancing the
intellectual vitality of ORNL and our ability to
catalyze partnerships that bring a diverse set of
research talents to bear on DOE’s and the
nation’smost critical problems.

3.1.4 Principal Needs and Challenges

Our strategic plan must also take into account our
primary institutional challenges, including the
following:

* ORNL hiring hasbeen limited in recent years, in
large measure due to flat to declining research
funding in core scientific and engineering
disciplines. As aresult we have arelatively
small proportion of new investigators on our
staff, and a significant fraction of our staff isor
will become eligible to retire over the next few
years.

 Although substantial efforts are under way, we
remain faced with substantial unmet facilities
and infrastructure revitalization needs, along
with asubstantial liability for dealing with alarge
inventory of legacy material s (equipment,
research supplies, etc.) that has accumulated in
ORNL space over several decades.

» Research costs remain higher than desirable.
Although we have made substantial progresson
cost reduction over the last 2 years, the
requirement to invest laboratory overhead funds
inlaboratory renewal and in resolving
infrastructure and other legacy problems, rapid
escalation in benefits costs, and the need to
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bring staff salaries to acompetitive level have
limited our ability to reduce the cost of doing
research at ORNL.

« Although operational disciplineisimproving,
overall environmental, safety and health
(ES&H) performanceisstill lessthan fully
satisfactory and requires continuing
management attention.

3.2 Key Planning Assumptions

In addition to the devel opments described above,
there are a number of fundamental assumptions
regarding DOE’s missions and roles, the external
funding environment, and management of the DOE
complex in the Oak Ridge area. For the purposes
of this plan, we have assumed:

e ORNL will remain agovernment-owned,
contractor-operated multiprogram national
laboratory, with DOE as its primary sponsor.

» Work for other sponsorswill continue to be an
important component of ORNL's R&D
portfolio. Wewill continueto apply ORNL's
expertise and capabilities to the needs of other
federal agencies and customersin both the
public and private sector as a means of
increasing our impact on national security and
other national needs, transferring knowledge and
technologiesto the marketplace, improving the
utilization of facilitiesand expertise, maintaining
specialized capabilities, and broadening the
Laboratory’s funding base.

* Partnershipswith universities, privateindustry,
state and local governments, and international
organizationswill continueto strengthen and
extend Laboratory programswhile expanding
access to qualified users of ORNL's resources
and facilities. Collaborativerelationshipsthat
extend across agencies and institutionswill be a
key to the efficient delivery of R&D that
addresses emerging national prioritiesin such
areas as computing and communications,
environmental protection, health care,
manufacturing, national safety and security, and
transportation.

* Most of the Oak Ridge Reservation land area,
which represents an irreplaceabl e resource, will
continue to be retained by DOE to meet near-
term and long-term programmeatic needs.

e Concerns about the performance and
productivity of the federal government, which
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gave rise to the Government Performance and
ResultsAct of 1993 (GPRA), will continue.
DOE's Strategic Plan and Strategic
Management System, which respond to GPRA
requirements, as well as the strategic plans of
DOE programs, will guide and direct our
strategic planning.

* Despite support for R&D as a contributor to
national well-being, intheface of substantial
pressures on the federal budget, discretionary
resources for federally funded R&D will grow
only modestly, and competition for these scarce
resources will remain intense.

3.3 Targets and Directions—
Laboratory Agenda

The Laboratory Agenda (see Fig. 3.1) is focused
on the most significant activitiesthat UT-Battelle
must accomplishto deliver onitsvision of
simultaneous excellencein science and technol ogy,
L aboratory operations and ES& H, and community
service. The Laboratory Agenda includes clear
statements of the primary results that will be
delivered to DOE over the next few years, as
documented bel ow.

Strategic Objective 1: Excellence in
Science and Technology

To achieve excellence in science and technol ogy,
wewill continueto deliver scientific advances and
technological innovationsin support of DOE’s
missions through diverse and extensive R& D
programs that anticipate and respond to our
sponsors needs. In addition, wewill pursue
opportunitiesto apply our expertise and capabilities
to the needs of other customers, leading to
focused, mission-driven growth. Finally, wewill
prepare the Laboratory to address future national
needs for science and technology through major
initiativesthat sustain and extend itsdistinctive
capabilities. Theseinitiativesrepresent the“ critical
few” areas that, because of their importance to the
Laboratory, will receive special attention during the
planning period.

1. Neutron Sciences. ORNL will become the
world's foremost center for neutron sciences by
enhancing its capabilitiesand applying themto
deliver new insightsinto the nature, structure, and
behavior of materials.

Ohiant Excellence in Science and Excellence in Laboratory Excellence in
SumtspicObjocives Technology Operations & ES&H Community Service
Critical Outcomes Deliver scientific advances and
technological innovations that Sustain and improve Be viewed by our
support DOE missions, apply ORNL's ability to serve neighbors as a highly
expertise and capabilities to the th;:?a%%:fggﬁ a|r:d valued partner in the
needs of other customers, and region
sustain and enhance ORNL’s responsible stewargshlp
distinctive capabilities
Laboratory Neutron Sciences Facilities Modernization Community Involvement
Initiatives Complex Biological Systems Enhanced Operational Science and Math
Terascale Computing and Discipline Education
Simulation Science Maximizing Research Economic Development
Energy and Environmental Effectiveness
Systams of the Future Lguaw Issues
Advanced Materials
National Security
University Partnerships
Future R&D Directions
Valuing Human Capital

Fig.3.1.Major elements of ORNL's Laboratory Agenda.
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We are committed to the following actions.

* Deliver the Spallation Neutron Source (SNS)
project on schedul e and within budget.

» Upgrade the capabilities of the High Flux
Isotope Reactor (HFIR).

» Develop innovative research programs that take
advantage of the unique capabilities afforded by
thesefacilities.

 Build aworld-class user program that provides
access to these capabilities.

» Construct afacility, funded by the state of
Tennesseg, for the Joint Institute for Neutron
Sciences.

2. Complex Biological Systems. ORNL will be
a center of excellence and a resource for
understanding complex biological systems, fromthe
molecular level to thelevel of the organism, and
theinteractions of organismswith the environment.
Innovative meansfor observing and understanding
thefunctioning of complex biological systemsare
devel oped and applied to meeting DOE’s needsin
systemsbiology, climate change, carbon
management, renewabl e energy, and environmental

quality.

We are committed to the following actions.

» Develop integrative and value-added focus for
R& D on systemsbiology to provide capabilities
for extension and expansion of genome-enabled
biology.

— Acquire key scientific leadership and staff.

— Establish state-of-the-art research resources
and user facilities.

— Integrate biological and environmental
scienceswith other disciplineswithin ORNL
and expand external partnerships.

* Utilize capahilitiesin systemsbiol ogy to support
Genomesto Life (GTL) and related DOE
programswith distinction.

» Extend genome-enabled biology to advance the
science of carbon sequestration, renewable
energy systems, bioremediation, and ecosystem
research in support of DOE missions.

» Use systems biology focus to expand support for
the human susceptibility missions of the DOE,
National Institutes of Health, and proposed
Department of Homeland Security.
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3. Terascale Computing and Simulation
Science. ORNL will become aworld leader in
harnessing unprecedented computing power as
toolsof scientific discovery to deliver new insights
and achieve breakthroughs with broad impact in
U.S. scientific leadership.

We are committed to the following actions.

* Secureamulti-teraflops computational platform
and infrastructure.

* Increase Laboratory expertise in modeling,

simulation, numerical methods, and future

architectures.

Enhance the accessibility of high-performance

computing power, both within ORNL and for

external partners.

» Apply advanced information technology to
achieve energy infrastructure assurance and
enhanced national security.

« Enhance university partnership and research
collaborationsthrough the Joint I nstitute for
Computational Sciences.

4. Energy and Environmental Systems of the
Future (E*SF). ORNL will be akey provider of
the science and technology needed to support
DOE’s mission of fostering “a secure and
reliable energy systemthat isenvironmentally
and economically sustainable.” The
Laboratory’s basic sciences and computational
sciences programs will be used to develop
technol ogically advanced nuclear energy
systems; advanced hydrogen fuel system;
carbon management technol ogiesincluding fossil
energy, energy efficiency, and renewable
energy; and key experiments to accelerate
demonstration of sustained fusion energy.

ORNL will explore critical research needsin
developing, analyzing, and integrating the
scientific underpinningsfor new, cleaner energy
technologiesand in devel oping new technologies
for ensuring our nation’s energy system.

We are committed to the following actions.

» Expand leadership in maor energy programs.

» Deliver alLaboratory-wide program for hydro-
gen R&D.

e Expand energy R&D that supports atransitional
“fissionto fusion” energy future.
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 Strengthen R& D capabilities by developing new
research facilitiesand by identifying critical new
hires.

5. Advanced Materials. ORNL will sustain its
position as aleader in advanced materials science
and technol ogy underpinning DOE’senergy
resources mission.

We are committed to the following actions.

» Expand ORNL capabilitiesand programsin
nanoscal e science, engineering, and technology.

» Secure the next-generation Advanced Materials
Characterization Laboratory.

» Develop extraordinary toolsfor materials
characterization.

» Extend the Laboratory’s synthesis and
characterization capabilitiesto include soft
materials.

* Establish the Center for Nanophase Materials
Sciences.

6. National Security. ORNL will be nationally
recognized as aleading provider of technologies
and expertise critical to national/homeland security,
law enforcement, and public safety.

We are committed to the following actions:

» Assist the Department of Defense by designing,
developing, and rapidly building proof-of-
principle products and systems that can be used
by combatant forcesand military installations.

» Design, develop, and rapidly apply technologies
to prevent, mitigate, or combat the proliferation
and/or use of chemical, biological, radiological,
and nuclear weapons of mass destruction/
effects.

» Rapidly providetechnologiesand expertiseto the
Department of Homeland Security and the
Transportation Security Administration to secure
and protect essential systems and infrastructures
within the United States.

e Assist DOE and other federal government
intelligence organizations with the necessary
capabilitiesto deter, detect, and defend U.S.
vital interests.

* Provide expertise and cutting-edge technologies
that respond to the needs of law enforcement,

public safety, and emergency management
organizations.

7. University Partnerships. We will strengthen
our rolein the nation’s research enterprise,
increase the quality and impact of our user
facilities and science and technology programs, and
enhance our contributions to science education by
building broad partnershipswith the nation’s
research universities.

We are committed to the following actions.

» Develop the partner-university model to
strengthen Laboratory S& T programs, create
major research initiatives, and attract
outstanding researchers.

» With the University of Tennessee, implement
the Joint Institutes for Neutron Science,
Computational Sciences, and Biological Sciences
to stimulate new research collaborations.

 Support the Office of Science in strengthening
connections with the nation’s research
universities.

» Develop and extend research and educational
relationshipswith historically black collegesand
universitiesand other minority educational
ingtitutions.

» Create the Oak Ridge Center for Advanced
Studieswith ORAU, Battelle, and our university
partners.

8. Future R& D Directions. We will identify and
lay the groundwork for future, long-term R&D
directions where ORNL has the opportunity to
make extraordinary scientific and program
contribtionsand to build next-generation user
facilities, thereby ensuring the Laboratory
maintains its status as one of the world’s
preeminent research laboratories.

We are committed to the following actions:

* ldentify major R& D opportunities across the
Laboratory’s missions over the next decade and
beyond that are well matched to ORNL
strengths and build the capabilities necessary to
pursue those opportunities.

* |dentify next-generation user facilitiesand
substantial enhaancementsto existing facilties
that are required to realize the science and
technol ogy opportunitiesthat weidentify and
develop long-range plansfor creating those
facilities are ORNL.
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9. Valuing Human Capital. ORNL will be
regarded as an employer of choicein theregion
and in the research community where people can
make a difference. We are committed to attracting,
retaining, and motivating employeeswith the skills
and talents necessary to enable the Laboratory to
set benchmark for “Excellence in Science and
Technology.”

We are committed to the following actions:

 Provide competitive salaries, benefits, and
reward systems.

o Attract, retain, and motivate a diverse work
force with strategic skillsto enable mission
execution.

* Provide enhanced opportunitiesfor employee
growth and development.

» Create and administer progressive work-life
programs that meet work force needs.

 Provide an environment of openness, creativity,
and responsiveness to employee concerns.

Strategic Objective 2: Excellencein
Operations and ES&H

We will sustain and improve ORNL's ahility to
serve the needs of DOE and the nation through
responsible stewardship of the resources entrusted
to our care.

1. Facilities M oder nization. ORNL will
construct new facilities and renovate and replace
existing facilities to create a modern research
campus that enables the conduct of leading-edge
R&D.

We are committed to the following actions.

 Carry out aFacilities Revitalization Project to
design and construct new facilities and renovate,
replace, and dispose of existing facilitiesin
support of ORNL mission assignments and
objectives.

» Consolidate Laboratory operations at ORNL's
main site.

2. Enhanced Operational Discipline. ORNL
will enhanceitsoverall operational performance by
improving the disciplineand integration of its
operations and realigning its security postureto
better support accomplishment of DOE’s missions.

We are committed to the following actions.

* Establish self-assessment as a driver for
continuous improvement across all aspects of
performance.

e Deploy an integrated set of “systems-based”
management systems.

» Continue to improve ES& H performance and
operational discipline.

3. Maximizing Research Effectiveness. ORNL
will drive down the cost of doing business,
providing moreresourcesfor discretionary
investmentsin capability development and
infrastructurerevitalization.

We are committed to the following actions.

» Reduce/constrain operational overheads as
measured by the Core Composite Rate.

* Continueto improve core business operations.

* Facilitate business growth.

4. Legacy Issues. ORNL will resolve the legacy
issues which are critical to sustaining the
operations and infrastructure at ORNL.

We are committed to the following actions.

* ldentify and dispose of legacy materials that
poseahazard or impedefacility revitalization.

» Demolish excessfacilities.

Strategic Objective 3: Excellence in
Community Service

ORNL will beviewed by its neighbors asahighly
valued partner in the region. We will actively
participateinimproving the quality of scienceand
mathematics education, supporting the
community’scivic and cultural activities, and
contributing to economic growth.

1. Community Involvement. We will be
recogni zed within the region as agood corporate
citizen.

We are committed to the following actions.

» Work with stakeholders to ensure the long-term
financial stability of the American Museum of
Science and Energy.

 Enrich the community through a set of legacy
investments.
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2. Science and Mathematics Education. We
will invest in effortsto improve science and
mathematics education in Tennessee.

We are committed to the following actions.

* Purchase state-of-the-art science laboratories
for areahigh schools and middle schools.

» Become a premier sponsor of science and

mathematics competitions in Tennessee schools.

» Expand opportunities for Tennessee teachers to
participate in the Academy for Teachers of
Science and Mathematics at the University of
Tennessee.

3. Economic Development. We will recognized
asa“best in class’ Technology Transfer
organization among the DOE laboratories.

We are committed to the following actions.
» Apply Laboratory-based ideas, technol ogies, and

facilitiesto marketplace opportunitiesto create
economic value for ORNL and the local
economy.

Expand the use of businessintelligenceto link
availabletechnol ogiesto marketplace
opportunities.

Foster and encourage an entrepreneuria culture
and spirit at ORNL.

Partner with Technology 2020 through the
Center for Entrepreneurial Growth to support
new businesses and enhance the maturation of
those businesses.






4. Major Laboratory Initiatives

To extend the nation’s capabilitiesin
key areas of science and
technol ogy, the Oak Ridge National » i, T AR SRR
Laboratory (ORNL) proposes major &, L S T A
initiativesin ' ‘ -
* neutron sciences,
» complex biological systems,
* terascale computing and
simulation science, : ! ‘ - =~
« energy and environmental ke Il ¢ A\ cotPror
systems of the future, P UERSINRE | 5 gl i s
« advanced materials, and o R Sorices
* national security. :

Theseinitiativeswill enhance
ORNL’s ability to support the
missions of the Department of Artist’s conception of the Spallation Neutron Source.
Energy (DOE), asindicated in

Table 4.1. Research topics

associated with these initiatives have been

4.1 Neutron Sciences

identified as target areas for Laboratory Directed Neutrons play avital role in many areas of science
Research and Development (LDRD) funding and technology. They provide anideal probe of the
(Sect. 5.7). structure and dynamics of condensed matter; they
are useful in the study of magnetic structure and
Theseinitiatives are provided for consideration by dynamics; they are uniquely sensitiveto the light

DOE. Inclusion of aninitiativein this plan does not atoms that make up much of the natural world;

?mply' DOE approval of or intent to implement the and, because they are highly penetrating, they can

intiaive. be used to probe deep inside materials
nondestructively, an application of obviousinterest
toindustry, medicine, and themilitary. In addition,

Table 4.1. Support for DOE missions

DOE mission area
Energy  Environmental  Nationa Nuclear
Major Laboratory Initiative Science Resources Quality Security

Neutron Sciences S M M M
Complex Biologica Systems S S M M
Terascale Computing and Simulation Science S S S S
Energy and Environmental Systems of the Future S S M

Advanced Materias S S M M
National Security M S

S = Strongly supportive.
M= Moderately supportive.

4-1
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the ability of neutrons to transmute matter leads to
invaluable applications such asthe production of
isotopesfor usein medical, industrial, and military
applications and neutron activation analysisfor
environmental, commercial, and forensic analyses.

ORNL's strengths in neutron sciences constitute
an integrated capability that spans programs across
the entire Laboratory. This capability dates from
the 1940s and hasincluded many facilities over the
years. Two major in-house facilities at present are
the High Flux Isotope Reactor (HFIR) and the
Oak Ridge Electron Linear Accelerator (ORELA)
pulsed neutron source. The HFIR supports world-
class research, production, and testing programsin
neutron scattering, isotope production, materials
irradiation testing, and neutron activation analysis.
Research at ORELA concentrates on nuclear
astrophysics and basic neutron properties (e.g.,
neutron electric polarizability). ORELA isalso used
for measurements that support DOE’s Nuclear
Criticality Safety Program and as a positron beam
facility.

In addition to neutron sources, facilities supporting
ORNL's broad neutron science programs include
the Radiochemical Engineering Devel opment
Center, the Radioisotope Devel opment Laboratory,
the Transuranium Research Laboratory, and the
Irradiated Fuels Examination Laboratory. Neutron
activation analysis capabilities are essential to a
wide range of research (including medical and
historical research) and operational projects
(including pollutant detection and tracing) for
customersinside and outside ORNL.

ORNL isengaged in a Neutron Sciences Initiative
to ensure that the Laboratory continues its
stewardship of neutron science in support of
DOE’smissions. Thisinitiative hastwo major
elements: design and construction of the SNS, a
next-generation spallation neutron sourcefacility, in
collaboration with five other DOE national
laboratories, as described in Sect. 4.1.1, and
upgrades and refurbishment of the HFIR, which
will greatly enhance the neutron science
capabilities of the world's highest-power research
reactor and extend itslife well into the 21st
century, as discussed in Sect. 4.1.2.

In addition, ORNL is preparing to take advantage
of these new scientific tools and to integrate

4-2

neutron science into research programs across the
Laboratory. ORNL isinvesting aportion of its
LDRD budget to devel oping neutron science
capabilities (Sect. 5.7).

4.1.1 Spallation Neutron Source

The Spallation Neutron Source (SNS) isan

accel erator-based, next-generation neutron scatter-
ing facility that isunder construction on the Oak
Ridge Reservation. SNSwill produce neutron
beams that are 8-12 times as intense as those
availablefrom any existing pulsed source, enabling
researchers to “see” never-before-observed details
of physical and biological materials, ranging from
high-temperature superconductors to proteins. SNS
is the top-priority project of DOE's Office of
Science (DOE-SC), which has committed nearly
$856 millionthrough FY 2002 for itsdesign and
construction. SNSwill play akey rolein supporting
DOE's goals and strategies in science.

Neutrons will be produced at the SNS by
bombarding amercury target with 1-GeV protons.
The protons will be produced by an accelerator
system consisting of ahydrogen ion source, a
linear accelerator (linac), and an accumulator ring
that delivers pulsed proton beams with an average
power of up to 1.4 MW, at a frequency of 60
pulses per second, to the mercury target. Under
these conditions, atypical protonwill release 20 to
30 neutrons through a nuclear reaction process
called spallation. The neutronswill be slowed to
useful energiesin water or supercritical hydrogen
moderators and guided into experimental areas,
where they will be used in neutron scattering
experiments. At this power level, the SNSwill be
the most powerful spallation sourcein theworld.

Theimportance of high power, and consequently
high neutron flux (i.e., high neutron intensity),
cannot be overstated. The pursuit of high-flux
neutron sources is more than just a desire to
perform experiments faster, although that isan
obvious benefit. High flux enables broad classes of
experiments that cannot be conducted with low-
flux sources. For example, high flux enables
studies of small samples, complex moleculesand
structures, time-dependent phenomena, and very
weak interactions. Put most simply, high flux
enables studies of complex materialsin real time
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andinall disciplines—physics, chemistry, materials
science, geosciences, and biological and medical
sciences.

SNSwill beanational facility with an open user
policy attractiveto scientistsfrom universities,
industries, and federal |aboratories. When
operational, SNSwill serve 1000 to 2000 users
each year and will meet the national need for
neutron science capabilitieswell into the 21st
century. Thus, its performance requirements and
instrumentation needs are being determined in
close collaboration with the scientific user
community. Workshops and meetings of
researchers who use neutron scattering techniques
provide valuable input. The last user meeting was
held in Knoxville, Tennessee, in June 2002, during
the American Conference on Neutron Scattering.
A processfor instrument selection and inclusionin
the project baseline has been developed and
implemented. The SNS Instrument Systems group
isdeveloping conceptsfor 13 different neutron
scattering instrumentsto provide best-in-class
capabilitiesin close consultation with the research
community.

The SNS project began in FY 1996, when DOE's
Office of Energy Research (now DOE-SC)
directed ORNL to initiate research and
development (R& D) and conceptual design
studies. To carry out these studies, ORNL formed
apartnership arrangement with four other national
laboratories: Argonne, Brookhaven, Lawrence
Berkeley, and LosAlamos. This partnership, which
will continue through the project’s construction and
commissioning, accesses DOE's best technical
expertise and newest technologies, aswell asits
vast experience with user programsinvolving
scientistsand engineersfrom universities, industry,
government laboratories, and institutionsin other
nations. In March 2000, the Thomas Jefferson
National Accelerator Facility joined the
partnership.

The SNS conceptual design report (CDR) was
completed in May 1997. Extensive reviews of the
CDR endorsed the SNS partnership, its reference
design, technical scope, cost, schedule, and
collaborative management approach.

Titlel design and construction activitiesbeganin
October 1998. Thefinal environmental impact

statement (DOE/EIS-0247) analyzing the proposed
ORNL site and alternative sites for the SNS was
completed in April 1999, and a Record of Decision
identifying Oak Ridge as the preferred site for the
SNSwasissued in June 1999. Groundbreaking
ceremonies for the SNS were held in December
1999. A contract for SNS excavation was awarded
inApril 2000, and site mass excavation and grading
were completed in November 2000 with
approximately 1.2 million cubic yards of earth
removed and recompacted. The linac tunnel,
klystron building, front end building (Fig. 4.1), ring
tunnel, central utilitiesbuilding, and central helium
liquifer building are completeor closetoit. The
target building foundation iscomplete (Fig. 4.2),
and the rest of the building is under way. As of
September 2002, 1.3 million hoursof construction
had been completed without alost workday case

Fig. 4.1. Spallation Neutron Source construction
site showing the linac tunnel (right foreground),
klystron building (left foreground), and front end
building (background).

Fig. 4.2. Construction of target building at the
SNS site.
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or environmental incident. Design tasks are
progressing on schedul e, with 83% complete
through September 2002. Installation of thefirst
technical hardware began in June 2002. The
overall project is49% compl ete.

Open houses held in April 2000, May 2001, and
April 2002 have provided information about the
project to stakeholders.

FY 2003 funding for the SNS project is

$225.0 million ($210.6 million for construction and
$14.4 million for related R& D and Pre-
Operations). Table 4.2 presents the SNS funding
profile. The project ison schedule for completionin
June 2006.

Table 4.2. Funding profile for the Spallation Neutron

Source by fiscal year

[budget authority (BA) in millions of actual year dollars]

beam tubes and associated neutron-scattering
instrumentation. Other improvements made during
the outage include anew cooling tower and
upgradesto the hydraulic rabbit facility used in the
production of medical isotopes. In addition, tests of
the pressure vessel provide assurance that it can
be safely operated through 2035. All of thiswork
will resultin greater reliability and availability of the
reactor and itsfacilities.

The outage al so provided an excellent opportunity
toimprove HFIR’s neutron-scattering capabilities.
Larger beam tubes were installed, instruments
were replaced or upgraded, and one beam tube
was modified to accommodate a high-brightness
cold neutron source, which is currently under
construction. Improvementsto

HFIR’ sresearch capabilitieswill
continueinto FY 2003. The Office
of Basic Energy Sciences (BES) has

Prioryears 2000 2001 2002 2003 2004 2005 2006 Total

provided $3 million for the construc-
tion of the small-angle neutron

1685 1179 2780 2014 2250 1430 1129

750 1,411.7

scattering (SANS) guide hall, which

4.1.2 High Flux Isotope Reactor
Upgrades

The High Flux Isotope Reactor (HFIR) produces
the nation’s most intense continuous beam of
neutrons for materials research and
isotopic production. Itsflexible
designallowsit to servemultiple

mi ssions—neutron scattering,
isotope production, materials
irradiation, and neutron activation
analysis—and when operating at full
power (85 MW), it produces the
world's highest peak thermal
neutron flux, 2.3 x 10" neutrons per
square centimeter per second.

HFIR resumed full-power
operationsin December 2001,
following a 14-month outage to
replace the reactor’s permanent
beryllium reflector (Fig. 4.3). This
scheduled maintenance, whichis
performed every 10-12 years,

isbeing built to house ahigh-resolu-
tion, 40-m SANSfacility and a35-m biology SANS
facility. The 35-m SANSfacility will bethe
cornerstone of the Center for Structural Molecular
Biology (Sect. 4.2.3), which isfunded by the
Office of Biological and Environmental Research

requires disassembly of the
reactor’s core and removal of the
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Fig. 4.3. Replacement of the beryllium reflector at the High Flux
Isotope Reactor.
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(OBER). The cold neutron source will be located
at HB-4 and will provide cold neutronsto the
instrumentson CG-1, CG-2, CG-3, and CG-4.
Installation of the cold guideswill beginin Novem-
ber 2002. The guide hall will be completein early
2003 with the cold sourceinstallation scheduled for
April 2003. The SANS instruments are scheduled
to be operational late in 2003. When the upgrades
are completed, HFIR will have 15 state-of-the-art
neutron scattering instruments.

In anticipation of an increased number of users
coming to the upgraded HFIR, the user program is
undergoing amajor upgrade of itsown. A full-time
user coordinator has been hired, and the entire
program is being overhauled. We are committed to
providing a pleasant and productive experience for
every visiting scientist. The HFIR user program
will also serve as apilot for the SNS user program.
A web-based training and proposal system will be
used, and new user-friendly control softwareis
being written for all instruments. Proposalswill be
solicited in a phased manner as each instrument is
installed and commi ssioned.

4.1.3 Joint Institute for Neutron
Sciences

The Joint Institute for Neutron Sciences (JINS)
has been established by ORNL and The University
of Tennessee (UT) to serve as an intellectual
center for the neutron sciences and to promote the
use of neutron beam facilities at SNS and HFIR.
The user community has provided input on JINS
since 1998, when the concept was introduced at
the SN'S Instrumentation Workshop held in
Knoxville. INSwill belocated inthe SNS
laboratory/office complex and in ahousing and
conference facility to be constructed near SNS
using funding from the state of Tennessee. Asthe
user community at HFIR grows and the SNS
beginsoperation, it isexpected that additional
universities, government |aboratories, and
companieswill become affiliates of JINS.

JINSwill be anintellectua focusfor the neutron
science community and will enhance and support
research using SNS and HFIR. JINS will foster
joint faculty positions between ORNL and its
university partnersand will assist multi-institutional
research teamsin developing new applications

involving neutron scattering and other uses of
neutron beams. Fellowship and sabbatical
programswill draw neutron scientists from
institutions all over theworld for interactionswith
the resident staff and user communities. JINS and
its partners will organize study teams that explore
emerging scientific challenges that can be
addressed using neutron scattering and
complementary techniquesand will conduct
workshops on neutron scattering applications. JINS
scientists and support staff will also collaborate
with their counterparts at the Center for
Nanophase Materials Sciences.

4.2 Complex Biological Systems

Biological research hasbeen revol utionized by
advancesin molecular biology, bioanalytical
technologies, and computational science. The
Complex Biological Systems|nitiativeisfocused
on taking advantage of these new capabilities, and
theinformation derived from comparative
genomics, to understand the complex interactions,
pathways, balances, and control mechanisms of
biological systems—fromthemolecular level
through single-cell systemsto human biology and
physiology to the complex interdependences
between living organismsand their environments.

Theinitiative is designed to support anew
program, “Genomesto Life” (GTL), co-funded by
the DOE-SC OBER and the DOE-SC Office of
Advanced Scientific Computing Research.! The
GTL R&D program will define the direction of
DOE contributionsto the global life sciences
enterprise for the next decade and beyond. The
GTL plandescribesfour initial goas:

* identify life'smolecular machines, the
multiprotein complexesthat carry out the
function of living systems,

* characterize the gene regulatory networks and
processes that control life’s molecular machines,

« characterize the functional repertoire of complex
microbial communitiesin their natural
environments; and

* develop computers and other computational
capabilities needed to model the complexity of
biological systems.

IFor more information, see ¢http://doegenomestolife.org).
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All of these goals are being directly addressed by
ORNL, either through team research involving
other national laboratoriesand universitiesor
LDRD projects.

Specific applicationsinclude areas of critical
interest to DOE missions—such as human
susceptibility tolow-dose radiation and
environmental exposures associated with energy
production and use, bioremediation, carbon cycling
and sequestration, and renewabl e and alternative
energy sources—but also cover systems issues
related to human disease, which are of interest to
the National Institutes of Health (NIH), and
bioterrorism defense, which is of interest to both
the NIH and the proposed Department of
Homeland Security.

Our expectation isthat the Initiative will providea
systems biology resource for the NIH, building on
current NIH investmentsin mouse functional
genomicsand on developing NIH programsin
proteomics, computational biology, biomedical
technologies, and bioterrorism defense. |n addition,
theinitiativewill providethe basisfor extended
collaborationsthrough existing and new
parterships, including anindustrial research
program.

Thisinitiative draws on established programsin
comparative and functional genomics, structural

biology, computational biology, and bioinformatics.
It focuses ORNL’s distinctive expertise and
facilitiesin mammalian genetics, biochemistry,
environmental microbiology, plant genetics, gene
expression, anaytical technologies (including mass
spectrometry, imaging, and microfluidics),
computational science and applied mathematics,
physical sciences (including neutron scattering),
and engineering on the challenges of observing and
understanding the functioning of complex biological
systems. Thusit engages organizations and
disciplines across the Laboratory.

The Complex Biological Systemsinitiative builds
on ORNL's strong programs in functional
genomics and proteomics (Sect. 4.2.2), structural
biology (Sect. 4.2.3), plant and microbial genomics
(Sect. 4.2.4), and computational biology and
informatics (Sect. 4.2.5), and it involvessignificant
collaboration with other DOE |aboratories and
other institutions. Additional componentsinclude
the proposed Characterization and Imaging of
Molecular Machines Facility (Sect. 4.2.1), for
which support is being requested from OBER, and
the University of Tennessee (UT)-ORNL Joint
Institute for Biological Sciences (JIBS) (Sect.
4.2.6). Funding projectionsfor the Complex
Biological Systems|nitiative are show in Table 4.3.
(These projectionsdo not include capital funding
for JIBS, which is presented in Sect. 4.2.6.)

Table 4.3. Funding projections for Complex Biological Systems Initiative
by fiscal year
(inmillionsof dollars)

2002 2003 2004 2005 2006 2007

Functional genomics and proteomics 90 110 120 140 150 160
Center for Structural Molecular Biology 20 25 30 30 30 40
Plant and microbial genomics 25 30 40 40 40 40
Computational biology and bioinformatics 40 50 60 65 65 70
Characterization and Imaging of Molecular 0.0 00 00 00 100 400

Machines Facility

Total 17.5 215 250 275 385 710

Note: These projectionsinclude funding from DOE and from other sponsors. The estimated

total project cost for the Characterization and Imaging of Molecular Machines Facility is

$270 million. Projectionsfor the Characterization and Imaging of Molecular Machines Facility
represent capital funds for construction and for equipment for the facility.
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4.2.1 Characterization and Imaging of
Molecular Machines Facility

The new DOE GTL program (Sect. 4.2) builds on
the foundation established by genome sequencing
and seeks to understand and predict the myriad
processes conducted by the cell so they can be
harnessed for applicationsto DOE missionsin
energy and the environment. Microbes deploy a
dynamically changing and interacting collection of
proteins in order to carry out these processes. The
thousands of proteins that are present in a cell
rarely act alone but form assemblies—protein
complexes—that execute cellular functions. Thus a
main goal of the GTL program isto identify and
characterize protein complexes, or “molecul ar
machines,” inmicrobial cells.

As part of the DOE GTL program, ORNL
proposes to establish afacility focused on the
identification and characterization of protein
complexes that take advantage of existing ORNL
strengthsin mass spectrometry, imaging, neutron
scattering, and other biophysical characterization
technologiesand in bioinformaticsand high-
performance computing. Analytical and
computational tools being devel oped as part of our
current GTL pilot project, “Genomesto Life Center
for Molecular and Cellular Analysis: A Research
Program for Identification and Characterization of
Protein Complexes,” would beincorporated into
thisproposed facility. Centralizing these analyses
within aspecialized facility in amanner analogous
to today’s gene-sequencing centers would allow
these assays to be conducted with higher
efficiency, fidelity, and throughput than could be
accomplished inthelaboratories of individual
investigators. The Characterization and |maging of
Molecular Machines Facility would house
capabilitesfor cell growth, molecular biology,
protein chemistry, mass spectrometry, imaging, and
computational biology, aswell asofficesfor facility
staff and for students and visiting scientistswho
will cometo use specialized facilitieswithin this
laboratory. In addition to establishing high-
throughput capabilitiesfor analysisof protein
complexes, thisfacility will also develop new
biological, analytical, and computational toolsto
improve samplethroughput and information content
required for the GTL program. Thisresearch will

take advantage of multidisciplinary teams
comprised of biological, physical, engineering, and
computational scientists from across ORNL and
many outsidelaboratories. Thisfacility would serve
as aunigque national resource to the DOE GTL
program and provide valuable datato the biol ogical
community. These assembled capabilitieswill
revolutionize our ability to understand how proteins
inthe complexesinteract and will provide, for the
first time, amolecular-level understanding of how
changes in these protein complexes ater the
function of the microbe.

4.2.2 Functional Genomics and
Proteomics

Biologists have studied gene function for many
years, but much of this research has been slow,
costly, and directed at single genes. Access to the
powerful reagents resulting from the Human
Genome Project ischanging thissituation. Inthis
new eraof biomedical research, itis possible to
perform experimentsin functional genomics—that
IS, to determine the function of genes and systems
of genes on a genome-wide scale.

Researchers can study functional genomicsin
humans by using genomeinformation from model
organisms. The mouse, with its genetic and
physiological smilaritiesto the human and its
extensive comparative genetic linkage map, isa
leading model organism for determining human
gene function. A wide variety of genetic and

mol ecular manipulations are possiblein the mouse,
making it a powerful research organism for studies
of functional genomics.

Molecular and genetic tools are employed to
produce mutations in the mouse, and a battery of
phenotype screens, computational tools, and
analytical technologies are used to establish the
function of the affected genes. Novel approaches
are being developed to screen animals for new
phenotypes, enhance the information obtained, and
increase the throughput of phenotype screening.
Thisactivity is supported by the Mouse Genetics
Research Facility (MGRF), whichincludes a
colony of approximately 60,000 animalswitha
large number of known mutations. ORNL received
$2.5millionin FY 2001 to begin construction of the
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William L. and Liane B. Russell Laboratory for
Comparative and Functional Genomics (L CFG),
which will replace the MGRF. Construction of the
L CFG began in June 2002 and is scheduled for
completioninAugust 2003 (Fig. 4.4). Thefunding
profilefor thislineitem includesan additional
$11.4 millionin FY 2002.

Other organismsare aso being intensively studied.
With completed DNA sequences for plants and
microbes (Sect. 4.2.3), researchers have
opportunities to work on gene networks and gene
interactions in systems where al the genes are
known (Fig. 4.5). Work on other model organisms
also opens related research areas that are
important to DOE, such asthe identification of
organismsin the environment and the genetic
mani pulation of organismsto help mitigate
environmental problems.

Scientific advances from the Human Genome
Project, subsequent programsin microbial and
other genomes, and structural biology providea
foundation for understanding the genetic and
molecular basis of toxicology. Predictivetoxicology,
for both human and animal exposure to chemicals
in the environment, can be associated with specific
gene systems. Many of these gene systems are
evolutionarily conserved, and these gene systems
are ubiquitous—thus permitting comparative
toxicology and, effectively, awhole-genome
approach to toxicology: toxicogenomics. The new
emphasi s on toxicogenomics leverages ORNL's
historical strength in human and ecological risk
assessment.

The availability of complete DNA sequencesfor
many organisms also enables entirely new lines of

Joint Institute for
Biological Science

Fig. 4.4. An artist’s
conception of the Joint
Institute for Biological
Sciences and the Laboratory
for Comparative and
Functions Genomics.

scientific inquiry into the nature of the proteome,
the proteins encoded by the genome. Thus, an
important aspect of determining genefunctionis
the characterization of the vast number of proteins
expressed by the genome, including the
determination of both the structure of a particular
protein and itsrolein the organism. Proteomics
research programs are being planned by DOE
under the GTL umbrellaand by other agencies
such asthe NIH, drawing on new high-throughput
assaysto identify normal and modified proteins by
mass spectrometry and to determine the structures
of proteins and protein complexeswith X-ray
crystallography, nuclear magnetic resonance
(NMR) spectroscopy, mass spectrometry, neutron
scattering and diffraction techniques, and
computational toals.

ORNL iscombining the unique strengths of its
research programs in mouse genetics and
mutagenesiswith itsresourcesin structural biology
and analytical technologies (Sect. 4.2.3), plant and
microbial genomics (Sect. 4.2.4), and
computational biology and bioinformatics

(Sect. 4.2.5) to address critical issues in functional
genomics and proteomics. This approach is based
on the conviction that genetics and protein studies
should be viewed asintegral components of an
overal strategy to understand protein functionin
the context of the whole organism and to define
thisfunction at the molecular level.

Theintent of the Functional Genomicsand
Proteomics Program isto maximize ORNL's ability
to (1) assign both biochemical and organismal
function to genes and proteins, (2) define
interacting protein pathways at the molecular level,

ORNL-2002-02481/jcn

Laboratory for Comparativé‘
and Functional Genomics
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Fig. 4.5. Identification of new mouse mutations
that will serve as key reagents in the complex
systems analysis will be dramatically accelerated
by the application of anew technology called
temperature gradient capillary electrophoresis
(TGCE) using the SpectruMedix SCE9610.

and (3) establish therole of proteinsin the whole
organism. In summary, the goal of the programis
to understand protein function in the context of the
whole organism and to define this function at the
molecular level by combining advanced methodsin
mouse mutagenesis with the devel opment of new
conceptsfor functional genomics and proteomics
technol ogies. Although the focus of thiseffort is
not directly related to drug discovery, the
developed toolswill be applicabletothisfield. By
working with other research groups at universities
and other national laboratories, ORNL will ensure
complementarity with related programsin
functional genomicsand proteomicsand will
continue to make its resources and technologies
availableto the scientific community.

ORNL will strengthen existing collaborations, form
new collaborations, and serve as aresource to
research groups at other national laboratories and
in academia and industry. The Tennessee Mouse
Genome Consortium (TMGC) pools expertise and
resources for analyses of complex biological
systems and promotes the mouse as a biomedical
research model. It supports ORNL collaborations
with Meharry Medical College, St. Jude Children’s
Research Hospital, the University of Memphis, the
University of Tennessee (in Knoxville and Mem-

phis), East Tennessee State University, and
Vanderbilt University Medical Center, which
provide ORNL with complementary capabilities
(e.g., medical centers) and expertise. A 5-year
grant from NIH, which began in FY 2001 and
supportsthe consortium’s neuromutagenesis
program, isbeing increased from $12.7 millionto
$13.7 million to cover expanded ORNL involve-
ment. The Merck Genome Research Institute has
initiated aresearch project through the Joint
Institute for Biological Sciences (JIBS)

(Sect. 4.2.6), and severa new projects are being
discussed. Activities are also under way to estab-
lish collaborative efforts with pharmaceutical and
biotechnol ogy companies.

In ameeting at the DOE in February 2002, repre-
sentatives from the DOE Office of Biological and
Environmental Research (OBER) and the National
Nuclear Security Administration met with senior
NIH staff who have been detailed to the national
academies to develop a report on science and
technology needs for homeland security. The
critical need for an animal maodel for studying
human exposure to threat agents was discussed,
and the mouse was identified as an ideal organism
for thismodel. The ORNL will be hometo
OBER’s LCFG, which will be among the largest
mouse research resources in the United States. In
response, OBER asked ORNL to develop a
concept for a homeland security research facility
focused primarily on employing mice asamodel to
study effectsof chemical, biological, and radiologi-
cal threats. Thisfacility would build upon capabili-
ties being established in the new LCFG. The
facility would be made available to the entire DOE
community and to other federal agencies, such as
the NIH and the Centers for Disease Control and
Prevention, for biological research. Working with a
wide range of potential threat agents requires a
facility that meets containment and effluent control
requirementsup to and including BSL-4. A prelimi-
nary scoping study was performed to outline what
such afacility might include, awhite paper describ-
ing the results was provided to the DOE in May
2002, and development activities related to the use
of mouse modelsin research on bioterrorism
defense were initiated. Future devel opmental
activitiesrelated to the facility will be addressed to
the proposed Department of Homeland Security
and the NIH.
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ORNL structural biology and functional genomics
resources are being employed to understand
complex structure-function rel ationships of proteins
in mammal's, microbes, plants, and model organ-
isms such as mice, zebrafish, and yeast. Particular
emphasisis placed on theidentification of modifi-
cationsin proteins that can affect the formation of
protein complexesthat arecritical to cell signaling
processes. This activity is supported by a new user
facility, the Center for Structural Molecular Biology
(CSMB), which integrates ORNL'’s special
expertisein biological mas spectrometry, computa-
tional biology, and small-angle neutron scattering of
proteinsand protein complexes.

4.2.3 Structural Biology

Structural biology isarapidly growing fieldwitha
burgeoning impact on basic and applied biology.
ORNL has combined itsexisting strengthsin
neutron sciences, mass spectrometry, and
computational biology andis making them available
to abroad user community in the biological
sciences through the new Center for Structural
Molecular Biology (CSMB), whichisfunded by
OBER.

The cornerstone of the CSMB is asmall-angle
neutron scattering (SANS) facility to be
constructed at ORNL'’s High Flux Isotope Reactor
(HFIR). SANSisan important tool for studying
molecular conformations and interactions. It can
also provide information on the dynamics of a
biomol eculein solution and complements high-
resolution structural information from X-ray
crystallographic and nuclear magnetic resonance
data. SANS will be akey tool for understanding
the cellular-level communication that isthe basis
for protein function and, thus, gene function.

The CSMB takes advantage of the opportunity
afforded by the HFIR upgrade project

(Sect. 4.1.2), which includes the construction of
thenation’s " brightest” long-wavel ength neutron
source. A SANS instrument and associated
resources specifically designed for the study of
biological systemsisbeing developed and built as
part of thisupgrade; OBER is providing nearly
$6 millionfor thisinstrument, designated Bio-
SANS. The Bio-SANSwill incorporate both high
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flux and a large-area (1-m?) detector to collect
data over awider solid angle to enhance the study
of biological molecules. Theresulting facility will
providethe U.S. biological community with state-
of-the-art capabilitiesin SANS, rivaling theworld's
best biological facilitiesat the Institut Laue-
Langevinin France.

The CSMB also leverages ORNL’s well-
established biological mass spectrometry and
computational resources, providing the biological
community with additional toolsthat complement
structural information obtained from SANS

(Fig. 4.6). For example, modificationsto proteins
can profoundly affect both the structure and the
function of biomolecules. Mass spectrometry can
provide information on both the extent of these
modifications and the sites of attachment.

Fig. 4.6. Researchers prepare sample to be
placed in the Fourier transform ion cyclotron
resonance mass spectrometer for analysis.
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Computational modeling can support
conformational changes observed with SANS. In
addition, for uncharacterized proteins,
computational methods can be used to identify fold
familiesand to build modelsfrom related known
proteins before SANS analysis. Capabilitieswithin
the CSMB will complement resources at other
structural biology facilities, such as synchrotron X-
ray crystallography centers, to provide amore
complete picture of the structure of biological
molecules and their interactionsin complex
systems.

The CSMB will extend its capabilitiesto programs
within the DOE community, to the NIH, and to
other government, academic, and industrial
laboratories. An advisory panel of distinguished
scientists provides guidance to the director and
staff of the CSMB. A CSMB User Group has
been created to give advice on equipment and
capabilitiesto beincluded in the CSMB and to
establish guidelinesfor operation. Animportant
aspect of the CSMB will be the training and
education of students and scientistsin the

technol ogies within the CSMB. A wide range of
opportunitiesfor scientists and studentsworkingin
thefield of structural biology will be provided,
including extended visitsfor experimental work,
short courses, workshops, and scientific meetings.
The Joint Institute for Biological Sciences (Sect.
4.2.6) will facilitate many of these collaborative
opportunities.

The Bio-SANSfacilities at the HFIR will be
located as far as possible from other instruments to
achievethelow background required for biological
studies. Adjacent laboratory facilitieswill be
availablefor final preparation of samples. Data
acquisition and reduction capabilitieswill be
integrated into instruments, and ORNL staff will be
availableto support users.

CSMB userswill also have accessto the following

resources:

* other neutron-based tools at the HFIR, including
another SANS instrument designed for studying
materialswith higher resolution and a
reflectometer that can be used to study
biomolecular monolayersand thinfilms;

* resourcesin biological mass spectrometry,

including two high-performance Fourier
transform ion cyclotron resonance mass
spectrometers and a number of other
instruments equipped with el ectrospray and
matrix-assisted laser desorption sources,

* resourcesin computational biology and
informatics (Sect. 4.2.5), which can be used for
modeling, prediction, and database use;

» sample preparation facilitiesto support SANS
and mass spectrometry experiments; and

* support services through the Joint Institute for
Neutron Sciences.

In the longer term, the capabilities afforded by the
Spallation Neutron Source (SNS; Sect. 4.1.1) will
create new opportunitiesin structural biology with
improved techniquesin neutron scattering. The
CSMB sponsored ajoint workshop with the Joint
Institute for Neutron Sciencesin April 2002 to
assess research opportunitiesin structural biology
at SNS. Participantsincluded prominent structural
biologistsfrom severa international institutions.

The CSMB fills an important niche in the spectrum
of scientific toolsrequired to perform
comprehensive structure-function experiments. It
is designed with specific interfaces to the neutron
crystallography center at Los Alamos National
Laboratory so asto jointly serve and grow the
structural biology community that takes advantage
of the unique features of neutron sources. It is
uniqueinitscombination of high-flux cold neutrons
for SANS, world-class resources in computational
biology, and a pioneering mass spectrometry
fecility.

4.2.4 Plant, Microbial, and Ecosystem
Genomics

Understanding genefunctionin microbial and plant
populationsin situ integrates genomic approaches
for analyzing complicated metabolic pathways,
regulatory networks, various cellular processes,
and the relationship between microorganisms and
their environments. Included inthisareaisthe
study of organismsfunctioning under extreme
environmental conditions. Different organisms
have unique strengths and weaknesses for studies
of different aspects of complex but evolutionarily
conserved pathways and systems; as a result,
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studies of a range of organisms are necessary to
understand the bel ow-ground and surface microbial
ecosystems. In addition, the complex regulation of
community activity requires studies of whole
communitiesfor understanding of microbial
interactions. In vitro and whole-organism
approaches to be used for complex pathway
analysisinclude new experimental and
computationa methodsto produce, explait,
compare, or integrate information from several
organismsto explain and understand complex
shared pathways. The availability of new genetic
information and the devel opment of new tools
(e.g., sequencers and robotic systems) that allow
for the gathering of thisinformation on alarge
scale are creating a wide range of new
opportunitiesin plant, microbial, and ecosystem
genomics at ORNL.

Research on microbes is sponsored by DOE-SC,
the DOE Office of Environmental Management
(DOE-EM), and the Office of the Deputy
Administrator for Defense Nuclear
Nonproliferation (DOE-NN) within the National
Nuclear Security Administration, building on the
Laboratory’slong-terminvolvementin
environmental monitoring and bacterial isolations.
ORNL’swork in environmental monitoring
expanded to include biosensors, now a key area of
expertise. Effortsin bacterial isolationsidentified
unique extremophile bacteria that represent
resources for future projects and fostered the
development of molecular expertise that supports
new effortsin functional microbia genomics.
Investment of capital resourcesin equipment for
molecular-level explorations also supported the
development of expertise and has set the stage for
future projects and further expansion into
functional genomics.

The Natural and Accelerated Bioremediation
Research (NABIR) Field Research Center on

the Oak Ridge Reservation (Sect. 5.1.2.2) will
provide new opportunitiesto understand the
interactions of microbeswith groundwater and soil,
complementing work on microbial genomics. It will
also generate data that can be incorporated into the
mathematically based numerical modelsthat are an
important tool in predicting and planning
groundwater management programs and
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remediation strategies, and it will provide
opportunitiesfor comparing computational
predictions of bioremediation techniqueswith
actual outcomes.

NABIR investigators doing field work on field
research center plots (FRC) currently conduct
their own site-specific modeling. ORNL isassisting
investigators with these modeling efforts by
providing dataand information, such as model input
parameters and grids from previous Oak Ridge
modeling efforts. The FRC isavailable to conduct
larger scale modeling that covers and integrates
data from several NABIR field plots as the need
arises.

Arrays of DNA probes are expected to become a
foundation for work on microbial pathways, gene
expression, and community structure analysis.
ORNL will continueto play asignificant roleinthe
development of these DNA arrays, which support
work that addresses fundamental questions related
to DOE missions. For example, metal -reducing
bacteria are of interest for remediation of waste
sites, for carbon sequestration (e.g., production of
carbonate minerals), and for production of novel
materials (e.g., cobalt-doped magnetite). DNA
arrays that monitor the expression of all of the
genes of Shewanella oneidensis MR-1, an
important and versatile strain of metal-reducing
bacteria, are being constructed. Future applications
include monitoring microbial communities, assaying
background bacterial populationsintheair (needed
for work on chemical and biological agentsin
support of DOE-NN and NIH), and supporting the
discovery and characterization of infectious agents.

In plant genomics, the complexity of the
interactions among metabolic pathways, integrative
gene expression, and the environment currently
limits our ability to make predictions about
individual plant growth and ecosystem responsesto
the environment. Characterizing genefunction
through functional genomicsand differential display
technol ogies, in combination with conventional
studies of plant physiology, ecosystem function, and
landscape modeling, provides ameans of
understanding complex plant-based biological
systems. Molecular dissection of complex traits
will allow theisolation and use of genesthat

control environmentally and economically important
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characteristics. In 2002, the Joint Genome I nstitute
will begin sequencing thefirst genome of awoody
plant, the fast-growing, readily cloned Populus
(poplar tree), widely used for biomass energy. Two
proposals on Populus research, one for ORNL to
lead an international consortium and a second to
initiate R& D activities, anticipating the avail ability
of the DNA sequence, were to be prepared and
submitted to OBER during FY 2002. Thefirst
proposal receivedinitial funding in July 2002, and
the second is under development and will be
delivered later in FY 2002. These areas will be
developed and explored at ORNL under the
sponsorship of DOE-SC, drawing on the
availability of state-of-the-art equipment inthe
devel opment of functional plant genomics.

ORNL isexploring ecosystem genomics, an
emerging field of research that combines current
expertisein ecosystem studies with the rapidly
expanding databases on plant, animal, and
microbial genomics. The characterization and
understanding of gene expression across trophic,
temporal, and spatial boundarieswill provide new
insightsinto how organismsinteract, how
ecosystemsfunction, and how physical, biological,
and chemical disruptions affect ecosystem stability
and ability to respond to environmental change.
Real-time surveys of gene expression, made
possible by advancesin microarray technology, will
be coupled with traditional measures of energy
flow, mineral cycling, and succession, providing the
foundation for testing of hypotheses. Theinitial
focuswill beto devel op high-throughput DNA and
RNA extraction and characterization methods,
create a database of conserved genetic motifs
related to important functions for avariety of
ecosystems, and devise computational and
analytical methodsfor processing and interpreting
molecular data at an ecosystem scale. A research
proposal for an ecosystem genomicsthrust isalso
being prepared for OBER and will be submitted
during FY 2002.

Wewill investigate trophic-level interactionsamong
organisms, molecular mechanismsthat determine
the ability of organismsto adapt to environments,
the molecular basis for ecosystem homeostasis,
and the identification of basic suites of genes that
arerequired in all healthy, functioning ecosystems.

For example, rapid development of bioenergy and
terrestrial carbon sequestration technol ogies, two
near-term sol utionsto mitigating greenhouse gas
concentrations, will rely on our understanding of
and ability to manipulate the genetics and
biochemistry of plantsand microorganisms.
Research on the genetic basis of carbon allocation
inwoody plants could lead to enhanced production
of wood from trees with a targeted chemical
composition. Greater understanding of microbial
and molecular control of soil carbon quality and
quantity will provide strategiesfor enhancing soil
carbon sequestration.

New tools and approachesin bioinformaticswill be
needed to deal with new DNA array data and
DNA sequence data. One promising approach
involvesthe use of artificial neural networksfor
pattern recognition. The expansion of thisapproach
from biochemical markers (e.g., specificlipids) to
DNA data of various kinds offers promise for
increased understanding of the complexity of plant
and bacterial communities and their interactions
with environmental factors.

4.2.5 Computational Biology and
Bioinformatics

Biological systemsanalysisencompasses methods
that support systems analysis approaches based on
biological data, using genetic and molecul ar
approachesto identify both interactionsin
networks and temporal changesin the functional
roles of specific gene productsin cells. Advanced
computational algorithmsand databases devel oped
over the past decade and new computational
platforms that can be used to model organismal
physiology and ecosystem dynamics are al so of
interest. The ORNL Laboratory for Comparative
and Functional Genomics, environmental
biotechnol ogy capabilities, microarray and gene
expression capabilities, and computational biology,
including comprehensive comparative genome
analyses and toolsfor protein classification and
structure prediction, will be used to advance the
modeling and analysisof complex biological
systems. The Terascale Computing and Simulation
Science Initiative (Sect. 4.3) will provide new
capabilitiesto support thisarea.
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Thereport by DOE’sBiologica and Environmental
Research Advisory Committee (BERAC),
Bringing the Genome to Life? refers to
computation asa“great unifier” of biological
research because of its potential for modeling
biological systems; managing, analyzing, and
recognizing patternsin complex data; and
complementing experimental approachesto
biology. Computational biology representsa
significant opportunity because of DOE’sunique
high-performance computing resources and
programmatic emphasis on scientific areas that
rely heavily on computation. The BERAC report
strongly emphasizes many different aspects of
computational biology and recognizesthe
increasing need for investment in this area.
Particularly strong themesin the report include
computational and comparative genomics, protein
structure and function, and bioinformatics systems
in support of avariety of functional genomics
activities. The Genomesto Life (GTL) program
document, which is based on the BERAC report
recommendations, includesasignificant
computational biology component.

ORNL hasadistinguished history of providing
community tools and resources that are well
regarded on an international level and has
promoted DOE to an unparalleled level of success
in bioinformatics and computational biology.®
Laboratory activitiesin computational and
comparative genomics build on a 10-year record of
success, and ORNL continues to provide the
community with advanced tools and resources,
including Web-accessible tools such as GRAIL
(Gene Recognition and AnalysisInternet Link), and
GRAIL-EXP, PROSPECT (the Protein Structure
Prediction and Evaluation Toolkit), Pfam,
BEAUTY, the Genome Annotation Pipeline
[extensively used by the Joint Genome Institute
(JGD)], BLAST, Genscan, repeatmasker,
tRNAscan, and others. The Genome Channel
furnishes researchers with precomputed views of
genomesin apowerful environment for

2Available at (http://www.science.doe.gov/production/
ober/berac/genome-to-life-rpt.html).

For further detail, see (http://compbio.ornl.gov) and
(http://genome.ornl.gov).
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visualization, query, and search. Itshigh Web hit
rate (more than 200,000 per month) reflects the
importance of these resources to the research
community.

Comprehensive sequence-based views of
completed microbia genomesranging from thefull
genome to the nucleotide sequence level are
included in the Genome Channel and Genome
Catalog. We have devel oped tools for comparative
multiple-genome analysisthat offer automated,
regularly updated, comprehensive annotation of
microbial genomes using consistent methodol ogy
for gene calling and feature recognition.
Precomputed BEAUTY searches are included for
al genemodels, with linksto original source
material and additional search engines.
Comprehensive representation of microbial
genomes will require deeper annotation of
structural features, including operon and regulon
organi zation, promoter and ribosomebinding-site
recognition, repressor and activator binding-site
calling, transcription terminators, and other
functional elements. Sensor developmentisin
progress to allow access to these features.
Linkage and integration of the gene-protein-
function catal og to phylogenetic, structural, and
metabolic relationships are also under way.

An analysis pipeline has been constructed to
provide annotation for the JGI's Microbial Genome
Program. Over 30 draft genomes have been
processed; an additional 25 to 30 genomeswill be
annotated in 2002. Multiple genecallers
(Generation, Glimmer, and Critica) are used to
generate a candidate gene model set. The
conceptual tranglations of these gene models
generate similarity-search results and protein
family relationships. From theseresults, a
metabolic framework is constructed and functional
roles are assighed. Simple and complex repeats,
tRNA genes, and other structural RNA genes are
alsoidentified. Annotation summariesare available
through the JGI microbial genomicsWeb site; in
addition, draft results are being integrated into the
interactive display schemes of the Genome
Channel and Genome Catalog. ORNL staff
members take alead role in interacting with user
groups for each organism being annotated. A
streamlined, high-throughput draft pipelinewas
designed to accommodate the data flood from JGI
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microbial draft sequencing, which may produce
30 to 50 draft genomes per year.

High-performance computing has played akey role
in genome annotation. GIST, the Genome I nte-
grated Supercomputing Toolkit, which has been
used to annotate human and microbial genomes, is
availableon lineto the scientific community. GIST
isafault-tolerant, massively parallel computational
biology framework developed at ORNL. Key
GIST analysistools running on the IBM SP3 and
other ORNL Center for Computational Sciences
systems (Sect. 4.3.1) include MPP-BLAST for
sequence comparison, GRAIL-EXP for gene
finding, and protein-structure and domain-classifi-
cation systems, such as PROSPECT and HMM
Pfam. Integration of these resources into the
genome annotation system has allowed ORNL to
analyze, interpret, and update JGI and other
microbial genomesfor rapid dissemination to the
community. Thisinfrastructurewaspivotal in
generating annotation for the human genome,
especially the assembly and analysis of DOE draft
chromosomes 19, 16, and 5.

Bioinformatics provides support for functional
genomicsresearch in the manipulation of large,
complex data sets and the integration of data
across multiple laboratories. We provide

bi oinformatics support for JGI human, mouse,
microbial, and plant genome sequencing and
annotation and are devising systems
for analyzing data and managing
information inthe ORNL mouse
genetics and genomics program,
whichincludesactivitieswithin the
TMGC. Bioinformaticstoolsare also
being devel oped to support data
storage, statistical analysis, and
presentation for RNA expression
analysisand to follow mouse
mutagenesi s experiments.

A number of computational toolshave
been developed for calculating the
structural properties of newly
discovered proteins. Oneisthe highly
regarded PROSPECT, a threading-
based computer program for protein-
structure prediction. PROSPECT is

uniqueinthat (1) it rigorously solvestheglobally
optimal threading problem, with sidechain-sidechain
interactions considered, in an efficient manner
(polynomial time); and (2) it facilitatesthe
incorporation of partial experimental dataas
threading constraints (Fig. 4.7). Work in the second
areahasincluded identifying active sites, disulfide
bonds, partial distance restraints from nuclear
magnetic resonance (with Michael Summers of the
University of Maryland-Baltimore County and
Engin Serpersu of UT), and mass spectrometry
(with Jim Stephenson of ORNL).

As emphasized by the BERAC report, the
availability of alarge number of complete genomes
and their gene content rai ses the possibility of
systematically deriving acell’scomplex internal
structure. In a new research activity, we are
addressing the critical need to develop an effective,
robust, and potentially automatable methodol ogy to
obtain well-founded and well-understood causal
descriptions of complex gene networksin biological
systems. Using expert systems to provide a
comprehensive description of an organism’s gene
networks, the method under development will
integrate gene and regul atory information, results
from expression-array experiments, and partial
pathway knowledge from other organisms and
pathway databases. The description will include
both pathway and regulatory relationships and

Fig.4.7. Researchers Ying Xu and Dong Xu developed the
Protein Structure Prediction and Evaluation Toolkit.
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provide a practical network model that can be used
to predict behavior. Asaproof of principle, the
approach is being applied to (1) selected yeast
pathways as key eukaryotic modelsimportant for
human and mouse genomes and (2) the prokaryotic
cyanobacteria family being sequenced by DOE
because of itsimportance in photosynthesis and
environmental cycles.

4.2.6 Joint Institute for Biological
Sciences

Through the Joint Institute for Biological Sciences
(JBS), ORNL and UT promote and develop
support for collaborative education and research in
biological sciences. UT organizationsinvolvedin
this effort include the Medical Centers, the College
of Veterinary Medicine, and the Institute of
Agriculture.

The focus of JIBS is to strengthen the partnership
between ORNL and UT and expand collaborative
effortsinfunctional genomics, structural biology,
analytical technologies (Sect. 5.1.2.1), and
computational biology and bioinformatics. Efforts
include the integration of the ORNL-UT Graduate
Program for Genome Science and Technology into
JBS.

JBSwill provide new opportunitiesfor applying
the complementary capabilities of ORNL and UT
to emerging problemsin the biological sciences. It
will also support the integration of research and
education, exposing studentsto the multi-
disciplinary approaches needed to understand
complex biological systems. A strong interface with
the UT Medical Centersisenvisioned to support
the effective transfer of R& D resultsto clinical
applications, and distancelearning capabilitiesat
ORNL and UT will enhance opportunitiesfor
national and international participation inresearch
conducted under the auspices of JIBS. Funding
from the state of Tennessee will be used to
construct afacility to house JIBS. It isenvisioned
that the JIBS facility will house research
laboratories, offices, and state-of-the art
classrooms with distance learning resources. The
laboratorieswill be equipped with emerging
technology toolsfor advanced biological research
provided by and in support of OBER's GTL and
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related programs. A number of these [aboratories
will be made available to ORNL-UT research
collaborators across the state and outside
Tennessee. It is envisioned that private companies
will engage in cooperative R& D agreements
(CRADAS) with ORNL and place incubator
research in some of these laboratories as well.

Workshops with stakeholdersto determine desired
features are being conducted, and requirements
will be devel oped, reviewed, and documented. The
$8million IBSfacility isscheduled to be
constructed in FY 2005.

4.3 Terascale Computing and
Simulation Science

Dramatic advances in the power and performance
of computers have opened a pathway to the
modeling and simulation of physical situations, thus
providing new insightsinto ahost of complex
science and engineering problems. Innovative
computers now under development are expected to
be able to perform as many as 180 trillion
arithmetic operations per second (teraflops) by
2004. Asthe development of more powerful
supercomputers continues, advancesin processing
power must be complemented by advancesin
computing, communications, and information tools
and technologies.

In FY 2001, DOE established the Scientific

Discovery through Advanced Computing

(SciDAC) Program,* afive-year effort to develop

the scientific computing software and hardware

infrastructure that the department needs in order to
use terascale computers to advance its research
programsin basic energy sciences, biological and
environmental research, fusion energy sciences,
and high-energy and nuclear physics. The SciDAC

Program is focused on four key areas:

* creating anew generation of scientific simulation
codes that take full advantage of the
extraordinary computing capabilities of terascale
computers,

4Scientific Discovery through Advanced Computing,
Office of Science, U.S. Department of Energy, Washington,
D.C., March 24, 2000; available on line at ¢http://www.sc.
doe.gov/images/news_photos/SDAC_Overview_000330.pdf).
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e creating the mathematical and computing
systems software that will makeit possible for
these scientific simulation codesto effectively
and efficiently use terascale computers;

* creating a collaboratory software environment
that will enable geographically separated
scientists to effectively work together as ateam
and that facilitates remote access to both
facilities and data; and

» developing and sustaining ascientific computing
hardware infrastructure that is tailored to meet
the needs of its research programs. This
hardware infrastructure must be robust, to
provide the stable computing resources needed
by the scientific applications; agile, to respond to
innovative advancesin computer technology that
affect scientific computing; and flexible, to allow
the most appropriate and economical use of
resources to solve each class of problems.

Because of its programmatic diversity (Sect. 5), its
comprehensive resourcesin computational and
computer science, and its terascale computing
facilities, ORNL isuniquely positioned to provide
support across al of these aress.

Through our Terascale Computing and Simulation
Science I nitiative, wewill develop and deploy
|eading-edge computing capability and conduct
state-of-the-art R& D in computer and
computational sciencesin support of SciDAC and
other DOE missions and programs. We will
develop and operate experimental computing
facilities to assess the promise of new computing
technologiesfor scientific applications, and we will
apply our computing resourcesto specific scientific
applications, providing opportunitiesfor optimizing
the use of terascale computers to address critical
science issues.

The primary source of funding for thisinitiativeis
the DOE-SC Office of Advanced Scientific
Computing Research; somefunding for scientific
applicationsis expected to come from other DOE
program offices. As described in Sect. 5.7, ORNL
isinvesting aportion of itsFY 2002 L aboratory
Directed R&D (LDRD) funds in advanced
scientific computing, focusing on superscalable
algorithms, petascale dataanalysis, and
mathematics and algorithms.

4.3.1 Terascale Infrastructure

ORNL'’s Center for Computational Sciences
(CCYS) isan advanced terascale computing facility
that provides state-of-the-art resources for high-
performance computational science and computing
science research, with additional resourcesin
networking, visualization, and storage. The CCS
supports and integrates the devel opment of tools
and software to make high-performance computing
more effective and accessible; the devel opment
and analysis of basic techniques and efficient
numerical algorithmsfor solving large-scale
scientific and engineering problems on advanced
computer architectures; and research in cluster
computing, networking, and storage.

The CCS provides afocal point for ORNL's
computational science research, bringing together
theoretical and computational scientists, computer
scientists, and applied mathemati cianswho develop
and refine the tool s needed to make optimum use
of computing resources, as described in Sect.
4.3.2. In addition, the CCS computers are
increasingly being used for scientific applications;
collaborative programsto devel op applications
software are discussed in Sect. 4.3.3.

The CCSisahigh-end-capability computing facility
that focuses on key topics in support of DOE’s
science mission. In support of thismission, the
CCSisproviding specialized servicesto the
biology, climate, and material s sciences
communities. In addition, the CCS serves as the
principal resource for the SciDAC projects.
Currently, CCS operates a 4.5-teraflops IBM
Power4 system (Fig. 4.8), a 1-teraflops IBM
Winterhawk system, and a 0.4-teraflops Compaqg
AlphaServer SC system for |eading-edge research
as part of SciDAC and other DOE applications.

Another important role of CCSisearly evaluation
and scalability research. The IBM Power4 system
is proposed for expansion to 13 teraflopsin

FY 2003 and to 50 teraflopsin FY 2004. Through
aCRADA with IBM, ORNL isassisting in the
design of Blue Gene/D and software devel opment
for such petascale systems. By early FY 2006, it is
anticipated that 100-teraflops systemswill be
available for evaluation at ORNL.
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Fig. 4.8. Cheetah: The IBM Power4 system at the
Center for Computation Sciences.

ORNL'sFeacilitiesModernization Initiative

(Sect. 7.3) includes the construction of a new
100,000-ft2 Computational SciencesBuildingwith
40,000 ft2 of raised computer floor to house state-
of-the-art systems. With construction under way,
the building will befinishedin 2003. A new building
will aso be constructed to house the Joint I nstitute
for Computational Sciences (Sect. 4.3.4).

The CCStopical center is set up based on the
model of afew groups of highly sophisticated users
running very large and/or long-running jobson
large computer systemsto “ push the envelope” in
computational science by performing tuned
calculationsthat could not otherwise be easily
carried out. Thismodel has allowed the CCSto
often take delivery of emerging and unproven
architectures, such as the Intel Paragon (and more
recently the IBM Power4) to drive computational
sciences at the leading edge. Today, CCS
continuesto cater primarily to asmall number of
applications groups that use the systems. These
groups have both very sophisticated users and
technician-level users. The sophisticated users
develop the codes to a state where they can be
turned over to the technicians to make many runs
of the code to study a parameter space. The
computers and the problems are so complex that it
isnearly impossible for one person to understand
both the science and the computers at a“world
class’ level; consequently, teams of users are
required to effectively utilize the systems. It is
anticipated that thistrend will increase over the
next 5 years. With movement to clusters of larger
and larger symmetric multiprocessing (SMP) nodes
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and, in particular, to next-generation “ cellular”
petascal e machines, the applications will be forced
to adopt more and morelevels of parallelismto
take advantage of the resources. The CCSis
encouraging teamsto include more speciaists as
they grow.

The Center for Computational Sciences at ORNL
isthe SciDAC user facility providing multi-teraflop,
focused resources on advanced architectures for
the key science topics of climate, nanotechnology,
biology, chemistry, and astrophysics. With support
from the Office of Science, the CCSwill be
maintained as aleading center for unclassified
scientific computing.

4.3.2 Mathematics and Computer
Science

To further its broad programsin the devel opment
and application of innovative computational
systems and tools, ORNL will continue and expand
itswork in distributed and cluster computing tools,
numerical software, applied mathematics and
algorithm development, and appli cation-specific
tools.

4.3.2.1 Distributed and Cluster
Computing

A computer science research program will address
the effective use of clustered computers and
massively parallel computer systems composed of
SMP clusterslinked with high-speed network
fabrics. Research into numerical methods and
programming environmentswill beaimed at
resolving the software issues associated with using
these systemsin scientific applications.
Collaborativetechnologieswill be deployed to
enhance and enableinterdivisional projectsthat use
high-end computational resources.

Thiseffort will be of direct benefit to avariety of
DOE programs. In particular, these actions will
support ongoing programsin materialsresearch,
computational chemistry, biology, environmental
sciences, neutron science, and bioinformatics.

ORNL will draw on its experience in successfully
implementing large multiprocessor machinesand
collaborating with other DOE laboratories and
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institutions with complementary resourcesand
expertise. Activitieswill also take advantage of
ORNL s ahility to assembleinterdisciplinary teams
of computer scientists, mathematicians, and
computational scientiststo develop the new
algorithms, tools, and software needed to take
advantage of increases in computing power.

4.3.2.2 Networking

ORNL'’s network support strategy has two near-
term thrusts. First, ORNL has been identified in the
ESnet3 procurement as amajor hub (along with
the Bay Area, Albuquergue, Chicago, and New
York). As aresult, the bandwidth of ORNL's
connection to other DOE laboratories (and to the
greater Internet) will increase from OC3

(155 Mbps) to OC48 (2488 Mbps). In anticipation,
thelocal backboneis being upgraded from a
collection of shared 100-Mbps Fiber Distributed-
Data Interface (FDDI) rings to a hierarchical
Switched Gigabit Ethernet lattice. Second, wireless
networking will be made availablein ORNL's
conference rooms and auditoriums. Thiswill
enhance the Laboratory’s desirability as a venue
for conferences and workshops, at which easy
access to the Internet isincreasingly expected, and
will also give participants in meetings accessto
critical information through their | aptop computers.
During the next several months, we will plan and
install advanced networking facilitiesto increase
theinternal connectivity at ORNL and to provide a
higher level of connectivity with other DOE
laboratoriesand collaborating institutions.

4.3.2.3 Data Management and Storage

New toolsto support date-intensive computing will
be created to manage the large data sets being
acquired, for example, to support research in
functional genomicsand global climate change.

Developments in data storage and network
peripheralswill be aimed at securing a balanced
computational environment consistent witha
multiple-teraflops system. Theresulting increasein
connectivity will strengthen collaborationswithin
ORNL and across the DOE system of
laboratories. ORNL will continue asapartner in
the multilaboratory High-Performance Storage
System (HPSS) collaboration (Sect. 5.4.1), which

ispursuing further improvementsin theflexibility,
performance, features, and usability of this
software. Expertise gained through the 1995-1997
ORNL-Sandiadistributed high-performance
computing partnership will be appliedtothe
development of networks operating in the range of
200 gigabytes per second (Gbps) (Fig. 4.9).

A distributed storage test bed, known as Probe,
connects the National Energy Research Scientific
Computing Center at the Lawrence Berkeley
National Laboratory and ORNL. Probeis being
used to evaluate new storage hardware and
software technologies, to improve the performance
of storage systems, and to develop new techniques
for distributed access to data over the Internet.
ORNL will extend itsleadership positionin
distributed storage research by inviting National
Science Foundation and Department of Defense
supercomputer centers to participate in the Probe
storage test bed.

4.3.2.4 Tools for Collaboration

ORNL will continueto work with universitiesand
other national |aboratories on research issues
related to collaborativeimmersive visualization
environments. I ssues being pursued include
handling and viewing of large data sets, use of
parallel and distributed computing to drive
immersive environments, interactive steering of
high-performance computations, access to remote

Fig. 4.9. The High-Performance Storage System
leads the computer industry in data capacity and
transfer speeds.
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instrumentation in avirtua environment, virtual
televisions and recordings, mapping force and
tactile feedback, desktop 3-D environments, use of
holography, rapid devel opment of synthetic
environments from sensor data, human interactions
invirtual reality, and computer vision.

The AccessGrid is a nationwide system that uses
theInternet to allow group videoconferencing,
sharing of remote applications, and virtual
environments. An AccessGrid nodewill beinstalled
at ORNL to facilitate collaborations with
universitiesand other national laboratorieswhere
similar nodes are being deployed.

4.3.3 Scientific Applications

Applied research projectsin high-performance
computing at ORNL span the Laboratory’s pro-
grams, with activities under way in environmental
systems, engineering applications, physical and
chemical sciences, experimental validation, compu-
tational biology and functional genomics, and
nanotechnology and neutron sciences. Key areas
to be addressed during the planning period are
described in Sects. 4.3.3.1-4.3.3.4.

Topical centersprovide an environment inwhich
the hardware, software, and policies of the
computing center can be tuned to the needs of a
particular science community in order to accelerate
the process of scientific discovery. A prototype
topical center, supporting ORNL's computational
materials science research, is under development.
By mid-FY 2002, ORNL will bethefocal point of
two additional topical centers, onein climate
prediction and onein computational biology.

ORNL isaso heavily involved in the devel opment
of four enabling technology centersto support the
needs of SciDAC applications and to promote the
development of expertisein simulation and
modeling. The focus areas of these centers are
scalable systems software, common component
architectures, large-scale data analysis, and
performance monitoring.
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4.3.3.1 Climate Prediction

Working within amulti-institutional research
project, ORNL has advanced the use of massively
parallel computersfor climate modeling through the
devel opment of numerical methods and parallel
agorithms and the implementation of CCSM, the
Community Climate System Model of the National
Center for Atmospheric Research, on the IBM RS/
6000 SP and the SGI Origin 2000. PCM, the
Parallel Climate Model, has also been devel oped
and implemented on ORNL'smassively parallel
computers, and multiple runs have been completed,
making it possibleto morefully quantify the
uncertaintiesin climate predictions.

Work to develop new climate models that can take
advantage of new levels of supercomputing power
continues through DOE’s Climate Change
Prediction Program and related research projects.
A collaborative project spanning three divisions
(Environmental Sciences, Computational Sciences
and Engineering, and Computer Science and
Mathematics) isaimed at establishing a climate
modeling center at ORNL. Plansinclude coupling
general circulation models (GCMs) with interactive
carbon and chemistry modules and creating an
interdivisional computational grid environment.

4.3.3.2 Materials

Insights gained from simulations of the properties
and behavior of materials, which cost less and take
less time than laboratory experiments, are

accel erating the devel opment of new,

technologically advanced materialsthat can

improve the efficiency and economy of energy
production and use, contribute to new technol ogies,
and lead to new products. Scientists at ORNL are
using massively parallel processorsand newly

devel oped computational methodsto carry out a

variety of projects:

» Accurate simulation of the properties of
materials whose behavior depends on the
electronic structure of systems comprising
hundreds to thousands of atoms. Until recently,
such investigations were considered untenable
because of the large number of particles
necessary for accurate simulations.
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* First-principlescalculations of variations of
electrical resistivity in layered magnetic alloys,
which offer the promise of improved magnetic
storage systems.

» Simulations of the collisions and transport of
energeticionsin crystals. The combination of
these simulationswith experimental tools at
ORNL, such as the Z-contrast scanning
transmission electron microscope, affordsa
unique opportunity to study the complex nature
of surfaces and interfaces.

* Anaysisof material performancein automotive
applications, in an integrated effort that
comprises devel oping detailed vehicle models,
modeling lightweight materias (ahigh priority
for automotive applications because they can
improve fuel economy), and combining these
modelsto analyze material performance during
collisions, providing information that would
otherwise have to be obtained from expensive
crash testing.

Further advancesin computational capability will
extend the ability to predict and tailor the properties
of materials, supporting the aims of the Advanced
Materias Initiative (Sect. 4.5).

4.3.3.3 Fusion Energy Sciences

The fusion research community pioneered the use
of nationally networked supercomputing, and
modeling and simulation continueto be key tools
for devel oping the knowledge base to support the
use of fusion as an energy source. Increased
computational power is expected to open the way
for detailed three-dimensional simulations of awide
range of confinement schemes and plasma
phenomena.

Through a SciDAC project on numerical
computation of wave-plasmainteractionsin
multidimensiona systems, ORNL iscollaborating
with other members of the plasma wave physics
community and the computer science community
to extend the physics generality of the theories and
to attack major unsolved problemsin wave-plasma
interactions, withimmediateimplicationsfor
ongoing experiments. ORNL will also be studying
possibilitiesfor participating morewidely in
computational fusion science, such as hosting a
Fusion Topical Computing Center.

4.3.3.4 Genomesto Life

Building on its recent success with the Human
Genome Project, DOE has embarked on a new
initiative, “ Genomesto Life” (GTL), withthe
mission of devel oping the capability of
understanding and predicting the behavior of single
cellsand multicellular organisms. Thisambitious
goal represents decades of biological research.
Computational biology and theincreased
availability of terascale computational power
played akey rolein the mapping of the human
genome, and computational biology will play an
even moreimportant roleinthe GTL initiative as
high-performance computational codes are

devel oped to model complex biological systems.
More than 100 teraflopswill be required to carry
out protein structure predictionin onemicrobial
genome, and multi petafl ops computing capability
and dedicated resources will be needed to model
even thesimplest of single-cell organisms. A
coordinated community effort in structural
genomicsand computational biotechnology will
create ademand for additional high-performance
computational toolsto address detailed molecul ar
structures and even more complex biological
systems.

Aspart of its strong and rapidly growing
computational biology and bioinformaticseffort
(Sect. 4.2.5), ORNL has developed DNA
sequence analysistools, other genome informatics
resources, and protein classification and structure
prediction toolsthat are widely used by the
international biology community. New toolsand
approaches are being created to address a variety
of challenges. The focus is on extending the range
of understanding of biological phenomenafrom
mol ecul es to systems to phenotype and organism
function. Thisunderstanding iscritical to DOE's
science and environmental quality missions.

ORNL has established a cooperative R& D
agreement (CRADA) with IBM to participate in
the “Blue Gene” petaflops computer project. Blue
Genewill combine massive parallelism and new
computer architecture approaches with innovative
softwareto simulate protein folding, providing not
only abreakthrough in cutting-edge computing but
also an extraordinary tool for exploring
fundamental biological processes. As part of this
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CRADA, ORNL and IBM will share postdoctoral
positions and research staff.

4.3.4 Joint Institute for Computational
Sciences

The Joint Institute for Computational Science
(JICS) promotes collaborative research between
groups at ORNL, The University of Tennessee
(UT), and the UT-Battelle core universities and
encourages and facilitates the effective use of
high-performance computing. JCSwill focuson
research and education that weave together
advanced computation with experimentsin the
physical, biological, energy, and environmental
sciences (Fig. 4.10). ORNL and UT areinitiating a
new Alliancefor Computing and Communications
for Excellence in Simulation Science (ACCESS) to
broaden the intellectual scope and research activity
at both ingtitutionsby building on existing

Fig. 4.10. Artist’s conception of the Joint Institute for Computational
Sciences/Oak Ridge Center for Advanced Studies.

collaborations and complementary strengths. As
part of this effort, we are working to establish a
Southeast Network Research Center involving key
universitiesand institutionsin the southeastern
United States. JICSwill alow joint recruitment in
areas of current strength and those expanding the
scope of the existing activities. Construction on a
new facility, funded by the state of Tennessee, to
house JICSis scheduled to begin in August 2002
(Sect. 4.3.1).
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4.4 Energy and Environmental
Systems of the Future

4.4.1 Introduction

ORNL isdeveloping acomprehensive and
systematic approach to meeting the growing global
need for energy services. This Energy and
Environmental Systems of the Future (E2SF)
Initiative addresses the broad challenge, put
forward in DOE’s mission statement, of fostering
“asecure and reliable energy system that is
environmentally and economically sustainable.”

The United States is well endowed with avariety
of energy sources, including substantial fossil fuel
reserves, a considerable nuclear power industry,
and significant renewable energy resources.
Nevertheless, the nation imports about 58% of the
petroleum products that it consumes. Moreover,
there is concern about the
environmental impacts of nuclear
and fossil energy and of future
energy systems.

The corresponding situationin
many parts of the world is far
more challenging. Developing
countries are experiencing rapid
growth in population, energy
demand, and the environmental
degradation that often results
fromindustrial development. The
near-term depl etion of fossil
energy resources in response to
thisrapid growthisnot
sustainable over thelong term.

In 100 years, theworld population is projected to
be at least 8 billion. Meeting the energy needs of
thispopulation will be aformidable challenge. Most
forecasters are saying that total world energy
services must increase by afactor of 3to 4 inthe
next 100 years to meet global needs for energy
services and eliminate inequities between more and
lessdevel oped nations.

Accompanying this growing demand for energy is
an increasing awareness that the resources and
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technology systems meeting avery large
proportion of current needs are not sustainable.
Not only arefossil fuel sources, especialy
conventional oil and gas, limited in quantity and
nonrenewable, it now appears that the issue of
emissions—particularly greenhouse gas
emissions—may make the continuing use of fossil
fuels nonsustainable even while coa remains
plentiful. Increasingly sophisticated modelsare
predicting both global warming and increased
variation in climate as aresult of energy-related
actions. Nonsustainable resource use can also lead
towidespread pollution, desertification,
deforestation, and species extinction.

The combination of these two elements—
increasing needs and nonsustainable resources and
systems—creates a tremendous challenge.
Science and technology can play amajor rolein
increasing the availability of energy services, but
decisions about energy resources and technology
choicesthroughout the world will be governed
largely by market forces and to a lesser extent by
social concerns about the affordability of energy
services and the impacts of energy production,
distribution, and use on human health and the
environment. The devel opment and deployment of
future energy systems with the characteristics
listed in Table 4.5 will thus require athorough
understanding of a broad range of scientific
advances and technological solutions, economic
drivers, and policy issues.

Over the last few years, ORNL has placed a major
emphasis on R& D that builds hew energy systems
for the future that are environmentally acceptable
and economically competitive. Consistent with our
E® (energy, environment, and economics) theme, in
FY 2003 wewill continue to place major emphasis
on developing novel and innovative energy and
environmental systems for the future. However,
the events of September 11, 2001, have challenged
the nation and DOE to develop advanced S& T
capabilitiesto deal with terrorist threatsto our
energy supply and infrastructure. Hence, in

FY 2003, in addition to devel oping E® technologies,
ORNL will work with DOE to devel op advanced
energy security technologies. In developing anew
Energy Infrastructure Assurance Program at
ORNL, we will focus on advancing S& T

Table 4.5. Characteristics of future
energy systems

Characteristic Definition

Clean Minimal adverse effects on human health
and the environment

Efficient Significantly moreefficient than today’s
energy services

Affordable No more expensive than today’s energy
services

Available  Accessible throughout the world

Abundant  Drawing on plentiful resources

capabilitiesto protect, detect, mitigate, and recover
from energy infrastructure attacks.

ORNL is one of the world's premier centers for
R& D on energy production, distribution, and use
and on the effects of energy technologies and
decisions on society and the environment

(Fig. 4.11). Asaprimary performer of
environmental sciences for DOE, ORNL also has
extensive resources for understanding and
addressing the economic costs and benefits and the
environmental effects of energy production and
use. Asaresult, the Laboratory is uniquely
positioned to attack the long-term, large-scale,
multidimensional problem of meeting national and
global needs for energy systems that respect
human health, are affordable, and have aminimal
impact on the environment.

The E2SF Initiative provides aframework and a
focus (Fig. 4.12) for the Laboratory’s support of
DOE's general goal for energy resources:
“Promote the devel opment and depl oyment of
energy systems and practices that will provide
current and future generations with energy that is
clean, efficient, reasonably priced, and reliable.”
Through the E2SF Initiative, wewill

« encourage coordination among ORNL's
comprehensive activitiesin energy science and
technology, economic analysis, and
environmental science and technology;

» promote the creation and implementation of new
energy development activities, with the aim of
developing redlistic pathwaysto asustainable,
affordable, and an assured energy future; and

* create and use external partnerships to bring
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Fig. 4.11. Secretary Spencer Abraham discusses
hybrid lighting with Jeff Muhs at the G-8 Energy
Ministers Summit in Detroit.

together complementary resources in addressing

thisproblem.

Funding for the E2SF Initiative will be sought from

the DOE Offices of Science, Energy Efficiency

and Renewable Energy, Fossil Energy, and Nuclear

Energy, Science, and Technology. Funding
projections are being devel oped.

4.4.2 Approach

The E?SF Initiativeis envisioned as afocused

program that comprises

* integrated R& D to develop future energy
systems that are cost-effective and affordable
and that respect health and the environment;

 atargeted effort in fundamental science to
support improved understanding, assessment,
and management of the health, environmental,
and economic consequences of energy choices,
with particular emphasis on how energy use
affects economic competitiveness and
environmental systems,

* research to develop new capabilities to ensure
our energy infrastructure which include, but are
not limited to, physical security, cyber security,
modeling and simulation of interdependencies of
energy systems, energy infrastructure
monitoring and control, emergency planning and
response, and vulnerability and risk assessment
methodologies; and

« the development and application of capabilitiesto
eva uate technological, environmental, and
socioeconomic factorsin the devel opment and
deployment of systemsfor the safe, reliable, and
efficient generation, storage, and distribution of
energy.

Partnerships are a critical element of the E>SF
Initiative. The multidisciplinary nature of the
complex problems encompassed by E*SF presents
anumber of opportunitiesfor teaming and
collaboration, both within the Laboratory and with
other organizations that possess complementary
capabilities.

4.4.3 Resources

ORNL has been aleader in R&D at the intersec-
tion of energy, economic, and environmental issues

Energy Demand Continuous
Tempered by Efficiency
Continuous Improvements to
Efficiency Enable Effective
Improvement Provision of
Provided by P Needed Energy
* Fission h i * Transportation
* Fossil ¢ Buildings
* Renewables ¢ Industry
* Fusion e Power
A A A A
R&D Prioritized by
Integrated Assessment of
| Energy, Economics, <
Security, and Environment
A
y A\ 4 A

ORNL Cross-Cutting Science and Technology

Fig. 4.12. Conceptual model for the E2SF Initiative.
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throughout itshistory. The
Laboratory’s assets include programs
in nuclear energy, energy efficiency
and renewabl e energy, fossil energy,
and fusion energy; cross-cutting
programs (e.g., in chemical sciences
and technol ogi es, engineering sci-
ences, instrumentation and measure-
ment science, and materials sciences)
that address fundamental questions
about energy; environmental research
programsfocusing on global change,
environmental processes and sys-
tems, the effects of energy develop-
ment and use, and resource
utilization; strengthsin environmental
management sciences and environ-
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mental technology devel opment; and energy-
related assessment and information activities
characterized by distinctive capabilitiesin the
analysis of economic and policy factors. The
strength and breadth of ORNL's capabilities
represent an important and defining characteristic
of the E2SF Initiative.

Other ORNL resources are available to support
the ESF Initiative. The Oak Ridge National
Environmental Research Park and unique
experimental field facilitiesin the park support
large-scale environmental process research

(Sect. 5.1.2). Facilities such as the Advanced
Propulsion Technology Center; the Bioprocessing
R&D Center; the Physical Properties Research
Facility; the Buildings Technol ogy Center; the High
Temperature Materials Laboratory; the High Flux

| sotope Reactor; and the National Transportation
Research Center support a broad range of energy-
related R&D. ORNL's computational capabilities
are akey asset for studies of energy-related topics,
such as climate variability and climate change,
combustion, and fusion energy sciences.

Strengths in materials separations science and
chemical processing represent a notable resource
for energy efficiency and pollution prevention and,
therefore, a notable resource for the ORNL E°SF
Initiative. Increasing the efficiency of materials
separations processes in the most energy-intensive
industries and devel oping these separations
processes for clean energy production are key
elementsin developing a sustainable energy future
(Fig. 4.13). Innovative research in the areas that
support the goals of the E2SF Initiative in energy
efficiency, clean power, transportation, and carbon
sequestration include advanced bioprocessing and
bioseparationsto produce liquid transportation fuels
and bio-based chemicals; new catalysts, sorbents,
extractants, membranes, field-enhanced
separations, and hybrid processes to produce
energy-efficient processes for the chemical,
petroleum, agriculture, and forestry products
industries; fuel cells; and separations of carbon for
sequestration.

The E2SF Initiative isalso linked to other major
Laboratory initiatives. Enhancement of ORNL's
neutron science capabilities (Sect. 4.1) will support

Fig. 4.13. Researcher tests the operation of
equipment demonstrating a novel electric-field-
eneenhanced separations process developed at
ORNL.

investigations of new materials for energy systems,
molecular-level studiesof environmental chemistry,
and analysis of protein structurein support of new
means of energy production and evaluations of
energy impacts. The E?SF Initiative draws on
ORNL’sComplex Biological SystemslInitiative
(Sect. 4.2) for information about the biological and
environmental impacts of energy choices, for new
ways of remediating environmental contamination,
and for new resources for clean energy
production. Advances in terascale computing and
simulation science (Sect. 4.3) will support more
accurate predictions of climate variation and
provideinsight into energy-related materialsand
processes. The Advanced Materials Initiative
(Sect. 4.5) will improve the understanding of
materials and materials-related phenomenathat
underpin energy technologies.

Collectively, ORNL's resources make major
contributionsto meeting the challenges advanced in
DOE's energy R&D portfolio (Sect. 4.4.4.1). The
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breadth of these resources and their integration of
basic research, applied research, and technology
development are important assets for the E2SF
Inititive.

4.4.4 Planned Activities

InFY 2003, ORNL will

* integrate energy security with capabilitiesin
energy science and technology, global climate
science and carbon management, and analytical
methods and engineering to provide amore
comprehensive focus for the E2SF Initiative;

* secure new capabilities by investing LDRD
fundsto explore critical research needsin
developing and analyzing the scientific underpin-
nings for new, cleaner energy technologies and
in devel oping new technol ogiesfor ensuring our
nation’s energy system;

* pursuethe development of experimental facilities
and simulation modeling that will extend our
capabilities across the spectrum of E2SF
activities; and

* build strategic partnerships, within and beyond
the Laboratory, to leverage our capabilities and
accelerate understanding of key energy issues.

The results of these activitieswill be usedin
constructing along-term R& D program in E*SF.

4.4.4.1 Integrating Activities in Energy,

Economics, and Environment

Asamultiprogram science, technology, and energy
laboratory, ORNL is engaged in abroad variety of
DOE-sponsored programs that address the
challenges presented in the Department’s energy
R& D portfolio: producing clean fuels, developing
advanced energy systems, enhancing utility
infrastructure, and providing the energy base for
clean, resource-efficient industries.

DOE sponsors for energy and environmental
science and technology include the Office of
Science (DOE-SC), the Office of Energy
Efficiency and Renewable Energy (DOE-EE), the
Office of Fossil Energy (DOE-FE), and the Office
of Nuclear Energy, Science and Technology
(DOE-NE), as outlined in Sects. 5.1 and 5.2.
ORNL also has work for other sponsors

(Sect. 5.6), such as the Nuclear Regulatory
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Commission (NRC) and the U.S. Department of
Transportation, which is directed toward the
solution of energy-related problems. Partnerships
with other national laboratories, other federal
agencies, state governments, and industry (Sect. 6)
contribute to ORNL's extensive foundation of
expertise in energy and environmental science and
technol ogy. Complementing thisfoundation are
diverse resourcesin analytical methods and
engineering.

The E2SF Initiative will leverage the results of
these efforts in working to understand and
minimizethe health and environmental
consequences of energy production and use,
improve the efficiency of existing energy systems,
and develop new options for energy services. The
integration of economic and environmental
analysesinto the development of energy
technologiesat ORNL will add valueto individual
technol ogy-specific programs by providing a
perspective on market potentials, environmental
implications, and other factorsrelated to the
success of longer term technology R&D.

Energy Science and Technology

ORNL'’s capabilities and expertise are applied to a
diversity of tasksin energy production, energy
storage, and energy efficiency, asoutlined in

Sect. 5.2. Several specific R&D programs are of
particular importance to the development of clean
energy systems.

Nuclear Energy. Nuclear energy represents an
important element of an integrated clean energy
supply strategy, and ORNL’slong-term
involvement in nuclear technology and safety has
provided the L aboratory with distinctive capabilities
and facilities for the R& D needed to support this
energy option. Current R&D activities (Sect.

5.2.3) include work aimed at re-establishing a
research capability to fabricate gas-cooled reactor
fuels, testing of pebble bed fuelsand MOX light
water reactor fuels, developing and defining
technology for advanced “ Generation IV” reactors,
devel oping enabling technology for improved waste
management strategies such as transmutation and
spent fuel recycling, and basic research on high-
temperature irradiated materials. ORNL isalso
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working to ensure acceptable levels of safety for
nuclear power plants, including technical support to
the NRC on recently emerging concerns in reactor
pressure vessel head corrosion and integrity (the
Davis-Besse issue) and homeland security
vulnerabilities.

Fossil Energy. The ORNL Fossil Energy
Program (Sect. 5.2.2) embodies a broad range of
research, including advanced structural and
functional materials, bioprocessing, combustion,
carbon sequestration, gas production and utilization,
and oil production and environmental technol ogies.
Expanding programsinfuel cellsand functional
materials; carbon sequestration; and methane
hydrateswill beimportant to the E2SF Initiative.

Energy Efficiency and Renewable Energy.

ORNL'’s capabilities and expertise are applied to a

diversity of tasksin energy efficiency and renew-

able energy for DOE-EE, as described in

Sect. 5.2.1. Strengthsin building technologies,

industrial materials, distributed energy systems, and

transportation are particularly applicableto the

E2SF Initiative. ORNL will work to expand these

strengths through the devel opment of new facili-

ties, capabilities, and partnerships. Resourceswill

include

* construction of anew Energy Reliability and
Efficiency Laboratory (Sect. 4.4.4.3) and the
Advanced Materials Characterization
Laboratory (Sect. 4.5.3),

» agrowing program in distributed energy and
electricity reliability, and

* partnerships drawing on the capabilities of the
National Transportation Research Center.

Laboratory resourcesin hybrid systems, advanced
engines, emissions, power electronicsand electric
machinery, and material s technol ogies support the
development of clean, efficient, and affordable
transportation systems, addressing the goals of the
E’SF Initiative.

Fusion Energy. In the longer term, fusion energy
could be an attractive element of the global energy
system. Fusion produces no carbon emissions, and
itsbasic fuels, deuterium and lithium, are abundant
and widely available. Asacomplement to fission
energy, fusion offers potential safety advantages
deriving from the low stored energy of fusion

power systems, theminimal risk of proliferation,
and substantially smaller volumes of radioactive
wastes from the fusion fuel cycle. ORNL manages
abroadly based fusion energy sciences program
(Sect. 5.1.4) that supports DOE’s aim of
demonstrating fusion’s potential to bean
economical, environmentally acceptable energy
source.

Climate Change, Carbon Cycle, and
Climate Mitigation: Key Energy Linkages

ORNL isinvesting in new R& D to support the
evolving emphasiswithin DOE on global climate
change, the carbon cycle, and analysis of possible
optionsto mitigate climate change. Understanding
climate change isakey unknown in developing
future energy systems, and it isavital component
of ORNL’s E2SF Initiative. The ORNL agenda
makes significant contributionsin several key
areas.

Carbon Cycle. The North American Carbon
Program is an important new emphasis for DOE
as part of the U.S. Global Change Research
Program (USGCRP) goal to quantify the carbon
cycle. ORNL involvement includes support in the
areas of data management, comparative simulation
output, and dataassimilation. A related activity is
the estimation of local and regional carbon fluxes
as part of DOE's Office of Science GPRA
metrics. An ORNL staff member is participating
on ateam that is attempting to scale observations
to regional estimates of carbon dioxide exchange.

New Simulation Capabilities. DOE's SciDac
activities at ORNL form a core of research effort
to use ORNL's high-performance computing
capacity to develop advanced simulation tools
(Sect. 4.3). Dedicated computational resources
such as a new climate and carbon research focus
of ORNL's Center for Computational Sciences
(Sect. 4.3.1) are helping to advance climate
modeling capabilities (Sect. 4.3.3.1). New
capabilitiesareaso being builtin analysisand
modeling related to strategies that emphasize
adaptation optionsto climate change rather than
technological solutions. In addition, the Carbon
Management Analysis System (CARMAN) isa
new simulationtool that will allow various carbon
management strategies to be assessed within the
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context of acoupled climate-carbon model and
future energy strategies (Fig. 4.14).

Biological Carbon Management. There is
increased recognition that biological solutionsto
carbon management are not only feasible but also
effective in terms of magnitude and costs. ORNL
is supporting the DOE Genomesto Life (GTL)
program through its efforts to sequence the
Populus genome and put the emerging sequence

Fig.4.14. ORNL's high-performance computing
capabilities will permit large-scale coupled climate-
carbon cycle models to be developed.

information to work in finding solutions. The plant
and microbial optionsare asotightly linked to the
concept for a large-scale test and demonstration
facility on the Oak Ridge Reservation (Sect. 5.2.1)
as a mechanism to ensure the continued use of
fossl fuels.

Water Cycle Research. Water resources have
been widely identified asbeing vulnerableto future
climate change and other anthropogenic stresses
related to popul ation growth, land use, and
demands on future energy systems. In
collaboration with four other national laboratories,
ORNL isworking for DOE-SC on a 3-year pilot
study on water cycle dynamics. ORNL isaso
working to establish alonger-term water cycle
program that would include regional test beds for
extensive data collection supporting devel opment
of water cycle simulation systems and enhanced
observational technologieswhichwill becritical to
future power production.
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Analytical Methods and Engineering

In addition to providing afocal point for most of
ORNL'’s energy and environmental R& D activities,
the E2SF Initiative will engage Laboratory re-
sourcesin determining the economic and environ-
mental consequences of energy choices.

ORNL will bring to bear its unique resources for
devel oping and applying the tools and techniques
needed to determine the social, economic,
environmental, and security consequences of
particular choices of energy technologies. These
tools and techniqueswill support the selection of
policiesthat will be most effectivein bringing about
asustainable energy future. We will continue to
apply Laboratory expertisein the natural sciences,
economics, and social science to environmental
impact assessments and to the devel opment of
ecological and regional-scalerisk analysis, regional
and global -scale modeling, uncertainty analysis, and
radiological hazard assessments. ORNL will also
develop comprehensive global models, including the
oceans, atmosphere, terrestrial systems, and the
hydrologic cycle, to form the basisfor predicting
future atmospheric CO, concentrations and
climate, which are essential to understanding future
energy system requirements.

ORNL also has unique resources for developing
and applying assessment and prediction toolsand
techniques. Ongoing activitiesinclude applied
research and integrated assessments of the
engineering, environmental, and social impactsof a
broad range of energy-related activities, drawing
on expertiseinthe natural, social, engineering, and
computational sciencesand in technology
development. The following are key resources for
the E°SF Initiative.

Integrated Assessment. Binding together
ORNL’srich technical strengthsin the
development of clean energy systemsisawidely
recognized capability to carry out innovative,
independent, integrated assessments that span
energy, economics, and the environment. In recent
years, the Laboratory has been actively involved in
ahost of national and international energy,
economic, and environmental integrated
assessments, both learning from and contributing to
the collective body of knowledge and experience.
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For example, ORNL co-led an interlaboratory
working group commissioned by DOE to examine
the potential for public policiesand programsto
foster clean and efficient energy technology
solutionsto avariety of energy-related challenges.®
Two current LDRD projects are aimed at
expanding the science base for integrated
assessments of carbon management issues.

Measurement Sciences. ORNL's expertise in
measurement sciences providesimportant enabling
technol ogies to meet E2SF goals. For example,
systems being developed for the DOE-NE Nuclear
Energy Research Initiative enhance controls
strategies for advanced nuclear reactors. ORNL is
also devel oping and using advanced diagnosticsto
assess the operation of nuclear plants, to ensure
that the original design requirementsare
continuously met over the lifetime of the plant.

ORNL isdeveloping awide variety of “smart
sensors’ that merge sensitive detection abilities
with computing and signal transmission capabilities.
These devices support detection, monitoring, and
tracking of environmental contaminants; prediction
of the effects of climate change; improvementsin
measurement and inspection techniques that
enhance the efficiency and competitiveness of
manufacturing; and a host of other applications.

Robotics and Intelligent Machines. ORNL's
cross-cutting capabilitiesin roboticsand intel ligent
machines are a notable resource for the E°SF
Initiative. The need for operational efficiency
improvements and worker protection in advanced
nuclear fission and fusion energy production
facilitieswill mandate the widespread application
of roboticsand intelligent machines (RIM)
technologiesin thesefacilities. RIM technologies
can also be used to reduce or eliminate worker
hazards unique to fossil energy resource
exploration, resource extraction, and production
operations. Advancesin manufacturing and
production technologiesfounded on RIM
technologieswill reduce the cost of producing
renewable energy technologies. RIM research will

SInterlaboratory Working Group, Scenarios for a Clean
Energy Future, ORNL/CON-476, UT-Battelle, LLC, Oak
Ridge, Tenn., and LBNL-44029, University of California,
Berkeley, Calif., November 2000.

also play arolein enabling new avenues of energy
production and distribution that are both efficient
and safe for the worker and the environment.

Separation Sciences. Increasing the efficiency of
separations processes in the most energy-intensive
industries and devel oping separations processes for
clean energy production will be among the keysto
a sustainable energy future. As DOE’s principal
laboratory for chemical separations and analysis,®
ORNL playsaleading role in the devel opment of
novel energy-efficient separations and energy-
related processes. The ORNL Center for
Separations and Chemical Processing integrates
fundamental separations research with capabilities
in characterization and measurement, terascale
computing, materials devel opment, and sensors and
controls for development of advanced energy
technologies.

4.4.4.2 Securing New Capabilities

Innovative research that supports the goals of the
E2SF Initiative has been identified as atarget area
for ORNL's Laboratory Directed R&D (LDRD)
program (Sect. 5.7). In FY 2003, ORNL will invest
inbuilding astrong R& D portfolioin thefollowing
areas.

e Energy efficiency: R&D that advance and
increase energy efficiency such as (1) advanced
technologiesfor more efficient use of electricity,
(2) industrial resource recovery and use and
industrial processes to save energy, and (3)

R&D that increases transportation efficiency.

e Clean power: R&D that accelerate the
development of clean power in the use of
energy sources with lower emissions, such as
(2) nuclear power, (2) hydrogen to produce
electricity through fuel cells, and (3) ultra-low-
emissionstransportation.

e Carbon sequestration and separation
sciences. R&D that advance understanding of
carbon sequestration potential or increase the
efficiency of separating carbon from other
gases, such as (1) specific fundamental
scientific breakthroughsin chemistry, geology,

6L aboratory Operations Board, Srategic Laboratory
Missions Plan—Phasel, \Vol. I1: Mission Activity Profiles, U.S.
Department of Energy, Washington, D.C., July 1996, p. SC-
10.
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and biology that build R& D capacity; (2) large-
scale experiments to understand the efficacy,
stability, and impacts of stored carbon, aswell as
its consequences for humans and the
environment; and (3) advanced chemical,
biological, and engineering technol ogiesfor
separation, capture, and sequestration of carbon.

* Energy security: R&D that develop capabili-
ties to ensure our energy infrastructure, which
include, but are not limited to, physical security,
cyber security, modeling and simul ation of
interdependencies of energy systems, energy
infrastructure monitoring and control, emergency
planning and response, and vulnerability and risk
assessment methodol ogies.

4443 Developing Experimental
Facilities

New research facilities will be required to advance
the understanding of key energy development
issues. ORNL isplanning threefacilitiesthat
support the broad research agenda of E2SF.

Energy Reliability and Efficiency
Laboratory

Asdescribed in Sect. 5.2.1, ORNL is proposing the
Energy Reliability and Efficiency Laboratory asa
lineitem for project engineering and designin

FY 2003 and for construction in FY 2004 and

FY 2005. Thisfacility will support the missionsand
goals of three program areas that are key to the
E2SF Initiative: electricity reliability, distributed
energy resources, and buildings research (Fig.
4.15). The strategic importance of these research
areas is highlighted in the 2002 Energy Efficiency
and Renewable Energy Srategic Program
Review and in the 2001 National Energy Policy
report. Thefacility will also enable ORNL to move
into emerging research areas such as new cooling,
heating, and power delivery strategieslinked to
electricity reliability and power quality.

Bioenergy and Carbon Sequestration
Systems

The Oak Ridge Reservation Bioenergy and Carbon
Sequestration Systems activity (Sect. 5.2.1 and

p. 5-22) will use the Oak Ridge Reservation,
including the ORNL campus, to create an
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integrated test bed for research and demonstration
of terrestrial carbon sequestration technologies and
bioenergy and bioproduct systems and their
impacts. It will provide opportunitiesfor full-system
research and analysis of both bioenergy and
carbon sequestration technologies, including
economic and environmental impacts and carbon
sequestration monitoring.

We envision the manipulation of ecosystems at the
watershed scale to test carbon sequestration
technol ogies and the creation of multiple-hectare
stands of energy crops to support the development
and testing of harvesting technologies and the
evaluation of environmental and economic features
of bioenergy systems. These manipulated
watersheds and energy crop fields will serve as
“facilities” both for ORNL and for outside
researchers, much as the Oak Ridge National
Environmental Research Park now functions as a
user facility. Theimplementation of bioenergy asa
component of the energy mix on the ORNL
campuswill likewise providea“facility” for
research on the economics and logistics of
bioenergy systems.

Quasi-Poloidal Stellarator

Asdescribed in Sect. 5.1.4, ORNL is proposing the
Quasi-Poloidal Stellarator (QPS) experiment to (1)
obtain new physics results on confinement of
plasmasin an innovative magnetic confinement
geometry and (2) explore the potential of this
compact variant of the stellarator approach as a
more attractive fusion power reactor. Physics
results from the QPS will complement those from
other experiments and broaden the understanding
of toroidal confinement, amain theme of the U.S.
fusion program. In the long term, the QPS
approach could lead to an attractive fusion reactor
that combines the best features of stellarators and
tokamaks.

4.4.4.4 Building Strategic Partnerships

The E*SF Initiative will createintegrated solutions
for addressing global energy needs, bringing
together “best-in-class’ expertise in partnerships
that span disciplinesand institutions. Most of
ORNL'sdivisionsand programswill play key roles
in developing E?SF. In East Tennessee, the
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4.5 Advanced Materials

Our Advanced MaterialsInitiativeis
aimed at sustaining ORNL’s position as
aworld-class advanced materials R& D
laboratory supporting DOE’'smissions.
Thisinitiativeincludesthe development
of arecognized capability in nanoscale
science, engineering, and technol ogy;
the establishment of the Center for
Nanophase Materials Sciences; the
construction of the Advanced Materias
Characterization Laboratory; and the
development of extraordinary toolsfor
materials characterization and the
extension of ORNL'’s capabilities for

Fig.4.15. Artist’s conception of the Energy Reliability and

Efficiency Laboratory.

National Transportation Research Center links the
transportation programs at ORNL and The
University of Tennessee (UT), presenting
opportunitiesto devel op integrated solutionsfor
management of emissions associated with
transportation, and the Joint Institute for Energy
and Environment focuses the resources of ORNL,
the Tennessee Valley Authority, and UT on finding
solutionsto key national and international issues of
energy, economics, and the environment. ORNL is
partnering with Sandia National L aboratoriesto
evaluate and propose an advanced nuclear reactor
(Sect. 5.2.3). The four DOE |aboratories managed
by Battelle businesses—ORNL, Brookhaven
National Laboratory (BNL), Pacific Northwest
National Laboratory (PNNL), and the National
Renewable Energy Laboratory (NREL)—are
linking their resourcesin the Battelle-DOE Carbon
Management and Energy Technology networks.
Other partnershipsthat will beinvolvedincludethe
ORNL-NREL National Bioenergy Center, the
Center for Research on Enhancing Carbon
Sequestration in Terrestrial Ecosystems (CSITE),
the GEO-SEQ team, and the Oak Ridge Center
for Advanced Studies (Sect. 6.2). Science
education programswill promote both a broader
awareness of the problems to be solved and the
development of skillsfor solving theminanew
generation of scientists and engineers.

synthesis and processing.

45.1 Nanoscale Science and
Engineering

A key aspect of the Advanced Materias Initiative
isthe development of a program, supported by an
investment of LDRD funds (Sect. 5.7), in

nanoscal e science, engineering, and technology
(NSET). Through this program, ORNL will support
efforts to advance the fundamental understanding
of nanoscal e phenomenathrough experiment,
theory, and simulation; to devel op new methodsfor
predicting these phenomena; and to extend the
ability to design, synthesize, and characterize
materials at the atomic level, leading to new and
enhanced functionality.

Nanoscience is concerned with discovering,
understanding, characterizing, and fabricating
materials and systems with novel properties,
phenomena, and processes that occur primarily
because of their small size. Structures having
dimensions of 1 to 100 nm (10°to 10" m) can
induce important property changesthat go well
beyond those of their isolated component
molecules (~1 nm). Additionally, propertiesinduced
by such structures may not be predictable from
those exhibited by larger structures. New
behaviors associated with the nanoscale are not
merely the result of orders-of-magnitude reduction
in size, but are caused by the emergence of
entirely new phenomena These include the effects
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of confinement on electronic structure, the
dominance of interfacial and surface phenomena
(in contrast to bulk effects) with increasing
surface-to-volume ratio, and quantum effects.
Consequently, modeling and simulation play an
important role, complementing experimental
discovery, in developing afull and fundamental
understanding of these effects.

Nanoengineering and nanotechnology are
concerned with developing structures and systems
that use and enhance the significantly improved
properties of their nanoscale components. By
learning how to control feature size and to
assemble appropriate“building blocks,” it should be
possible to enhance the properties of materials and
to create functional deviceswith greatly improved
or entirely new functions. Thisgoal, however,
requires both discovering the underlying principles
and devel oping the tools needed to apply them
systematically.

In recognition of the critical importance of this
emerging field, Congress provided an increase of
$227 millionfor researchin NSET in FY 2001. The
multiagency National Nanotechnology Initiative
(NNI) will strengthen scientific disciplinesand
createcritical interdisciplinary opportunities. Itis
expected to lead to breakthroughs in numerous
fields, many of them central to DOE’s missions,
including materials, manufacturing, energy,
environmental quality, information technology, and
national security.

DOE isone of six agencies participating in the
NNI. Its FY 2002 budget is$85 million. In

FY 2003, the President’s budget request provides
anincreaseto $133 million. The NNI will build on
DOE’sunique capabilitiesfor visuaizing,
characterizing, and controlling matter at the
nanoscale and on a broad portfolio of R&D
already under way at the Department’s
laboratories. DOE resources include a diverse
array of national user facilities, with unique
capabilitiesfor investigation of nanoscale materials
and processes, and computational facilitiesto
support the modeling and simulation needed in
devel oping acomprehensive understanding of the
nanoworld.
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TheNSET initiativeswill position ORNL for the
science and technol ogy of thefuture, building on
(1) astrong core materials science and engineering
program, (2) avariety of capabilities and expertise
to synthesize new materials and to process them
into nanoscal e configurations molecul e by
molecule, (3) world-class characterization facilities
that can “see” new materials configurations at the
atomic level and determinetheir properties, and (4)
hi gh-performance computer modeling and
simulation capabilitiesto understand materials
properties and predict new configurations. A
second workshop on NSET-related R& D will be
held June 23-25, 2002.

4.5.2 Center for Nanophase Materials
Sciences

The Center for Nanophase Materials Sciences will
be anational facility for advancing the understand-
ing of nanoscale phenomenain materias. It will
leverage the unprecedented opportunity for new
research on the structure and dynamics of
nanoscale materials systems that will be afforded
by the SNS and the upgraded HFIR (Sects. 4.1.1
and 4.1.2). Thefocuswill be oninterdisciplinary
research areas that benefit from access to neutron
scattering, including soft materials, interfaces,
nanoscal e magnetism, and other nanophase
systems. Research will provide the foundation for
new nanotechnol ogies based on these materials
systems and will optimize the use of the SNS and
the upgraded HFIR for nanoscience-related
research.

Working through university and industry partner-
ships, the Center for Nanophase Materials Sci-
enceswill create an environment and provide
facilitiesfor rapid progressininterdisciplinary
nanoscal e science and engineering. It will al'so
providetraining for graduate students and
postdoctoral associatesin interdisciplinary
nanoscal e science with particular emphasison
nanoscal e material s synthesis and characterization,
assembly of nanomaterials systems, and funda-
mental understanding of nanoscal e phenomena.

The Center for Nanophase Materials Sciences
was approved by the Office of Basic Energy
Sciencesin FY 2001 and isnow aline-item
construction project beginningin FY 2002
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(Table 4.6). Following the successful review of the
Conceptual Design Report, Project Engineering
Design funding of $1.5 million has been made
available. The FY 2003 budget includes arequest
for $25 millionin construction funding. The center
will be housed in a7,430-m? (80,000-ft?)
laboratory/office complex to be constructed
adjacent to the SNS and the Joint Institute for
Neutron Sciences (Fig. 4.16). Thisfacility will
include clean rooms and specialized equipment for
nanoscience research that cannot be
accommodated in existing space at ORNL.

The Center for Nanophase Materials Sciences
responds to the recommendations of Nanoscale
Science, Engineering, and Technology
Research Directions, a 1999 report prepared by
members of the Office of Basic Energy Sciences

Table 4.6. Funding profile for the Center for Nanophase

Materials Sciences by fiscal year

(project engineering and design and construction in millions of dollars)

4.5.3 Advanced Materials
Characterization Laboratory

Asaleader in the development of techniques and
instrumentation for analysis of materias at the
atomic level, ORNL has one of the nation’s
strongest and broadest materials sciences
programs. Thisareaisthe focus of collaborative
research with universities and industries across the
United States. Many of these collaborations
involve characterization of materials at ORNL user
facilitiesand participation in collaborative research
centers.

Appropriate housing for advanced anal ytical
electron microscopesand similar instrumentationis
ahigh priority. ORNL currently does not have any
buildingsthat allow the L aboratory to maintain
state-of-the-art instrumentation for
the next generation of this equip-
ment.

ORNL will construct an Advanced

FY 2002 FY 2003 FY 2004 FY 2005

Tota Materials Characterization Labora-

$15 $25.0 $200 $175

tory (AMCL) to address this issue.
$64.0

Nanoscience/Nanotechnology Group, and will
provide a unique national resourceinthe
nanosciences. Preliminary design activitiesfor the
facility wereinitiated in FY 2001. A workshop to
facilitate community involvement in planning for
the Center, held in October 2001, was attended by
270 participantsfrom 67 ingtitutions.

TheAMCL will providethe high-
quality environment required to
optimize the performance of sophis-
ticated characterization equipment essential for the
next generation of advanced materials R&D

(Fig. 4.17). TheAMCL isincluded in ORNL's
FacilitiesModernization I nitiative (Sect. 7.3.3.1) as
a General Plant Project (GPP) budget item with a
cost of $4.8 million, to be completed in FY 2004.

The AMCL will foster state-of-the-
art materials characterization that is
essential for understanding materials
and materials-related processes and
phenomenathat underpin energy
technologiesand industrial
endeavors. Specifically, thefacility
will house equipment funded by
several DOE offices, primarily the
Office of Science (DOE-SC) and the
Office of Energy Efficiency and
Renewable Energy (DOE-EE). Two

Fig. 4.16. The Center for Nanophase Materials Sciences will be
located near the SNS and the user-support facilities at the Joint
Institute for Neutron Sciences.

of ORNL'’s major user programs—
the High Temperature Materials
Laboratory, funded by DOE-EE, and
the Shared Research Equipment
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Fig.4.17. The Advanced Materials Characterization Laboratory
will house advanced microscopes that require a “quiet”

environment.

Collaborative Research Center, funded by DOE-
SC—include a strong emphasis on electron-beam
characterization and related techniques that will be
supported by thisfacility.

4.5.4 Extraordinary Tools for Materials
Characterization

Asthe complexity of materials and the
regquirements on their performance have increased,
demands for detailed descriptions of the
interactions among structure, composition, and
properties of materials have soared. Major probes
for characterizing materialsinclude neutrons,

X rays, and electrons. To answer critical questions
about the nature of matter and to develop the
advanced materials needed for more efficient
energy systems, DOE must maintain cutting-edge
characterization tools in each of these areas.

The Spallation Neutron Source (SNS) and the
upgrades to the High Flux Isotope Reactor (HFIR)
and associated neutron scattering facilities

(Sect. 4.1) will provide theworld'sbest capabilities
for probing materials with neutrons. ORNL's
investment of LDRD fundsin several key areas of
neutron science (Sect. 5.7) is supporting the
development of new tools, including novel
instrumentation, advanced neutron optics, and data
visualization and analysis, for utilizing these
capabilities.
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The need for advanced X-ray
characterization toolsisbeing
addressed by the development of
beam lines on the Advanced Photon
Source (APS) at the Argonne
National Laboratory. Microbeam
capabilitiesare extending the
understanding of materials
phenomenato mesoscale length
scales, elucidating key materials
problems such as stress-driven grain
growth, aging, and materialsfailure.
ORNL isdeveloping a dedicated
microbeam facility directed toward
0.1-umresolutionin collaboration
withthe University of lllinois, the
National Institute of Standards and
Technology (NIST), and UOP
Research Inc. Funding provided through the DOE-
SC Office of Basic Energy Sciencesis being
applied to devel op amesoscale materials program
using microbeams at the APS.

"l

Future needs for electron characterization and

related techniques will be supported by

construction of the AMCL, as described in

Sect. 4.5.3, and by continuing efforts to expand

ORNL's resources for high-resolution

characterization of the microstructure and

microchemistry of materials, with the goal of

acquiring theworld’ s highest resol ution el ectron

microscopes. Key areas of expertise include

* analytical electron microscopy, including high-
resol ution imaging, convergent-beam electron
diffraction, el ectron energy-loss spectroscopy
(EELYS), energy-dispersive X-ray spectroscopy,
spectrum imaging, and energy-filtered imaging;

* atomic-resol ution scanning transmission electron
microscopy (STEM), including Z-contrast
imaging and atomic-resolution EEL S;

 atom probefield-ion microscopy, including
atomic-resolution imaging, high-resolution time-
of-flight spectroscopy with single-atom
sensitivity, and three-dimensional atom probe
techniques,

« anaytical scanning electron micraoscopy,
including secondary and backscattered electron
imaging, energy-dispersive and wavel ength-
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dispersive X-ray microanalysis, and electron
backscattered pattern orientation measurements;
and

» mechanical properties characterization with
submicrometer spatia resolution, including
nanoindentation experimentsat ambient and
elevated temperatures; hardness, modulus,
viscoelasticity, creep, scratch, and fracture
toughness measurements; and atomic force
microscopy.

A new aberration-corrected transmission electron
microscope, funded by DOE-EE and scheduled for
delivery in FY 2003, will contribute to the needed
expansion of ORNL'’s resources (Fig. 4.18). In
addition, DOE-SC is providing support to upgrade
ORNL’s STEM facilities to sub-angstrom
resolution.

Fig. 4.18. The new aberration-corrected
transmission electron microscope scheduled for
delivery in FY 2003.

4.6 National Security

Thethrust of ORNL's national security initiativeis
focused on the nation’s needs as a result of the
events of September 11, 2001. Past successes
have established ORNL as aleader in the
development of science and technology used to
solve the security and public safety challenges
faced by federal, state, and local governments. By
applying itsdistinctive capabilitiesand building on
its accomplishments of the past, ORNL will
continue to serve as an innovator and leader in
devel oping technologies that can be used to support
homeland security and national defense. Expanding
“science at the boundaries’ by applying a
collaborative, multidisciplinary approach to solving
today’stechnological challengesincreasesthe
likelihood that successful solutionswill befound.
Through consolidation of facilities, expertise, and
other resources, development costs can also be
minimized. Laboratory staff possess the technical
knowledge and experience necessary to develop
devices or systems at |east through the proof-of-
principle or brass-board stage.

Theimportance of building devices and systems
that can meet the nation’simmediate security
needs as quickly as possible cannot be overstated.
ORNL will work with homeland security and public
safety officialsto meet the critical need for tools
that can be used to defend the country, protect the
public, and fight the war on terrorism. We will
focus on such areas as

* sensors and detectors to protect against
chemical, biological, radiological, and nuclear
(CBRN) threats;

e mobile power sources;

e computer and computational science applications
to meet homeland security needs;

» materials research for security applications;

* transportation security, for both the
Transportation Security Administration (TSA)
and the U.S. Coast Guard;

 law enforcement, public safety, and emergency
management; and

* development of total asset visibility and decision
support tools that can be used by transportation
and logistics personnel in both commercial and
military organizations.

4-35



Institutional Plan FY 2003—-FY 2007

4.6.1 Sensors and Detectors for
Chemical, Biological,
Radiological, and Nuclear
Threats

The terrorist acts of September 11 demonstrated
the vulnerability of the United States to attack. The
worst-case scenario arguably isachemical,
biological, radiological, and nuclear (CBRN)
terrorist event in the United States. ORNL is
currently engaged in R& D and the engineering of
products and systems to better detect, identify,
locate, characterize, and attribute the proliferation
of Weapons of Mass Destruction/Effects (WMD/
WME) through measurement and analysis of
signatures gathered at close range by low-profile
sensing and analysis devices and at long range by
increasing the sensitivity and understanding of
more traditional techniques. The key components
required to successfully achieve the goals of this
activity include radiation detection technol ogies,
microtechnol ogies, huclear materialsanalysis, and
detection of chemical and biological agents.

Of all the threats facing the United States today,
perhaps the most challenging is the use of
biological agents. There is aneed today for
devices/systems that can accurately detect the
release of specific agentsin atimely manner as
well as predict where the agents went and the
number of people who were affected. The
biological threat al so extendsto agriculture and the
protection of critical infrastructure, such as water
suppliesand food production (Fig. 4.19).

I'n addition to devel oping technol ogies designed
specifically to prevent othersfrom obtaining
WMD, ORNL has considerably expanded itsrole
in counterterrorism, which may or may not include
the use of WMD. Specific areas of investigation
include information technologies, predictive
modeling, and smart sensors.

Wewill continue to partner with the Y-12 National
Security Complex to further ensure that the best
possible tools and systems to combat terrorism are
made available to local, state, and federal agencies.
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4.6.2 Mobile Power Sources

Soldiers, security providers, and first responders
have an urgent need for mobile power sourcesin
thefield that last longer and provide more power
than conventional batteries. The devel opment of
such power sources will also reduce the burden on
military logisticiansto supply deployed forceswith
enormous quantities of various types of batteries.
Successful development of thistype of technology
should also allow the fielding of abroad array of
untethered maobile technologiesto support DoD,
security personnel, law enforcement, and public
saf ety organizations.

4.6.3 Novel Uses of Computing and
Computational Science Assets in
Homeland Security Applications

One of the top priorities of the Office of Homeland
Security isthe effective utilization of computer and
computational science assetsto protect critical
information infrastructures; to aid in vulnerability
analysis, emergency response, and consequence
management; to support information sharing and
synthesis used to identify terrorist threats and
targets; and to ensure information superiority in
U.S. operations against terrorists.

In support of thispriority, ORNL ispursuing
modeling and simulation toolsfor homeland

security issues, especially in developing cyber
security infrastructures and mechanisms to protect
critical information. An additional areaof emphasis
will bein information technology, wheretheissueis
information accessibility, rather than availability, at
the appropriate time so that effective decisions can
be made and immediate action taken. ORNL seeks
to build a secure maobile network architecture that
will provide robust communi cations (both voice and
data) for the military and for homeland security
and public safety organizations.

4.6.4 Materials Research for Security
Applications

Missile defense, asset protection, counter-mine
detection, and blast mitigation are just afew
technologiesthat must rely on advancesin material
research in order to play arolein national and
homeland security. The trend over the next decade
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will beto build devicesand systems
made of stronger and lighter materials
that will continue to operate despite
exposureto extremefield conditions,
including heat, blast, shock, and
radiation.

4.6.5 Transportation Security

The nation’ stransportation infrastruc-
tureis both acritical asset and akey
vulnerability. Millions of containers
pass through American seaports each
year, but only very small percentages
are actually checked, let alonein-
spected, for WMD or other illegal
cargo. The nation’s vast pipeline and railroad
systems al so represent potential targets. Similarly,
the events of September 11 and subsequent
breaches in airport security demonstrate the
challenges associated with keeping the nation’s
aviation system safe and secure.

Recently, the federal government established the
Transportation Security Administration under the
Department of Transportation to oversee the
nation’saviation, railroad, highway, and pipeine
systems. The U.S. Coast Guard has the mission to
protect and guard the country’s ports and sea-lanes
totheterritorial limits.

Given the enormity of the task, great emphasis has
been placed on devel oping devices and systems
that can be used to detect, identify, locate, and
disable threats to the nation’s transportation
infrastructure. While a CBRN event poses the
greatest threat, any dislocation of thisinterrelated
system could cause serious economic, political, and
military harm. Disruptions could include physical
sabotage of bridges, dams, locks, and airports;
cyber attacks on information and financial systems;
damage to pipelinesthat cause environmental
hazards; or sabotage of the nation’s chemical
plants or chemical transportation system.

Science and technology will play asignificant role
in defending and protecting the country’s transpor-
tation infrastructure from threats such as these,
which are often difficult to predict and combat.

Block 1l Chemical Biological
Mass Spec

Raman Integrated
Tunable Sensor

Niclear Material Identification System

Fig.4.19. Sensor technology developed at ORNL.

4.6.6 Technologies for Law
Enforcement, Public Safety, and
Emergency Management

In FY 2002, ORNL joined forces with the Law
Enforcement Innovation Center’s (LEIC) Public
Safety Technology Alliance (PSTA) to help solve
crimes and support public safety officialsin eight
southeastern states. As part of this effort, ORNL
noncompetitively worksin concert with state and
private [aboratories to assist in assessing evidence
that require equipment or technical expertisethat is
not available at state law enforcement laboratories
or any commercialy availablefacility. Future
aliance partners may include the National Institute
of Justice, the Specia Technologies Program, and
various state bureaus of investigation.

LEIC was created in FY 2000 by afederal grant to
the Knoxville Police Department and The
University of Tennessee with the vision of
becoming the premier center for innovative law
enforcement to serve city, county, and state law
enforcement organizations. The center’s goal
remainsto foster innovationsin law enforcement-
related technologies, forensic R& D, other areas
related to law enforcement, and community quality
of life.

ORNL also carries out research and devel opment
that is aimed at advancing the science and practice
of emergency management, including
preparedness, mitigation, response, and recovery.
Researchers conduct applied social science,
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engineering, and interdisciplinary research on
emergency management issues and transfer that
knowledgeinto practical use. ORNL isalso active
in creating analytical toolsfor plannersand
responders, including simul ation models, decision-
support tools, information systems, planning
guidance, exercise materials, and training
materials.

Functional emergency management topics
associated with these efforts include warning
systems, command and control, communications,
hazard education, evacuation, sheltering in place,
decontamination, emergency medical treatment,
hazard dispersion modeling, and reentry. ORNL
staff members also provide analytical assistance on
technical and policy issues to such agencies as the
Federal Emergency Management Agency, the
Defense Threat Reduction Agency, and DOE's
Chemical and Biological National Security
Program.

4.6.7 Total Asset Visibility and Decision
Support Tools for Logistics and
Transportation

ORNL continues to study waysto apply science
and technol ogy to thelogistics and transportation
challengesfaced by military, commercial, and non-
governmental organizations. The Laboratory will

4-38

continue to seek new technologies and pursue
partnershipswith organizationsthat providetotal
asset visibility technologies (e.g., radio frequency
identification, spread spectrum, and bar code) for
both hazardous and nonhazardous materials.

ORNL will also assist the DoD’s geographic
Commanders-in-Chief (CINCs), the military
services, and component CINCswith collaborative
decision support tools. Thesetools shall be
designedto aid the CINCsin efficiently applying
service doctrine, order of battle, and logistics cross
leveling whilerapidly assessing relative combat
power.

Thesetoolswill providethemilitary logistician with
atechnical resource that can view the entire
planning process and provide rapid eval uation of
lines of communications, operational tempo,

logi stics hubs, manpower needs, casualty and
replacement flow, and inventories and consumption
rates.

Non-governmental organizations such asthe Red
Cross could use this system to visualize their
processfor responding to national and international
disaster areas and field reguests for support from
the perspective of numbers and locations of
refugees, areas and types of disease outbreaks,
and numbers of affected people.



5. Program Descriptions and Directions

As amultiprogram national
laboratory, the Oak Ridge National
Laboratory (ORNL) carries out
research and development (R&D) in
support of al four major missions of
the Department of Energy (DOE):
science, energy resources,
environmental quality, and national
nuclear security. ORNL also
undertakes work that supports other
DOE functions and work for other
sponsors. Through its Laboratory
Directed R&D (LDRD) Program,
ORNL supportsinnovative R& D
ideas that have no direct
programmatic funding but can and
do lead to productive new technical
directions.

Our commitment to excellencein

science and technology, reflected in

the Laboratory Agenda (Sect. 3.3), includes the
delivery of scientific advances and technological
innovations in support of DOE’s missions through
the R& D programs described in this section.

5.1 Science

DOE's Office of Science (DOE-SC) is the largest
single sponsor of research at ORNL, supporting a
broad range of science programs.

5.1.1 Basic Energy Sciences—KC

The DOE-SC Office of Basic Energy Sciences
(BES) supports a broad spectrum of research in
the physical sciences at ORNL through its
subprograms in materials sciences, chemical
sciences, and engineering and geosciences. Major
ORNL endeavors supported by BES include the
Spallation Neutron Source (SNS) and the High
Flux Isotope Reactor (HFIR) upgrades, which are
discussed in Sect. 4.1. ORNL’'s Advanced
Materias Initiative (Sect. 4.5) also draws on BES
support.

High-temperature superconducting wire being tested on X-ray
diffractometer.

The BES Materials Sciences subprogram sup-
ports a comprehensive fundamental materials
R&D effort in support of DOE’s missions. An
integrated, interdisciplinary approach is empha-
sized, including major research effortsin neutron
scattering; synthesis, processing, and characteriza-
tion of advanced materials; high-temperature
materials; soft materials; superconductivity;
surfaces, interfaces, and thin films; synchrotron
research; electron beam microcharacterization; ion
beam and laser processing; and theoretical studies.
The program benefits from access to unique, state-
of-the-art materials research facilities and from
close interactions with materials-related energy
technology programs. Major research initiatives
comprise the SNS and the neutron scattering
upgrades at HFIR (both described in Sect. 4.1) and
the Advanced Materials Initiative (Sect. 4.5),
which includes the construction of the Center for
Nanophase Materials Sciences and the Advanced
Materials Characterization Laboratory at ORNL
and the development of synchrotron beam lines at
the Advanced Photon Source at the Argonne
National Laboratory.
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The Materials Sciences subprogram operates two
national user facilities—the HFIR and the Shared
Research Equipment Collaborative Research
Center (SHaRE). In addition, through the Oak
Ridge Institute for Science and Education
(ORISE), BES supports the Oak Ridge
Synchrotron Organization for Advanced Research
(ORSOAR) for accessto the ORNL beam lineson
the Advanced Photon Source. These facilities
provide specialized research capabilities to
hundreds of research scientists and graduate
students from universities, industry, and
government laboratories (Fig. 5.1).

ORNL isaleader in fundamental materials science
and in the development of advanced materials,
processes, and characterization technologies. New
capabilities will extend ORNL’s contributions in
these areas. The SNS and the HFIR upgrades are
addressing along-term national need for improved
neutron science facilities and will provide
outstanding opportunitiesin many fields. The
Advanced Materias Initiative will foster the
development of new facilities, tools, and
capabilities. New research directions include
ultrahigh-temperature intermetallics, ceramic

Fig. 5.1. A professor from the University of
Kentucky performs STEM-EDX spectrum imaging
on the SHaRE CM200FEG.
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surfaces and interfaces, soft materials, and the
effects of reduced dimensionality and nanoscale
geometries on materials properties.

The Materials Sciences subprogram also advances
the understanding of materials and materials-
related phenomena that underpin energy
technologies. Basic research in materials sciences
isintegrated with the R& D efforts of DOE's
applied programs, especially the materials-related
efforts funded by the DOE Office of Energy
Efficiency and Renewable Energy, the DOE Office
of Fossil Energy, and the fusion energy sciences
program in DOE-SC. Key endeavors that benefit
from materials R& D include the Industries of the
Future initiative and environmental technology
devel opment programs.

The BES Chemical Sciences subprogram supports
the operation of the HFIR/Radiochemical
Engineering Development Center (REDC)
complex. The HFIR, which provides the highest
steady-state flux of thermal neutrons in the world,
is used for neutron scattering R& D, the production
of isotopes, materials irradiation, and neutron
activation analysis. Neutrons from the HFIR are
vital to research in the materials sciences,
chemical sciences, magnetic fusion, and life
sciences programs at ORNL and for external users
and collaborators. Each year approximately

400 researchers use its facilities. Activities at the
REDC involve the development and use of
production processes and product forms for

radioi sotopes, predominantly the isotopes of
transuranium elements; the production of portable
neutron sources using 252Cf for applicationsin
industry, medicine, and national security; and the
operation of the Californium User Facility for
Neutron Sciences.

The Chemical Sciences subprogram also supports
programs in molecular processes, which feature
particular strengths in mass spectrometry,
properties of high-temperature agqueous €l ectrolyte
solutions, separations chemistry and chemical
engineering, organic chemistry of energy
resources, actinide science, and hydrothermal and
isotopic geochemistry. Current research emphases
include improving the understanding of chemical
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conversions that underpin new or existing
concepts for energy utilization and conversion,
exploring the chemistry and physics required to
conceptualize new analytical methods; using
molecular recognition concepts to design selective
separations involving solvent extraction;
developing a greater understanding of complex
phenomena involved in multiphase separations;
unraveling the systematics of the solid-state
behavior of actinide elements and compounds,
relating the thermodynamic properties of agqueous
solutions at extreme conditions to molecular
structure; developing advanced battery concepts;
and quantifying fundamental geochemical
processes that control matter and energy transport.

The ORNL portfalio for the Chemical Sciences
subprogram also includes a program incorporating
experimental and theoretical research in atomic,
molecular, and optical sciences. Thiswork is
aimed at understanding, and ultimately
controlling, matter on the atomic scale through the
investigation of the interaction of atomic particles
scattering from solid surfaces or penetrating
matter. The program studies the basic physical and
chemical processes occurring in atomic
interactions and seeks the knowledge needed to
purposefully manipulate surface/solid properties.
Inelastic processes in plasmas, such as electron-
atom/ion/molecule or ion-atom/molecule
interactions, are studied because of their
pervasive occurrence in a huge range of
energy-relevant plasmas, such as those
used in lighting, magnetic and inertial
fusion energy, and technical plasma
processing, again with the dual goals of
fundamental understanding and robust
control of the processes.

These investigations depend on the
production of multicharged ions and the
application of several highly advanced,
unique experimental techniques to
control and observe their interactions
with other atomic-scale matter (surfaces,
solids, photons, electrons, ions, atoms,
molecules, and molecular ions), made
possible through the resources of the
Physics Division’s Multicharged lon

Research Facility and the Holifield Radioactive
lon Beam Facility (Sect. 5.1.5). Intimately coupled
with the experimental programs, providing
guidance and supporting existing lines of research,
theoretical studies are focused on the devel opment
of new physical models based on novel
mathematical and computational techniques.
Together, theory and experiment continue the
basic research needed to make new discoveries,
support and drive energy-relevant applications,
and pursue a pathway to exercising an extended
ability to manipulate and control processes and
states of atomic-scale matter.

The BES Engineering and Geosciences
subprogram sponsors the Center for Engineering
Science Advanced Research (CESAR). CESAR
was established by DOE in 1983 to conduct
fundamental theoretical, experimental, and
computational research in intelligent systems
supporting the needs of DOE and other customers
(Fig. 5.2). Its activities range from programmed
materials synthesis at the nanoscal e to cooperative
mobile robots, from quantum optics to directed
energy weapons, from neural networks to global
optimization, and from revolutionary computing
technol ogies to dynamic networking and
information warfare.

Fig. 5.2. Cooperative robots at ORNL's Center for
Engineering Science Advanced Research (CESAR). Teams of
autonomous mobile robots cooperatively solve problems that
cannot be addressed by single robots acting alone.
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CESAR isacaollaborative research facility
providing access to state-of-the-art technology and
equipment in a stimulating research environment.
Results and technology advances are distributed
through publications in the scientific literature,
workshops on selected topics, and the
development of prototype systems.

This subprogram also supports studies of a variety
of fluid-rock interactions and related hydrothermal
processes with implications for ail, gas, and
geothermal resource formation and exploitation;
contaminant migration and remediation; deep
subsurface fluid-rock interactions; and awide
range of general geochemical and industrial
processes. ORNL organized an October 2000
symposium, “From Atoms to Organisms (and
Back): Rates and Mechanisms of Geochemical
Processes,” in support of DOE’s Geosciences
Research Program.

5.1.2 Biological and Environmental
Research—KP

The mission of the ORNL Biological and
Environmental Research (BER) Program isto
advance science and technology in order to
understand

» complex biological systems, ranging from single
cellsto ecosystems;

* the relationships of these complex biological
systems to human health and the environment;
and

* the responses of the environment to regional and
global change, environmental stresses, and
resource use.

The ORNL BER Program comprises
distinguishing capabilitiesin biological research,
with afocus on genetics and molecular biology;
ecological and environmental systems; and
environmental quality (Table 5.1). These
capabilities will be keysto achieving the
overarching goal of DOE’s Genomesto Life
(GTL) Program: afundamental, comprehensive,
and systematic understanding of life, with a near-
term emphasis on understanding the susceptibility
of human and environmental systemsto adverse
consequences of energy production, devel opment,
and use. The breadth of these capabilities derives
from ORNL’s role as a multiprogram laboratory.
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Partnerships with other organizations, both
internal and external to the Laboratory, represent
another key resource of the BER Program.

The principal activities of the BER Program

include

 determining gene function in human, other
mammalian, plant, and microbial systemson a
genome-wide scale, focusing on systems
relevant to DOE’s missions, and performing
comparative analysis of genomes;

 advancing the understanding of structure-
function relationships by examining the
structure of proteins and protein complexes and
making specialized tools for structural biology
(small-angle neutron scattering, mass
spectrometry, and computational biology)
available to the research community;

* exploring the interactions of energy-related
chemical and physical agents with living
organisms and the environment, including their
transport, transformations, and health and
environmental effects and their ultimate
consequences for humans and the environment,
and devel oping the scientific understanding
needed for effective bioremediation of metal
and radionuclide contamination;

* pursuing genome-enabled microbial research to
harness the capabilities of microbial systemsfor
energy production, environmental remediation,
and carbon sequestration;

* understanding and predicting the dynamic
response of ecosystemsto climate change and
creating and applying new methods to monitor,
assess, and manage ecosystems;

 conducting plant genetics, genomics, and
physiological research to address carbon
sequestration, climate change, and bioenergy
systems;

e carrying out basic and applied research and
technology development to foster the invention
and refinement of advanced instrumentation that
addresses issues in genomics and proteomics,
biomedical engineering, environmental
protection, forensics, and national security;

* designing and devel oping tissue-specific
radiopharmaceuticals for disease diagnosis and
therapy, contributing to DOE’s Nuclear
Medicine Program and other beneficial
applications by leveraging with advancesin
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Table 5.1. Distinguishing capabilities of the ORNL BER Program

Genesto
Molecules

Ecologica and
Environmental Systems

Environmental
Quiality

Mouse genetics and genomics

M ouse mutagenesis and
phenotype screening

Neutron structural biology

Bioinformati cs/computational
sciences

M ass spectrometry

Atomic force microscopy and
nanotechnol ogy

Plant and microbial physiology,
genetics, and genomics

Dosimetry, toxicology, and
risk analysis

Biosensor development

Mouse Genetics Research
Facility®William L. and
Liane B. Russell Laboratory
for Comparative and
Functional Genomics

Center for Structural Molecular
Biology?

Center for Computational
Sciences

Mass spectrometry |aboratories

High Flux | sotope Reactor?

Spallation Neutron Source

Joint Institute for Biological
Sciences

Center for Molecular and

Cellular Systems

Functionsand activities
Ecosystem and global change
science
Environmental process science
and technology
Microbial biogeochemistry
and biotechnology
Ecological management science
and technol ogy
Environmental datasystems
Renewabl e resources R& D

Facilities
Oak Ridge Reservation/National
Environmental Research Park?
Walker Branch Watershed,
Melton Branch Watershed
NABIR Field Research Center
Free Air Carbon Dioxide
Enrichment Facility
Throughfall Displacement
Experiment
Seafloor Process Simulator
Center for Computational Sciences

Aerosol chemistry and laser laboratory

OCCAM (Old-Field Community
Change following Atmospheric
Manipulations)

Flux tower (NOAA)

Subsurface science

Bioremediation

Robotics and process systems

Chemical separations

Geochemistry

In situ methods for measurement
and monitoring

Biological monitoring and
abatement

Sensor devel opment

Field-scale R& D test sites

Meso-scale field and laboratory
test facilities (e.g., soil blocks
and lysimeters)

NABIR Field Research Center

Robotics development laboratory

UXO detection system

Hot cells

Bioprocessing Research Facility?

Center for Separations and
Chemical Processing

aDesignated user facility.

molecular biology and other rapidly developing
fields; and

 developing and applying computational tools
and techniques to address fundamental
guestionsin the life and environmental sciences
and to provide information and analytical
resources to the wider research community and
the public.

During the planning period, the BER Program will
continue and expand its work in these areas. The
major Laboratory initiative in complex biological
systems (Sect. 4.2) focuses the resources of the
ORNL BER Program on the emerging field of
“systems biology.” The major Laboratory initiative

in Energy and Environmental Systems of the
Future (Sect. 4.4) also builds on these resources,
which will provide a deeper understanding of
large-scale environmental processes and global
climate that will underpin decisions about energy
services.

The following strategic directions have been

selected:

« contributing to the emerging OBER Advanced
Medical Instrumentation Program in key areas,
including biomedical and medical telesensors,
efficient laser-based diagnostic and therapeutic
procedures, biocompatible materias, novel
bi oi nstrumentation development, and large-
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scale biomedical systems modeling and
simulation;

 providing a science-based understanding of the
carbon cycle, carbon sequestration, and carbon
management;

* expanding plant and microbial sciencein
support of energy production, environmental
remediation, carbon sequestration, and climate
change;

* defining new paradigms for ecosystem research
that utilize advanced sensors, genomic
capabilities and simulation, and novel large-
scale experimental facilities; and

* integration of carbon, water, and other
biogeochemical cycleswith climate modeling.

Near-term actions to be taken in support of

program goals include the development of

» acomputational biology capability that builds
on the high-performance computing resources
of the ORNL Center for Computational
Sciences (Sect. 4.3.1) and

 an improved understanding of water cycle
dynamics to allow better prediction of the
effects of global change on regional water
resources through the development of awater
cycle regional test bed.

5.1.2.1 Life Sciences

Research in the life sciences addresses the
understanding of complex biological systemsand
includes comparative and functional genomics
(involving model systems such as the mouse,
microbes, zebrafish, and plants), genetics,
biochemistry, biophysics, toxicology and risk
analysis, nuclear medicine, biomedical
engineering, analytical technologies, and
computational biology and bioinformatics

(Fig. 5.3). The Laboratory’s Complex Biological
Systems Initiative, described in Sect. 4.2, isan
integrated activity that draws on resources from
these and other ORNL programs. Thisinitiative
includes the development of a new Center for
Systems Biology, with afocus on understanding
human susceptibility to low-dose radiation and to
exposure to chemicals and mixtures of
environmental insults.

ORNL proposes to integrate its resources to
develop abiomedical engineering programin
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Fig. 5.3. Researcher examines polyacrylamide
gel used for genomic analysis.

support of the missions of OBER and other federal
agencies.

5.1.2.2 Environmental Sciences

Environmental science research covers
biogeochemistry, environmental biotechnology,
environmental chemistry, ecosystem studies,
geosciences, hydrology, microbiology, and
environmental assessment. Through the Energy
and Environmental Systems of the Future
Initiative (Sect. 4.4), these capabilities will be
applied to the development of a deeper
understanding of large-scale environmental
processes and global climate change and to
strategies for carbon management and
sequestration.

ORNL continuesits long and rich history of
ecosystem research, maintaining its leadership role
in the development of large-scal e ecosystem
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Biomedical Engineering and Bioengineering

Biomedical engineering and bioengineering (BME) research comprises the development of
innovative technologies that could have a significant impact on health care. The Office of Biological
and Environmental Research (OBER) within DOE’s Office of Science manages an Advanced Medical
Instrumentation (AMI) Program to bring the unique resources of DOE's national |aboratories to bear
on BME, with a major focus during the next few years on the development of innovative imaging
technologies for medical use. This program is linked with BME research at other federal agencies
through the Bioengineering Consortium (BECON), which spans all of the institutes of the National
Institutes of Health (NIH), DOE, the National Science Foundation, the Defense Advanced Research
Projects Agency, and other federal agencies.

ORNL has established a BME program to provide an integrating focus for a variety of effortsin
such areas as medical telesensors, biosensors, medical diagnostics, nanoscience and nanotechnol ogy
development, biological systems modeling, and analytical technologies. Many of these are being
pursued in or led from the ORNL Life Sciences Division. Other divisions, including the Chemical
Sciences, Engineering Science and Technology, and Metals and Ceramics divisions, have ongoing
efforts and strong interest in this area of research. A BME focus group includes researchers from
across ORNL. The Laboratory’s capabilities are leveraged by its membership in the Tennessee
Biomedica Engineering Consortium.

Principal investigators at ORNL are carrying out three projects funded by the AMI Program in
June 2001. Work also continues on the integration of microchannel glass and photosynthetic
structures into photoel ectrode array implants, with the aim of developing aretina prosthesis; on the
development of advanced fluorescence techniques for in vivo diagnosis; and on the application of
high-throughput mass spectrometry for disease screening. A program to develop nuclear imaging of
small mammals is being conducted in collaboration with the Thomas Jefferson National Accelerator
Facility (JLab).

The ORNL BME program also draws on support from NIH, which will be akey element in
attaining both the funding level and the scope envisioned for long-term success. The four focus areas
of the NIH program—imaging, nanotechnol ogy, tissue engineering (biomaterials), and informatics—
cover a broad spectrum of research aligned with work in progress at ORNL.

To ensure success in this effort, ORNL will establish clear scientific goals, develop and expand
strategic partnerships with academic centers of excellence and with medical centers (e.g., through the
Joint Institute for Biological Sciences; Sect. 4.2.6), and produce a program development plan that sets

priorities and includes appropriate resources for proposal development.

mani pulation experiments and ecosystem-based
modeling. Major field-scale manipulations include
the Free Air Carbon Dioxide Enrichment (FACE)
experiment and the Throughfall Displacement
Experiment (TDE). Starting its fifth growing
season under elevated carbon dioxide, the FACE
experiment integrates research on the response of
both aboveground and belowground ecosystem
processes to elevated carbon dioxide. The TDE
has characterized the complex forest system
response to precipitation changes (Fig. 5.4).
Fundamental processes have been studied together
to develop an integrated picture of the forest’s
response. A book synthesizing the research at this
experimental site has been submitted. A project

looking at the effects of increased warming on tree
growth responses continues. Research on the
Walker Branch Watershed continues to elucidate
the biogeochemistry of upland streams and the
long-term vegetation dynamics of upland southern
hardwood forests.

Two new projects began in FY 2002 studying

(2) the response of large trees to severe water
deprivation and (2) the response of old field
ecosystems to multiple climate variables of water,
temperature, and carbon dioxide.

ORNL'srolein the Carbon Cycle Program is
continuing to make scientific advances. A
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Fig. 5.4. Researcher collects soil solution
samples from tension sampling devices on the dry
plot of the Throughfall Displacement Experiment
(TDE) for the determination of soluble plant
nutrients.

continuing large-scale field experiment will tease
apart the decomposition pathways of aboveground
and belowground litter by taking advantage of an
accidental emission of “C that has differentially
labeled plant tissues on the Oak Ridge
Reservation. Modeling of global ecosystem
response to climate changes is an important
component of ORNL's research. ORNL's LOoTEC
and GTEC terrestrial biogeochemistry models are
used for analysis of global change impacts on
terrestrial systems and feedbacks to the climate
system. ORNL will contribute to DOE’s goal of
guantifying carbon dynamics as part of the North
American Carbon Program.

We are now working to couple the ORNL models
to global circulation models (GCMs) to capture
the feedbacks between terrestrial systems and the
atmosphere. In collaboration with the ORNL
Center for Computational Sciences, we are
initiating a research program to create the next
generation of coupled climate and carbon research
models. The plan isto link modeling and
experimental research and apply high-performance
computational capabilities to the problem. Field
research on soil carbon processes and global
carbon emission analysis continues to enhance the
global carbon modeling work.
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ORNL is aso working with other DOE
laboratories to establish a new Water Cycle
Dynamics Program to devel op better predictions
of regional water resources as affected by changes
in climate and land use. A pilot study centered on
the Atmospheric Radiation Measurement (ARM)
Southern Great Plains study areais ongoing.
Program elementsinclude computer simulation
and visualization; regional test bedsin large river
basins; innovative application of new
environmental tracers, including stable isotopes;
development of advanced observational networks,
and management and archiving of very large
environmental databases.

ORNL performs key roles in meeting DOE’s needs
for environmental data systems. Key tasksinclude
developing integrated databases; collecting,
analyzing, distributing, and archiving data; and
performing awide range of quality assurance
functions.

The Carbon Dioxide Information Analysis Center
(CDIAC), which includes the International

Council of Scientific Unions—designated World
Data Center for Atmospheric Trace Gases, is
DOE's primary global change data and
information analysis center. CDIAC responds to
data and information requests from users
worldwide who are concerned with the greenhouse
effect and global climate change. CDIAC supports
data management for the U.S. AmeriFlux network,
which is acomponent of the larger FLUXNET
Program, a multiagency effort aimed at integrating
worldwide CO, flux measurements.

The ARM Program sponsors a data archive that
supports the program’s field experiments in near
real time. These data are used to research
atmospheric radiation balance and cloud feedback
processes that are critical to understanding global
climate change. To date, the archive has handled
about 4.5 million files containing more than

12 terabytes of data.

ORNL supports the NARSTO partnerships by
providing quality assurance and data management
assistance, data archival and distribution, and data
guidelines.
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ORNL is also expanding research that focuses on
harnessing microbial processesto remediate
radionuclide and metals contamination in the
subsurface in support of OBER’s Natural and
Accelerated Bioremediation Research Program
(NABIR). OBER'sfirst NABIR Field Research
Center (FRC) islocated on the Oak Ridge
Reservation in the Bear Creek Valley near the
Y-12 National Security Complex. The FRC, which
comprises a 100-hectare (243-acre) contaminated
area and a 164-hectare (404-acre) uncontaminated
area, will be used for long-term field studies to
advance both the understanding of microbial
interactions with groundwater and soil and the
mechanisms for immobilizing metals and
radionuclides or changing contaminants to less
toxic forms. ORNL operates the FRC for OBER,
carrying out hydraulic testing, tracer testing,
groundwater and sediment sampling, and other
characterization activities. Field studies are being
conducted by scientists from DOE laboratories
(including ORNL) and universities.

ORNL'’s research on the microbial genome

(Sect. 4.2.4) emphasi zes organisms important to
global change, carbon sequestration, energy
production, marine biotechnology, and
bioremediation, building on Laboratory expertise
in analyzing gene expression and on the NABIR
FRC. Work on microbial community structure and
function should provide a basis for understanding
potential impacts of a changing climate on

bel owground ecosystems. From this work, it may
be possible to promote increased sequestration of
carbon below ground. Our research should also
lead to applied research and technology devel op-
ment on the processing of biomass for fuel and
power. A new and important focus for ORNL isto
provide microarray technology, genomics, and
ecological science to the Shewanella Federation.

The Shewanella Federation is a multi-investigator
and cross-ingtitutional consortium formed in 2001
to characterize and model the biology of the
metabolically versatile bacterium Shewanella
oneidensis MR-1. Part of the Microbial Cell
Project component of the DOE OBER Genomes to
Life Program, this Federation brings together the
diversity of scientific expertise necessary to
understand the biology of a microorganism at a

whole-system level. It involves over 30 scientists
representing different governmental, academic,
and private research organizations, including
ORNL, Pacific Northwest National Laboratory,
Argonne National Laboratory, Michigan State
University, University of South California, Baylor
College of Medicine, Institute for Systems
Biology, Genomatica, and others.

ORNL iscontinuing an analysis of ecosystem
research needs that address DOE’s missions in
ecosystem dynamics, carbon and water cycle,
global climate change modeling, atmospheric
chemistry, carbon sequestration, and global change
data. The objectiveisto develop avision for next-
generation, large-scale ecosystem research that
will includelarge-scalefacilities, new sensor
technologies, advanced simul ation, genomicsand
proteomics, and real-time data capture and
analysis. Such research will address the critical
issues of scalein extrapolating from experimentsto
ecosystem and global responses.

ORNL also proposesto extend its work in carbon
sequestration research through the multilaboratory
Consortium for Research on Enhancing Carbon
Sequestration in Terrestrial Ecosystems (CSITE).
A continuing project uses functional genomics
approaches to elucidate the roles of genesin
controlling cell wall properties in woody species
and the long-term capture of carbon in forest
ecosystems. Research also addresses genetic
control of carbon allocation in poplar trees. This
research and research proposed will take
advantage of the poplar sequence anticipated from
the Joint Genome Institute. To support the Oak
Ridge Reservation Bioenergy and Carbon
Sequestration Systems activity (Sect. 5.2.1.6 and
p. 5-22), we are beginning a process that will
ultimately provide sitesfor testing terrestrial carbon
sequestration technologies and evaluating their
environmental and economic implications. These
sites will be coordinated with bioenergy feedstock
research activities to leverage research and land
resources. Test sites for evaluating carbon
sequestration approaches for agricultural, pasture,
forest, and urban land uses will be devel oped.
These sites will also be used for developing
carbon measurement technol ogies and testing
approaches for carbon accounting. This activity
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will provide aframework for moving the science of
sequestration to broader, more applied scales.

5.1.3 Advanced Scientific Computing
Research—KJ

The DOE-SC Office of Advanced Scientific
Computing Research (ASCR) supports ORNL
research in mathematical, computational, computer,
and communication sciences. Thisincludes
operating the high-performance computers at
ORNL and conducting basic research through the
Mathematical, Information, and Computational
Sciences (MICS) subprogram. The SciDAC
Initiative described in Sect. 4.3 extends ORNL's
computational resources and expertise to support
DOE’smissions.

The 5-year SciDAC program supports ORNL

research in the following areas:

» The Scalable System Software project addresses
the lack of software for effective management
and utilization of terascale computational
resources. Research and development will
produce an integrated suite of machine-
independent, scalable systems software
components, including resource and allocation
management, job management and monitoring,
node building and system configuration, and
testing and validation.

» The Common Component Architecture involves
research into software component technol ogy
for high-performance parallel scientific
computing to address problems of complexity,
reuse, and interoperability for scientific
simulation software.

» The Scientific Data Management project
includes developing a coordinated framework
for the unification, development, deployment,
and reuse of scientific data management
software. The project emphasizes efficient
management and data mining of very large,
heterogeneous, distributed datasets.

» The Performance Evaluation project focuses on
the evaluation of new and experimental
computer systems and understanding how to
best tune a specific application on agiven
platform.

» The DOE Science Grid, a multi-laboratory
effort, is deploying the persistent Grid services
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needed for a scalable, robust, high-performance
Science Grid. It will create the underpinnings of
the software environment that the SciDAC
applicationsneed to enableinnovative
approachesto scientific computing through
secure remote access to on-line facilities,
distance collaboration, shared petabyte datasets,
and large-scal e distributed computation.

 Scientific Annotation Middleware research is
producing software to support the generation,
storage, search, trandation, and navigation of
metadata, semantic relationships, and electronic
notebook data.

The Applied Mathematical Sciences portion of the
MICS subprogram supports ORNL’s research and
development of applied mathematical, statistical,
and computational methods for usein areas
requiring high-end computing such as climate,
materials, astrophysics, and biology. The
Computer Science portion of the MICS
subprogram supports ORNL’s research in
advanced network and cluster computing software,
particularly in the focused areas of fault tolerance
and scalability to 100,000 processors.

ASCR also supports innovative, high-risk research
that does not fall under the auspices of the other
DOE programs. The Laboratory Technology
Research Program supports research that
integrates basic and applied disciplines to promote
substantial changes in technologies of strategic
importance to DOE’s missions and to American
industry. Activities include cooperative R&D
agreements with IBM and collaborations with
other national laboratories. Efforts through the
Research Alliance for Minorities program
continue to identify students and faculty members
in Science, Mathematics, Engineering and
Technology (SMET) disciplines for summer
internships and collaborative research in support
of the long-term goal of increasing the number of
underrepresented individuals with advanced
degreesin the work force.

5.1.4 Fusion Energy Sciences—AT

ORNL'’s Fusion Program is a strong and vital
component of both the U.S. fusion program and
the international fusion community. Fusion
devices such asthe DIl1-D tokamak at General
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Atomicsin San Diego and the National Spherical
Torus Experiment (NSTX) at the Princeton Plasma
Physics Laboratory (PPPL) support a broadly
collaborative program to establish the science base
for the development of fusion as an energy source.
ORNL researchers carry out multidisciplinary
research in several topical areas on these facilities
and on complementary facilities in other nations.
Theoretical research on high-temperature plasmas
uses state-of -the-art computing methods

(Sect. 4.3.3.3) to address transport phenomena,
magnetohydrodynamics (MHD) behavior, radio-
frequency (rf) heating and current drive, and
plasma edge effects. ORNL researchers aso
develop rf heating and current drive technology
and high-speed, frozen pellet fueling technology
for fusion research; apply technology in nonfusion
areas and transfer technology to the private sector;
and contribute to the development of advanced
superconducting magnets for fusion and other
applications. ORNL isamajor contributor to the
development of low-activation, radiation-resistant
materials for fusion; studies atomic collisions
relevant to fusion processes and plasma

diagnostics and provides numerical dataon atomic
and molecular processes relevant to fusion R& D;
devel ops plasma diagnostics that address burning
plasma issues; and conducts avariety of R&D
projects applying fusion-rel ated technol ogies and
expertise to other fields. Nonfusion applications
address such areas as plasma processing and
propulsion, high-temperature superconducting
power transmission systems, and power grid
reliability (building on self-organized criticality
theory).

ORNL'’s expertise iswell matched to the increased
emphasis being placed on innovative confinement
concepts by the U.S. fusion program. The U.S.
spherical torus program, which originated at
ORNL, isnow centered on the NSTX. ORNL isa
major participant in the NSTX physics program.

ORNL isalso deeply involved in the growing
national stellarator program. The Laboratory is
partnering with PPPL to devel op the National
Compact Stellarator Experiment, to be constructed
at PPPL, and isworking with PPPL, The

Quasi-Poloidal Stellarator

The Quasi-Poloidal Stellarator (QPS) is proposed as a means of obtaining new physics results on
confinement of plasmasin an innovative geometry and exploring the potential of this compact variant
of the stellarator approach as a more attractive fusion power reactor. In the long term, the QPS
approach could lead to areactor that combines the best features of stellarators (low recirculating
power, leading to higher efficiency and the absence of potential plasma disruptive events) and the
mainline tokamaks (compactness and good plasma performance).

The concept exploration (CE)-evel QPS (Fig. 5.5) can make

unique contributions to the development of the compact
stellarator, which has been identified as the U.S. focus for
improvement of the stellarator concept. These contributions

include

» exploration of the key issues for a compact stellarator
reactor with high beta ((B) = 10%) and low aspect ratio

(Rla=2.7) and

 exploration of the physics consequences of very low aspect
ratio and quasi-poloidal symmetry for the optimization of

compact stellarators.

This information is needed within the next 10 years to meet
the objectives laid out by the Fusion Energy Sciences Advisory
Committee (FESAC) for the compact stellarator and to serve as

input for decisions on the next step in the world stellarator

program, following the Large Helical Device and Wendelstein V11-

Fig. 5.5. Schematic of the QPS.

X (W7-X). A large world stellarator program is focusing on the
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high-aspect-ratio, currentless approach to stellarator optimization, and a CE-level stellarator program
is exploring unique aspects of stellarator research. Missing, however, is work to optimize stellarators
at low plasma aspect ratio that could lead to a more attractive fusion reactor than either the advanced
tokamak or the conventional currentless stellarator.

The QPS will provide an experimental database from which it should be possible to predict the
behavior of alow-aspect-ratio, high-beta stellarator. A CE-level experiment, although limited by
heating capability to relatively low beta (B < 3%) compared to the reactor embodiment, would allow
the exploration of key physicsissues relevant to transport (both neoclassical and anomalous) and
stability in a configuration with quasi-poloidal symmetry. The study of the physics of quasi-poloidal
symmetry at very low aspect ratio in a stellarator with finite bootstrap current, at finite beta, uniquely
differentiates the QPS from W7-X.

The QPS could make unique contributions to some of the key fusion science areas outlined by
DOE's Integrated Program Planning Activity: the physics of neoclassical confinement improvement at

very low aspect ratio, the robustness of flux surfaces at () up to 2-3% in the presence of strong
toroidal/helical coupling, the dependence of bootstrap current on configuration properties at low
aspect ratio, and the role of poloidal flowsin improving confinement.

In spring 2001, successful DOE physics validation and project validation reviews established the
mission need for the QPS. A conceptual design, cost, and schedule review is planned for April 2003.
First plasma under the proposed schedule is projected to be produced near the end of FY 2007.

University of Tennessee, and other universitiesto
build a complementary facility, the Quasi-Poloidal
Stellarator (QPS), at ORNL.

The ORNL Fusion Program isalso applying its
strengthsin collaboration and strategic alliancesto
the Virtual Laboratory for Technology (VLT),
established by the DOE-SC Office of Fusion
Energy Sciences to unify and coordinate the U.S.
effort to meet emerging needsin fusion
technology. The VLT links the geographically
distributed experimental, computational, and
information resources of the fusion community,
drawing on high-performance research tools that
allow scientists and engineers across the country
to work together in new ways.

Under the aegis of the VLT, ORNL isthe lead
laboratory in the areas of fueling and rf technology
and advanced materials development. Programsin
the fueling and rf areas consist of basic
development of new techniques, application of
these new techniques to existing fusion
experiments, and collaborations with both U.S.
and international laboratories on experimentsin
these areas. In the fueling area, ORNL researchers
have devel oped improved pellet injectors and have
installed them on many major experimental
devices[e.g., the Tokamak Fusion Test Reactor,
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DIlI-D, the Joint European Torus (JET)]. They
have also carried out experiments that have led to
improved understanding of particle transport, as
well as achieving improved operating states of the
machines. In the rf technology area, ORNL leads a
research program to understand the factors limiting
the operation of rf antennas on present-day
devices and to develop improved rf systems for
use on future machines. Collaborations are carried
out with DIII-D, NSTX, Alcator C-Mod, ASDEX-
U, and other experiments. ORNL isbuilding a
high-power prototype of an advanced rf antenna
for the JET experiment in amajor international
collaboration. In the advanced materials area,
ORNL isleading the U.S. effort to understand
fundamental radiation effects phenomenain
structural materials and to develop improved
radiation-resistant materials. ORNL also serves as
thefocal point for two long-term collaborations
with Japanese universities and the Japan Atomic
Energy Research Institute (JAERI). The program
utilizes some of the unique capabilitiesof HFIR to
investigate the radiation resistance of advanced
materialsincluding reduced activation ferritic/
martensitic steel's, nanocomposited oxide dispersion
strengthened steels, refractory alloys, and ceramic
composites. Research activitiesinclude theory and
modeling of behavior for different mechanical
stresses and irradiation conditions, fabrication and



Program Descriptions and Directions

characterization of materials, welding studies, and
chemical compatibility investigations.

Through a SciDAC project on numerical
computation of wave-plasmainteractionsin
multidimensiona systems, ORNL iscollaborating
with other members of the plasma wave physics
community and the computer science community
to extend the physics generality of the theories and
to attack major unsolved problemsin wave-plasma
interactions, withimmediateimplicationsfor
ongoing experiments. ORNL will also be studying
possibilitiesfor participating morewidely in
computational fusion science, such as hosting a
Fusion Topical Computing Center.

Aspart of ORNL's Facilities Modernization
Initiative (Sect. 7.3), work is progressing on
moving the ORNL Fusion Energy Division (FED)
from the Y-12 National Nuclear Security Complex
to the main ORNL campus. Preliminary designis
under way of anew GPP-funded building that will
house most of FED’s research facilities at the
Melton Valley 7600 complex. FED staff will
occupy awing of the new private sector—funded
Research Office Building (ROB) under
construction in the central campus area. The move
should be complete by the end of FY 2006.

5.1.5 Nuclear Physics—KB

The ORNL Nuclear Physics Program emphasizes
basic nuclear physics research, both experimental
and theoretical, and operates the
Holifield Radioactive lon Beam
Facility (HRIBF) and the Oak Ridge
Electron Linear Accelerator
(ORELA) for nuclear structure
physics and nuclear astrophysics.

At higher energies, ORNL hasa
leadership role on PHENI X, one of
the two major experiments at the
Relativistic Heavy lon Collider at the
Brookhaven National Laboratory, and
isexploring involvement inthe
ALICE experiment under
development at the European
Laboratory for Particle Physics
(CERN) in Geneva.

Effortsin radioactive ion beam (RIB) physics draw
on the capabilities of the HRIBF, which isthe only
U.S. facility that can produce and accelerate high-
intensity, low-energy, tandem-quality beams of
radioactive nuclei (Fig. 5.6). The nuclear structure
program on the HRIBF will extend the studies of
nuclear properties to exotic nuclel not now acces-
sible with stable beams. The nuclear astrophysics
program will use RIBsto make pioneering ad-
vancesin the understanding of stellar explosions.

A theoretical nuclear physics program provides
support to both the nuclear astrophysics and
nuclear structure programs. Research in nuclear
structure theory takes advantage of the
opportunities presented by thejoint ORNL—
University of Tennessee (UT) nuclear structure
theory program. ORNL and UT are also working
together, in collaboration with the National Center
for Supercomputer Applications and seven other
universities, on aScientific Discovery through
Advanced Computing (SciDAC) project to develop
a standard maode for core collapse supernovae.

The ORELA isaunique, intense pul sed-neutron-
source accelerator facility for reaction
measurements by time-of-flight neutron
spectrometry. The ORELA program is directed
toward basic research in nuclear astrophysics and
fundamental interactions. Measurements made on
ORELA also support DOE’s Nuclear Criticality
Safety Program.

Fig.5.6. The Holifield Radioactive lon Beam Facility at ORNL.
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Nuclear Physics with Radioactive lon Beams

Radioactive ion beams (RIBs) afford arange of scientific opportunities, including the ability to

study such topics as

« the limits of nuclear stability and the evolution of nuclear shell structure, interactions, and
collective modes at the limits of nuclear stability;

* production of new heavy and superheavy nuclei;

« exotic transfers of nuclear matter;

» mechanisms of nucleosynthesis, stellar explosions, and galactic chemical evolution;

* new tests of fundamental symmetries; and

» tribological and biological studies associated with the implantation of radioactive nuclear species.

The Holifield Radioactive |on Beam Facility (HRIBF) at ORNL, an isotope separator on-line
(ISOL) facility for the production of accelerated beams of radioactive isotopes, isthe first U.S. RIB
facility devoted to low-energy nuclear structure and nuclear astrophysics research. Radioactive ions
are produced when intense beams accel erated by the Oak Ridge Isochronous Cyclotron (ORIC) are
directed onto thick, refractory targets. The radioactive elements diffuse out of the target, are ionized,
and are mass selected for injection into the 25-MV tandem accel erator, producing beams of 0.1—

10 MeV per nucleon for light nuclei and up to 5 MeV per nucleon for mass 80. These beams are ideal
for research in nuclear astrophysics and nuclear structure.

An advanced I SOL facility for the production of accelerated beams of radioactive isotopes was
identified in the 1996 L ong-Range Plan for U.S. Nuclear Science, prepared by the DOE/ National
Science Foundation (NSF) Nuclear Science Advisory Committee (NSAC), as the next magjor facility to
be constructed for U.S. nuclear science. This facility would provide the larger variety of more intense
RIBs needed to take full advantage of the opportunities in this new interdisciplinary research field.

The DOE Nuclear Physics Program is now considering the design and construction of arare-
isotope accelerator (RIA) facility based on a highly flexible superconducting linear accelerator (linac)
driver, with the capability for fast in-flight separated beams of rare isotopes. The projected cost of the
RIA facility, assuming the start of construction in FY 2002, is about $800 million, with operation
beginning after 2010. ORNL isinvolved in activities associated with this facility.

At the request of the DOE Nuclear Physics Program, ORNL has examined ways of upgrading the
HRIBF that would enhance the competitive position of RIB research in the United States until the new
facility can be completed. A number of upgrades, with costs ranging from $1 million to $30 million,
have been identified. ORNL will continue to work with the Nuclear Physics Program to determine

appropriate options for expanding the use of RIBs.

Studies of thefeasibility of using ORELA to test
the performance of actinide targets designed for
use in high-power beams (e.g., at an advanced
RIB facility) and to produce radioactive species
from the el ectron-induced fission of actinide
targetsyielded encouraging results and provide a
basisfor exploring the development of ahigh-
power target test facility and aproduction facility
for neutron-rich RIBs.

To broaden the understanding of nuclear structure,
nuclear astrophysics, and nuclel subjected to
extreme temperatures, rotational frequencies, and
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pressures, ORNL proposes to continue and expand
its support of DOE and national needs for nuclear
physics with RIBs.

In addition, ORNL isdeveloping, in collaboration
with scientists at other national laboratories and
several universities, aproposal for the construction
and operation of afacility at the Spallation Neutron
Source (SNS) for fundamental neutron physics
studies. The current design is for two beam lines,
onefor cold and the other for ultra-cold neutron
experiments. Thisapproximately $8 million project
will provide auser facility for measurements of
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such fundamental neutron propertiesaslifetime,
beta decay, and electric dipole moment. The
project has received strong endorsement in the
Long-Range Plan for Nuclear Science, which was
recently completed by the Nuclear Science
Advisory Committee for the DOE and the National
Science Foundation (NSF). A workshop held in
September 2001 covering science prospects at this
facility attracted over 75 scientists from around the
world.

ORNL also continuesto believe that construction
of the Oak Ridge Laboratory for Neutrino
Detectors (ORLaND) at the SNS would offer the
scientific community a unique facility for the
study of neutrino science. However, current
community interest in other possible neutrino
projects has put ORLaND on hold. It is anticipated
that many of the collaborators on the project will
continueto refine its design and program in order
to make a stronger case for the project in future
years.

5.1.6 High Energy Physics—KA

ORNL’s High Energy Physics Program is focused
in three areas: (1) the development of high-power
targets for use in projects such as the neutrino
factory and the muon collider; (2) the devel opment
of particle detectors, including their design and
construction; and (3) the development of radiation

transport codes and other codes that can be used
inthe design of particle detectors, shielding, and
high-power targets. Current activitiesinclude
research on the neutrino factory and muon collider
with Fermi National Accelerator Laboratory,
Princeton University, and Brookhaven National
Laboratory; target testing at Los Alamos National
Laboratory and Brookhaven National Laboratory;
and development of the CALOROO code system, a
key tool for radiation transport analysis.

5.1.7 Energy Research Analyses—KD

ORNL assists the Energy Research Analyses
program in technical reviews of DOE research
programs. This includes technical support for peer
review assessments and other studies and
workshops as requested.

5.2 Energy Resources

5.2.1 Energy Efficiency and
Renewable Energy

ORNL's Energy Efficiency and Renewable Energy
(EE/RE) Program facilitates R&D on energy
efficiency and renewable energy technologies. The
major source of program funding is DOE's Office
of Energy Efficiency and Renewable Energy
(DOE-EE). The program employs an integrated
approach to achieveitsmission:

Energy Reliability and Efficiency Laboratory

A laboratory/office building that will house R& D capabilities critical to the success of the Energy
Efficiency and Renewable Energy (EE/RE) Program is being proposed for project engineering and
design in FY 2003 and for construction in FY 2004—2005. The facility will provide expanded
laboratory space, controlled testing, and analytical capabilities necessary to meet DOE programmatic
and industry partnership needs. In addition, the new facility will enable ORNL to move into emerging
research areas and will provide new capacity for current laboratories now located in outdated
facilities that do not provide needed functionality and are expensive to occupy and maintain.

The Energy Reliability and Efficiency Laboratory will support the missions and goals of three
strategically important areas of R&D: electricity reliability, distributed energy resources, and
buildings research. Their strategic importance is highlighted in the 2002 Energy Efficiency and
Renewable Energy Srategic Program Review, the 2002 National Transmission Grid Sudy, and in the

2001 National Energy Policy report.

The facility will serve as the hub of advanced transmission conductor research at the Laboratory
and will be critical to ORNL success in DOE’s Accelerated Coated Conductor Initiative. HTS
experimental laboratories are now scattered throughout five buildings at ORNL and the Y-12 National
Security Complex. Many of these laboratories are in substandard space that is not easily accessible to
outside collaborators. The new facility will also serve as a technology development and
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demonstration site for building heating and cooling and for distributed energy technologies. Finally,
the facility will support DOE’s Net Zero Energy Initiative in the areas of advanced appliance R&D
and thermal performance. With the new capabilities, ORNL will be able to test, analyze, modify, and
retest new technol ogies, components, and systems; formulate and validate models; and predict the
effects of product improvements with a high degree of certainty.

The facility will be the cornerstone of the new north entrance to the ORNL campus to be devel-
oped as part of our Facilities Modernization Initiative (Sect. 7.3.3) and will be readily accessible to
industrial and university partners. The 52,000-ft? building will provide space for research staff
(including visiting researchers); a conference room, including video conference capability; and state-
of-the-art |aboratories for material, component, and system development and testing. We are commit-
ted to achieving the highest L eadership in Energy and Environmental Design (LEED) certification
attainable within the constraints of project funding. We will also seek Federal Energy Management
Program design assistance and a DOE/EPA Energy Star rating for the office portion of the facility.

* |t combines applied research with technology
devel opment and deployment activities.

* |t drawson the expertise of multidisciplinary
teams capabl e of tackling large and complex
problems.

* Itinvolvesawide array of industrial, academic,
and public-sector partners in the definition,
execution, and assessment of its activities.

Thisintegrated approach is a key element for the
Energy and Environmental Systems of the Future
Initiative (Sect. 4.4).

Five DOE-designated national user facilitieswith
unique collections of research equipment for
energy R&D are available: the Bioprocessing
Research Facility, the Buildings Technology
Center, the High Temperature Materials
Laboratory, the Metals Processing Laboratory
User Center, and the National Transportation
Research Center. These facilities and other
resources at the Laboratory enable the EE/RE
program to address the energy R& D needs of the
buildings, industry, power, and transportation
sectors. ORNL proposes to expand its support for
these needs by constructing a new Energy
Reliability and Efficiency Laboratory.

The EE/RE Program conducts research in six
areas. power technologies, industrial technologies,
building technologies, the Federal Energy
Management Program, transportation
technologies, and biomass energy systems.
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5.2.1.1 PowerTechnologies

During the past several decades, electricity’s share
of U.S. primary energy use has been steadily
increasing; in 2000, energy used to generate
electricity accounted for 37% of the nation’s total
energy consumption. To support DOE’swork on
power technologies, ORNL ishelping to find ways
of ensuring that electricity is delivered efficiently
and safely and that cost-effective renewable
resource options are available. Research areas
include distributed energy resources,
superconductivity; power transmission and
distribution; biopower; hydrogen production, use,
and storage; hydropower; and international energy
collaborative programs.

Fig.5.7. Visitors to ORNL examine equipment
used for sputtering buffer layers for high-
temperature superconducting wire.
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Activitiesin high-temperature superconductivity technol ogy adapted from the semiconductor and
(HTS) are focused on development of supercon- film processing industries.

ducting wires that are able to carry 100 times the

current of comparable copper wire, with the key Inaddition, precommercial prototype power
advantage of zero electrical resistance (Fig. 5.7). systems such as underground transmission and
Research on Second-generati on “coated conduc- distribution cabl%, transformers, generators, and
tors” will lead to cost-effective HTS tapes. In industrial-class motors are devel oped and tested in
collaboration with LosAlamosNational Laboratory ~ collaboration with U.S. industry and electricity
and key industrial and university partners, ORNL suppliers. This equipment will help to improve the
will improveitsfacilitiesand equipmentinorderto  reliability of the nation’s electricity system and
accel erate the development of these wires using increase the efficiency and productivity of energy

Distributed Energy Resources

Electricity demand in the United States is projected to increase by more than 1 trillion kWh over
the next 20 years, requiring an additional 300 GW of generating capacity. Although large, central
power stations have historically been more efficient than smaller systems, technological advances are
producing small, modular equipment that is cleaner and more
efficient than large systems. These small-scale power systems
located close to the point of use are referred to as distributed
energy resources (DER).

These systems incorporate the entire range of renewable
energy sources, advanced technologies such as fuel cells and
microturbines, and more conventional elements such as energy
storage and reciprocating engines. In addition to power, DER
systems can produce space heating, cooling, and dehumidification.
The generated power and space conditioning are used by industrial
or commercial concerns, and excess power can be fed into the
central power supply grid.

The development of DER is a strategy that accomplishes
several objectives. For businesses, DER can reduce peak demand
charges, decrease overall energy use, provide a hedge against grid
reliability problems, ensure power quality, and reduce emissions.
For large utilities—power producers—DER can augment overall
system reliability, avoid large investmentsin transmission system
upgrades, reduce transmission losses, closely match capacity
increases to demand growth, and open markets in remote or
environmentally constrained aress.

ORNL has strong R& D capabilitiesin combined heat and
power (CHP), emissions characterization and mitigation, and
materials devel opment for advanced reciprocating engines and
turbine systems (Fig. 5.8). We are extending this expertise to
smaller gas turbines.

ORNL hasled an R&D program on heating, cooling, and

. . . ; h &y Fig. 5.8. A microturbine at
ventilating equipment since the early 1970s. This expertiseisnow  the Buildings Technology Center.

being focused on technologies essential to successful CHP: Waste heat generated by the
turning waste heat generated by power-producing equipment, such ~ microturbine is routed to a

desiccant dehumidification unit and
an absorption chiller via the
ductwork above the microturbine.

as microturbines or fuel cells, into useful heat for thermally
activated cooling and desiccant regeneration.
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ORNL has entered into a partnership with equipment manufacturers, utilities, building operators,
industry associations, energy service companies, and universities—the CHP Consortium—to
demonstrate these technologies. Also, many aspects of electric power systems are being investigated,
including transmission and distribution, interconnection of DER resources, reliability, restructuring,
advanced control systems, and simulation and modeling.

ORNL'’s extensive resources in materials science; combustion and emissions technologies; and
heating, cooling, and ventilating equipment will support the development of distributed energy

resource technologies and systems.

use. ORNL's extensive resources in materials
science and physical properties of
superconductors; cryogenics research and
development; and superconducting equipment
research will support the development of the next
generation of electric power equipment.

5212

The nine most energy-intensiveindustries—
agriculture, aluminum, chemicals, forest products,
glass, metal casting, mining, petroleum refining,
and steel—participate in DOE’s Industries of the
Future (I10F) initiative, which assists these
industriesin cutting their nonproductive energy
use and environmental costs. In support of DOE's
industrial technologies efforts, ORNL isworking
with al of these industries on projects that address
science and technology barriersidentified by
industry in visioning and roadmapping processes.
For example, the steel |OF program is supporting
the development and demonstration of in situ
guality monitoring systems. One such project, the
Galvanneal Temperature Measurement System,
won an R&D 100 Award in 1999. Development of
new materials that can better withstand the high
temperatures and highly corrosive environments
often found in industrial processesis akey area of
research. Technology support to the DOE Motor,
Steam, and Compressed Air Best Practices
Program includes the development of
measurement and validation tools and techniques.
New equipment and processes are investigated,
ranging from improvementsin heat transfer
equipment to “bioreactors’ that convert sugars
(instead of today’s petroleum feedstocks) to
industrial chemicals.

Industrial Technologies

The DOE-EE Office of Industrial Technologies
also sponsors several ORNL programsin
measurement science research. The Sensors and
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ControlsProgram is supporting the devel opment
and demonstration of distributed wireless sensor
systems, which allow for upgrades and retrofits of
energy efficiency-enhancing technology into
existing plants without the expense of rewiring
these plants. A flexible architecture to determine
the optimal amount of intelligence and

communi cation bandwidth between sensors and
the distributed enterprise control system is under
development. The use of value derivative analysis
to determine sensor system insertion in complex
processes for optimal energy efficiency isalso
being demonstrated. These projects are focused on
energy savings and productivity-enhancing
applications in energy-intensive industries. The
integration of ORNL capabilitiesin separations,
bi oengineering and biosciences, and chemical
processing in the Center for Separations and
Chemical Processing will support industry needs
in energy efficiency and pollution prevention.

5.2.1.3 Building Technologies

ORNL research in building technologies spans
several areas. The Buildings Technology Center
(BTC) isakey resource for these efforts.
Advanced thermal distribution and appliance
technologies are examined to improve energy
efficiency and environmental quality. Studies
conducted at BTC indicate that an energy savings
of 40% in residential heating could be realized by
putting ducts inside conditioned spaces rather than
in attics. Other research conducted at BTC on
heat-pump water heaters (HPWHS) earned an
R&D 100 award in 2001 (Fig. 5.9). Studies
revealed that HPWHSs are over 50% more energy
efficient than water heaters that use electric
resistance and have the potential to reduce the
country’s entire energy consumption by 1%, or
amost 1 quad (10% Btu). Materials research
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Fig. 5.9. The Drop-In Residential Water Heater
and its developers—Van Baxter, Richard Murphy,
John Tomlinson, and Randall Linkous.

focuses on technol ogiesfor high-efficiency, long-
lived building insulation. ORNL's building

envel ope research examines how buildings
function as an integrated whole—how roofs,
windows, walls, and other building elements
interact to affect energy efficiency. Researchers
also conduct R& D on innovative walls, roofs, and
foundationsand on enhancing indoor environments
and building durability through moisture control.
Recognizing ORNL's expertise in this area, postal
officials called upon the BTC staff for assistance
after the Brentwood Post Office in Washington,
D.C., was contaminated with anthrax in October
2001. Retrofitsto improve energy efficiency in
existing buildings are al so studied to determine how
to obtain the most cost-effective results. A related
activity isR&D onimproved energy audits and
energy use monitoring techniques. Other areas
include research and technical assistance with the
incorporation of innovative materialsand

technologiesin zero energy buildings, including
hybrid lighting concepts. ORNL also lends
technical assistance and evaluation support to
DOE's Weatherization Assistance Program.

5.21.4 Federal Energy Management
Program

ORNL provides technical support to the Federal
Energy Management Program in the
demonstration of new technologies, energy audits
in federal buildings, and innovative financing
through Energy Saving Performance Contracts
(ESPCs) to facilitate energy-related improvements
in federal buildings in the southeastern United
States. ORNL also provides technical support for
the technol ogy-specific Geothermal ESPC and for
combined heat and power projects at federal
facilities.

5.2.1.5 Transportation Technologies

Today, the United States uses 26% of the world's
oil, produces only 9% of the total global supply,
and has only 2% of the world’s petroleum reserves
(at current prices). The most striking feature of the
U.S. transportation sector isits nearly complete
dependence (95%) on petroleum as an energy
source. Transportation consumes 67% of all
petroleum used in this nation and produces
roughly one-third of its carbon emissions. The
President’s National Energy Policy addresses these
two issues—energy security and environment. The
steady growth in the national demand for
petroleum has made the United States increasingly
reliant on foreign oil supplies and thus susceptible
to possible interruption in this fuel stream. The
economy and national security are inextricably
linked to this supply of energy; it isin the national
interest to reduce or eliminate such dependency.
The demand for petroleum-based fuelsis predicted
toincrease at an alarming rate, as the number of
automobile and truck registrations worldwide is
expected to grow from 670 million today to over
3.5 hillion by 2050.

ORNL's broad transportation technologies R& D
program, the largest and most diversified in the
DOE system, supports not only the needs of DOE,
but also those of other federal agencies and
industry. The program addresses materials,
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ignition and combustion, alternativefuels(including
biofuels), transportation dataand policy analysis,
and innovative manufacturing and finishing
processes. Most of ORNL'’s transportation
research for DOE-EE is performed in support of
the FreedomCAR Partnership, the Government-
Industry Truck Partnership, and the Bioenergy
Initiative. Near-term activitiesincludethe
implementation of the Government-Industry Truck
Partnership and the FreedomCar Partnership.
These programs are focused on developing
efficient, clean, economically viabletechnologies
for the transportation industry, supporting the goals
of ORNL'’s Energy and Environmental Systems of
the Future (E2SF) Initiative (Sect. 4.4). Also,
because the FreedomCAR Partnership puts
increased emphasis on the use of hydrogen fuel
cells, ORNL will belooking for opportunitiesto
conduct new R& D initiativesthat support this
area. Thiswill include research on hydrogen
production, storage, and transport and the design
and operation of fuel cells.

ORNL also carries out investigations of
transportation energy and environmental issues,
national transportation planning and policy,
military transportation and logistics, and
transportation systems engineering, focusing on
multimodal national and international

transportation systems, for the U.S. Department of
Defense (DoD), the U.S. Department of
Transportation (DOT), the U.S. Department of
Commerce (DOC), the Environmental Protection
Agency (EPA), the Bureau of Transportation
Statistics, and other sponsors.

During the planning period, transportation R& D
will capitalize on the synergies of multiple
sponsors and industrial partners, building on the
resources available through the National
Transportation Research Center (NTRC), as
discussed in Sect. 5.6.2.3. The NTRC, a
partnership of DOE, ORNL, and The University of
Tennessee (UT), provides a mechanism for
promoting and supporting research activities
focused on major transportation R& D issues
related to energy, environment, and security for
the nation and the world. It islocated in a new
facility in Knox County, between ORNL and UT’s
Knoxville campus, which was constructed through
acollaborative effort involving DOE, ORNL, UT,
and the Development Corporation of Knox
County. The NTRC was formally designated a
national user facility in FY 2001.

ORNL's expertise in materials, engines and
emissions, power electronics and electric
machines, and aternative fuels will be key to its

Carbon Composites Research for Transportation

In FY 2001, ORNL and the Automotive Composites Consortium completed a design study to
maximize the weight reduction of a vehicle through the use of carbon fiber—reinforced polymer
composites rather than steel. This design study demonstrated the potential to reduce the weight of
body and chassis components by 67%, significantly increasing a vehicle's fuel economy and reducing
its emissions. Thermally conductive carbon foams are also of interest for other automotive

applications, such as radiators.

ORNL has extensive expertise in the development and application of these materialsand is
DOE's coordinating |aboratory for research in carbon fiber—reinforced polymer composites for
automotive applications. Currently funded research is addressing low-cost fiber precursor; precursor
processing into carbon fiber; polymer composite processing, bonding, finishing, and repair; and
durability of polymer composites in automotive environments.

Partnerships have been established with al of the major playersin the carbon composite, carbon
fiber, and polymer composite industries. Work is under way to leverage these individual partnerships.
ORNL has a so worked with the automotive and truck industry to prepare plans for the devel opment
of carbon fiber—reinforced polymer composites and thermally conductive carbon foams. High-
thermal-conductivity graphite foam, which has athermal conductivity equivalent to that of aluminum
at one-fifth of its weight, has numerous potential commercial applications. Developed by ORNL and
Poco Graphite, the material received an R&D 100 award in 2000.
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Most of ORNL's carbon fiber polymer composites research is now housed in facilities at the Y-12
National Security Complex. ORNL isworking to establish a new research facility focused on all
phases of carbon fiber research. This facility would also house new equipment required to support
work in fiber preforming and polymer composite molding and expanded R& D on thermally
conductive carbon foam. The expectation is that this facility will be constructed with third-party
financing. ORNL staff will continue working with DOE program managers to ensure that appropriate
budget requests are submitted to provide growth in the research program and procure capital
equipment. ORNL will also continue to develop and maintain strategic relationships at all appropriate
levels of DOE, other federal agencies, the prime automotive, truck, and transportation companies, and

their suppliers and collaborators.

delivery of transportation R& D for DOE and other
sponsors. An important element of this effort will
be the development of expanded resources for
carbon composites research.

5.2.1.6 Biomass Energy Systems

Biomass energy systems use the solar energy
captured by green plantsin biomass to produce
electricity, heat, liquid transportation fuels, and
biobased chemicals. The ORNL Bioenergy
Program conducts R& D to increase the supply of
low-cost, sustainable biomass for energy and
bioproduct production. Working with alarge
network of universities, U.S. Department of
Agriculture research facilities, industries, and
other national laboratories, the program integrates
the plant sciences, feedstock engineering, and
economics of bioenergy. A recent thrust is the
development of technologies to separate and use
all the plant components, increase the density of
feedstocks, and integrate feedstock handling with
conversion processes. The Laboratory also
conducts R&D in the rapidly advancing
bioprocessing area. The bioprocessing efforts
emphasize (1) systems that will economically
produce fuels and chemicals from renewable
feedstocks and waste materials and

(2) technologies to deal with environmental
concerns resulting from energy-related activities.
ORNL's strengths in separations, bioprocessing,
and chemical processing represent a notable
resource for this growing technical area.

The National Renewable Energy Laboratory
(NREL) isamajor partner in ORNL's bioenergy
research, and ORNL and NREL are co-leaders of
the National Bioenergy Center established in
November 2000. This close working relationship

assists both laboratories in meeting the needs of
DOE's bioenergy programs, which currently fund
feedstock development work primarily through
ORNL and conversion research primarily through
NREL. Collaboration between the two laboratories
emphasizes life cycle and economic analyses of
entire bioenergy systems. Other joint efforts
include technical collaboration on issues at the
interface of biomass production and biomass
processing, such as standards for biomass
feedstocks, and ajoint Laboratory Directed R&D
(LDRD) project to map the genes that control
carbon allocation and partitioning above and
below ground in woody crop species.

ORNL proposes to use the Oak Ridge Reserva-
tion, including the ORNL campus, to create an
integrated test bed for R& D on carbon sequestra-
tion technol ogies and bioenergy and bioproduct
systems and their impacts. This activity will be
closely linked to strategic directionsin large-scale
environmental process and effects research and in
carbon sequestration research (Sect. 4.4.4.3 and
p. 5-22).

5.2.2 Fossil Energy

The ORNL Fossil Energy Program is strategically
aigned with and supportive of the DOE Office of
Fossil Energy (DOE-FE) programsin coal, most
particularly the President’s Coal Research
Initiative, oil (petroleum), and natural gas.
ORNL'’s programs in these areas are directed
toward the major DOE-FE abjective of
eliminating, through innovative R&D,
environmental impacts as barriers to fossil fuel
production and use, while maintaining the
availability and affordability of these fuels. This
objective includes reducing carbon emissions. The
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Oak Ridge Reservation Bioenergy and Carbon Sequestration Systems

Bioenergy systems and carbon sequestration systems share two fundamental attributes: both use
land, and both reduce net carbon emissions to the atmosphere. Accordingly, there is much to be
gained from researching, analyzing, and demonstrating these systemsin an integrated way, and
certainly the adoption of either of these systems will influence the other. Both systems are affected by
soils, climate, and existing patterns of land use and therefore by the associated environmental
concerns—maintenance or enhancement of soil productivity, biodiversity, hydrology, and water
quality. An understanding of the short-term and long-term carbon benefits of both systems will be

crucial to their promotion and adoption.

The purpose of the Oak Ridge Reservation Bioenergy and Carbon Sequestration Systems activity
isto make use of the Oak Ridge Reservation (ORR), including the ORNL campus, to create an
integrated test bed for R& D on terrestrial carbon sequestration technol ogies and bioenergy and
bioproduct systems and their impacts. This activity will provide opportunities for identifying and
quantifying possible synergisms or complementarities of the two sets of technologies and for develop-
ing relevant carbon monitoring technologies. Linked to both the National Bioenergy Center and the
Center for Research on Enhancing Carbon Sequestration in Terrestrial Ecosystems (CSITE), this
activity seeks to showcase DOE research and technologiesin an accessible fashion, provide a struc-
ture for capturing and synthesizing bioenergy and carbon sequestration research across ORNL, and
foster ties with universities and state and federal agencies that conduct land management research.

As part of this activity we are pursuing the use of bioenergy from local feedstock to fuel elements
of the ORNL Campus. At this time we have identified a commercial bioenergy conversion technology
appropriate for integration into the ORNL energy mix at the 7000 area. Feedstock for this conversion
facility is expected to come from local wood waste streams. As we gain operational experience, we
plan to expand the use of bioenergy and the sources of feedstocks.

Under this activity we are also promoting the use of the ORR for carbon monitoring technology.
In 2002, we successfully collaborated in a Phase | Small Business Innovation Research (SBIR)
project to develop radar technology to monitor forest carbon. In 2003, the Phase |1 project will use the
ORR to develop algorithms relating forest carbon to radar backscatter.

Key to the overall activity will be economic and environmental research to clarify and quantify
the impact of the bioenergy technology, including the associated land management activities. A
careful accounting of the energy and carbon flows of the complete bioenergy system will be kept.

Partnerships with industry, other national laboratories, universities, state agencies, and U.S.
Department of Agriculture and Environmental Protection Agency laboratories with be essential to
making this vision areality. Building and sustaining these partnerships will be a major focus of this

activity.

ORNL FE Program is committed to improving the
science base that can be used to accomplish this
objective. ORNL also provides valuable support to
DOE-FE for the Innovative Clean Coal
Technology (CCT) Program and for the Strategic
Petroleum Reserve. Principal among these
activities are ORNL's efforts directed toward
Vision 21, thevery ambitiousinitiative of DOE-FE
that seeks to develop fossil-fueled power systems
that will achieve very high efficienciesfor natural
gas and coal systems, while meeting stringent
environmental performance goals.
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The ORNL FE Program embodies a broad range
of research, including the devel opment of
advanced structural and functional materials,
bioprocessing, combustion, carbon sequestration,
natural gas production and utilization, and oil
production and environmental technology. The
program is supported by the ORNL Center for
Separations and Chemical Processing and DOE
national user facilities: Bioprocessing Research
Facility, Physical Properties Research Facility, and
the High Temperature Materials Laboratory.
ORNL shares the view of DOE-FE that industrial
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guidance and participation are important elements
of itsR&D programs. ORNL works
collaboratively with, and often with direct funding
from, numerous industrial organizations. Another
hallmark of the ORNL FE Programis
collaboration with other national laboratories.
Technol ogies developed by this program are
technical and economic successes, as evidenced by
utilization of them.

ORNL has had, for several years, amajor
technical management role, with DOE’s National
Energy Technology Laboratory (NETL), in the FE
Advanced Research Materials Program. Among
the recent major |eadership accomplishments was
the collaboration between ORNL, NETL, DOE-FE
Headquarters, and the Albany Research Center in
the development of an Advanced Research (AR)
Materials Program R&D Road Map. This
document aligns this program with major fossil
energy systems developments and presents a
schedule for completion and transfer of important
materials devel opments to these line programs.
The AR Materials Program includes the
development of (1) coatings and protection of
materias; (2) high-temperature corrosion-resistant
alloys with unique properties; (3) functional
materials, that is, materials with properties that
permit them to perform important functions; and
(4) breakthroughsin materials performance and
reliability, that is, materials development that
embraces the notion of extending materials
performance well beyond current limits to
overcome, or “break through,” barriersto
achieving even more outstanding efficiency and
environmental performance in fossil-fueled
systems.

ORNL has committed to a considerable expansion
in computational modeling and simulation of
fossil energy systems. ORNL researchers are
collaborating with NETL in the mathematical
simulation of fluidized-bed systems, and these
collaborations will be extended to other important
fossil energy power generation systems. Thereis
great opportunity through modeling and
simulation to dramatically reduce the investment
required for bringing devel opments to the point of
demonstration. Through the modeling and
simulation process, a winnowing process can be

accomplished to eliminate systems that do not have
the potential of achieving the high performance
objectives of Vision 21, and systems that have that
potential can be affirmed.

ORNL has a strategy to become a major
participant in fuel cellsand functional materials
research, and this position has been achieved.
Over the past 2 years, ORNL has endeavored to
establish an important position in the DOE-EE
Solid State Energy Conversion Alliance, or SECA,
amulti-laboratory and multi-industry alliance to
develop solid oxide fuel cell systems that are
ready for commercialization by 2015. Two
projects were initiated at ORNL within the last
year as part of SECA. A project on mechanical
testing and reliability of fuel cell stacksisin
progress, and a project on power electronics for
solid oxide fuel cellsis continuing. ORNL alsoisa
participant with an industrial partner, NexTech
Materias, in aVision 21 project involving the
development of solid oxide fuel cellsfor power
generation. Perhaps the most impressive activity in
the functional materials areais ORNL's
development of an innovative material and process
for gas separations, one of the identified critical
enabling technologies of Vision 21. The material,
an activated carbon bonded—carbon fiber
composite called the Carbon Fiber Composite
Molecular Sieve, or CFCMS, isused in agas
separation process called Electrical Swing
Adsorption, or ESA, in which selected gases are
adsorbed from gas mixtures and are subsequently
removed by passage of low-voltage electric
current through the electrically conductive
materials. This CFCM S/ESA system is proving to
be very efficacious in the separation and capture
of CO, from gas streams such as subquality
natural gas, coal-derived synthesis gas, and gas
turbine exhaust streams. ORNL has attracted
considerable industrial involvement in this
development. Partners and clientsinclude SGL
Carbon, the world's largest producer of carbon
materials, Air Products and Chemicals, Inc.,
Chevron Texaco, ZeTek Power Company, and a
consortium of energy companies called the CO,
Capture Project, or CCP. The CCP members are
BP Amoco, Chevron Texaco, Shell, Statoil, Norsk
Hydro, Suncor Energy, PanCanadian, and ENI.
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ThisORNL innovation isconsidered by many
companies to be the most promising of new
technologies for the separation and capture of
CO.,.

Research on methane hydrates has also been
identified as a strategic initiative for the ORNL
Fossil Energy Program. The abundant and
ubiquitous deposits of these enormous primary
energy resources could be amajor contributor to
U.S. energy independence provided they can be
extracted from formations in the mid- to deep-
ocean floor and in permafrost regions. ORNL has,
using LDRD funds, established a unique R&D
device called the Seafloor Process Simulator or
SPS that is capable of simulating conditions
necessary for the formation of methane hydrates.
This has proven to be a marvel ous research tool
and it is expected to be the basis for collaborative
R& D with researchers from other laboratories. A
new project isusing avariety of characterization
tools, including neutron diffraction, to aid in the
evaluation of the methane hydrates resource.
ORNL and the Idaho National Engineering and
Environmental Laboratory (INEEL) will
collaborate, with DOE-FE funding, in an Ocean
Drilling Program project in the summer of 2002.
An INEEL scientist will be on board the JOIDES
Resolution research vessel in an expedition called
Leg 204, which will obtain methane hydrates from
Hydrate Ridge, an important deposit of methane
hydrates off the Oregon coast. Samples of methane
hydrates retrieved from that expedition will be
transported to ORNL for study (Fig. 5.10).

ORNL'’s carbon sequestration research includes
funding from both the Office of Science and the
Office of Fossil Energy. The initiatives sponsored
by these two offices are complementary and
reflective of the combined interests of the two
offices. ORNL FE projectsinclude
biomineralization to extract CO, from the
atmosphere and to reject it as carbonate salts, a
study of the mixing characteristics of gases when
CO, is used to displace CH, adsorbed on
unmineable coal seams, ajoint project with
Lawrence Berkeley National Laboratory and
Lawrence Livermore National Laboratory to
evaluate geological options for sequestration, and
ajoint project with Pacific Northwest National
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Fig. 5.10. Methane hydrates can be produced
using ORNL's Seafloor Process Simulator.

Laboratory that isinvestigating terrestrial
ecosystem sequestration that couples sequestration
with soil improvement. The seafloor process
simulator isbeing used to develop innovative
injector systems for CO, and determine parameters
for use in models. The ORNL injector was tested
during FY 2002 at the Monterey Bay Aquarium
Research Institute as a collaborative venture.
ORNL and TVA are pursuing regional
demonstrations of CO, sequestration. The projects
with the CCP, which were discussed above, will
ultimately be integrated with appropriate CO,
sequestration technol ogies to project systems that
will separate, capture, and isolate CO, from the
environment.

An exciting gas separation technology based on
inorganic membranes is being transferred from the
East Tennessee Technology Park (ETTP) to
ORNL. For several years, ORNL and the Inorganic
Membrane Technology Laboratory (IMTL) at
ETTP have been collaborating on the development
of high-temperature hydrogen separation
membranes for separation and purification of
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hydrogen from hydrogen-rich streams such as
refinery purge gases and coal-derived synthesis
gas. Agreement in principle has recently been
reached that will effect the transfer of this
technology and the personnel from IMTL to
ORNL. Thisis an exciting new phase of this
development, and these membraneswill be
integrated with ORNL'’s extensive capabilitiesin
separations science.

5.2.3 Nuclear Energy, Science and
Technology

ORNL programs for the DOE Office of Nuclear
Energy, Science and Technology (DOE-NE)
include reactor technology R& D, advanced
materials science, uranium enrichment technology,
space power systems, and isotope production and
distribution. Significant growth in these programs
is expected over the next 3 years.

5.2.3.1 Reactor Technology

ORNL supports DOE’s initiatives to maintain
nuclear energy as a component of the nation’s
future energy supply.

ORNL has been co-managing, with INEEL, ajoint
DOE/Nuclear Regulatory Commission (NRC)
Project to irradiate archived German pebble fuel,
fabricated in 1980, in Idaho’s Advanced Test
Reactor (ATR) and to examine the fuel in ORNL's
Irradiated Fuels Examination Laboratory (IFEL,
Building 3525). Established initially to support the
Exelon fuel licensing program for its Pebble Bed
Modular Reactor Initiative, this activity has been
recently redirected and replanned as a broader
science program to provide new information on
gas-cooled reactor fuels.

Anindustry consortium, led by the nuclear utility
Entergy, is examining options for a deployment of
a Gas Turbine-Modular Helium Reactor (GT-
MHR) in the United States (Fig. 5.11). This
consortium has expressed interest in the TRISO-
coated particle fuel fabrication research being
conducted by ORNL under the Advanced
Accelerator Applications (AAA) Program
(discussed in Sect. 5.2.3.3). Deployment of next-
generation gas-cooled reactors will require the
capability to fabricate fuel for reactor testing and

fuel fabrication technology development to support
commercialization. ORNL isexploring potential
rolesfor its TRISO fuel fabrication facilitiesand
technologies to support DOE-NE programs for
near-term reactor deployment, aswell asindustry
consortia.

ORNL is participating in DOE-NE’s Generation |V
Reactor roadmapping process, aimed at laying out
the pathway for advanced reactor deployment in
the 2025 time frame. As a component of Genera-
tion IV reactor evaluations, ORNL and Sandia
National Laboratories (SNL) are partnered to
evaluate and propose a molten salt—cooled, coated
particle-fueled Advanced High Temperature
Reactor (AHTR). Using the attributes of fluoride
salt coolant, the AHTR has the potential to achieve
very high levels of safety by operating at very low
pressure, thus avoiding many of the consequences
associated with loss-of-coolant accidents. In
addition, the superior heat transfer properties of
the molten salt coolant may translate into small
temperature drops across the core, simplifying
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Fig. 5.11. The Gas Turbine—-Modular Helium
Reactor concept.
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engineering design and permitting el ectricity
production at efficiencies approaching or exceed-
ing 50%. The AHTR would produce high-tempera-
ture heat, >1000°C at coolant outlet, which offers
the prospect of thermochemical hydrogen produc-
tion at very high efficiencies. The superior heat
transfer properties of low-pressure salt (compared
with high-pressure helium gas) are expected to
allow the AHTR to operate at higher fission energy
density and thus be smaller and less costly than
analogous gas-cooled reactor designs (Fig. 5.12).
Reestablishment of molten salt testing facilities at
ORNL, such as a high-temperature flow hastalloy
loop for materialstesting, isan ongoing initiative.

ORNL has joined the Westinghouse-led team for
an advanced reactor concept named IRIS. The
International Reactor Innovative and Secure (IRIS)
concept is a 100- to 300-MW(e) next-generation
light water reactor designed to avoid most of the
initiators for severe reactor accidents. ORNL roles
include leading the reactor controls design,
computational core physics, reactor pressure
vessel evaluations, and probabilistic risk
assessments of safety.

ORNL is also participating in nine projects
awarded by DOE’s Nuclear Energy Research
Initiative (NERI) and is the lead organization for
six of the projects. ORNL has also won four
Nuclear Energy Production Optimization (NEPO)
projects; two have been successfully completed,
oneisawaiting industry activity, and oneisin
progress. ORNL has also been awarded three
International-NERI projects: advanced reactor
controls devel opment with the KoreaAtomic
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Salt Pump
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Energy Research Institute (KAERI), and two
projects on advanced materials and TRISO fuels
devel opment with the Commissariat al’ Energie
Atomique (CEA) in France (Sect. 5.3.2).

5.2.3.2 Advanced Materials

ORNL will continue its devel opment of advanced
high-temperature materials for nuclear reactors.
Active fields of research include stainless steels
(with arange of operating temperatures up to
800°C), refractory metals (up to 1300°C), and
nuclear-grade graphites (up to 3000°C).

As part of a DOE-NE cooperative project with the
laboratories of the CEA in France, ORNL will
devel op and test nanocomposited oxide dispersion—
strengthened ferritic steels with the potential to
operate in reactor environments at temperatures
200°C higher than currently availableferritic

steels. If successfully developed, these steels could
permit higher temperature operation and increased
safety margins for advanced reactor concepts.

Refractory metal alloy development isbeing
performed for the Advanced Radioisotope Power
Systems Programs and for the Naval Nuclear
Reactors Program. Newly devel oped fabrication
methods for molybdenum-rhenium alloyshave
yielded aMo-*Re dloy that isweldable and has
excellent high-temperature strength properties.
Future work on radiation testing of Mo-**Re and
development of more ductile Mo-Realoyswith
superior thermal conductivity properties should
make these alloys more useful to reactor
designers.
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NERI is supporting tests of the irradiation proper-
ties of ORNL's high-thermal conductivity graphite
foam in order to evaluateits suitability asanin-
core matrix material for high-temperature graphite
reactors. Improving the thermal conductivity of
nuclear graphites could allow graphite reactors to
be more compact and have higher safety margins.

ORNL contributes to the DOE-NE Advanced
Accelerator Applications Program with roles in the
areas of advanced spallation target materials.

5.2.3.3 Advanced Waste Transmutation
Technology

The Advanced Accelerator Applications (AAA)
Program is supporting the establishment of a
coated-particle fuel fabrication R& D facility at
ORNL beginning in FY 2002. Thisis envisioned
asthefirst step in along-term research activity.
Gas-cooled reactors, such as the gas turbine
modular helium reactor (GT-MHR) and the Pebble
Bed Modular Reactor, use TRISO-coated particles
asfuel (Fig. 5.13). Theinitial objectives of the
ORNL facility will beto (1) fabricate small
guantities (i.e., gram quantities) of uranium-based

ted Coated Particle
Broken to Show Layers

German Overcoated TRISO Fuel Particle
from the HFR-K3 Experiment

Fig. 5.13. The ORNL JEOL/JXA-840A SEM/
Microprobe is used to examine and characterize
TRISO-coated particle fuel.

fuel; (2) extend the fuel technology so asto
fabricate coated particles composed of transuranic
elements, such as plutonium and neptunium;

(3) characterize the fabricated fuel; and

(4) perform research on techniques for improving
the performance and characteristics of the coated
fuel. The long-term program will involve some
irradiation of coated particlesin HFIR and
INEEL's Advanced Test Reactor with post-
irradiation examination (PIE) in the Irradiated
Fuels Examination Laboratory at ORNL.

Fabrication of coated-particle fuel, initially
developed at ORNL, is atwo-step process. First,
the uranium or plutonium is formed into small
(about 0.3-mm-diam) kernels using internal
gelation technigques and then baked and sintered.
Second, multiple carbide coatings are applied to
the kernels in a fluidized-bed configuration. The
first step, gelation preparation of uranium kernels,
can be accomplished in alaboratory specifically
designed for this purpose, located in the
Radiochemistry Laboratory (Building 4501). The
coating of uranium particlesis expected to involve
the procurement and installation of specialized
systemsin suitable spacein Building 4508.
Research on fabrication of plutonium-neptunium-
based fuels would take place in glove-box
facilitiesin ORNL's Radiochemical Engineering
Development Center (REDC) at ORNL.

The AAA program also conducts separations
research on proliferation-resistant recycle systems.
The REDC has been identified as the preferred
facility for future pilot-scale demonstrations of
fuel reprocessing technologies and is currently
performing testing on radioiodine fixation
processes in support of a proliferation-resistant
process flowsheet named UREX. ORNL has
critical expertise in separations science and
chemical processing to support fuel reprocessing
of activities.

5.2.3.4 Advanced Gas Centrifuge

Gas centrifuge technology represents a major new
strategic thrust for ORNL. Recent developmentsin
the uranium enrichment marketplace have
underscored the need for the United States to
develop a domestic enrichment technology to
replace gaseous diffusion plants. ORNL performed
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engineering devel opment and design on an
advanced gas centrifuge (AGC) under a CRADA
for USEC and is expecting this activity to continue
under a CRADA extension. Advances since 1985
in high-strength lightweight materials,
computational science, motor technology, and
sensors appear to offer alow-risk path toward the
development of a centrifuge machine capable of
300 separative work units (SWU) per year with
very attractive economics. During the next several
years, ORNL expects to support the USEC in the
refurbishment of an existing test facility at the
East Tennessee Technology Park and in the design,
fabrication, and testing of full-scale production
centrifuges.

5.2.3.5 Space Nuclear Power Systems

ORNL supports the production of parts for
radioi sotope power systems supplied to the
National Aeronautics and Space Administration
(NASA) by providing the materials processing and
precision fabrication required to produce the
iridium-clad vent sets and the carbon-carbon
holders. Funding to support ORNL's fabrication
infrastructure will continue to be provided by the
DOE-NE. In anew initiative to be funded by
NASA, ORNL will begin fabrication of space-
flight-quality-clad vent set hardware for a
proposed mission to send an unmanned probe to
Pluto.

In arecent record of decision, DOE announced the
selection of REDC and HFIR for the domestic
production of 28Pu for future space missions.
Irradiation of Z’Np targets to produce 2 to 5 kg per
year of 2®Pu will occur in the Advanced Test
Reactor (ATR) at the Idaho National Engineering
and Environmental Laboratory and in the HFIR at
ORNL. Fabrication of the #'Np targets for both
ATR and HFIR irradiations would be carried out at
REDC. Test irradiations are being completed, and
planning for the REDC facility modifications has
begun. An immediate priority isto begin planning
and preparation for receipt and storage of Z’Np at
either the Y-12 National Security Complex or in
vaults to be constructed at the REDC. Recent
schedule modifications mean that shipments of
Z'Np from the Savannah River Site to Oak Ridge
may begin as early as October 2003. Production of
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2Py could begin by the year 2008, depending on
available funding.

NASA has proposed the National Space Initiative,
to beginin FY 2003, which would develop and
field technology for nuclear fission and advanced
radi oi sotope power systems. DOE-NE will be
managing the development and testing of the
nuclear fission systems. ORNL isassisting DOE-
NE with writing the technical plansfor this
program and has potential roles for nuclear safety
assessments, technology eval uations, concept
evaluations, advanced materials technology
development, and program planning and
implementation support.

5.2.3.6 Isotope Programs

ORNL’s I sotope Program supplies enriched stable
isotopes, selected radioisotopes, and related
technical services for research, medical, and
industrial applications. The program mission
includes the devel opment and evaluation of
methods of isotope production and separation.
ORNL also provides specialized technical services
(e.g., preparation of high-purity isotopes and
unique chemical and physical forms).

The isotope 2*Bi, a short-lived decay product of
233U, has shown promise in the treatment of acute
myeloid leukemia and is being evaluated for usein
treating other cancers. Small amounts of the 2°Bi
precursor 2Ac are being supplied by ORNL for
clinical trials at Memorial Sloan-Kettering Cancer
Center in New York. To meet a near-term DOE
commitment to double the supply of 2°Bi, ORNL
has begun additional extractions of 2°Th from the
28U inventories stored in Building 3019

(Sect. 5.4.1). Natural decay of the 2°Th generates
25/ ¢, which is shipped to medical research centers
for the on-site generation of 2°Bi. The separation
of 22°Th is conducted in the ORNL Radioactive
Materials Analytical Laboratory, and the ?5Acis
extracted and purified in the Radiochemical
Development Laboratory. DOE plans to work with
the private sector to provide alarge-scale source of
213Bj and has issued a request for proposals for
commercia processing of 22U to provide the
25A¢/23Bi supply for research and cancer therapy.
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5.3 Environmental
Quality

Funding for science and technology
(S&T) activities at ORNL that
directly supports DOE’s
environmental quality (EQ) goal—to
“aggressively clean up the
environmental legacy of nuclear
weapons and civilian nuclear
research and development programs
at the Department’s remaining sites,
safely manage nuclear materials and
spent nuclear fuel, and permanently
dispose of the Nation’s radioactive
waste” —isprovided primarily by
DOE's Office of Environmental
Management (DOE-EM),!mainly
through the DOE-EM Office of
Science and Technology (OST).
Research supported by other DOE organizations
also contributes to meeting DOE's needs in EQ.
DOE-EM iscurrently in the process of refocusing
its cleanup activitiesin an effort to accelerate the
reduction of the greatest risks at DOE’s legacy
sites by refocusing its cleanup efforts

(Sect. 5.3.1.2).

5.3.1 EM Science and Technology
Program Support

5.3.1.1 Current Activities
Radioactive Waste Tanks

ORNL support spans technical integration; waste
chemistry, retrieval, and pretreatment; tank
closure; tank integrity assessment; and end-user
perspectives.

Experience gained during the removal of wastes
from the Gunite and associated tanks at ORNL,
using technol ogies and systems devel oped with
OST sponsorship, is being shared with other sites
asapplicable (Fig. 5.14). ORNL isproviding
related technical assistance to DOE’s Hanford site
in the testing and selection of systemsfor retrieval

The principal exception isactivitiesrelated to
accelerator-based systems, which are funded by DOE’s
Office of Nuclear Energy, Science and Technology;
Sect. 5.2.3.

The Gunite Tanks Radioactive Tank Cleaning System
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Fig. 5.14. Robotics technology was critical to successful
waste retrieval and tank cleanup activities at the Gunite tank farm.

of wastes from tanks and to DOE’s Fernald sitein
cold testing retrieval technologies to be deployed
in the K-65 silos. ORNL isaso assisting in

devel oping enhanced grout formulation for tank
closurein collaboration with the Savannah River
Site (SRS).

ORNL played amajor rolein evaluating pretrest-
ment alternatives for the SRS Salt Processing
Project, including testing and optimization of the
three final aternatives. One of these alternatives,
caustic side solvent extraction, which uses a novel
solvent developed at ORNL, was selected as the
preferred alternative.

Tank waste chemistry work at ORNL supports
Hanford and SRS. Activities include identification
of waste compositions and operating envelopes to
optimize treatment efficiency and predict and
prevent formation of solids that can plug pipelines.

Subsurface Contaminants

ORNL is studying the long-term performance of
and optimal monitoring strategies for in situ
reactive barriers for contaminant removal.
Activities are conducted in collaboration with
other federal agencies through the Federal
Remediation Technologies Roundtable and the
Remediation Technol ogies Development Forum
(RTDF).
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ORNL also collaborates with other federal
agencies through the RTDF Bioremediation
Consortium and the EPA Environmental
Technology Verification Program, which
accelerates the development and
commercialization of improved technologies
through independent testing, verification, and
reporting. ORNL has extensive bioremediation
expertise and has provided technical support in
Ohio and Oak Ridge. Other areas in which ORNL
has provided support include contaminant fate and
transport, optimal site characterization, modeling,
in situ treatment, and monitoring.

ORNL and other DOE laboratories are working to
define a new initiative on subsurface and vadose
zone science. Thisinitiative is aimed at
understanding basic subsurface processes,
improving data collection and monitoring
capabilities, and developing improved computer
models, predictive tools, and data visualization
techniques. Work in these areas will benefit from
the Field Research Center established to support
the Natural and Accelerated Bioremediation
Research (NABIR) Program (see Sect. 5.1.2.2).

Nuclear Materials

ORNL is conducting apharadiolysis studies for
23U oxides. ORNL has helped end usersto define
and document technology needsin this area and
has contributed to road-mapping activities for
nuclear materials S&T.

Deactivation and Decommissioning

ORNL plays amajor technical support rolein
deactivation and decommissioning (D&D). In this
role, ORNL hosted a kick-off workshop for newly
awarded D& D EM Science Program projectsin
November 2001. The workshop brought together
new researchers and cleanup managers from four
DOE field offices to promote understanding and
continuing dialog on site problems and the new
research projects. Other activities include
increased technical assistance and outreach to non-
EM organizations that are generating relevant
S&T.
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Transuranic and Mixed Wastes

ORNL has provided leadership for the national
Mercury Working Group, which coordinated
DOE-EM’s mercury mixed waste treatment
technology development and demonstration. In

FY 2002, ORNL documented the favorable results
of four vendor treatment tests for mixed wastes
containing >260 ppm mercury. The resulting data
enable EPA to validate these processes as
equivalent technologies and allow direct treatment
of these wastes by DOE. As a member of the
national Waste Elimination Team, ORNL isalso
conducting complex-wide projectsto inventory and
subcontract the disposition of several troublesome
waste forms, including radioactively contaminated
pressurized gas cylinders, uranium and thorium
chips, and TRU-contaminated classified materials.
ORNL isalso supporting Fernald in the disposition
of itslead-acid batteries.

Characterization, Monitoring, and Sensor
Technology

ORNL has deployed systems for monitoring tank
waste slurries to prevent clogging of pipelines and
processing equipment. Another ORNL project is
tailoring and field testing a microcantilever sensor
for detection of parts-per-trillion levels of mercury
in water at the Y-12 National Security Complex.
The sensor is anticipated to ultimately fill long-
term stewardship needs for alow-cost, highly
sensitive monitoring system for multiple
contaminants. The Laboratory’s extensive
capabilities in sensing and monitoring will be
further engaged to benefit DOE-EM as sites move
beyond active remediation and optimization of
monitoring strategies to target site-specific needs
and risks and to minimize the costs of long-term
stewardship become more important. ORNL's
strengths in biological monitoring and ecological
risk assessment will be applied to developing cost-
efficient approaches that can be used in long-term
stewardship programs to assess the effectiveness
of remedial actions.

Efficient Separations and Processing

ORNL activitiesinclude devel oping, testing, and
deploying (using waste from Sandia) a process for
removing mercury from organics and optimization
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of dissolution of aluminum from SRS and Hanford
tank sludges. ORNL provides substantial technical
support to programmatic effortsin the areas of
separations and processing.

Robotics

ORNL has managed crosscutting robotics R& D
activitiesrelated to D& D and tank waste retrieval,
helped to establish the research agenda, and
coordinated al activities (Fig. 5.14). ORNL also
has acted as the information and communication
lead and provided senior technical advisory support
to DOE Headquarters.

Past research hasled to significant follow-on
funding of ORNL technologies from non-EM
sponsors. Notably, the development of
technologies for advanced controls has led to work
in human strength amplification, an areain which
ORNL is now widely recognized as aworld leader.

5.3.1.2 Future Activities

DOE-EM isin the process of accelerating the
reduction of the greatest risks at DOE’s legacy
sites by focusing cleanup efforts on two primary
thrusts. These thrusts and the general nature of the
S& T activities required to support them are as
follows:

» Closure Sites: Support for completion of
remedial actions at sites that can be closed by
about 2006, especialy Rocky Flats
Environmental Technology Site (RFETS) and
the Ohio sites, such as the Fernald and the
Miamisburg Environmental Management
(Mound) projects. Involvement by ORNL could
entail (1) short-term technical assistance and
(2) demonstration of new technologies where
existing technology is unavailable, too costly, or
too risky.

* Acceleration Stes: Support for aternatives to
current baseline approaches that will reduce
risk, cost, and schedule, especially at the sites
representing the four largest DOE mortgages.
Hanford, Savannah River, |daho, and Oak
Ridge. Involvement by ORNL may include
(1) development and demonstration of an
alternative approach that performs well enough
to be adopted as the new baseline at the site and
(2) providing the scientific basis for defensible

decisions on the magnitude of risks and level of
cleanup at moderate-to-low risk sites.

Fundamental to the two new EM thrustsisan
effort to make the DOE-EM S& T program more
efficient by streamlining its operations and
“projectizing” the S& T tasks by directly
integrating them into the closure site and
acceleration site projects. Determination of

(1) which closure and alternative projects will be
supported, (2) the problem sets that will require
R&D, (3) what ongoing R&D isrelevant to these
problem sets, and (4) new S& T requirements to be
acquired is an ongoing process. However, based
on the apparent redirection of DOE-EM, the
following sections outline likely areas of ORNL
involvement.

Core Technology Areas

During the next few years, OST is expected to
emphasize insertion of technologies already in the
pipeline to meet the requirements of closure sites
and acceleration projects. During the upcoming
transition, it isimportant to retain the fruits of the
DOE-EM investment to acquire expertise in key
areas of technology that are critically important to
DOE site cleanup and to have an organizational
entity that can prevent duplication and provide
synergistic benefits (e.g., via supplemental R& D
on an existing technology instead of an entirely
new effort). One entity that could fulfill such
needs is the Core Technology Area (CTA), the
number, scope, and function of which are till
being defined. However, substantial ORNL
involvement and leadership in such areas as
separations and chemical processing (including
waste forms and nuclear material stabilization),
robotics and remote systems, subsurface science
(including geochemistry and microbiology), and
characterization, monitoring, and sensors

(Sect. 5.3.1.1) should allow this critical expertise
to be maintained within the framework of the
CTAs.

Closure Site Support

ORNL'’s long-standing relationship with the
RFETS and Ohio sitesincludes providing
subcontractor support for the EM S& T activities at
RFETS and technical support for Ohio’s Pollution
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Prevention Program for several years. More
recently, ORNL prepared a cold test plan and
provided technical support for the testing of
retrieval technologiesto be deployed inthe K-65
silos at Fernald (Sect. 5.3.1.1). ORNL is currently
engaged in offering capabilities and support to
address specific needs identified by Ohio through
evolving OST channelsand in discussions
regarding the potential for ORNL, along with
Argonne National Laboratory, to serve as Ohio’'s
virtual site lab. Pursuit of a further expanded
relationship with RFETS is intended as well.

Accelerated Project Support

Many DOE sites have submitted proposals to
accelerate their cleanup activities by pursuing
alternative approaches or step improvementsto
high-risk/high-cost baselines. It is expected that
the process of defining such S& T needs will
necessarily be ajoint effort between the cognizant
cleanup contractor and S& T providers who are
aware of the state of the art in relevant areas of
expertise and can reliably extrapolate these to the
potential requirements. This effort is expected to
take at least several months to complete. In the
interim, ORNL principal investigators are
proceeding on a best-effort basis to identify
acceleration projects that are believed to require
their technologies and to bring these technologies
to the attention of potential users.

Organizational Enhancement

Under the new EM thrusts, an active “sitelab” is
needed for at least the four mgjor DOE sites. The
internal role of thislab isto become an integral
partner with the site cleanup contractor(s) to
understand their S& T requirements, provide
technology solutions where appropriate, and
ensure that they are able to acquire best-in-class
S& T from any source. The externa role of the site
lab isto be an “honest broker” in a network of
similar representatives at other sitesto help
accomplish the above and to represent the S& T
regquirements from other sites to potential
providers at the local level. In this capacity, we
anticipate enhancing ORNL's relationship with
cleanup contractors such as the Bechtel Jacobs
Company LLC to fully enable the site lab
function, seconding staff membersto work with
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cleanup contractors, using existing networks such
asthe EM Core Laboratories and Strategic Lab
Council to perform the required outreach and
coordination functions, and establishing
appropriate DOE/OR counterparts to these
functions. In particular, Bechtel Jacobs and
UT-Battelle are in the process of developing a
Memorandum of Understanding to establish ORNL
asthe fully integrated R& D provider to Bechtel
Jacobs and to define roles and responsibilities.
Existing ORNL involvementsin groups such asthe
DOE-EM Senior Management Council Core
Team, the DOE Strategic Laboratory Council, and
the EM core laboratories will enable thisto be
accomplished seamlessly.

5.3.2 EM Science Program

The Environmental Management Science Program
(EMSP), a collaborative initiative of DOE-EM and
DOE-SC, sponsors basic research to address
DOE’s environmental legacy. ORNL has
conducted or is conducting over 40 EMSP
research projects.

EMSP projects at ORNL address awide range of
topics, such asimprovements in waste separations
and treatment, step-change improvementsin
contaminant sensing and monitoring, innovations
in materials decontamination, breakthrough
advancements in robotics and remote operations,
and determination of the fate and transport of
contaminants in subsurface media. The expertise
of EMSP investigators have been enlisted to assist
the Oak Ridge cleanup program in better
definition of S& T needs and to provide specific
technical assistance, and it is expected that this
expertise will find arole in providing technical
support to closure and acceleration projects as
they are defined and executed.

The President’s budget proposes the transfer of
EMSPto DOE-SC in FY 2003 and combining it
with a number of other science activities related to
environmental management, such as NABIR and
EMSL, in anew Environmental Remediation
Sciences Division. The implications of this change
to ongoing and potential future projects are
unknown. However, we believe the programs
included in this new division would provide a
substantial source of new ideas to feed the S& T
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pipeline and would help meet the requirements of
DOE-EM beyond the next few years. We plan to
work closely with the new division to ensure the
success of the programs and to support the
integration its various components.

5.3.3 Other Activities

ORNL provides science and technology support to
EM organizations other than the OST.

For the DOE-EM Office of Site Closure, ORNL
coordinates (1) a program of technical support for
the conversion of depleted uranium hexafluoride
and (2) multilaboratory R& D on safe disposition
and beneficial reuse of depleted uranium, which
includes projects that address the use of depleted
UO, in spent nuclear fuel repositories, properties
of heavy concrete made with uranium oxides, and
catalyst and semiconductor applications of
uranium oxides.

ORNL supports the Oak Ridge cleanup program
through implementation of uranium conversion
activities conducted in hot cellsin Building 4501.
The project will extract uranium in the form of
uranium hexafluoride from the sodium fluoride
feed material and transform it into a chemically
stable uranium oxide.

Additional EM support is provided through
various programs, including pollution prevention,
metals recycle, information and data services (e.g.,
Risk Assessment Information System and
Remedial Action Program Information Center),
and transportation research and devel opment.

5.4 National Nuclear Security

ORNL’s National Security Directorate provides
programmatic and organizational focus for
Laboratory activities in support of DOE’s national
nuclear security mission. During the planning
period, ORNL will continue to focus on growing
research programs and deployment of qualified
technologies that support this vital area.

Capabilities developed to support DOE’s needs are
also applicable to the needs of other federal,
regional, and local agencies whose responsibilities
include national and homeland security, public

safety, law enforcement, and other security-related
issues. Efforts will be made to capitalize on
synergiesin these areas to expand the Laboratory’s
opportunities, as described in Sect. 5.6.2.1. In
partnership with the Y-12 National Security
Complex, ORNL searchesfor opportunitiesto
apply the distinctive capabilities of the Oak Ridge
Complex to the needs of DOE and other
government agencies with rolesin national and
homeland security. This partnership should also
create a number of opportunities for combining the
expertise of these two organizations to enhance the
nation’s safety and security.

5.4.1 Defense Programs

ORNL’s work for the Office of the Deputy
Administrator for Defense Programs within the
National Nuclear Security Administration (NNSA)
includes support for nuclear weapons R& D,
strategic computing, facility transition, and
modernization.

At the Radiochemical Engineering Development
Center (REDC), ORNL prepares and encapsul ates
22Cf sources for shipment to DOE’s Pantex site,
where the sources are used for nondestructive
evaluation of weapons parts. Another task is the
recovery of transuranium element isotopes from
targets that were once irradiated at the Savannah
River Site. These heavy isotopes are purified and
shipped to Los Alamos National Laboratory for
use in weapons diagnostics tests.

ORNL'’s Radiochemical Development Facility
(Building 3019A) provides shielded, safeguarded
storage for the DOE inventory of separated U.
ORNL is supporting a DOE process to seek
private sector participation in processing the 23U
inventory to expand the supply of 2°Ac and #°Bi
for medical applications (Sect. 5.2.3.6). Current
activities at the facility involve inspection of 23U
containers to provide information for closure of
DNFSB Recommendation 97-1, Safe Sorage of
Uranium-233, and provision of 22U for recovery
of medical isotopes. These activities are conducted
in accordance with an approved plan.

ORNL also supports Defense Programs in the
development and use of models to check cost
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estimates for major weapons complex facilitiesand
assistsinindependent eval uations of new tritium
production alternatives.

In addition, ORNL provides ES& H support related
to the cleanup of nuclear weapons manufacturing
facilities and provides assistance as needed with
emergency preparedness activities. ORNL's
Radiation Safety Information Computational
Center (RSICC) provides information and
technology that contribute to the solution of
problems occurring in programs for R&D, military
application and stockpile support, and facility
transition and technical support. The RSICC also
receives funding from the DOE Office of Nuclear
Energy, Science and Technology; the DOE Office
of Environmental Management; the Offices of
Fusion Energy Sciences and Basic Energy
Sciences within the DOE Office of Science; the
DOE Office of Civilian Radioactive Waste
Management, the NNSA Office of the Deputy
Administrator for Defense Nuclear
Nonproliferation, and the Defense Special
Weapons Agency. Itsintegration of developments
in the various programs supports the information
and technology needs of all scientists and
engineers doing radiation transport calculations.

5.4.2 Defense Nuclear Nonproliferation

Oak Ridge National Laboratory develops,
coordinates, and assists in implementing domestic
and international policy aimed at reducing threats,
both internal and external, to the United States
from weapons of mass destruction (WMD). The
primary focus of thiswork, which is sponsored by
the NNSA Officefor Defense Nuclear
Nonpraliferation, is reducing the proliferation of
nuclear materials and weapons. Our national
security work involves R& D activities through
technology deployment and technical assessments.
It includes work related to chemical sciences and
technology, metals and ceramics, instrumentation
and controls, engineering technology, biology and
health sciences, computational physics and
mathematics, energy, robotics and process
systems, and solid state physics. Some of this
work is performed in partnership with the Y-12
National Security Complex. Theincreasein
awareness of the WMD threat to national security
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has|ed to adramatic growth in funding that will
most likely be sustained in the next 5 years.

In support of the Office of Nonproliferation
Resear ch and Engineering, ORNL is developing
improved scintillators and other radiation-sensitive
materialsto increase sensitivity and enhance
fieldability through research focused on new thin-
film scintillation materials, doping of traditional
semiconductor materials with rare-earth elements
to improve the electronic properties, and several
other innovative approaches to detection of
radiation. We are also developing forensics
technology to assist with attribution. Projects
include extraction of maximum information from
low-quality surveillance video, improved methods
for collection and analysis of fingerprints, and
determination of time since death (in collaboration
with The University of Tennessee's forensic
anthropology facility, know as the “Body Farm”).
The results from this work are expected to find
utility in monitoring for nuclear smuggling and
terrorist activities and in monitoring for
compliance with arms nuclear control treatiesin
international venues.

For the Office of International Nuclear Safety
and Cooper ation, ORNL conducts activities such
as devel oping technology and providing systems
for verification of highly enriched uranium blend-
down in Russian Federation facilities. The ORNL
developed Blend-Down Monitoring System, based
on time-varying neutron activation of uranium
hexafluoride, continually monitors the down
blending of highly enriched uranium to low
enriched uranium. We al so provide technical
leadership and expertise for international
organizations addressing nuclear safety and
nuclear technology development. Thiswork
includes the DOE International Nuclear Safety
program, several programs associated with the
Nuclear Regulatory Commission and the State
Department, as well as some private organizations
such asthe Nuclear Threat Initiative.

Asakey part of U.S. foreign policy and national
security, ORNL supports the Office for Arms
Control and Nonproliferation in the area of
national and international nuclear export control.
We perform reviews of proposed exports of
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nuclear and nuclear dual-use equipment, materials,
and technology, and assessments of diversion and
proliferation risk. We also provide support to the
DOE International Safeguards (IS) initiativesto
increase the effectiveness and efficiency of the
International Atomic Energy Agency (IAEA),
which providestheinternational community
independent assurances that countries are in
compliance with their own nonproliferation
commitments. The program provides technical
expertise in implementing international safeguards
at the Y-12 National Security Complex and other
DOE facilities; supports DOE’s cooperation
agreements with key international safeguards
organizations; and develops, tests, and evaluates
strengthened safeguards measures to be applied
globally by the IAEA.

ORNL also partners with the Y-12 National
Security Complex to participate in two efforts
sponsored by the Office for Arms Control and
Nonproliferation: the Initiatives for Proliferation
Prevention (IPP) and the Nuclear Cities Initiative
(NCI). The fundamental strategy of IPPisto
provide meaningful, sustainable, non-weapons-
related work for scientists and engineers who were
formerly engaged in work concerning weapons of
mass destruction in the Newly Independent States,
including Russia, Belarus, Ukraine, and
Kazakhstan. Successful business startups include
the development of a new method for recycling
co-mingled metals and the commercialization of a
gas chromatograph. The NCI program has a
similar fundamental strategy but is focused on the
nuclear weapon scientist in the ten closed cities of
the Russian nuclear weapon complex.

In support of the Office of International
Materials Protection and Emer gency
Cooperation, ORNL’'s Material Protection,
Control & Accounting (MPC&A) program is
working with over 80 Russian facilities to secure
the weapons-usabl e nuclear materials, help
improve safeguards and security systems at the
facilities, and improve their nuclear material
accounting systems. The MPC&A programis
considered the “first line of defense” in preventing
Russian weapons and weapons-usabl e nuclear
material from “leaking” to rogue nations and
terrorist groups. In the Second Line of Defense

program, ORNL isworking with Russian customs
to assist them in their efforts to detect any nuclear
materials being smuggled out of the country,
including providing equipment and training for
radiation monitoring.

Under the sponsorship of the Office of Fissile
Materials Disposition, ORNL is DOE's lead
laboratory for nuclear-based technologies for
fissioning surplus plutonium in existing power
reactors in the United States, Russia, and possibly
Canada.

5.4.3 Naval Nuclear Reactors

ORNL supports the NNSA Deputy Administrator
for Naval Nuclear Reactors through work for
DOE’s Knolls Atomic Power Laboratory and
Bettis Atomic Power Laboratory. Activities
include testing and characterization of advanced
high-temperature structural materials and molten
fluoride salts. ORNL also performs chemical
analyses of samples of irradiated fuels and
develops specialized computational physics
methods.

5.5 Other DOE Programs

ORNL provides support to other DOE offices and
installations, including other DOE contractors and
operations offices.

ORNL supports the DOE Office of Environment,
Safety and Health in the categories of oversight,
policy and standards, technical assistance, health
studies, and information resource management.
R& D and technical support activities span several
ORNL divisions and organizations. Activities
include technical standards, criticality safety
analysis, dosimetry devel opment, performance
indicators, occurrence reporting quality,
environmental policy and assistance, National
Environmental Policy Act (NEPA) compliance,
occupational safety and health, facility disposition
safety and health support, epidemiology and health
surveillance, and business performance systems.

Work for the Office of Palicy includes research on
transportation, energy efficiency, alternativefuels,
fuel economy standards for automobilesand light
trucks, and energy optionsfor devel oping nations.
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Additional support isprovidedinregulatory
analyses for hydropower development and
environmental compliance issues. ORNL also
provides support to the Office of International
Affairs, whichisengagedin building coalitionsin
support of U.S. foreign energy policy.

ORNL conducts R&D for DOE’s Office of
Intelligence through Memoranda of Understanding
(MOUs) with the National Security Programs
Office of the Y-12 National Security Complex.

ORNL supports the Federal Energy Regulatory
Commission (FERC) in (1) environmental,
economic, and engineering assessments that
support licensing of nonfederal hydroelectric
projects; (2) studies related to compliance with
FERC license conditions or other environmental
regulations at existing projects; and (3) technical
assistance in other related areas, such as headwater
benefits analysis and hydropower benefitsin the
control of greenhouse gas emissions. Relicensing
of existing projects has become a major effort for
the FERC, and ORNL staff are working to define
methods to enhance an environment that may have
been affected by 50 years of hydropower
operation.

ORNL performs numerous small tasks, frequently
on an ad hoc basis, for anumber of other
organizations within DOE. These activities are
distributed among the various L aboratory
programs and make up about 5% of ORNL's total
funding.

5.6 Work for Other Sponsors

5.6.1 Overview

The DOE national laboratories can apply their
resources and skills to the specific needs of other
federal agencies and customers, including public/
private corporations, industry, and colleges and
universities, through DOE’s Work For Others
(WFO) program. WFO projects are typically
performed at alaboratory on afull cost recovery
basis, must support the missions of DOE and the
individual laboratory, and may not compete
directly with capabilities available in the U.S.
domestic private sector.
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ORNL performs a number of projects for other
sponsors, including, but not limited to, the U.S.
Nuclear Regulatory Commission (NRC), the U.S.
Department of Defense (DoD), the U.S.
Department of Transportation (DOT), and the
Department of Health and Human Services (HHS).
Projects related to the intelligence community are
also performed through mechanisms established
and administered by DOE’s Office of Intelligence
(DOE-IN). Detailed descriptions of current WFO
projects can be found in the Supplemental Section
of thisdocument.

This work serves to broaden ORNL's customer
base and provides opportunities for partnerships
with universities, industry, other DOE
laboratories, other federal agencies, and state and
regional organizations. It also benefits the
Laboratory’s technical staff by providing
opportunities to understand the needs of ORNL's
customers and markets. Observation of the latest
trends and breakthroughs from other technical
organizations and the lessons learned by others
makes it possible for ORNL to improveits own
technologies and leverage its expertise with that of
other institutions, integrating practical experience
with the Laboratory’s demonstrated R& D
capabilities.

WFO projects at ORNL sometimes draw from the
resources available at other DOE facilities, most
notably DOE's Y-12 National Security Complex in
Oak Ridge. Y-12 has unique manufacturing
facilities that can be used by sponsors to prototype
or develop new systems and components; modify,
miniaturize, or improve current systems and
components; or solve problems with aging but still
vital legacy systems and equipment. The combined
capabilities of ORNL and Y-12 make the Oak
Ridge complex an attractive resource, especially
for defense-related programs. Both Y-12 and
ORNL arein the process of creating of ajoint
office that would alow them to share resources
and pursue potential new customersin areas that
would be beneficial to both.

Individual researchers carry out development of
new WFO projects with ORNL program
development staff, ORNL senior managers, and
members of the Leadership Team. The ORNL
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Technology Transfer and Economic Devel opment
Directorate assists in the development of new
programs and provides key servicesin dealing with
intellectual property and partnerships. ORNL also
works closely with the DOE Oak Ridge
Operations Office, Office of Partnerships and
Program Development, and with DOE's Y-12 Area
Office.

5.6.2 Areas of Emphasis
5.6.2.1 Defense-Related Programs
U.S. Department of Defense

ORNL’s work for DoD focuses on the science and
technology challenges involved in DoD’s work to
envision, model, and build the systems, platforms,
and devices required to defend the nation’s vital
interests and protect members of its armed forces
in the 21st Century. In the near term, the
Laboratory expectsto play amajor rolein
assisting the various branches of the armed forces
with reevaluating their needs for the future. Asa
result of the events of September 11, 2001, and the
war on terrorism, great emphasis has been placed
on the timely development and implementation of
new technologies.

During the planning period, ORNL will pursue the
development of programsin several areas of
science and technology that present challenges to
DoD:

 systems and infrastructure architectures to
support the Army’s development of the Future
Combat System (FCS) and the Objective Force
Warrior (OFW);

» mobile power sources that are no larger than
today’s conventional batteries but provide
individuals the power they need to operate their
equipment for extended periods of time;

» advanced propulsion technologies for military
weapons/systems;

* lighter, stronger materials that can be adapted to
meet avariety of needs, including individual
protection, aircraft and combat vehicles, and
improved fuel efficiency;

» homeland security R&D;

* technologies that support the Missile Defense
Agency (MDA);

 chemical and biological detectorsand sensors;

intelligent software agents used to gather and

synthesize dataand organize information;

« filter technology for usein extended field
operations; and

» modeling and simulation and total asset

visibility and decision support tools for military

and commercial logistics and transportation

applications.

ORNL will remain as asite for the U.S. Army’s
Training With Industry (TWI) Program asit also
pursues the possibility of setting up similar
programs with other branches of the military.
ORNL will expand its role as a technology
resource for DoD senior officials through a variety
of new initiatives while simultaneously assisting
various DoD science and technology offices with
the creation, preparation, execution, and analysis
of concepts/visioning sessions, experiments,
technology demonstrations, equipment
performance, standards benchmarking, and
evaluation. Working through the DOE Office of
Intelligence, ORNL will also respond to the needs
of the intelligence community.

Defense Advanced Research Projects
Agency

The Defense Advanced Research Projects Agency
(DARPA) was established by Congress to focus on
advanced research for the development of high-
risk, high-payoff technologies. DARPA isrecog-
nized as the DoD lead for initiating new projects
that require the application of cutting-edge tech-
nologies to solve the most difficult challenges.

DARPA is made up of eight offices: four that

focus on the development and demonstration of

basic science and advanced technologies and four

that are more focused on systems development and

the transition of technologies to DoD applications.

The technology needs of these offices are well

matched with ORNL’s expertise and capabilitiesin

such areas as

e materials science and processing,

 microelectronic mechanical systems (MEMS),

« robotics and systems integration,

e computational mathematics and physics,

* information systems, data management, and
analysis,
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* design and manufacturing processes, and
* energy and environmentally related technologies.

A sustained multi-year effort at ORNL to identify
R&D program opportunities with DARPA has
resulted in an average of aimost 20 different
DARPA-funded projects coming to the Laboratory
in each of thelast 3 years. During the planning
period, wewill continuethiseffort by increasing
our interactions and presence at DARPA, including
the possibility of having at least one ORNL
employee on an | PA assignment with the agency
as a program manager or office director.

Army Transformation, Future Combat
Systems, and Objective Force Warrior

The Secretary of the Army has continued to
emphasi ze the need to transform and modernize
the Army in order to best defend the nation against
rapidly changing world threats. Future enemies
could make extensive use of information warfare,
advanced technologies, and other unconventional
means of attacking in urban and complex
environments. Recognizing these threats, the Army
has undertaken major initiativesto rapidly
modernize existing forces while also developing a
revolutionary force built around the Future
Combat System (FCS) and the Objective Force
Warrior (OFW) that will be fielded in the next 8 to
12 years.

ORNL in partnership with Y-12 will increase its
support to these Army transformation initiativesin
several ways. Technology support to the Army’s
FCS Multi-Role Armament System (MRAAS) will
continue to be expanded. Technical assessments of
critical technologies in power supply, guided
munitions, and protective materials are being
conducted to support the development of the
MRAAS weapons system. A multilaboratory
activity called the FCS Integrated Support Team
(FIST) will continue to identify DOE technologies
of potential use to the FCS and OFW. DOE
investments in advanced materials, robotics,
power systems, communications, modeling and
simulation, and other technologies will be
assessed and considered for integration into the
concepts being devel oped for the FCS and OFW
programs.
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Technology reviewsin support of theArmy’s
development of the OFW will continueto be
provided. Technology forecasting and visioning will
continue to guide the development of the OFW.
Thiswork issponsored primarily by theArmy’s
Assistant Secretary for Research, Acquisition, and
Logistics, the Deputy Chief of Staff for Programs,
and supporting R& D and operational commands.

Similar technical support isalso being provided to
the FCS Lead System Integrator selected by the
Army and DARPA to oversee the development of
these programs. ORNL will continue to expand its
support to the Army transformation initiatives
during the planning period. We will also seek to
support other branches of the armed forces,
including the Marine Corps, Navy, and Air Force,
as they modernize their forces to meet changing
world conditions. Programmatic support for
Marine Corps Expeditionary Forces with similar
requirements for advanced technology is also
expected to grow during this period.

Land Mines and Unexploded Ordnance

Recent combat and humanitarian missionsin
Bosnia, Somalia, Afghanistan, and other countries
have increased awareness of the need for better
technology to find and remove unexploded
ordnance, land mines, and booby traps. ORNL
continues to develop and test improved
technologies and methods for safely detecting land
mines and unexploded ordnance (UXO). These
programs support the military countermine,
humanitarian demining, and environmental
remediation efforts of DoD, DOE, and other
agencies. Current programs include novel methods
for large-arealand mine and UXO detection. Staff
from ORNL and Y-12 also serve on senior Army
advisory panels and science and technology
review panels to help assess the availability of
new technology to support the Army’s
countermine programs. Work sponsored by the
Strategic Environmental R&D Program/
Environmental Security Technology Certification
Program, the Army Corps of Engineers, the
Defense Threat Reduction Agency, the Army
Environmental Center, and other agencies has
produced remote sensing systems that operate
from aeria platforms (Fig. 5.15). These systems
use high-resolution multispectral sensor arrays and
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Fig. 5.15. Airborne magnetometer system for
sensing of unexploded ordnance.

data analysistechniquesto identify buried ordnance
and large anti-tank mines. Other techniquesinclude
the use of chemical and biological detection
systems such as microcantilevers, mass
spectrometry, or genetically engineered bacteriato
locate mines, ordnance, or concealed explosives.
These technol ogies show considerable promise for
safer detection of hazardous materials commonly
found on active or inactive military ranges or at
critical facilitiesin the United States and oversess.
ORNL isalso evaluating the potential use of these
new systemsin identifying land minefield threatsto
ensure the safe mobility of the FCS and OFW in
future operations. ORNL collaborates extensively
with other federal and international agencies,
universities, and industry in carrying out these
programs.

5.6.2.2 Aerospace R&D and Technology

ORNL issecuring new rolesin aerospace R& D
and technology particularly with respect to space
fission power, advanced propulsion technology,
advanced materials, human and environmental
sensing, and robotics. Within DOE NE's Special
Purpose Fission Technology Program, ORNL is
responsible for advanced space reactor power
system concept and technology evaluation, nuclear
safety assurance, advanced materia technologies,
and shielding technology. Thiswork directly
supports NASA's recently announced Nuclear
Systems Initiative (NSI). We are working with
NASA's George C. Marshall Space Flight Center
in Huntsville, Alabama, to evaluate the feasibility
of multi-megawatt molten salt space reactor power
systems and to explore other potential areas for
collaboration with regard to advanced propulsion
and materials technology. This effort is facilitated

by Memoranda of Understanding (MOUs)
established by DOE-ORO, linking DOE’'s Oak

Ridge facilitiesto the Marshall Space Flight Center
and the U.S. Air Force Arnold Engineering
Development Center near Tullahoma, Tennessee.
Through thisTri-Lateral Alliance, collaborations
will be pursued in such areas as space fission
power technology devel opment, advanced
materials and material processes, environmental
technology, remote sensing, robotics, space-based
global change observation, space launch, and
transportation technologies. We are aso pursuing
collaborations with NASA’s Johnson Space Center
and Glenn Research Center in the area of multi-
megawatt space nuclear power system
development for manned missions to Mars and
beyond and advanced space power conversion
technology research.

5.6.2.3 Transportation-Related
Programs

ORNL will continue to extend the application of
its capabilitiesin transportation R& D and
technology through activities that capitalize on the
synergies of multiple sponsors and industrial
partners. These activities will build on and
enhance our DOE-funded transportation programs
(Sect. 5.2.1).

The National Transportation Research Center
(NTRC) will be akey resource for expansion of
transportation-related programs during the
planning period (Fig. 5.16). The NTRC was
created to expand transportation R& D at ORNL
and The University of Tennessee (UT), with a
focus on responding to the needs of industry as
well asthe Federal and state governments. It
brings together a number of separate R&D efforts
to achieve better synergy and operating efficiency
for both sponsors and performers. Particular
emphasis is placed on establishing mutually
beneficial partnerships between industry,
universities, and government and on providing
access to unique R& D facilities that are not
readily available to industry or other
organizations. The NTRC is also an economic
development effort involving DOE, UT-Battelle,
UT, and the Development Corporation of Knox
County (TDC).
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Fig. 5.16. The National Transportation Research Center.

The NTRC facility houses approximately

180 research and support personnel and comprises

11 specialized transportation research laboratories:

» Advanced Supply Chain M anagement
L aboratory. Investigates the use of radio-
frequency identification tagsto aid in the
tracking and control of hazardous materials
shipments.

e Commercial Vehicle Operations Laboratory.
Analyzes equipment and technologies for
making commercial vehicles safer and more
efficient.

» Composite Materials L aboratory. Conducts
controlled, programmable analysis of the
deformation and failure response of composite
automotive components in relation to impact
velocity.

» Defense Transportation and L ogistics
Laboratory. Provides analytical and
operational support to the defense transportation
community through development of innovative,
practical tools and techniques for the analysis
and management of transportation and logistics
systems.

» Fuels, Engines, and Emissions Research
Center. Analyzes power plant and vehicle
performance and emissions reduction
technologies.

e Geographic Information Systems
L aboratory. Develops innovative ways to plan,
manage, and track information using geography-
based decision support systems.

 Infrastructure Materials Laboratory. Tests
materials such as concrete and asphalt that are
used in bridges, culverts, highways, and
roadbeds.
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* Intelligent Transportation Systems
Laboratory. Provides an advanced real-world
environment for evaluating and applying
Intelligent Transportation Systems technologies
to improve the efficiency, productivity, and
safety of transportation facilitiesand to aleviate
theimpact of transportation on the environment.

e Packaging Research Laboratory. Helps clients
develop safe, efficient, economical solutions for
the shipment of hazardous and high-value
materials.

e Photonics and Fiber Optics Laboratory.
Conducts research on awide range of
applications, focusing primarily on remote
sensing and weigh-in-motion, spectroscopy,
full-spectrum solar energy, and sensors.

e Power Electronics and Electric Machinery
Resear ch Center. Develops and prototypes the
next generation of cost-effective converters,
adjustable-speed drives, electric utility and
distributed-generation applications, motor
controls, and efficient, compact electric
machines.

Within the NTRC facility, a new center—the
Heavy Vehicle Safety Research Center

(HV SRC)—is being established. The HVSRC is
the first new major initiative to come out of the
NTRC. The HVSRC will be anational asset for
the study and resolution of issues associated with
the safety of heavy vehicle transportation. It will
serve as aresearch center in which government
and industry can work closely together to enhance
the safety of heavy vehicles operating on our
nation’s highways and contributeto meeting
national goalsto reduce truck-related fatalities
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while maintai ning and enhancing the economic
viability of theU.S. trucking industry. Funding for
FY 2002 for the HVSRC is coming asa$1 million
grant from the Federal Highway Administration’s
Office of Safety. Support from other sources
includes capital equipment fundsfrom the NTRC
and funding from DOE’s Office of Heavy Vehicle
Technology.

During the planning period, ORNL will continue
to integrate its extensive capabilitiesin
transportation R& D and technology and apply
them to avariety of challenges facing stakeholders
in the transportation sector. Through the NTRC,
we will focus on four key areas.

» Advanced vehicle propulsion systems. The
nation needs advanced propulsion technology to
replace petroleum-based energy and eliminate
or minimize harmful emissions. We will empha-
Size partnerships with industry that lead to the
development of alternative fuel vehiclesinclud-
ing hybrid electric and fuel cell systems. We
will also develop systems to make conventional
propulsion technology, such as diesel systems,
more environmentally acceptable.

* Traffic congestion mitigation. Congestion of the
nation’s highways, airports, and seaports not
only increases energy consumption; it also
threatens continued economic growth. It can
lead to economic loss (time in congestion),
social problems (road rage, air rage), and
clashes between competing resource users (e.g.,
waterfront devel opment vs port expansion). We
will work with government and private industry
sponsors to devel op solutions that increase
traffic flow capacity, provide timely congestion
information to travelers, and optimize the use of
the nation’s airways, airports, waterways, and
seaports.

 Transportation modeling and simulation.
Proposed technology solutions should be
assessed to determine their impact on
transportation systems. ORNL and UT will
apply their the long-term experiencein
modeling and simulation to work with private
industry in evaluating and predicting how new
technology will relieve congestion, improve fuel
efficiency, reduce pollution, or otherwise
alleviate transportation problems.

» Heavy vehicle safety. Heavy vehicles of all

typesthat travel the nation’s highways, railways,
airways, and waterways form the backbone of
our economy. The use of our transportation
infrastructure by these large and cumbersome
vehicles and an even larger number of personal
vehicles raises a number of safety concerns. We
plan to team with the commercial shipping
industry and regulatory agenciesto develop
technologiesthat will lead to safer vehicles,
fewer accidents, lower insurance and damage
claims, and lower operating costs, aswell as
increasing public confidence in the safety of
travel.

5.7 Laboratory Directed R&D
Program

Through its Laboratory Directed R&D (LDRD)
Program, ORNL performsinnovative, leading-
edge R& D that helpsto maintain the scientific and
technical vitality of the Laboratory, fosters creativ-
ity, stimulates exploration of forefront science and
technology, and enhances the Laboratory’s ability
to address future DOE missions. The LDRD
program often leads to productive new technical
directions. It is funded through an overhead charge
to the Laboratory’s operating budget and has two
complementary funds: the Seed Money Fund and
the Director’'s R& D Fund.

The Seed Money Fund provides an avenue of
support for innovative, risky ideas that “bubble
up” during the course of normal programmatic
activity. Proposals are accepted directly from the
Laboratory’s S& T staff at any time of the year.
Typically, 25% of the LDRD budget is allocated to
Seed Money projects. In FY 2001, $3.2 million
was used to support 64 projects, of which 35 were
new starts. The distribution of Seed Money Fund
support by science and technology areais shown
inFig. 5.17.

The Director’s R&D Fund promotes the
development of new capabilities in support of the
Laboratory’s strategic plan. It is the chief means
by which we develop capabilities consistent with
the Lab Agenda (Sect. 3.3) to stay at the forefront
of science and technology. Each year an annual
call ismade for proposals in specific thrust areas.
In FY 2001 and FY 2002, the Director’'s R&D
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Fig.5.17. Distribution of Seed Money by science
and technology area for FY 2001.

Fund supported innovative, leading-edge R&D in
the following areas: neutron sciences, complex
biological systems, terascale computing and
simulation science, energy and environmental
systems of the future, and advanced materials. The
levels of investment in each area are summarized
inFig.5.18.

LDRD accomplishments for FY 2001 ranged
across all the disciplines of the Laboratory and are
summarized asfollows.

* materials science and engineering:
synthesized anew class of luminescent polymer
nanoparticles, devel oped “smart” nanocomposite
materials, designed new materialsfor solid oxide
fuel cells, and investigated ultra-creep-resistant
ferriticalloys.

@FY 2001 WFY 2002

Neutron Sciences

Terascale Comp. & Simulation Sci.

Energy & Env. Systems of the Future

Complex Biclogical Systems

Advanced Materials (NSET)

0.0 1.0 2.0 3.0 4.0
Investment ($ millions)

Fig. 5.18. Level of Director’s R&D Fund
investment in the Laboratory-wide Initiatives for
FY 2001 and FY 2002.
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* neutron science and physics: developed
advanced optics for neutron scattering research,
performed neutrino-nucleus cal culationsfor
next-generation neutrino detectors, and
investigated in situ neutron scattering techniques
for controlling microstructure evolutionin nickel-
base super alloys.

» chemical science and technology: developed
ion/ion chemistry asatool for rapid detection of
protein variants, conducted theoretical modeling
and simulation of the formation and
decomposition of methane hydrates, devel oped
novel catalytic membranes for alkane
dehydrogenation, and studied the synthesi s of
€l ectron-beam-cured polymer composites.

e computer and computational sciences:
devel oped high-speed networking and software
enabling technologies for terascale computing,
new computation techniques for characterizing
methane hydrate resources, and a collaborative
problem-solving environment for welding
process modeling.

« hiological sciences and technology: developed
new radiotracer and gene-expression techniques
for assessing the effectiveness of drugs for
treatment of type |1 diabetesin mice; built new
bi oi nformatics systems to support experimental
and computations research in systemsbiology;
continued devel opment of a cryopreserved
mutant mouse bank for genome-wide, gene-
driven chemical mutagenesis; and investigated a
techniquefor isolating terminal peptidesfor
proteome analysis.

e environmental science and technology:
designed and built a seafloor process simulator
for studying methane hydrates in seafloor
sediments, studied integrated complex pathways
of endocrine disruptors in zebrafish, and
investigated epithelial lung cellular toxicity of
ultrafine particles.

e engineering science and technology:
devel oped next-generation semiconductor
devices based on micromechanical quantum
well, quantum barrier, and quantum point contact
structures; modeled combined-cyclefossil-fuel
power systems; developed a new spark plug
concept; and fabricated carbon nanotube—based
vacuum nanoel ectronic device structures.

* nuclear science and technology: developed
new methodologies for nuclear structure cross
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section cal culations and new techniques for

- . . ) Table5.2. Laboratory Directed R& D funding
prediction on nonlinear material behavior

) summary by fiscal year
relevant to nuclear reactors and continued ($inmillions)
investigation of innovative saf ety technologies 2001 2002 2003 2004
for generation IV reactor designs. Sead Mongy 357 35 360 360
. Directors R&D 1145 1340 1457 1570
The annual LDRD program plan, whichis LDRD Total 1466 1655 1817 1930

prepared and submitted to DOE-SC in
accordance with DOE Order 413.2A, serves to
regquest funding for the program and to provide a
general description of and justification for the
program. Table 5.2 provides anticipated funding
projections by fiscal year. The ORNL Laboratory
Directed Research and Development Program:
Annual Report to the Department of Energy
Summarizing Fiscal Year 2001 (ORNL/PPA-
2002/1, March 2002) provides a program
overview and project summaries for the LDRD
Program.
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6. R&D Partnerships

L it 3
g.

Research and development (R&D)
partnerships with other |aboratories and
with universities, industry, other
government agencies, and international
research institutions are carried out at the
Oak Ridge National Laboratory (ORNL)
through traditional collaborative
arrangements and increasingly through
the development and application of
capabilities that facilitate collaboration
among geographically separated
researchers, or “science at a distance.”
These partnerships strengthen the
nation’s science base and are a key
element in the UT-Battelle commitment
to excellence in community service.
Table 6.1 lists a number of major
partnerships and collaborations.

Although it is formally a national
laboratory, ORNL has a strong role as an
international laboratory, routinely hosting guest
researchers and visitors from other nations. These
kinds of partnerships facilitate access to facilities
in other nations by U.S. scientists and encourage
the globalization of science. In addition, guest
scientists are a valuable component of ORNL's
research staff. Their assignments, which may
range up to 2 years, broaden the Laboratory’s base
of expertise and support goalsin scientific
cooperation and technology transfer. In FY 2001,
ORNL hosted approximately 2600 scientists and
engineers from universities, industries, and other
research institutions. About 28% were industrial
guests. Many conducted R&D at one of ORNL's
designated user facilities.

UT-Battelle is working to expand the use of
partnerships as a means for conducting
collaborative R&D, facilitating access to ORNL's
distinctive capabilities, improving the utilization
of its scientific facilities, transferring technology
to industry, and supporting the education of the
next generation of scientists and engineers. UT-

and Collaborations

x

ORNL's Joint Institute for Heavy lon Research has
supported programs for 20 years.

Battelle, itself a partnership, comprises several key
resources for this expansion: The University of
Tennessee (UT), a Carnegie Research Level |
institution that attracts nearly $80 million annually
for sponsored research programs; six “core
universities,” Duke University, the Georgia
Institute of Technology, Florida State University,
North Carolina State University, the University of
Virginia, and Virginia Polytechnic Institute and
State University (Virginia Tech); and Oak Ridge
Associated Universities (ORAU), a consortium of
86 colleges and universities that manages the Oak
Ridge Institute for Science and Education for the
U.S. Department of Energy (DOE) and promotes
collaborative partnerships for the benefit of its
member institutions.

These resources are a key to the University

Partnerships Initiative that isincluded in the

Laboratory Agenda (Sect. 3.3). Plans also include

the following actions:

» Extend collaborative relationships with other
DOE laboratories and facilities, integrating the
complementary capabilities distributed across
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Table 6.1. Major ORNL partnerships and collaborations

Activity and Partners

Description

Science

Soallation Neutron Source

Argonne, Brookhaven, Lawrence Berkeley,
LosAlamos, Thomas Jefferson National
Accelerator Facility; the neutron user
community (universitiesand industry)

Center of Excellence for the Synthesis and
Processing of Advanced Materials
Argonne, Brookhaven, Lawrence Berkeley,
Idaho, LosAlamos; Ames

Scientific Discovery through Advanced
Computing (SciDAC) Program

Eighteen universities and colleges, nine DOE
labs, and four companies

Terascale Computing
International Business Machines (IBM)

Atmospheric Radiation Measurement (ARM)
Program

Argonne, Brookhaven, Lawrence Berkeley,
Lawrence Livermore, LosAlamos, Pacific
Northwest, Sandia; National Renewable

Energy Laboratory; other government agencies,

industry, universities, and international
organizations

National Center for Research on Enhancing

Carbon Sequestration in Terrestrial Ecosystems

(CSTE)
Argonne, Pacific Northwest; universities;
other research ingtitutions

Joint Genome Institute
Lawrence Berkeley, Lawrence Livermore,
LosAlamos; Stanford Human Genome Center

Fusion Energy Sciences

Argonne, Pacific Northwest, Sandia;
Princeton Plasma Physics L aboratory;
universities; General Atomics and other
industry partners; international partners
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Design and construction of an accelerator-based facility (total
cost: $1.4 billion) to provide the world's most intense pul sed
neutron beams. Each laboratory is responsible for a major
component or system and its integration into the facility; this
collaborative approach to designing and constructing a major
research facility provides a model for future DOE projects.

Coordinated, cooperative multilaboratory research
partnerships on the synthesis and processing of advanced
materialsfor energy technologies. ORNL isengaged in
projects on Mechanically Reliable Surface Oxides for High-
Temperature Corrosion Resistance, Ultrahigh Temperature
Intermetallics, Welding and Joining, Magnet Materials,
Metals Forming, Microstructural Engineering with
Polymers: In-situ Composites, and Advanced Photovoltaics.

An integrated program that will help create a new generation
of scientific simulation codes taking full advantage of the
extraordinary computing capabilities of terascale computers.
ORNL is partnering with others to solve complex problems
in fusion energy sciences, high-energy physics, global climate
research, and advanced scientific computing research and to
devel op the software infrastructure to support research
collaboration using distributed resources and scientific
simulation on terascale computers.

Strategic partnership to develop and deploy new high-
performance computing hardware.

Data collection and analysis to enhance the understanding of
global and regional climate change. This effort includes the
development of methods of data management and
information exchange to facilitate future interlaboratory
integration.

Distributed research center for studies of carbon sequestration
in vegetation and soils. Researchers study waysto increase
carbon storage, extend its duration, and verify and measure
the amount of carbon stored.

DOE-sponsored collaboration in functional genomics and
bioinformatics.

Broadly collaborative programs to establish the science base
for development of fusion as an energy source. This effort
spans collaborations on experiment design and operation
(National Spherical Torus Experiment, National Compact
Stellarator Experiment, Quasi-Poloidal Stellarator), technol-
ogy development and remote collaborations (Virtual Labora-
tory for Technology), and high-performance computing.
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Table 6.1 (continued)

Activity and Partners

Description

Science (continued)

Southern Appalachian Man and the Biosphere
Federal agencies; states of Georgia, North
Carolina, and Tennessee; Appal achian
Regional Commission; Southeast Natural
Resource L eaders Group

Tennessee Mouse Genome Consortium

East Tennessee State University, University

of Tennessee (Knoxville and Memphis),
Vanderbilt University Medical Center,
Meharry Medical College, St. Jude Children’s
Research Hospital, University of Memphis

Energy Resources

Bioenergy Feedstock Development Program
National Renewable Energy L aboratory;
U.S. Forest Service, U.S. Department of
Agriculture, Tennessee Valley Authority;
universities; researchinstitutes; industry

Superconductivity Partnership Initiative
Southwire Co., Waukesha Electric Systems,
General Electric, and other industry
partners; electrical utilities

Industries of the Future

Other DOE |aboratories and facilities;
other federal agencies; universities; industry

National Transportation Research Center
University of Tennessee; Devel opment
Corporation of Knox County

GREENTIE
International Energy Agency; member nations

Public Power Institute
Tennessee Valley Authority

Environmental Quality

Consorcio Educativo para la Proteccion
Ambientale

Argonne, Sandia; two Mexican universities,
three Chilean universities, U.S. universities
serving Hispanic students; industry

Environmental Management Science Program
Other DOE |aboratories; universities

Public/private partnership promoting environmental health,
sustainable economic use, and cultural values across the
Southern Appalachians, a component of the Man and the
Biosphere (MAB) Program established by UNESCO.

A collaboration to support NIH's effort to develop mouse
models for human genetic disorders.

Mission-oriented program of research and analysiswith a
goal of developing and demonstrating environmentally
acceptable crops and cropping systems for producing large
quantities of low-cost, high-quality biomass feedstocks

Development, fabrication, and use of high-temperature
superconducting (HTSC) electric power systems; a power
cable devel oped through this initiative has been deployed
at a Southwire manufacturing facility.

Coordination of R& D for energy-intensive materials and
process industries; includes devel opment of road maps and
creation of broad R& D partnerships.

Partnership between the public and private sectors to develop
new transportation systems that are affordable and that
address the needs of the public in safety, security, and
convenience. Specialized transportation research |aboratory
facilities provide tools for industry and other research
partners.

Information network for distributing information on suppliers
of technologies that reduce greenhouse gas emissions.

Mutually beneficial collaborationsto develop, demonstrate
and deploy technologiesfor efficient and environmentally
beneficial renewable energy production and use.

Environmental partnership initiative that providesfor joint
research, student exchanges, faculty development, curriculum
development, creation of bilingual educational materials, and
other cooperative activities.

Joint DOE-SC/DOE-EM program to reduce the cost and risk
of cleanup through targeted basic science research. Projects
address arange of environmental problems and draw on
expertise from avariety of scientific disciplines.
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Table 6.1 (continued)

Activity and Partners

Description

Environmental Quality (continued)

Srategic Environmental Research and
Development Program (SERDP)

Pacific Northwest; other DOE |aboratories;
U.S. Department of Defense, Environmental
Protection Agency, other federal agencies

National Nuclear Security

U.S Department of Defense Countermine
S& T Advisory Panel
Sandiaand DaoD laboratories

Nuclear Criticality Safety Program
Argonne, Lawrence Livermore, Los
Alamos; Idaho; universities

International Nuclear Safety Program
DOE laboratories and facilities, Russia
and former Soviet Union nations; industry

U.S/FSU Program of Cooperation on
Nuclear Material Protection, Control,
and Accounting

DOE laboratories and facilities;
Russiaand former Soviet Union
(FSU) nations; universities; industry

U.S Plutonium Disposition Activities

DOE laboratories, facilities, and operations
offices; industrial nuclear fuel cycle entities;
nuclear power plant owner/operators; and
nuclear safety regulators

Joint U.S/Russian Plutonium Disposition
Activities

DOE laboratories and facilities, Russian
research institutes, industrial nuclear fuel
cycle entities, nuclear power plant owner/
operators, and Russian nuclear safety
regulators
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Multiagency program funded through the U.S. Department of
Defense to identify, devel op, demonstrate, and transition
environmental technol ogiesthat relate directly to defense
mission accomplishment.

Support for the U.S. Department of Defensein
recommending S& T research to develop improved systems
for detecting and defeating land mines and boodytraps and
increase the assured mobility of the Future Combat System
and the Objective Force.

Development of an improved and integrated DOE capability
to predict criticality in nuclear fission systems through new
experiments, benchmarking against available U.S. and inter-
national data, refinement of Monte Carlo computer models,
and processing of nuclear datainto standard working forms.

| dentification and devel opment of commercial opportunities
for scientists and engineers formerly involved in weapons
programs (nuclear, chemical, and biological) of the former
Soviet Union. In the Nuclear Cities Initiative, ORNL is paired
with Sandiato serve the Russian city of Krasnoyarsk. The
Initiatives for Proliferation Prevention program focuses on
theNewly Independent States.

Reduction of therisk of nuclear weapons proliferation by
strengthening security and developing Material Protection,
Control, and Accounting (MPC&A) systems at sites
containing weapons-usable nuclear materials.

Definition, devel opment, and demonstration of technologies
required for the disposition of surplus weapons-grade
plutonium.

Development, demonstration, and licensing of technologies
and facilities required to implement plutonium disposition in
reactors.
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the DOE complex in support of the
Department’s missions.

 Build new educational, training, and research
partnerships with other federal agencies; with
educational consortia and museums, both
regionally and nationally; and with private-
sector institutions.

» Develop industry partnerships that bring the
Laboratory’s resources to bear on industrial
problems and strengthen the economy by
bringing new technologies to the marketplace.

6.1 Laboratory Partnerships

ORNL actively supports the DOE “ system of labs”
approach and is engaged in numerous
collaborative relationships with other national
laboratories, asindicated in Table 6.1. Most
notable is the Spallation Neutron Source (SNS)
collaboration with the Argonne, Brookhaven,
Lawrence Berkeley, and Los Alamos national
laboratories and the Thomas Jefferson National
Accelerator Facility (Sect. 4.1.1). The SNS project
has been cited by DOE as an outstanding example
of interlaboratory collaboration.

Other notable collaborative efforts include

» the PHENIX detector for the Relativistic Heavy
lon Collider at Brookhaven;

* the Genome Annotation Consortium, through
which ORNL isworking with Argonne,
Lawrence Berkeley, Lawrence Livermore, Los
Alamos, several universities, and other research
institutions to provide a comprehensive
sequence-based view of genomes; and

* the Probe test bed for comparative evaluations
of storage-intensive applications, which links
computational resources at ORNL and the
National Energy Research Supercomputing
Center.

Battelle isinvolved in the management and
operation of four national |aboratories—ORNL,
Brookhaven National Laboratory, the National
Renewable Energy Laboratory, and Pacific
Northwest National Laboratory. These laboratories
are working together to increase the value of
science and technology delivered to DOE and
related agencies by optimizing the performance of
the “system” of these four laboratories. Key
activities include joint strategic planning, the

production and maintenance of an inventory of the
assets of this four-laboratory system, program
integration as appropriate to capitalize on the
diverse strengths of the laboratories, development
of work for other federal agencies and other
customers, and building relationships with other
DOE contractors. This effort is promoted by
regular meetings of the chief research officers of
the four laboratories and by ORNL participation in
technical networks that link researchers at the four
laboratories by area of expertise.

6.2 University Partnerships

Our University Partnerships Initiative is aimed at
increasing the value of science and technology at
ORNL through active involvement of faculty and
students in Laboratory programs. Theinitiative
a so supports DOE's commitment to helping to
educate the next generation of scientists,
engineers, technicians, and educators.

The University Partnerships Initiative builds on
ORNL’s current involvement in research
partnerships with universities, many of which also
have a significant education component

(Sect. 8.2). It includes the following elements:

* expanding collaborative programs with UT in
areas of mutual interest;

» continuing the joint hiring of scientists and

engineers with the six UT-Battelle core

universities and expanding this program to
include awider set of universities;

working with ORAU to facilitate research

partnerships with its member institutions;

* developing and expanding research partnerships
with Tennessee colleges and universities,
historically black colleges and universities
(HBCUs) and other minority educational
institutions (MEIs), and prominent universities
across the country (Fig. 6.1); and

» developing the Oak Ridge Center for Advanced
Studies to encourage interactions between
ORNL researchers and university faculty and
students.

The initiative is expected to support recruitment at
the Laboratory, provide additional opportunities
for graduate students to conduct research at
ORNL, and offer outlets for ORNL staff members
for sabbaticals and research appointments.
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Fig. 6.1. Lee Riedinger, ORNL Deputy for
Science and Technology, and Will Minter, head of
the ORNL Small Business Program Office, meet with
HBCU and MEI faculty participating in the Summer
Faculty Research Program.

With roots in the Laboratory’s early history, the
long-standing partnership between ORNL and UT
spans a broad spectrum of R& D and other
activities, asindicated in Table 6.2. ORNL and UT
are partnersin the Science Alliance, the state's
oldest and largest academic Center of Excellence.
The Science Alliance sponsors the ORNL-UT
Distinguished Scientist Program, which provides
joint appointments to tenured positions at UT
Knoxville and research positions at ORNL. Joint
institutes in biological sciences, computational
sciences, energy and environment, heavy ion
research, and neutron sciences represent additional
tools for combining the resources of these
institutions for research and education. As
described in Sect. 7.3.3.1, the state of Tennessee
has pledged funding to construct new facilities at
ORNL to house three of these institutes. The Joint
Institute for Heavy lon Research is already located
in aUT-owned facility at ORNL, and the Joint
Institute for Energy and Environment is expected
toremain at UT's Knoxville campus.

Two collaborative activities link ORNL and UT
resources with those of other partners to address
public and private sector needs in areas of growing
importance, both regionally and nationally:
transportation and human health.

The National Transportation Research Center
(Sect. 5.6.2.3) provides resources for the

development of new transportation systems,
including specialized transportation research
laboratory facilities that are available to industry
and other research partners. These resources are
now housed in amodern facility, located in west
Knox County, that is readily accessible to the
center’s partners and customers.

The Tennessee Mouse Genomics Consortium links
ORNL, UT (Knoxville and Memphis), East
Tennessee State University, the University of
Memphis, Vanderbilt University Medical Center,
S. Jude Children’s Research Hospital, and
Meharry Medical College (an HBCU) for
collaborative research in devel oping mouse
models for human diseases. This arrangement is
the result of an initiative undertaken through the
Joint Institute for Biological Sciences (Sect. 4.2.7).

ORNL isaso an active partner in six of the nine

centers of excellence established at UT in 2001.

* TheAdvanced Materials Laboratory, led by an
ORNL-UT Distinguished Scientist, will create
new materials using computer-intensive
modeling and experiments. UT and ORNL
scientists in materials science and engineering,
chemistry, chemical engineering, and physics
will collaborate.

At the Center for Environmental Biotechnology,
UT and ORNL scientists will combine
€l ectronics and bioengineered organismsto
develop technologies that offer real-time, on-
site monitoring of hazardous materials, with an
emphasis on moving research resultsinto
commercia applications.

e Atthe UT Food Safety Center of Excellence,
UT and ORNL specialists in biochemistry,
reproductive biology, food-service management,
parasitology, infectious diseases, and risk
assessment are establishing research programs
to investigate critical pointsin animal and plant
production with the aim of controlling the
spread of food-borne pathogens.

» The Genomics and Bioinformatics Center of
Excellence conducts research on how genes
function (focusing on DNA sequencing,
analysis of gene mutations, and the use of
robotics and nanotechnology to study gene
patterns), and bioinformatics, the organization
and analysis of genetic data.
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Table 6.2. Interactions between ORNL and UT Knoxville

Joint Institutes:

Joint Institute for Biological Sciences

Joint Institute for Computational Sciences
Joint Institute for Energy and Environment, with the Tennessee Valley Authority
Joint Institute for Heavy lon Research, with Vanderbilt University

Joint Institute for Neutron Sciences

Science Alliance, a Tennessee Accomplished Center of Excellence:

Distinguished Scientist Program
Joint Faculty Program

University Graduate Programs that draw on ORNL resources:
Graduate School of Genome Science and Technology (based at ORNL)
Graduate Program in Ecology and Evolutionary Biology
Joint Program in Mixed-Signal VLS| and Monolithic Sensors

Academy for Teachers of Science and Mathematics
Advanced Thermal Analysis System L aboratory

Center for Environmental Biotechnology

Composite Materials Science and Processing L aboratory
Measurement and Control Engineering Center

National Transportation Research Center

Netlib, a collection of mathematical software, papers, and databases

Nuclear Structure Theory Program

Project SEE (Satellite Energy Exchange), with NASA Marshall Space Flight Center,
the University of Virginia, and the Russian Space I nstitute

UT-ORNL Graduate Fellowship in Theoretical Quark-Gluon Plasmas

UT-ORNL Select Graduate Fellowship for the Outstanding Applicant in

Condensed Matter Physics

» The Information Technology Research Center
buildson ORNL and UT capabilitiesin scientific
and high-performance network computing to
create new types of information technology,
empower research through new technology, and
study the effects of its use.

» The UT Center of Excellence for Structural
Biology will expand the frontiers of knowledge
in biomolecular structure and function, in
partnership with ORNL's Center for Structural
Molecular Biology (Sect. 4.2.3).

The six UT-Battelle core universities have made
major commitments of resources to various
programs of collaboration with ORNL, including
joint faculty, shared research programs, and
development of new joint institutes. As part of the
University Partnerships Initiative, UT-Battelle
plans to establish additional relationships with
major research universities to generate more joint
appointments, collaborative research, graduate
student opportunities, and regional support for
ORNL.

The Laboratory will continueitsinteractionswith
Tennessee's Centers of Excellence program for
public higher education, which supports 26 Centers
of Excellence and a number of Chairs of
Excellence at Tennessee Board of Regents (TBR)
institutions. ORNL is also amember of a coalition
that unites several TBR schools, the Tennessee
Biotechnology Association, TennesSeed, and
Cumberland Emerging Technologiesin a project
designed to connect the knowledge at Tennessee
universities and laboratories with the devel opment
of new products and services.

ORAU has formed an EPSCoR Council to develop
partnerships between the Laboratory and
universities from states participating in the
Experimental Program to Stimulate Competitive
Research (EPSCoR). ORNL is currently
partnering on six EPSCoR projectsin five
different states. ORAU has also led the formation
of an HBCU/MEI Council to work with the
Laboratory on the development of more R&D
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partnerships between ORNL and HBCUs and
other MEls.

At ORNL, an HBCU/MEI Senior Management
Team, championed by the Deputy Director for
Science and Technology, isleading an HBCU/MEI
Outreach Initiative with three major components:
asummer research program for HBCU/MEI
faculty, internships for students from HBCUs and
MEIs, and outreach to HBCUs and MEls,
including campus visits by ORNL staff and other
interactions. The first summer faculty research
appointment began in May 2001. Sixteen faculty
members from 14 HBCUSMEIs received grants to
perform research at ORNL with some of the
Laboratory’s top researchers.

ORNL and ORAU have established the Oak Ridge
Center for Advanced Studies (ORCAYS) to serve as
a center of intellectual inquiry and a place of
interaction between Laboratory staff and
university faculty and students. Initial planning
callsfor ORCAS to provide courses to advance
the professional competencies of ORNL staff, on-
site graduate courses taught by UT and core
university faculty, and a“think tank” where ORNL
and outside experts can carry out intensive studies
of special topicsin science and technology. The
state of Tennessee has pledged $8.75 million for
construction of ORCAS, which will aso house the
Joint Institute for Computational Sciences.
Construction is expected to begin in FY 2002.
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6.3 Industry Partnerships

As aDOE laboratory, ORNL establishes
relationships with avariety of industry partners
engaged in technology innovation and discovery.
Approximately one-quarter of ORNL's research
guests each year are from industry.

ORNL isan active partner in several industry
consortia, including the FreedomCAR, which
support cooperative projects involving programs
in DOE's Office of Science and Office of Energy
Efficiency and Renewable Energy (DOE-EE) and
in the National Nuclear Security Administration’s
Office of the Deputy Administrator for Defense
Programs. ORNL also continues to pursue the
implementation of partnerships with companies
and consortia representing the industries
participating in the DOE-EE Industries of the
Futureinitiative. In January 2001, ORNL was
named as a partner in four new cost-shared
projects that support the aluminum industry and
one that supports the steel industry.

Partnerships to transfer ORNL's knowledge and
technology to the private sector support the
creation of new businesses and strengthen the
economy. The Laboratory’s activitiesin
technology transfer are described in Sect. 8.1.



7. Operations and Infrastructure

The Oak Ridge National Laboratory
(ORNL) is managed for the U.S.
Department of Energy (DOE) by
UT-Battelle, a partnership between
The University of Tennessee (UT)
and Battelle. The UT-Battelle

L eadership Team comprises the
Laboratory Director; the Deputy for
Science and Technology and the
Deputy for Operations; six Associate
Laboratory Directors (ALDs) with
lineresponsibility for ORNL's
research and development (R&D)
missions; and seven support directors,
who are responsiblefor establishing
the policy and toolsand maintaining
the subject matter expertise that
enable the ALDs to execute their
operational responsibilitiesin
delivering onthe Laboratory’smission
assignments.

UT-Battelleiscommitted to simultaneous
excellence in science and technol ogy; |aboratory
operations and environment, safety, and health
(ES&H); and community service. This
commitment guides our approach to continuing the
safe, secure, and cost-efficient operation of
ORNL. The Laboratory Agenda (Sect. 3.3)
outlines how wewill sustain and improve ORNL'’s
ability to serve the needs of DOE and the nation
through responsible stewardship of the resources
entrusted to our care. Specific plansfor delivering
improvementsin Laboratory operations and ES& H
are discussed in this section.

7.1 Environment, Safety, and
Health

UT-Battelle is committed to protecting ORNL's
workers, the public, and the environment. To this
end, our philosophy isto embed ES&H practicesin
the work process, so that outstanding ES&H
performance is achieved as an integral element of

Construction taking place on ORNL's East Campus as part of
ORNL's Facilities Modernization Initiative.

doing the work of the Laboratory. Thiswill be
accomplished through clear assignment of
accountability for ES& H to theline, enabling line
management and workers with effective, efficient
processes and tools and providing field-deployed
ES& H subject matter experts to support the work.
This approach incorporates our commitment to the
core functionsand guiding principles of integrated
safety management (1SM).

7.1.1 Goals and Objectives

UT-Battelle has developed a series of long-term

goals supported by 5- to 10-year programsin order

to meet its ES& H commitments:

» Achievement of sustained improvement in
worker safety

* Elimination of environmental vulnerabilitiesand
legacy materials

 Reduction of therisk to the public through
improvement of nuclear safety and pollution
preventioninitiatives

Tomonitor annual progressin achieving these
goals, a series of quantitative targets are devel oped
and documented with our DOE partner in the
Performance Evauation Plan (PEP).
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7.1.2 Worker Safety

UT-Battelle has continued efforts to measure its
ISM program’s maturity development and to put
into practiceinitiativesthat will achievethe next
level of implementation of ISM and excellencein
operations management. A major portion of our
procedures has been restructured into the
Standards-Based Management System (SBMYS),
including R& D work control. Most of our high-
level ES&H metrics show credible downward
trends except in the area of personal injuries,
indicating that our top-down systems approach is
not yet significantly changing actions at the bench
(Fig. 7.2).
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Fig. 7.1. ORNL safety metrics.

To accelerate the needed culture change, UT-
Battelleisreinforcing Laboratory-level
expectations at all levels of management, hastening
the devel opment and use of systems and tools, and
completing specific management and staff actions
such astraining sessions with all the Laboratory’s
group leaders to reinforce management’s safety
expectations. Significant activities are under way in
the area of injury/illness case management to
improve the health and safety cost index.
Behavior-based safety training isbeing
implemented to improve personal injury rates. With
the stated objective of strengthening its ISM
program, UT-Battelleistransitioning itsmultiple
organizational |SM program plansinto asingle
systems-based |SM program. Included in the
management plan schedule are multiple self-
assessments and an evaluation of the ISM
program. An independent team with ISM expertise
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will review the adequacy of UT-Battelle's ISM
approach. This assessment will reveal program
effectiveness and provide line management with
recommendationsfor continued improvement.

7.1.3 Environmental Vulnerabilities and
Legacy Materials

FEVA, or Facility Environmental Vulnerability
Assessment, aFY 2001 Operations | mprovement
Project, revealed categories of potential long-term
vulnerabilities, primarily related to continued
occupation of an aging infrastructure at ORNL.
Accumulated legacy material, ranging from remote
handled reactor components to furniture and office
equipment, was also identified through self-
assessment to be agrowing vulnerability. A follow-
up project currently under way called FEVARI
(Facility Environmental Vulnerability Assessment
Recommendation Implementation) identifies,
evaluates, prioritizes, and executes corrective
actionsfor specific vulnerabilities. To date, 20
moving-van loads of material have been removed
from Y-12 to clean up 187,000 square feet. In
addition, nearly 1000 chemical items (of 7000
collected) have been transferred to identified users
or disposed of through the new chemical reuse
center. A contract has been awarded for the
purpose of cleaning out target laboratories and
continuing the sweep of Satellite Accumulation
Areasthat is aready in progress.

FEVARI will beincrementally funded from
overhead and reserves as specific vulnerabilities
are defined, quantified, and characterized. In
general terms, large volumes of surplus materials
that present ahazard or impede revitalization will
be removed from ORNL and Y-12 over the next 10
years. In some cases, thiswill require
breakthrough solutionsin terms of technology and
contracting strategies. Present targets that remain
to be cleaned are
e 1millionsquarefeet at Y-12 previously occupied
by ORNL staff
e 1.2 million sguare feet at ORNL

The proposed transition of responsibility for newly
generated waste management from the Office of
Environmental Management managing and
integrating contractor to UT-Battelleis expected to
compound this challenge over the next fivefiscal
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years. However, the ability to outsource directly to
waste disposal service providerswill resultin more
efficient and effective waste management when
executed.

7.1.4 Public Safety

UT-Battelle's commitment to public safety is most
easily defined in three areas:

» Access Control

* Facility Operational Boundaries

* Releasesto the Environment

UT-Battelle continuesto look for waysto improve
all aspects of Laboratory operations. In each of the
three specific areas impacting Public Safety,
current practices are meeting requirements for
maintai ning public safety, though improvementsare
under way in all areas.

Access Control

Post—September 11th security issues have
heightened awareness of access controls and
further limited general access to the Laboratory.
Only authorized staff and approved visitors may
visit the main campus of ORNL. Thislimitsthe
possibility of asafety-related incident involving a
member of the public.

Construction of new access control portals along
Bethel Valley Road was completed during FY 2002
(Fig. 7.2). The new portals provide a more
efficient and effective control mechanism for
maintaining authorized staff and visitor accessto
the site.

Fig. 7.2. The new East Access Control Portal on
Bethel Valley Road.

Facility Operational Boundaries

Current operations are maintained within DOE and
regulatory agency rules and regulations regarding
mitigation of potential incidentsthat would impact
the public. For operationswith the highest potential
for off-site (or public) consequences, specific
operational boundaries are defined in the form of
facility-specific safety basis documentation. The
level of controls defined in these safety basis
documentslimitsthe potential for off-site
consequences.

Under the Enhanced Operational Discipline

Initiative, specific actions are being taken that will

enhance overall operational performance by

improving the discipline and integration of ORNL's

operations and realigning its security postureto

better support accomplishment of DOE’s missions.

Specific actionsthat will impact public saf ety

includethefollowing:

 Implementation of the new facility management
model for all non-nuclear facilities

e Completion of an operational plan for non-
nuclear facilities

* Initiation of actionsthat facilitate the transition of
non-reactor nuclear facilitiesto thefacility
management model

» Achievement of a 20% reduction in workplace
hazards (both legacy and routine)

e Completion of year 2 of a3-year SBMS
implementation

Releases to the Environment

Federal and state regulations and permits,
applicable DOE requirements, and a Federal
Facility Agreement (FFA) among DOE, the state
of Tennessee, and the Environmental Protection
Agency provide aframework for actions to protect
human health and the environment, achieve
compliance with environmental regulations, and
meet public expectations.

ORNL maintains arobust set of environmental
monitoring capabilities, primarily focused on
current operations. Air, surface water, and
groundwater monitoring demonstrate compliance
with the permit and other regulatory limitsthat are
designed to protect human health and the
environment. ORNL's National Pollutant
Discharge Elimination System (NPDES)
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compliance rate exceeds 99.9%. Monitoring and
aggressive action necessary to prevent and
mitigate environmental releasesareahigh priority,
as demonstrated in the response to the on-site
tritium release at the High Flux I sotope Reactor.

In an effort to implement Lessons Learned from
the HFIR tritium release, ORNL performed a
Facility Environmental VVul nerability Assessment
(FEVA). An outcome of this assessment has been
the identification of areasfor improvement in the
deployment of the Laboratory’s pollution preven-
tion activities, which will increase public safety and
gresatly reduce the potential of current operations
causing additional releases. Certain actions associ-
ated with the FEVARI Initiative have been funded
and are under way.

7.1.5 Waste Management Activities

Waste management activities at ORNL are
currently managed by DOE's Office of
Environmental Management (EM) managing and
integrating (M&1) contractor—Bechtel Jacobs
Company LLC (Fig. 7.3). UT-Battelle provides
waste management support services to ORNL
researchers to ensure that fully characterized and
certified waste is delivered in accordance with
Master Waste Stream Profiles to Bechtel Jacob's
subcontractors while properly balancing cost and
risk.

Execution of the M&| concept focuses on
standardizing and integrating servicesfor all DOE

Fig. 7.3. Hazardous materials technicians are
trained in remote drain opening.
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and NNSA programs and sites at Oak Ridge
through low-cost, fixed-price contracting of EM
work scope to qualified vendors. This approach
has brought with it a number of issues that have
had significant effects on ORNL, such as the
ability to performin atimely manner, respond to
ORNL waste generators, and be flexible enough to
accommodate the changing waste needs of a
multiprogram research laboratory.

The Office of Environmental Management has
proposed that responsibility for the management of
newly generated waste at ORNL, including
associated facilities, be transferred to the Office of
Science. This proposal isan integral part of EM’s
closure acceleration and cost savings plan and calls
for the transfer of performance responsibility
during FY 2003 and fiscal responsibility intotal in
FY 2004 for all waste types. UT-Battelleis
determining the cost and liability implications of this
proposed transfer.

The Office of Science has proposed a phased
return by waste type with funding to allow
assimilation of responsibility and costina
reasonable manner that islesslikely toresultin
noncompliant operations and shutdowns dueto lack
of disposal endpoints. Contingent upon receipt of
sufficient funds, the Office of Science would be
given responsibility for hazardous and mixed waste
dispositionin FY 2003 and FY 2004 and solid low-
level wastein FY 2005 (allowing timefor NTS
certification asrequired). Critical to EM’s
acceleration closure plan, however, are those
facilities associated with liquid and gaseous waste
disposal. It appearsto be in DOE’s best long-term
interest that such facilities be retained and
operated by EM rather than be transferred to the
Office of Science. Once these facilities have
served EM in accomplishing itsclosure plan, they
should be considered for decontamination and
decommissioning.

7.2 Management Practices

7.2.1 Standards-Based Management
System

Through our Enhanced Operational Discipline
Initiative, ORNL isdeveloping an integrated set of
management systems that are managed and
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delivered via the Standards-Based Management
System (SBMS). One of the primary functions of
the SBMSisto trandate laws, orders, and regul a-
tory regquirementsinto L aboratory-wide subject
area documents (procedures and guidelines) that
are current, accurate, and relevant to the work
being performed by staff. SBMSinformationis
based on an evaluation of external requirements
(i.e., directives, Federal, state and local laws),
corporate policies, and best management practices
that have been determined to be applicable to
ORNL operations and processes.

The SBM Sfacilitates integration of the
Laboratory’s business and operating processes
through an integrated set of management system
descriptions. Twenty-three management system
descriptions have been created, with input provided
by staff across the Laboratory. The management
systems have been implemented, but full
deployment has not yet been achieved.

The devel opment and implementation of SBMSis
a 3-year project. The entire project isto be
completed by the end of FY 2003. All actionsto
compl ete the project are scheduled and monitored
inthe SBM S project implementation plan. As of
May 1, 2002, the project’s main focal items are as
follows:

» continued devel opment of remaining directives
and guidance documents,

* evaluation of the maturity of the existing
management systems;

* implementation and integration of thework
control processes for R& D, maintenance, and
operationsactivities;

* integration of SBMStools(e.g., Facility Use
Agreements, automated reporting, and Web
interfaces); and

» completion of the Requirements Decision
Records for all ORNL contract requirements.

7.2.2 Performance-Based Management
System

As akey companion and complement to the SBMS
and the Integrated Planning Management System,
the Performance-Based Management System
(PBMYS) provides the methods, processes, tools,
and guidance for managers and staff to enable
them to determine whether they are meeting the

performance goals and objectives established
through Laboratory and DOE institutional and
strategic plans. PBM S is the key tool used to
determine the efficiency, effectiveness, and
deployment maturity of all Laboratory management
systems and R&D programs. The system enables
the Laboratory |eadership to understand its
performance strengths and weaknesses and focus
resources appropriately to achieve the expected
level of performance. This system provides the
“performance report card” to Laboratory
leadership, DOE, and other customers and
stakeholders and serves as the vehicle for driving
continuousimprovement in al facets of the
Laboratory.

The PBMSisbased on the following fundamental

guiding principles:

* linemanagement |eadership and involvement;

» DOE and stakehol der partnership in developing
performance objectives, measuring results, and
taking corrective actions;

* rigorous and comprehensive self-assessment;

« full disclosure and abias towards reporting;

* robust assessment, investigation, and causal
anaysis,

» effective and timely corrective actions
management; and

« highly competent and focused I ndependent
Oversight and Internal Audit.

The PBMS requirements and processes within the
Laboratory have been formally defined through the
SBMS, and training and educational activitieshave
been provided to all organizations and management
systems owners. Key procedures and training have
been devel oped and deployed in thefollowing
areas: Critiques, Independent Oversight, Internal
Audit, Issues Management, Lessons L earned,
Price-Anderson Amendments Act (P-AAA), and
Self-Assessment. The development and
deployment of the PBMS have resulted in amajor
cultural change in the way that performanceis
defined and measured at ORNL.

As we approach the end of the second year of
deployment of PBMS, the level of maturity of the
system could be rated as good and improving at a
steady rate. The strategic planning processis
maturing well, the overall Performance Evaluation
Plan (PEP) processis highly successful, and
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excellent partnerships have been established
between the Laboratory and DOE. The quality of
the annual self-assessment plans for organizations
and management systems ownersisimproving as
additional experienceisgained. Line
management’s response to abnormal events has
shown a dramatic improvement in such areas as
reported near misses and management concerns,
involvement in critiques, and effectiveness of
corrective actions. Significant Laboratory-level
issues are being identified and managed as
Laboratory issues.

While the formal PBM S processes and guidance
have been put in place and good progressis being
made in deploying and maturing the systems,
additional improvements are planned. The PBM S
path forward includesthefollowing:

* implementation of anew issues management
data base called the Assessment Tracking
System (ATS), which will be auser-friendly
Web-based system for tracking all identified
issues, including issues not formally tracked such
as self-assessment results and non-routine
eventsthat fall below the threshold valuesto be
reported to DOE as occurrences,

» enhanced trending and analysis of information by
subject matter experts and management system
ownersusing ATS,

 improvement in the guidance and tool s provided
to line managers and management system
owners for effective and efficient
implementation of self-assessment planning and
feedback;

 implementation of amoreformalized peer
review process for science and technol ogy
activities; and

* enhanced performance feedback through
development of a performance dashboard.

7.2.3 Human Capital

ORNL’s Human Resources and Diversity
Programs (HR& DP) Directorate provides
consultation, advice, and support toline
organizationsin several areas of human capital,
including recruitment and staffing, compensation
and performance management, personnel and labor
relations, benefit management, employee and
organi zational devel opment, human resource
information systems, work forcediversity, quality
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of work life, and ad hoc consulting services. The
directorateiscommitted to delivering value-added,
customer-focused, and cost-effective services to
al Laboratory organizations. Itsgoal isto develop
and maintain systems, programs, and policiesthat
best enable ORNL to achieveitsvision of
simultaneous excellence in science and technol ogy;
laboratory operations and ES& H; and community
service.

The directorate continually reviews and evaluates
its programs and approaches to ensure that efforts
are appropriately aligned with and achieving results
consistent with current initiatives, near-term critical
outcomes, and longer range strategic objectives. A
number of activities have been or are being
undertaken to establish ORNL as an employer of
choice in the research community and the region,
in support of the Laboratory Agenda. Special
emphasisis placed on enhancing the ability to
attract and retain employeeswith strategic skills,
enhancing the diversity of the work force, and
identifying and implementing progressivework-life
programs (Fig. 7.4).

Within the HR& DP Directorate, the Staffing
Management and Diversity Programs Divisionis
charged with ensuring a coordinated effort to
provide the Laboratory with adiverse pool of
candidates for employment, thus supporting ORNL
in addressing strategic skillsneeds and increasing
the presence of minorities and women in senior

!_ T % '.'.‘:1_.
= i

Fig. 7.4. ORNL is committed to attracting,
developing, and retaining a diverse work force.
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management and senior individua contributor and
researcher roles, a key UT-Battelle commitment.

A human resources information system (HRIS)
developed as part of ORNL's SAP R/3 enterprise
information system isnow the primary platform for
processing empl oyee transactions and maintaining
records. HRIS will also serve as a management
information platform to giveline organizations
ready access to employee demographic and labor
cost information, supporting management
decisions. Near-term efforts will be focused on
transferring historical dataand ancillary processing
activitiesinto SAP.

Human capital challengesfor the planning period

includetheincreasingly competitive market for

workerswith strategic skills. Significant numbers

of employees are eligibleto retire in the next

several years, taking with them vast amounts of

technical knowledge and corporate memory. These

challengeswill be met through acomprehensive

staffing management approach that includes

* identifying strategic skillsand knowledge
regquirements, evaluating turnover patternsto
identify vulnerabilities, providing approachesto
ensure atransfer of knowledge from our
experienced contributorsto those who will take
on the challenges of the future, ensuring the
implementation of competitive strategiesto
retain, attract, and reward those with strategic
skills (Sect. 7.2.3.1);

* providing an effective performance management
component (Sect. 7.2.3.2); and

» addressing employee* quality of work life”
issues (Sect. 7.2.3.3).

ORNL will continueworking to recruit, retain, and
develop a diverse work force; to promote under-
standing and valuing of differences; to create an
environment that accommodates the future work
force; and to ensure that the required skill sets and
employee resources are available to support the
Laboratory’s business and research objectives.

7.2.3.1 Securing and Maintaining
Strategic Skills

ORNL has developed an approach to ensuring the
availability of strategic skills. Each functional
organization hasidentified skill requirementsand

developed strategies to secure the required skills.
Thefilling of these strategic positionsisbeing
tracked and updated on a monthly basis for
management review. The process ensures a
review of internal skill resources aswell asthose
potentially available at other Battelle-affiliated
laboratories.

The Laboratory completed a comprehensive needs
assessment in FY 2001 to provide a contemporary
view of needsin employee and organizational
development. In response to this assessment, an
implementation plan has been devel oped that
identifies tasks to be undertaken during the next

3 yearsto meet top-priority training needs, improve
succession planning and individual development
planning, and support amentoring/coaching
processfor high-potential employees.

7.2.3.2 Performance Management and
Compensation

ORNL has implemented a new performance
management and compensation system. The need
for changes in ORNL’'s compensation system was
recognized and reported in the late 1990s. The new
system responds to this need and is designed to
support the Laboratory Agenda and DOE’s
missions by enhancing ORNL'sability to
successfully attract, retain, and motivate staff.

The new system is a broadband hybrid that better
responds to the contemporary needs of the
Laboratory. The system provides appropriate
controlswhilealowing for flexibility in responding
to market pressures. In addition, this more
contemporary system better accommodates staff
development issues and can be readily adapted in
response to organizational changes.

Continuing attention to the competitiveness of
ORNL's salarieswill be required during the
planning period. A 3-year program, to be completed
in FY 2002, has brought ORNL's R& D salariesin
line with the competitive market. This effort has
a so been extended on atargeted basis to address
the competitiveness of some non-R& D salaries.
We must continue to evaluate our pay programs
and implement approaches that ensure the
competitiveness of our salaries and at the same
time support our commitment to drive down costs.
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7.2.3.3 Quality of Work Life

The HR& DP Directorate regards ORNL
employees as its customers and places a premium
on understanding their needs. Attention to
employee issues and concernsis reflected in the
devel opment and implementation of programs and
processes that support efforts to make ORNL an
“employer of choice,” thus ensuring that we
maintain ahighly motivated and productive work
force (Fig. 7.5).

Fig. 7.5.The ORNL Fitness Center opened in February
2002.

Employee Benefit Programs

InApril 2000, ORNL entered into aformal
agreement under which Lockheed Martin Energy
Systems, Inc., then the managing and operating
(M&O) contractor for the Oak Ridge Y-12 Plant,
essentially served as athird-party administrator for
ORNL health benefits and welfare and retirement
savings plans. This approach best ensured a
smooth and uninterrupted transition of benefits
under UT-Battelle and provided an opportunity to
review ORNL'’s benefit plan requirements and
develop plansthat provide the most efficient and
cost-effective delivery of benefits to employees.

Thethird-party administrator responsibility passed
to BWXT Y-12 in November 2000 with the
transition of the M& O contract for Y-12 (now
known asthe Y-12 National Security Complex).
The Laboratory isfully and equally represented on
the benefit administration and investment
committees to ensure that ORNL's interests and
assets are given appropriate consideration.
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After an external consulting group reviewed the
necessary infrastructure required for UT-Battelle
to perform all benefitsadministration, UT-Battelle
requested DOE to allow separation from all
current third-party administrative arrangements
with BWXT/Y-12. A decisionisdueduring April
2002 regarding this request. If allowed, a phased
transition of benefit program responsibilitieswill
transfer to UT-Battelle or will be outsourced as
determined by business requirements.

A comprehensive valuation of the ORNL
benefit programsis planned for FY 2002.
Thiswill enable us to ensure that our
benefits strategies are aligned with the
Laboratory Agenda and meet the DOE
regquirements. We will continue to review
the benefit programs on an ongoing basis
to ensure they are achieving desired
results.

Work Force Diversity

The Laboratory iscommitted to
achieving its strategic business objectives
by capitalizing on thediversity of itswork
force. The DOE and the Office of
Federal Contract Compliance Programs
(OFCCP) have recognized ORNL for
having model programs and systemsin
place designed to prevent sexual and racial
harassment in the workplace. ORNL also received
aDOE award for Progress in Equal Employment
Opportunity and Diversity (Fig. 7.6).

Inadditiontoitsannual AffirmativeAction Plan
(AA), which assesses progress toward meeting
annual objectives, ORNL has established a
Diversity Plan (updated in March 2002) that
outlinesameansfor promoting a high-
performance, diverse, and inclusive organization.
This approach ensures the devel opment of clear
objectives, establishesroles and accountability, and
provides for a critical assessment of results.

All ORNL divisions have Work Force Diversity
(WFD) representatives appointed by thedivision
managers and directors to assist them in

devel oping, implementing, monitoring, and reporting
their progress toward achieving objectives. Each
year, ORNL celebrates a number of cultural
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Fig. 7.6. Students participating in the Research Alliance for
Minorities (RAM) Program pose with their mentors in the
Computer Science and Mathematics Division.

awareness events focused around various national
days and months, including the birthday of Dr.
Martin Luther King, Jr., Women’s History Month,
Asian Pacific American Heritage Month, and
Disabilities Awareness Month. ORNL also
supports a number of employee focus groups, such
as the Committee for Women and the Gay, Lesbian
or Bisexual Employees (GLOBE) group, andisin
the process of establishing an Asian Pacific
American (APA) employee group.

Employee Concerns

The ORNL Concerns Program provides a means
for management to learn about and understand
employee concerns. The program also serves to
ensure that all salaried employees, guests, and
visitors know that their concerns and suggestions
will be taken seriously and feel free to express
them. Key aspects of the program include an easy
process for submitting concerns, a specified time
frame in which the concerns should be addressed,
an appeal process, and an alternative dispute
resolution process. This program was updated in
March 2002 with emphasis being placed on the
expectation that line management is responsible for
creating and supporting an open and supportive
work environment in which staff can freely report
issues and concerns without fear of retribution.

Quality of Work Life/Work
Environment Surveys and Actions

ORNL management will regularly assess
the needs and desires of the staff in an
effort to continually improvethe quality
of the work environment. The primary
tool used in this assessment will be
specially designed surveysthat allow
staff to suggest material actions that can
be taken to make improvements in such
areas as employee benefits and physical
conditions, aswell as express their
opinions about the cultural aspects of the
work environment. Recent activities
carried out in response to such surveys
haveresultedin very visible and
significant actionsthat haveimproved
the quality of life across the Laboratory.

7.2.4 Security, Intelligence, and
Nonproliferation

ORNL iscommitted to protecting cutting-edge
research, national security interests, proprietary
information, personnel, property, and the general
public. The Laboratory fully supports DOE's
effortsto strengthen counterintelligence and
security at itsfacilities. Safeguards and security
measures are focused on producing an overal
security posture that is appropriate to ORNL's
research missions and activities. Further, the
implementation of the Integrated Safeguards and
Security Management (ISSM) initiativein CY 2002
serves to ensure that security issues are
appropriately addressed in ORNL work planning
and work execution at all levels.

A graded approach that incorporates threat
analyses, risk assessments, and cost/benefit
analysesisapplied to ensure appropriate protection
of all security and safeguardsinterests, including
classified and unclassified material and information,
special nuclear material, and other U.S.
government property. Threats to these assets and
interestsinclude compromise, loss, theft, diversion,
espionage, sabotage, subversion, and other
malevolent or inadvertent acts that may cause
unacceptabl e risksto national security, economic
advantage, worker or public health and safety, or
the environment. In applying the graded approach
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to safeguards and security, the Laboratory has also
taken into consideration new threats posed by
potential terrorist populations, such asthose
responsible for the events of September 11, 2001.

ORNL has a Site Safeguards and Security Plan
(SSSP) to address safeguards and security issues
associated with the National U-233 Repository,
which contains a Category | Special Nuclear
Material (SNM). Other specialized security plans,
to include the Site Security Plan (SSP), address
both routine security operations and contingencies.
Programs are in place to ensure physical security,
property protection, nuclear material control and
accountability, personnel security, information
security, and computer and network security.
Strategies devel oped and implemented to ensure
the protection of site security interests are
designed to ensure the required levels of protection
while accommodating the multipurpose R& D
missions of the Laboratory. Programs are also
developed as needed to assess the potential for
radiological or toxicological sabotage and mitigate
the potential consequences of such events.

Under a prime contract with DOE-ORO,
Wackenhut Services, Inc.—Oak Ridge (WSI-OR)
provides qualified personnel to support sel ected
protective security services at the Laboratory.
Overall programmatic responsibility for
management of most major security programs
remains with ORNL, except for the protective
force located at the Laboratory. ORNL worksin
concert with WSI-OR to ensure proper protection
of DOE interests at the Laboratory. The ORNL
Security Department, part of the Laboratory
Protection Division of ORNL’s Facilitiesand
Operations Directorate, also partners with ORNL
line organizations, customers, and DOE to develop
and maintain appropriate, cost-effective security
systems and procedures for addressing protection
issues.

Although relatively little work that must be shielded
or protected for reasons of national security is
conducted at ORNL, the events of September 11,
2001, changed the Laboratory’s security
environment. Recommendations from the “ open
campus’ reconfiguration security study completed
in FY 2001 have been implemented as appropriate
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given the need for enhanced security identified
after September 11. ORNL has extended the site
security perimeter to both the east and west ends
of Bethel Valley Road to provide increased stand-
off protection against the potential threat of
explosive-laden vehicles being used against
Laboratory facilities and people. ORNL hasalso
moved ahead with the transition to a buil ding-based
security perimeter, so asto provide another layer
of security and enhanced building access control.

7.24.1 Intelligenceand

Counterintelligence

Measures are in place to deter and neutralize
foreignindustrial or intelligence activitiesdirected
at or involving DOE programs, facilities,
technology, personnel, and classified and
unclassified information at ORNL. The ORNL-
based Office of Counterintelligence provides
support to the DOE Oak Ridge complex. The
office tracks probesfor classified, sensitive, or
proprietary information by unauthorized personnel;
personnel seeking unauthorized access, and
compromising behavior on the part of site
personnel. This office also handlesbriefing and
debriefing of ORNL staff who are traveling to
other nations, with an emphasison travel to
sensitive countries, and providestraining to ORNL
hostsfor foreign national visits and guest
assignments to the site to ensure that hosts are
fully cognizant of their responsibilitieswith respect
to these visitors and temporary assignees to the
Laboratory.

7.2.4.2 Integrated Safeguards and
Security Management (ISSM)

Program

In CY 2002, the Laboratory isimplementing an
Integrated Safeguards and Security Management
(ISSM) initiative designed to improvethe
efficiency and security of the work being
conducted at ORNL. ISSM is being implemented
to effectively integrate safeguards and security into
management and work practices at all levelsto
ensure that work is being conducted in a secure
manner. The horrific events of September 11, 2001,
are clearly indicative of the urgent need for
physical protection of ORNL staff and key
facilities. Thisneed isaso critical to the success of
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the overall mission that ORNL protect classified
material, information, and computing networks;
proprietary and sensitive data; and other U.S.
government properties entrusted to the Laboratory
by DOE. ORNL's scientific and technical vision
depends to a great extent on each employee’'s
commitment to excellencein protecting these vital
assets. Under ISSM, ORNL line and project
managers are responsible for acceptance of
ownership of security and for ensuring employees
understand institutional security expectations.
Managers must also ensure that security is
appropriately integrated into all work activities.
Safeguards and security subject matter experts will
work in conjunction with line managersand
researchers to ensure that work at ORNL is
performed securely and that the ISSM program is
implemented successfully. An ISSM program
coordinator/steward was appointed to lead the
implementation of ISSM at the Laboratory, and a
multidiscipline | SSM Working Group wasformed
toassistin ISSM rollout. ISSM wasformally
incorporated within the ORNL Standards-Based
Management System (SBMS); an ORNL ISSM
Web site was designed and will be deployed in the
first half of CY 2002; and formal Web-delivered
training of ORNL staff on ISSM initiatives,
objectives, guiding principles, and corefunctions
will al'so be completed prior to the end of CY 2002.
Full ISSM program implementation at ORNL is
planned for completion by the end of the calendar
year.

7.2.4.3 Physical Security

Protective force operations at ORNL are provided
by WSI-OR under a prime contract with DOE-
ORO. Operations for ORNL are designed to keep
thefacility, itsemployeesand visitors, and all
government property safe and secure while
maintaining a“ user-friendly” atmospherewith
minimal impact to operations. The Laboratory
Protection Division provides anintegrated, site-
specific safeguards and security program that
includes programsfor protecting critical
infrastructure, specia nuclear material (SNM), and
other government assets, including classified
matter, controlled substances, precious metals, and
other sensitiveitems.

Protection of DOE property and unclassified
facilitiesisprovided by policies, strategies, and

physical protection measures detailed in the
Property Protection Policy Guide for the Oak
Ridge National Laboratory (ORNL-LS-G3,
December 1998). The protection of SNM and
classified matter security interestsis addressed in
both the Site Safeguards and Security Plan and a
Site Security Plan. Elements such as access
controls, protective forces, barriers, and the
Property Management System are integrated in a
graded program that provides appropriate levels of
protection for facilities and property. The Labora
tory Protection Division assistsorganizationsin
devel oping protection elementstailored tofit the
needs of their operations through use of jointly
approved Facility/Asset Protection Agreements,
while providing protection in accordance with DOE
and ORNL requirements and guidance.

Asdescribed in Sect. 5.4.1, Building 3019 at

ORNL provides shielded, safeguarded storage of
23, Defense Nuclear Facility Safety Board
Recommendation 97-1, “ Uranium-233 Storage
Safety at Department of Energy Facilities,” is
being implemented through the 223U Inspection and
Repackaging Project (IRP), which provides for the
inventory, inspection, and repackaging (as needed)
of materialsstored in Building 3019. Funding (via
the direct safeguards and security funding process)
has been programmed for the hire of additional
protective force staffing needed to support the IRP
during several different phases of the project to
ensure that security requirements are met.

The ORNL Security Department, WSI-OR
representatives, and the Nuclear Science and
Technology Division have devel oped contingency
security planning for the phased implementation of
this project. During the early stages of the IRP,
Category |11 quantities of SNM stored in Building
3019 have been accessed, and some additiona
security measures were applied with available
resources. During later phases of the IRP, Cat-
egory | quantities of SNM will be accessed, and
additional protectiveforce staffing will berequired.
The DOE Office of Science has coordinated this
effort with the National Nuclear Security
Administration’s Deputy Administrator for Defense
Programs (DOE-DP) to ensure adequate funding
isin place to cover costs associated with both
additive security requirements and operational
issues involving the 22U IRP.
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Thetransition to abuilding-based security
perimeter, using technology (e.g., electronic card
readers) to control access, as appropriate, was
completedinApril 2002 (Fig. 7.7). Thisaction
should reduce the cost of physical security,
improve access for guests and visitors, enhance
the protection of information, and both simplify and
strengthen processes supporting foreign national
visits and assignments. The new state-funded and
privately owned buildings scheduled for
construction as part of the ORNL Facilities
Revitalization Program (Sect. 7.3.3.1) will
incorporate the new automated access control
security features now deployed on existing ORNL
occupied facilities. Each of the new facilities will

Fig. 7.7. Employee uses the proximity card
reader to enter Building 4500N.

include automated access control s (using proximity
card reader technology) at building perimeters, a
key-and-lock program designed to provide
appropriate levels of protection for different areas
of the buildings, and intrusion detection system
equipment and closed-circuit television (CCTV)
coverage for sensitive areas such as
communications rooms and classified work aress.
The Laboratory Protection Division has also
established a procedure within the SBM S that
requires safeguards and security subject matter
expertsin the ORNL Security Department to work
with facility managersfor all ORNL buildingsto
develop formal, written Facility Protection
Agreements. These agreements establish the
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mutually agreed upon security operational practices
for each facility in accordance with the ORNL
ISSM initiative.

7244

Protection and control of classified and sensitive
information includesthefollowing el ements:

e Operations security (OPSEC)

« Classified matter protection and control (CMPC)
» Technical surveillance countermeasures
(TSCM)

Classification and information control

* Cyber security

Information Security

All of these elements are addressed in Laboratory
directives.

The Laboratory Protection Division manages the
CMPC and TSCM functions to ensure appropriate
levels of protection against unauthorized access,
loss, or compromise of classified matter under the
purview of the Laboratory. The physical protection
of information includes an integrated system of
information security activities, programs, systems,
and policiesto ensure the protection of sensitive
technological and proprietary dataaswell as
classified information. Thissystemincludesthe
ORNL OPSEC program.

I dentification and handling of classified and other
sensitive information is overseen by the ORNL
Office of Technical Information and Classification,
which provides guidance and consulting in thisarea
to Laboratory staff. The ORNL Technology
Transfer and Economic Development Directorate
and the General Patent Counsel within the ORNL
Legal Directorate also contribute to ensuring the
protection and effective management of the
Laboratory’sintellectual property.

7.2.45 Cyber Security

The Computer and Network Security (CNS) group
in ORNL’s Networking and Computing Technolo-
giesDivisionisresponsiblefor both unclassified
and classified cyber security programs at ORNL.
This group provides a dedicated ORNL resource
for responding to the challenges of cyber security,
drawing on along history of effective and aggres-
sive cyber security at ORNL. The Laboratory’s
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technical expertiseisakey resource in staying
ahead of the technical challengesin this area.

The CNSmissionisto protect information on
ORNL automated information systems (AlS) and
to protect access to and from AlS on the Oak
Ridge Network. ORNL must balance the need to
protect resources and information from unintended
use or modification and the requirement for
openness of resources and information for
authorized public and collaborator access.

CNS staff work with personnel in the Networking
and Computing Technologies Division, with the
Integrated Operations Support Division, and with
the designated division computer security officers
(DCSOs) within each ORNL division to ensure
effective implementation of the Laboratory’s
computer security program. CNS partners with
other ORNL organizationsto ensure that all
aspects of security (computer, physical, personnel,
information, counterintelligence, and OPSEC) are
commensurate with the risk at the Laboratory.

The ORNL computer security program implements
policies and guidelines based on DOE policiesand
Federal requirements. Risk management ensures
that appropriate mitigating controls are layered and
graded to reduce the risk to ORNL information and
AlSto an acceptable level with minimal effect to
users and the ORNL mission.

Central protective services are provided to assist in
the protection of ORNL information and
computers. The servicesinclude authentication,
authorization and encryption, perimeter protection,
central virus protection, and vulnerability scanning
and response.

Intrusion attempts are reported to DOE’s
Computer Incident Advisory Capability (CIAC).

Remote access to the Laboratory’s user facilitiesis
an essential element inthe“virtual laboratory”
concept. This access supports ORNL's science
mission and is essential to the ability to work with
subcontractors and other partners over the
Internet. An enterprise-scale Virtual Private
Network (VPN) capability allows partners and
collaboratorsto use their existing I nternet

connections to access the Laboratory’s resources
securely over the Internet.

7.2.4.6 Foreign National Visits and
Assignments

The Laboratory Protection Division manages the
Laboratory’s Foreign National Visitsand
Assignments (FNV&A) Program. The program,
which is conducted in accordance with DOE
Notice142.1, “Unclassified Foreign National Visits
and Assignments Program,” and DOE Notice
205.2, “Foreign National Accessto DOE Cyber
Systems,” is applicable whenever a*“ presence” at
the Laboratory isrequested for aforeign national.

All requestsfor foreign national visits or guest
assignments to the Laboratory are processed by
the Laboratory Protection Division. Integrated
within the formal approval processisarequirement
for visit and/or assignment hosts to receive recur-
ring training from the Office of Counterintelligence
(Sect. 7.2.4.1), arequirement for hoststo formally
acknowl edge personal acceptance of responsibility
for adherence to an applicable security plan for the
visit or assignment, and, when necessary (e.g., for
visitors or assignees from sensitive countries),
documentation of assurance that a required Indices
Check has been completed. Only when al requisite
actions have been completed isvisit or assignment
approval referred to the Laboratory Director or
authorized delegates for approval. Also, when
questions or issues arise with respect to a particu-
lar visit or assignment, the Laboratory’s Non-
Citizen Access Review Committee is convened to
evaluate issues and to make a final recommenda-
tion to the authorized approval authority on

whether (1) thevisit or assignment should be
alowed to proceed or (2) supplementary security
measures should be applied.

7.2.5 Information Resource
Management

ORNL iscommitted to managing and using its
technical and administrativeinformation asboth an
institutional and amultinational asset. Thegoal isto
create an environment in which access to and use
of information isanonintrusive enabler of
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achieving the R& D missions of ORNL while
protecting valuable assets.

The Networking and Computing Technologies
Division and the I ntegrated Operations Support
Division work together to provide the strategic
framework for information resource management
for the Laboratory. These organizations also work
with the ORNL Security Department to ensure
information security (Sect. 7.2.4.4) and cyber
security (Sect. 7.2.4.5). Outsourcing has been used
to augment services and to provide access to
capabilitiesnot available at ORNL.

ORNL usesits information management expertise

and extensive investmentsin computing and

networking technology to enable the conduct of

R&D. The Information Infrastructure Srategic

Plan (Rev. 1) identifies four major focus areas that

require strategic planning to meet the needs of

ORNL staff in the future:

» Mobility/universal access—telecommuting,
remote research, etc.

* Callaborative environment—multiprogram and
multidisciplinary projects

* Intelligent toolsfor leveraging knowledge—
improved interfaces and intelligent agents

* Integration of ORNL information enterprise—
information architecture for more efficient use
of systems

I mplementation teams devel op roadmaps for
achieving improved user experiencesin al of these
areas. Cost-benefit analyses will be performed to
ensure that cost savings are akey driver in
implementation.

Other priority activitiesincludeimplementation of a
managed hardware and software program and
development of core software standards to
strengthen management support for information as
a corporate asset.

The growth and popularity of the Internet have
allowed ORNL to share more information than
ever before with aglobal audience. The ORNL
public Web site provides ameansfor the public to
submit information, make comments, and request
information. Web servers are the principal
distribution point for information productsfrom
ORNL's information centers and databases.
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Web access to key electronic information sources
maximizestheavailability of information to ORNL
staff. Enhanced access to such information has
been effected by a consortium of libraries at DOE
laboratories. The Laboratory’s Research Libraries
have added half amillion dollarsworth of
electronic journals, at no additional cost to ORNL,
effectively tripling the size of the electronic journal
collection.

7.25.1 Scientific and Technical
Information

Scientific and technical information (STl) isa
primary product of ORNL's R&D efforts. Unless
specified otherwise by the sponsor, ORNL re-
search activities culminatein STI that is shared
with researchers and the general public worldwide.
Many of these publications (e.g., conference
papers and technical reports) are forwarded in
electronic format to DOE’s Office of Scientific
and Technical Information (OSTI), where they are
made available for downloading on DOE’s Infor-
mation Bridge (http://www.osti.gov/bridge).

ORNL hosts several scientific dataand information
analysis centers and more than 200 textual and/or
numeric databases covering various technical
disciplinesin support of DOE and other customers
(e.g., the National Aeronautics and Space Adminis-
tration, the U.S. Environmental Protection Agency,
and the Department of Health and Human Ser-
vices). These centers will take advantage of
emergency information management technologies
to support national needs for scientific and techni-
cal information.

7.2.5.2 Administrative Information

Most of ORNL's core business applications—
including most aspectsof procurement, payroll,
benefits, and human resources—are handled by a
single business software system, SAP R/3

(Sect. 7.2.6). Studies continue to evaluate
implementation of additional functions supported by
the SAP software suite. Interna and external
interfaces are also being evaluated for replacement
or elimination.

ORNL continues to improve employee access to
information needed in the daily conduct of
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operations. Web technologies are applied to

increase desktop access to information, with an

emphasis on reducing costs and increasing end-

user efficiency. Activitiesinclude

 encouraging use of the Web as the preferred
interface for forms and business applications;

* supporting Windows, MacOS, and UNIX client
platforms;

* upgrading operating systemsand
telecommunications; and

* initiating aManaged Hardware Program
(implemented in July 2001).

The Web has become the interface of choice for
the Laboratory’sinternal administrativeinformation
and business applications and is the preferred
interface for all strategic business applications.
Information is distributed to staff through the Web,
and most business processes have Web interfaces
for staff input. The Managed Hardware Program
provides staff members with an efficient and cost-
effective way to acquire or upgrade desktop
computing resources that are preconfigured with
the Laboratory’s standard tools.

7.2.6 Business Management

ORNL isdedicated to continuously improving its
management practices and operations, making it a
more effective and efficient organization that is
prepared to meet future operational challenges.
The business management organi zation provides
comprehensive financial expertise and support to
al Level 1 managers. The UT-Battelle Leadership
Team addresses decisions affecting the Laboratory
to ensure that business decisions enhance and
support the future direction of the Laboratory.
Laboratory-level financial decisionsarereviewed
and approved by the Leadership Team prior to
implementation.

Our Maximizing Research Effectiveness|nitiative
enlistsall staff in acommitment to achieve indirect
cost reductionsthat will deliver more R&D per
dollar spent and provide more resources for
discretionary investmentsin capability development
and infrastructurerevitalization. ORNL is
committed to achieving acomposite multiplier of
1.7 by the end of FY 2003. Business management
processes (travel, payroll, procurement, etc.) will
be evaluated for possible process improvements

and cost efficiencies. ORNL will aso implement
an integrated planning and budgeting process that
ensures a structured, disciplined process for the
alocation of the Laboratory’s discretionary
resources.

ORNL continuesto optimize the SAPR/3
enterprise information system. SAPR/3isafully
integrated information system that eliminatesthe
need to maintain and update multiple databases,
thus reducing the costs required to maintain a
number of nonintegrated business systems. SAP
a so supportsall client platforms (Windows, Mac,
UNIX) and provides an aggressive Web interface

strategy.

ORNL isproviding additional enhancements(e.g.,
custom reports and Web applications) to the
current SAP system in an effort to further meet
the needs of end users. Basic cost and
procurement data and the Internal Approval Level
process, space charge information, and Employee
Self-Service have been added to the SAP Web
application to improve employee accessto
information. The Employee Self-Service
application allows employees to view access
requests (SAP, PALS, and Travel), invoices,
requisitions, purchase orders awaiting approval,
and outstanding work flow information; view and/
or update work/home phone and location
information; and make nonprocurement payment
requests (e.g., personal mileage reimbursement
and conference registration fees). Additional
systems and processes (such as benefits, travel,
and the Payroll, Absence, and Labor System) are
currently being evaluated and may be absorbed
into SAPin the future.

A new Laboratory organizational structure was
implemented on October 1, 2001. This
reorganization was undertaken to better align
ORNL'’s capabilities with antici pated business
opportunities, to eliminate alayer of management,
and to reduce the cost of doing business. The
number of research divisions was reduced from 19
to 16, anew Computing and Computational
Sciences Directorate was established, and the
section head level of management was eliminated.

Other changes in ORNL's business operations
include the establishment of a structured process
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for reviewing and approving al indirect budgets,
particularly division organization burden, program
office costs, and other service centers. An Indirect
Budget Review Committee has been established to
ensure that we maintain afar more uniform and
consistent treatment of indirect costs across the
Laboratory. These management changes will play
amajor contributing rolein the planned reduction
of indirect costs.

7.3 Site and Facilities
Management

ORNL is committed to good stewardship of its
resources, both in management of existing facilities
and in planning for future needs. In addition to
management and maintenance of buildingsand
facilities at the main Laboratory site, UT-Battelleis
responsiblefor (1) siteand facility planning for the
ORNL Complex and (2) management and planning
for most of the undeveloped land area of the
~14,000-ha (34,235-acre) Oak Ridge Reservation.

Programs at ORNL require avariety of buildings
and equipment, including specialized experimental
laboratories, alarge complement of office space,
and major utility and waste disposal facilities.
ORNL has one of the oldest physical plantsin the
DOE laboratory system, and continuing effortswill
be required during the planning period to renovate
and rehabilitate general -purpose buildings and
utility systemsthat have deteriorated owing to
insufficient capital improvement funding for
modernization and adaptation to changing program
needs.

The UT-Battelle Leadership Team has undertaken
the revitalization of the ORNL campus. The scope
of therevitalization effort includesthe construction
of new research and administration/support
facilities, therenovation of existing facilities, and
the consolidation of ORNL'swork at the main
Laboratory sitein order to build an integrated
research campus for the 21st century. This
FacilitiesModernization Initiativeisakey element
of the Laboratory Agenda (Sect. 3.3).

The ORNL Land and Facilities Plan (updated
annually; the current version isavailable on the
World Wide Web at http://www.ornl.gov/~dmsi/
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landUse/plan.htm) providesinformation on land
and facilities use and planning for the Laboratory.
Comprehensive Integrated Planning Process for
the Oak Ridge Operations Stes (ORNL/M-6717,
September 1999; http://www.ornl.gov/~dmsi/cip/
cip.htm) isaplanning reference that identifies
primary issues regarding major changesin land and
facility use for three DOE sites, including the Oak
Ridge Reservation. ORNL developed a Srategic
Facilities Plan (ORNL/TM-2000/238) to support
DOE-SC in preparation of an Infrastructure Needs
Assessment Report to address the issue of
modernizing its laboratories. The Oak Ridge
National Laboratory Facilities Revitalization
Project—Project Management Plan (ORNL/
TM-2000/174) provides further detailson ORNL's
plans.

7.3.1 Laboratory Description

ORNL'’s main site encompasses approximately
450 ha (1,100 acres) in the Bethel and Melton
valleys, approximately 16 km (10 miles) southwest
of the center of the city of Oak Ridge, Tennessee,
with additional facilitieslocated on the adjacent
Copper Ridge. ORNL also occupies space at the
Y-12 National Security Complex (formerly the
Oak Ridge Y-12 Plant) and leases some space off
Site.

The ORNL site has many functions and
requirements similar to those of asmall city. Itis
supported by a dedicated fire department, a
medical center, a security force, and a steam plant.
Amenitiesinclude 290 km (180 miles) of roads,

55 km (34 miles) of overhead power lines, 8,230 m
(27,000 ft) of steam lines, 30,480 m (100,000 ft) of
treated water piping, and ~90 ha (225 acres) of
mowed grounds.

Asindicated in Table 7.1, buildings at the Melton
Valley and Bethel Valley sitesand Copper Ridge
comprise~323,000 square meters (3.5 million gross
square feet) of building space; at Y-12, ORNL use
accountsfor ~106,000 square meters (1.14 million
gross square feet) of building space.

Facilities accepted into DOE’s EM program and
those that are part of the waste management
systems managed by Bechtel Jacobs under the



Operations and Infrastructure

M& | contract have been transferred to Bechtel
Jacobs to facilitate the accomplishment of
contractual responsibilities. With the exception of
thesefacilities, ORNL hasfull responsibility for its
Bethel Valley and Melton Valley sitesand
surrounding areas. ORNL isalso responsible for
management of an 8,530-ha (21,076-acre) portion
of the ~14,000-ha (34,235-acre) Oak Ridge
Reservation, including ORNL facilitiesand most of
the ~8,000-ha (~20,000-acre) Oak Ridge National
Environmental Research Park. At the Y-12
National Security Complex, ORNL has
responsibility for building maintenance and

ESH& Q functions as approved by Memoranda of
Understanding with Y-12. ORNL hasidentified
129 facilities as surplus to its needs. Of these
facilities, 89 are not contaminated and do not
appear to meet criteria for transfer to the EM
program.

ORNL actively uses the Condition Assessment
Information System (CAIS) to document facility
condition. A full-time condition assessment survey
team performs assessments of ORNL facilities on
aperiodic basis, with each facility inspected at
least once every 4 years. Replacement plant value
(RPV) is presented in Table 7.2. The overall
condition of the spaceisshowninFig. 7.8, with
details on use of spacein Fig. 7.9 and a summary
of building ageinFig. 7.10.

ORNL funds upgradesto site utility infrastructure
on acontinuing basisfrom lineitem, GPP, and GPE

funding. A 10-year utility system upgrade planis
currently being developed to identify and prioritize
requirementsto ensurereliable utility systemsfor
the foreseeable future.

7.3.2 Laboratory Site and Facility
Trends

Trendsin ORNL's site and facilities management
and planning will reflect the aims of the Facilities
Modernization Initiative: construction of new
facilities, renovation and upgrading of existing
facilities, disposition of excessfacilities, and
consolidation of operations at the main Laboratory
site to establish an integrated research campus for
the 21st century.

The Enhanced Operational Disciplinelnitiativewill
provide for more effective management of all
Laboratory facilities. The space charge system will
be used to promote more effective and efficient
use of ORNL buildings and to provide amore
equitabledistribution of building maintenance costs.

The transfer of contaminated facilities to the EM
program will continue to reduce the amount of
square footage and the number of buildings for
which UT-Battelleisresponsible. In FY 2002, a
contaminated |aboratory facility at Y-12,
Building 9735, and a*“ storage garden” at ORNL,
Building 3597, were transferred to the EM
program.

Table 7.1. ORNL space distribution

Buildings Trailers
Location Number Space, ft2  Number  Space, ft?  Total space, ft?
ORNL mainsite

UT-Battelle (DOE-SC) 39 2,991,676 48 44,096 3,035,772

UT-Battelle(DOE-DP)? 1 37,191 — — 37,191

Bechtel Jacobs 130 245482 A 30,118 475,600
Subtotal, ORNL mainsite 460 3474,349 & 74,214 3,548,563
ORNL off-ste:

American Museum of Science and Energy 3 56,583 1 552 57,135
ORNL at Y-12 16 1,137,738 1 630 1,138418
L eased off-site 5 297,064 — — 297,064

Total 484 4,965,734 84 75,446 5,041,180

aThe National Nuclear Security Administration’s Deputy Administrator for Defense Programs owns

Building 3019A.
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Asplansfor consolidation of operations at ORNL
proceed, the number of ORNL staff housed at the
Y-12 National Security Complex will decline. A
significant reduction in ORNL space at Y-12 was
achieved in FY 2002 with the transfer of seven
facilities (totaling approximately 220,000 square
feet) to the National Nuclear Security
Administration’s Deputy Administrator for Defense
Programs (DOE-DP).

Fivefacilities at Y-12 that were formerly occupied
by ORNL staff, primarily inthe Biology Complex,
have been completely vacated. The remainder of
the Biology Complex facilities, approximately

Table 7.2. Estimated replacement plant
value (RPV) for ORNL main site
(inmillionsof FY 1997 dollars)

Facility type Replacement cost
Buildings and structures 3550
Utility systems 650
All other 300

Total 4,500

Fair
(10-<25% of RPV)
14%

Adequate
{5-=10% of RPY)
21%

Good
{2-<5% of RPV)
8%

Fair
{10-=2E%, of RPWV)
A2

Adaquata
{5-=10% of RPY) —
1%

Good
[2-=5% of RPV)
0.33% 0%

Excellent
e (=2 of RPY)

80,000 square feet, will be vacated by FY 2004
following construction of the new Laboratory for
Comparative and Functional Genomicsat ORNL
(Sect. 4.2.2).

7.3.3 Summary of 10-Year
Infrastructure Plans

7.3.3.1 Facilities Modernization

ORNL hasestablished the Facilities Revitalization
Project (FRP) team to carry out the task of
providing ORNL staff with world-classfacilities
consolidated at the main Laboratory site. The
project will use acombination of DOE, state of
Tennessee, and private-sector funds to accomplish
thistask. Thefirst phase of construction will be
completed within 5 years.

A project management plan was developed to
provide the framework for conducting the FRP.
The FRP is managed as a programmatic office,
with primary resources for execution of the project
to be obtained from the responsi bl e organizations
within ORNL, such as Engineering, Procurement,
and Infrastructure Planning. The project

Poor

[25-<60% of RPV)

21%
B Excelent (<2% of RPV)
Fail
{B0% of RPV] [] Good (2-5% of RPV)
1%
B Adequate {5-<10% of RPV)
[ Fair (10-<25% of RPV)
Excellent [ Poor (25-<60% of RPV)
{<2% of RPV)
248 B Fail (60% of RFV)
Poror
S e B Excellent (<2% of RPV)
[ ] Good (2-<5% of RPV)
B Adequate {(5-<10% of RPW)
Eail - Fair {(10-<25% of RPV)
‘E"“‘;l’:a“w' I Foor (25-<G0% of RPV)}
M Fall (60% of RPV)

Fig. 7.8. Condition of ORNL space at main ORNL site (top) and atY-12 (bottom), based on cost
of modification or repair as a percentage of replacement value. Adequate: cost <10%. Minor
rehabilitation: cost 10% to 25%. Major rehabilitation: cost >25% to 60%. Replacement: cost >60%.
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which outlines the overall approach of the
facilities devel opment and reuse strategy and
definesthe unifying architectural and best
energy management practices for the new
facilities,

* developing and implementing an exit strategy for
nonstrategic ORNL facilities by placing those
facilitiesin a“cheap-to-keep” mode, demolishing
them, or transferring them to another DOE
program for reuse or final disposition;

* constructing new facilitiesthat leverage
investments from DOE and the state of
Tennessee; and

* acquiring new facilitiesthrough innovative
approaches, using private-sector funding for
construction, followed by ORNL leasing of that
new space.

The overall approach to project execution isto
apply a structured, but graded, process to the two
major components of the FRP: consolidation of
existing facilitiesand construction of new facilities.
Current approved policies and procedures are
applied for the DOE-funded portions of the project
(both facility transfersand capital construction),
with modifications of those processesimplemented
for the private-sector and state of Tennessee-
financed facilitiesimprovements, asappropriate.

ORNL has developed a Master Plan for site
development that supports the Laboratory’s
expected mission needs during the planning period;
establishesasafe, high-quality, energy-efficient
work environment for research and support staff in
aresearch campus setting; and addresses the long-
term maintenance and ultimate disposition of
“retired” facilitiesin an environmentally acceptable
manner. Thisplanwill result in the consolidation of
ORNL space from the current occupied levels of
more than 4.8 million square feet to just over

3.2 million square feet, with the consolidated staff
residing aimost exclusively at the main ORNL site.
The Master Plan outlines a phased approach to
facilitiesmodernization, with the primary emphasis
during the planning period placed on establishing
the East Campus infrastructure, constructing and
refurbishing critical mission-oriented research
facilities, and moving staff from Y-12 tothemain
ORNL site. The second phase will include
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completion of the East Campus core construction,
continuing consolidation of off-site staff at themain
ORNL site, and primary devel opment of the
ORNL West Campusfor life and environmental
sciences research.

A hot cell facilities assessment conducted in

FY 2001 identified anumber of optionsfor
addressing ORNL's continuing needs for hot cell
capabilities. These optionsinclude continuing
operation of existing hot cellswith necessary
upgradesimplemented, consolidation of operations
into fewer facilities, and construction of new
purpose-built facilities. Thefeasibility of these
options continues to be addressed.

Accomplishing the FacilitiesM oderni zation
Initiativein the proposed timeframewill require
resources beyond those normally provided by DOE
capital construction programs. Therefore, the
integrated construction plan includesboth private-
sector funding and investments by the state of
Tennesseein addition to availableline-item and
General Plant Project (GPP) funds. An upper-level
schedule outlining the major construction activities
to be conducted during implementation of the
Master Plan is presented in Fig. 7.11. This
schedulewill berefined asfunding profiles, project
scope, and method of accomplishment are defined
by DOE.

7.3.3.2 Facilities Management

The Enhanced Operational Disciplinelnitiative
includes the task of upgrading the Laboratory’s
infrastructure and providing effective stewardship
of facilities and operations resources. As described
in Sect. 7.3.3, akey initiative for upgrading the
Laboratory’sinfrastructureisthe Facilities
Revitalization Project (FRP). An outcome of this
project is the ability of the Laboratory to redirect
the total existing maintenance budget to an
improved portfolio of buildings. Thisportfolio
consists of a set of aged buildings that have been
greatly reduced in size (by about 1.2 million square
feet) and a set of new buildings with fewer initial
maintenance demands. As a result, the future
maintenance budget, based on a cost per square
foot of operated space, will increase 50% in

3 years (from $3.73/ft2in FY 2002 to $5.72/ft>in
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Fig. 7.11. Preliminary schedule for ORNL site development.
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FY 2004). A bigger budget will thus provide the
opportunity to maintain the overall conditionand
enhancethelongevity of Laboratory buildings.
Maintenance expendituresin FY 2001 were
approximately $10.9 million, or 0.24% of RPV, and
in FY 2002 they are projected to increase to
approximately $14 million, or 0.31% of RPV. This
increase serves as an indicator of continuous
improvement toward achieving the appropriate
level of maintenance, as described in the National
Research Council’s 1998 publication Sewardship
of Federal Facilities: A Proactive Srategy for
Managing the Nation's Public Assets, wherein
having the necessary level of maintenanceis
pictoridizedinFig. 7.12.

As also addressed in this publication is the need for
an appropriate level of ateration and capital
improvement funds to refurbish and update the
remaining key set of aged facilitieswithin the
ORNL portfolio. Implementation of the Institutional
General Plant Project (IGPP) Initiative will assist
inthisoverall need but will not, onitsown, solve
issues that have arisen dueto historical failureto
replace building systems/subsystems (Sect. 7.3.4).

To ensure uniform and long lasting stewardship of
thefacilities, UT-Battelle hasimplemented a
Facility Management Model consisting of seven
“core teams’ who have professional ownership of
the structures and their systems and are
responsiblefor providing fully functional facilitiesin
support of the science being performed at the
Laboratory. These core teams consist of building
managers, building engineers, craft, ESH& Q
professionals, project leaders, and administrative
staff. The accountabilities of the teams are
implemented in accordance with the SBMS

(Sect. 7.2.1), and specific details of services
provided, clarity of system ownership, system/
building design capabilities and operating
boundaries, and other related topics are being
included in Facility Use Agreements (FUAS)
between the core teams and their customers
(building occupants). Compl etion of these
agreements is planned for FY 2003. The core
teamsfor all non-nuclear facilities were established
in FY 2002, and those for all non-reactor nuclear
facilitieswill be established by FY 2003. The
FUAs and operational work control (also defined
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within SBMS) establish a documented basis for
facility-level controlstailoredtothelevel of hazard
and acceptablerisk, provide abasis on which to
evaluate the conduct of proposed activitiesin terms
of the recognized building work scope and
operating boundaries, and drive theimplementation
of adocumented review and change control
process when work activities have the potential to
exceed the operating boundary.

The Enhanced Operational Disciplinelnitiativeis
al so expected to improve ORNL maintenance
requirements planning by promoting amore
comprehensive, uniform approach to identifying
maintenance needs. In the new ORNL Facility
Management Model, each core team complex
manager will beresponsiblefor theidentification
and prioritization of facility needs. Within the core
team are building engineers and ESH& Q profes-
sionalswhowill not only utilizetheinformation
generated through the CAIS (Sect. 7.3.1) but also
their real-time day-to-day knowledge of the
buildingsfor which they are responsible and the
expectations defined within the FUAs to establish
appropriate needs and priorities. It isalso through
these core teams and their familiarity with, and
ownership of, thefacilitiesthat efficienciesin work
management will be realized so that more of the
limited indirect maintenance funds can be applied
to completion of craft work.

7.3.4 Detailed General-Purpose
Facilities Plans and Facilities
Resource Requirements

The key general-purpose facility issues at ORNL
include (1) relocation of ORNL organizations at
Y-12 to the main ORNL site, (2) upgrades and
modificationsto existing laboratory and
experimental space to better facilitate R& D
activities, (3) upgrades and replacement of site and
facility utility systems, and (4) disposition of
inactive/surplusfacilities. Theseissues are being
addressed through the Facilities M odernization
Initiative and the Enhanced Operational Discipline
Initiative (Sect. 7.3.3).

Traditional funding sourcesfor infrastructure
modernization include GPP and general -purpose
equipment (GPE) budgets, programmaticline
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items, and DOE’s Science Laboratory
Infrastructure (SL1) Program. To meet ORNL'S
needsfor modernization, innovative arrangements
have been established to add funding from the
state of Tennessee and private sector funds to
these sources. Additionally, apilot program for
institutional GPPs, funded from site overhead, has
beeninitiated.

Table 7.3 shows currently funded construction
projects. The ORNL Land and Facilities Plan
provides acomprehensivelist of proposed
construction and renovation projects. Figure 7.13
shows projected requirementsfor landlord-funded
projects to support the current schedule for
Facilities Revitalization Project upgrades. Table 7.4
showsthe projected funding for disposition of
excess facilities and the square footage that will be
eliminated.

ORNL hasimplemented atailored stakeholder plan
for review of the ORNL Land and Facilities
Plan. Electronic communication isthe preferred
method of stakeholder review and input. Stake-
holder review isrequested by e-mail, when pos-
sible, or by letter with reference to the document
location on the World Wide Web. Reviewers
unable to access the electronic version can request

ahard copy of the document sections of interest. A
comment box at the end of the Web document will
facilitate reviewer input onindividua document
sections. The number of hits and the location of the
hitsin the document will be recorded.

Tailored stakeholder comments, as well as others
received throughout the process, will be evaluated
for compatibility with the ORNL Visionfor Land
Use. Where appropriate and possible, these
responses have been or will be incorporated into
the Plan of Current Land Uses and Planning for
Future Land Uses. Through the ORNL Land and
Facility Use Committee, additional comments,
ideas, and suggestionswill be evaluated in atimely
manner for implementation.

Receipt of stakeholder commentswill be
acknowledged. In most cases, however, a response
to each stakeholder comment will not be provided.
Updated versions of the document will be brought
to the attention of the participating stakehol ders,

'Source: National Research Council, Figure 1-1
(p.- 13) in Stewardship of Federal Facilities: A
Proactive Strategy for Managing the Nation’s Public
Assets, National Academy Press, Washington, D.C.,
1998.
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Table 7.3. Major construction projects: funded construction?
($inmillions—BA)

Square Fiscal year
feet TEC® 2001 2002 2003
Resear ch Program Lineltem Projects
Accelerator and Reactor Improvements and Modifications 9.00 199 370 100
Spallation Neutron Source 600000 141170 25893 27630 21057
L aboratory for Comparative and Functional Genomics 36,660 1390 250 1140 —
General PurposeFacility Lineltem Projects
Electrical systems upgrade 590 554 — —
Fire protection system upgrade 592 058 312 222
Laboratory facilitiesHVAC upgrades 7.10 050 300 360
Research Support Center 50,000 1610 — 150 500
General Plant Projects—L andlord
HFIR cooling tower replacement 405 225 — —
Building 7602 high bay upgrade 085 020 03 —
7600AreaHigh Bay Building 33,000 48 — — 200
Fire protection upgrades 360 058 003 —
Electrical system upgrades 0.73 044 0.39 —
Building 1061 modification 021 020 001 —
Advanced Materials Characterization L aboratory 9,000 480 056 170 150
Chemica Management Center, Building 7013 0.10 010 — —
Process Waste Drain Contamination Discharge 200 — — 050
Nanoscience Metrology and Instrumentation L aboratory 180 060 090 —
6026 Gravel |ot expansion/paving 116 062 054 —
6026 North parking lot 047 060 041 —
Miscellaneous parking lots 020 017 003 —
East campus telecommunications 180 — — 170
1506 Greenhouse Renovation 168 — — 028
General Plant Proj ects—Programmatic
East and west portals 192 260 — 260 —
General Plant Projects—I nstitutional
Upgrade sewage collection, East Campus 023 — 003 020
East Campus utility modifications 060 — 010 050
Rebuild steam station, 7920 0.75 — 008 067
ORNL wayfinding signs 063 — 025 013
Fifth Street entrance 0.26 — 0.26 —
Fifth Street/Southside Avenue parking lot 030 — 030 —
Southside Avenue parking lot 008 — 008 —
Roof replacement, 6007 0.19 — 008 011
7000Areaparking lot (0NN — — —
East Campus storm drain modifications 035 — 005 030
East Campusinfrastructure improvements 004 — 004 —
East Campus natural gasline 034 — 013 021
Quadrangle common area 310 — — 017
Central Avenue extension 123 — 003 100
East campus entry and parking area 200 — — 015
Facility upgrades, 4512 035 — 010 025
Roads and parking lot paving 090 — 040 010
5510A Renovations—Metrology L aboratory 032 — 005 027
Building 1060 standby el ectrical power 013 — — 013
Total funded construction 1,512.38 276.36 307.94 232.56

aConstruction data as of March 2002.

bTEC = total estimated cost. May include funding from prior years.

7-24



Operations and Infrastructure

OLine Iltems M GPE O GPP HExcess Fac

a 80

[7)]

c

S BO rorrreemeremeeereeeee e B
= 20 o) R B

Current 20 Ao ] H ____________ R R A
Direct DOE———_|

I nvestment H D

Level $18.5M 0

FYOl1l | FY02 | FYO3 | FY04 | FY05 | FY06 | FYO7 | FY08 | FY09 | FY10 | FY11 | FY12 | FY13

BmExcessFac| O 3.1 12 | 157 20 15 10 5 5 5 5 5 5
O GPP 5.8 6.8 6.2 | 104 | 115 | 131 13 13.2 | 144 | 102 | 7.7 7.2 10.1
B GPE 2 1.3 1.8 8.1 6.1 7.4 7.1 6 3.9 5.4 5 5.7 5.7
OLineltems | 13 16.1 0 23.8 | 30.2 | 245 | 18.8 | 26.5 | 19.9 26 20.2 7 7

Fig. 7.13. Needs chart for ORNL landlord-funded infrastructure modernization.

Table 7.4. Excess facilities disposition

charges on two rent types: conditioned
space at $21.60 per square foot and

Fiscal year

unconditioned space at $7.20 per square

2001 2002 2003 foot. The space charge system is based on

Excessfacilitiesfunding ($inmillions) — 313
Squarefeet eliminated (in millions) — 034

120 an internal and integrated Space Manage-
022 ment Allocation System (SMAS), which

and opportunitiesto comment on additional drafts
of the document, as well as document updates, will
be provided.

7.3.5 Space Management and Inactive
Surplus Facilities

7.3.5.1 Space Management

ORNL promotes the effective and efficient use of
facility space by utilizing a space charge system
that has been designed to equitably distributeto
ORNL tenant organizations those costs associated
with operating facilities. Space charge components
includefacility planning and administration,
nonprogram lineitem/GPP construction design,
space relocation (forced), lease costs, janitors,
asbestos abatement (management), building

mai ntenance/services, HYAC maintenance,
grounds maintenance, utilities on returned space,
activity data sheet (ADS) requirements, in-house
energy management, and fire protection engineer-
ing. In FY 2002, organizations are assessed space

definesthe rent type, tenant organization,
space category, room use, and occupants
of al rentable space at ORNL. This
systemisthe single internal source for room and
building information at ORNL and, assuch, isthe
basisfor other facility-related applications. The
space charge system will continue to be refined to
drive greater efficiency in the use of spacein
support of the Enhanced Operational Discipline
Initiative. As aresult of space charge implementa-
tion, more than 600,000 square feet of marginal
space has been vacated. Approximately 350,000
square feet of this space has been completely
deactivated. Seven buildings, totaling 220,000
square feet, have been transferred to the Y-12
National Security Complex; 15,000 squarefeetis
contaminated and will be proposed for D&D
activitieswill be conducted after 2011.

7.3.6 Energy Management

ORNL'’s In-House Energy Management (IHEM)
program is directed toward saving energy, reducing
energy costs, protecting the environment,
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enhancing the workpl ace environment, improving
operations, and providing leadershipin the adoption
of new energy technologies. The program has
yielded a 20% reduction in energy use per square
foot of occupied space since 1985.

Several energy management initiatives are under
way, and positive results are being realized. Key
activitiesincludethefollowing:

» About 43,000 fluorescent lamps have been
replaced with more efficient lamps; almost
23,000 ballasts have been replaced with more
efficient unitsthat do not contain polychlorinated
biphenyls (PCBs); and about 900 occupancy
sensors have been installed to switch off lightsin
empty rooms. Energy usage and costs have
been reduced by 30 to 70% in the affected
areas.

* ORNL continuesto retire CFC chillers or
replace them with high-efficiency, non-CFC
chillers. To date, 16 chillerstotaling 8,200 tonsin
cooling capacity have been replaced. Asa
result, chiller energy use has dropped an
average of 21% for annual savings of $280,000,
and CFC emissions have been cut by 5000 Ib
per year, saving another $76,000 annually.

* Energy management control systems have been
installed in 13 buildings; thisincludesthe
installation of 19 variable-speed driveson supply
and exhaust fan motors.

* Following an assessment of the energy
efficiency of 16 office buildingsat ORNL, one
building has been officially designated asan
Environmental Protection Agency (EPA) Energy
Star building. Documentation of the
performance of the Buildings Technology Center
building (Building 3147) was submitted to the
EPA, and the certification was subsequently
awarded. This was one of the first DOE
buildingsto achievethisrating and only the
second building in the state of Tennessee to do
s0. Electric metering is being added to 11 other
candidate buildings so that they can also be
evaluated for Energy Star awards.

ORNL also intendsto apply Energy Star rating
criteriato future new facilities, major renovations,
and infrastructure upgrades where appropriate.
ORNL’scurrently planned lineitem, private-sector,

7-26

and state-funded facilitieswill be assessed using
the Energy Star rating criteria.

In addition, the conversion of the ORNL steam
plant from coal to natural gasis expected to save
about $1 million per year in operating costs and
$8 millionin capital funding over 10 years, while
avoiding emissionsfrom coal combustion.

ORNL isalso pursuing energy savings
performance contracting (ESPC) as a way to
implement projects using the funding and support

of an energy service company (ESCO). When a
project is complete, the ESCO is paid back from
the energy savings. Oncethe ESCO ispaidin full,
the infrastructure improvements and future energy
savings belong to ORNL. The first ESPC project
has been completed, and a second, site-wide ESPC
project proposal isbeing evaluated.

ORNL wasthefirst industrial participant in the
Green Power Switch program established by the
Tennessee Valley Authority (TVVA). The program
offers power produced using renewable energy
sources such as sunlight, wind, and landfill gas.
Although this“green power” costsslightly more
than power from traditional energy sources, itis
expected to improve regional air and water quality
by reducing waste and pollution. In addition,
increased demand should lead to expanded power
production capacity and eventually to lower costs.

ORNL iscommitted to providing sustainable
designs. Theinitial tool chosen to help incorporate
sustainable features into ORNL projects was the
U.S. Green Building Council’sLeadershipin
Energy and Environmental Design (LEED™)
rating system. The LEED rating system helps
designers and owners establish sustainabl e project
goals, identify green design strategies, measure and
monitor progress, and document success. There
are five categories within the LEED system: site
planning, water and water efficiency, energy
efficiency, conservation of materials and resources,
and indoor environmental quality.

The LEED rating system assigns points within
each of these five categories, with atotal of

69 total points available. There are four levels of
accreditation in the LEED system:
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Certified 26-32 points
Silver Level 33-38 points
Gold Level 39-51 points
Platinum Level 52+ points

Five of ORNL's FY 2002 GPP and lineitem
projects used the LEED rating system to focus
design activities on sustainable measures and
assess the project’s performance. Lessons learned
during the design phases of these projects revealed
that a custom ORNL sustainable process was
needed. This custom processwill facilitate
communications between ORNL and the
architectural-engineer design staff, emphasize
energy performance, and simplify documentation
requirements. The processisbeing finalized for
use on future projects.

Thefive FY 2002 projects and their LEED goals
areasfollows:

Advanced Materials 26 points
Characterization Laboratory

Laboratory for Comparative 26 points
and Functiona Genomics

Research Support Center 33 points

Energy Efficiency Research 33 points
Laboratory

Parking Lots 16 points

Future projects, including new facilitiesand
renovations, will usethe ORNL sustainable
system.
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8. Community Service

UT-Battelle's commitment to excellencein
community service includes three Laboratory-
level initiatives (Sect. 3.3) designed to
broaden access to the extensive scientific and
technological assets of the Oak Ridge
National Laboratory (ORNL) and to leverage
these resources to the benefit of the region.
This commitment will be demonstrated
through partnerships with the region’s
business community; schooals, colleges, and
universities; and economic development
groups and through a public awareness
program focused on local and regional
stakeholders.

8.1 Technology Transfer and
Economic Development

The ORNL Technology Transfer and Economic
Development organization comprises the Office of
Technology Transfer and the Office of Economic
Development.

Our Economic Development Initiative supports
the creation and growth of businesses that will
enhance the local and regional economy by
drawing on ORNL resourcesin knowledge and
technology and on UT-Battelle investmentsin
economic devel opment.

8.1.1 Technology Transfer

The Office of Technology Transfer is responsible
for managing collaborations and access to ORNL
resources and personnel through cooperative
research and development agreements (CRADAYS),
Work for Others (WFO) agreements, technology
licensing, and user facility programs. This office
also manages and protects ORNL's intellectual
property, leveraging this resource to increase its
value through private-sector partnerships to
promote the commercialization of innovations
based on programmatic research and devel opment
(R& D) funded by the Department of Energy
(DOE). More than 70% of this commercialization

Team UT-Battelle provides a framework for employee
involvement in community service.

has been undertaken by small businesses. About
one-third of the commercialization has resulted in
the creation of start-up companies, more than 65%
of which are located in East Tennessee.

CRADASs, licenses, and WFO agreements are the
main vehicles by which ORNL establishes
partnerships with the private sector. These
mechanisms enable transfer of Laboratory
technology for commercialization and leverage
DOE programmatic funding with funds from the
private sector. Improvements have been made to
the Reimbursable Activity Processing System
(RAPS), which provides acommon system for
electronic processing of both WFO and CRADA
proposals. The system now permits a shorter
processing time and improved intellectua property
management. These improvements were
developed by a coalition, that included DOE-
ORO. During FY 2001, 31 new CRADAswere
established, and 10 option agreements, 3 copyright
licenses, 13 material transfer agreements, and

18 invention licenses were executed.

To continue a long-standing, productive
relationship, ORNL has entered into along-term
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WFO agreement with SEMATECH, Inc., of
Austin, Texas. SEMATECH, originally created to
revive the U.S. semiconductor industry, has
evolved into the world’s premiere research
consortium. The aim of SEMATECH isto
accelerate development of the advanced
manufacturing technologies that will be needed to
build tomorrow’s most powerful semiconductors.
ORNL is providing focused expertise in the areas
of materials, measurements and metrology, plasma
science, radio frequency and microwave
technologies, and environmental sciences. The
objectives of thiswork are to make available
conceptualization, definition, integration, research
and development, testing of advanced ideas, and
prototypical development in support of the
SEMATECH requirements.

AsDOE funding for CRADAS has decreased over
the past five years, the number of private partners
directly funding collaborative R&D has increased.
Private-sector partners provide significant support
to leverage programmatic funding for technology
transfer, with more than $11 million in fundsin to
ORNL.

Some partnerships involve both licenses and
CRADASs. ORNL haslicensed its patented
Crystalline Oxide on Superconductor technology
to Motorola, Inc., of Tempe, Arizona. To pursue
further development of this technology, ORNL,
Pacific Northwest National Laboratory (PNNL),
and Motorola have entered into a CRADA. This
technology promises to enable the continued
increase in speed of microelectronics.

ORNL haslicensed its technology to a number of
start-up companies. One of these companies,
nLine Corporation, which is based in Austin,
Texas, is developing anew digital holographic
wafer inspection technology critically needed by
the semiconductor industry. ORNL continues to
work with nLine through a CRADA and asa
participant in an Advanced Technology Program
grant.

User facility programs support accessto ORNL's
distinctive capabilities. User agreements between
ORNL and outside organizations stipul ate terms
and conditions for use of the Laboratory’s
designated user facilities. More than 600
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agreements are in place with universities, private
companies, and other research institutions. In

FY 2001, 45 new academic and industrial user
agreements were signed, and 117 new projects
were initiated under existing agreements.
Opportunities for industry have been expanded
with the establishment of two national user
facilities: the Power Electronics and Electric
Machinery Research Center (PEEMRC) and the
National Transportation Research Center (NTRC).
The PEEMRC is a broad-based research center for
power electronic inverters and electric machinery
development. It has dramatically advanced the
technology of soft-switched inverters, multilevel
inverters, motor control techniques, and efficient,
compact electric machines. The NTRC provides
the public and private sectors with state-of-the-art
knowledge, facilities, and technologies for the
development and deployment of cost-effective
transportation systems (Sect. 5.6.2.3).

Research staff members at ORNL generated

120 new invention disclosures, and the Office of
Technology Transfer elected to request patent
rights from DOE on 79 of these disclosures. The
Office of Technology Transfer authorized the
filing of 70 patent applications during FY 2001.

8.1.2 Economic Development

ORNL supports DOE's efforts to advance the
nation’s economic security by encouraging the use
of DOE resources to address manufacturing
problems and promote the creation of new
businesses. In pursuit of this goal, the Laboratory
is strengthening its partnerships with state and
regiona economic development groups (Fig. 8.1).

The success of the Office of Economic
Development has resulted in the growth of new
businesses and the creation of new jobs through
encouraging start-up and spin-off companies. The
backbone of these effortsis the Center for
Entrepreneurial Growth (CEG), which provides
entrepreneurs with access to technology,
management, market research, funding, and
support services. The community demonstrated a
high level of acceptance and endorsement of CEG,
as exemplified by Oak Ridge Chamber of
Commerce President Parker Hardy comments,

“. .. the CEG creates a unique environment for



Community Service

Fig. 8.1. ORNL and Technology 2020 are
sponsors of CEG, a support organization for small
and start-up businesses.

entrepreneurial growth, and we are fortunate to
have such an asset in our community; we are
already starting to see itsimpact.”

Accomplishmentsfor 2002 include thefollowing:

» implementing an interactive CEG Web site;

 assisting CEG clientsin finding financial
resources,

* providing amentoring service to CEG clients,

* partnering in an agreement to support the
TennesSeed Fund at atotal value of $ 1 million;

* establishing the CEG Commercialization Fund,
which provides funds to invest in companies
licensing ORNL technologies;

 assisting in the creation of 14 new businesses
utilizing ORNL technology or expertise; and

* providing technical assistance to companies
(other than CEG clients) in solving technical,
production, and/or business problems.

The Technology Leadership Center
(Technopreneural), a new graduate level program
sponsored by UT and UT-Battelle, promotes
development of high-technology jobsin Tennessee.
Theinitia program offering had 59 students
enrolled and resulted in the formation of several
companies that have executed licenses for ORNL
technology.

UT-Battelle is working to encourage more
interaction with small businesses. This program
provides funding for ORNL research staff to solve
and/or diagnose technical problems for businesses.
In some instances, this interaction has been

followed by amore substantial collaboration
implemented through a WFO or a CRADA.
Twenty-five businesses received assistance from
the research staff during FY 2001.

Aggressive pursuit of research funding has
resulted in ORNL partnering on more winning
Small Business Innovation Research (SBIR)
proposals than any other research institute. The
ORNL Laboratory Technology Research (LTR)
Program enjoyed outstanding successin FY 2001.
The program was awarded $2,875,037 in DOE
funding to support research collaborations with
private industry. This funding exceeded that
received by any other [aboratory.

8.2 Education Partnerships

ORNL is expanding educational partnerships with
K-12 and higher education stakeholders in support
of DOE’s commitment to strengthen science
education in the East Tennessee region. The
program’s focus is on improving science and
mathematics teaching skills among teachers and
providing learning opportunities, including state-
of-the-art equipment, for students.

Through the Communications and Community
Outreach (CCO) directorate, ORNL coordinates
and funds a variety of science education programs
that engage students and faculty in research,
training, and collaboration. As these programs
expose participants to quality science and
mathematics teaching and learning, they increase
the number and diversity of high-achieving
students introduced to research opportunities and
potential careersat ORNL.

Several programs support our Science Education
Initiative. The programs are designed to identify
ORNL and DOE with the state of Tennessee's
emphasis on improving mathematics and science
learning among the state’'s K—12 students. In

FY 2002, UT-Battelle provided seven high schools
with state-of-the-art science laboratories valued at
$10,000 each. One of the schools selected for the
new labsisin Wilson County, representing an
effort to extend ORNL's visibility beyond Oak
Ridge. UT-Battelle continuesits role as the
primary sponsor of the UT Academy for Teachers
of Science and Mathematics, with an initiative that
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in 2001 increased the number of Tennessee
teachers who participated in the Academy from

8 to 40. UT-Battelle scholarship programs for
minority studentsin the UT College of
Engineering and for children of ORNL employees
who attend UT and major in science or
mathematics continue to attract high-achieving
students. ORNL also continues to broaden support
of science education through Team UT-Battelle,
whichin FY 2002 is providing volunteersto
review the state’s new science textbooksin
physics, chemistry, and biology (Fig. 8.2).

‘ Building
7 America's
Best Science
Education

)

Fig. 8.2. Billboard used in Oak Ridge and the
surrounding area to promote science education.

ORNL annually hosts several thousand K-12 and
college students for educational experiences.
Statistics on program participation are included in
the Supplemental |nformation appended to this
report (Table S.7). Some students participate in
short programs, such as those available for K-12
students through the Ecological and Physical
Sciences Study Center. Other students spend
longer periods conducting research through
programs such as the DOE Energy Research
Laboratory Undergraduate Fellowships, the Great
L akes Colleges Association/Oak Ridge Science
Semester, or postdoctoral fellowships sponsored by
ORNL or DOE. In FY 2001, ORNL partnered
with the Oak Ridge Institute for Science and
Education (ORISE) to coordinate many of these
educational experiences. An evaluation conducted
in FY 2001 by DOE rated ORNL's educational
programs first among five DOE laboratories
offering similar programsand resultedin a
substantial increasein FY 2002 program funding.

8.2.1 Pre-College Partnerships

The Laboratory’s K—12 education programs
emphasi ze hands-on, engaged learning activitiesfor
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both students and teachers. Programs are designed
to develop scientific habits and help prepare
students and teachers to be more comfortable with
science education.

The Ecological and Physical Sciences Study
Center, one of ORNL’smost visible activities,
presents 37 instructional modules. Classes can be
presented either at the historic Freels Bend cabin
on the Oak Ridge Reservation or at schools or
other locations. The Study Center now operates
year-round, including summer science camps for
middle school students and teacher workshops that
transfer course content for classroom use. The
ECOEDge program enables middle school and
high school students to conduct research on parts
of the Oak Ridge National Environmental

Research Park. Classes and presentations are also
offered to groups outside the academic arena (e.g.,
garden clubs, senior citizen groups, and Scouting
groups). The Study Center has been reorganized to
makethe program financially self-sustaining.

ORNL also continues to strengthen a partnership
with the state of Tennessee through a volunteer
program to review the state’s 2002 sel ection of
new science textbooks.

8.2.2 Higher Education Partnerships

In addition to the educational opportunities
afforded by research partnerships with universities
(Sect. 6.2), ORNL devel ops partnerships with
colleges and universitiesthat complement and
extend the resources available in an academic
setting (Fig. 8.3).

Fig. 8.3. Summer intern student setting up
polymerase chain reactions for marker screening.
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The UT-ORNL Graduate School in Genome
Science and Technology offers a unique and
multidisciplinary program for full-time graduate
study leading to an M.S. or Ph.D. degreein this
emerging field. The program takes advantage of
interaction and collaboration among scientists at
ORNL and faculty at UT, in conjunction with the
Joint Institute of Biological Sciences (Sect. 4.2.7).
Courses and research opportunities are available at
both locations. Research projects are mentored by
a UT faculty member and an ORNL staff member.
Other UT programs that draw on ORNL resources
include the Graduate Program in Ecology and the
Joint Program in Mixed-Signal VLS| and
Monolithic Sensors. The UT Department of
Physics and Astronomy also maintains close
research relationships with ORNL ; a new
collaborationiscreating enrichment materialsin
astronomy for use in K—12 classrooms.

ORNL isoneof six multi-program laboratories
participating in the DOE Institute of Biotechnol-
ogy, Environmental Science, and Computing for
Community Colleges. The program provides
educational training and research experience for
highly motivated community college students
through a summer institute for selected students.

ORNL isworking to increase its interactions with
historically black colleges and universities
(HBCUs) and other minority educational
institutions (MEIs) through mechanisms such as
the DOE Science and Technology Alliance, the
Waste Management Consortium, the National
Consortium for Graduate Degrees for Minorities
in Engineering, Inc. (GEM Consortium), the
Consorcio Educativo parala Proteccion Ambiental
(CEPA), and the Advanced Industrial Concepts
Materials Fellowship Program. The Laboratory
has established aformal HBCU/MEI outreach
initiative that includes the following components:
e an HBCU/MEI ORNL Senior Management
Team,
» an HBCU/MEI summer research program
(Sect. 6.2),
* outreach programs that encourage visitsto
HBCU/MEI campuses, and
* student internships.

8.3 Public Awareness and
Community Outreach

ORNL’s Community Outreach Program is guided
by the desire to be viewed by our neighbors as a
highly valued member of the community and the
region. The FY 2002 program includes financial
contributions to nearly 100 projects that
emphasize legacy investmentsin science
education and economic development activities. In
addition, Team UT-Battelle serves as a
coordinating structure for volunteer activities and
the participation of Laboratory employees.
Outreach initiatives, aswell asissues affecting the
Laboratory’s scientific direction, areincorporated
into a communications strategy for employees and
external stakeholders. Communications activities
are designed to provide a sense of inclusion to
employees about the Laboratory’s goals and
activities. For external stakeholders, the god is
increased visibility and understanding of ORNL's
mission, leading to asimilar increase in public
support for the Laboratory’s role as a trusted
regional asset. CCO’s communication goals for
FY 2002 include a continuation of efforts to
extend ORNL's presence beyond the Knoxville—
Oak Ridge region.

8.3.1 Outreach Activities

Community outreach activities provide
opportunities to support DOE’s commitment to
building and maintaining public trust. Such
activities also offer the chance to increase ORNL's
visibility, broaden the understanding of the
Laboratory’s scientific programs and direction,
and demonstrate ORNL's value to the community
and the region. The majority of ORNL'’s outreach
activities are built around the themes of
educational and economic development
partnerships. UT-Battelle has created and filled a
new position, Director of Community Outreach, to
provide full-time coordination of ORNL's outreach
activities.

» Team UT-Battelle has matured into the
Laboratory’s primary organization for the
coordination and funding of employee volunteer
activities. Team UT-Battelle will organize more
than two dozen projectsin FY 2002.
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* Contributions of more than $600,000 annually
from ORNL employees and UT-Battelle
represent a large share of the total funds
collected each year in the region’s United Way
campaigns. Many employees volunteer their
time to United Way and to other charitable and
civic programs.

* ORNL has expanded the Speakers Bureau to
provide opportunities for leading researchersto
share information about DOE’s missions with
civic, educational, and business groups
throughout Tennessee.

» UT-Battelleis aleading sponsor of civic and
cultural activitiesin the Oak Ridge area,
including the Oak Ridge Symphony, Oak Ridge
Arts Council, the Boy Scouts, the YWCA, and
the Oak Ridge Rowing Association.

Visitors are being provided with afresh alook at
ORNL's history and mission for DOE. UT-Battelle
is updating exhibits at ORNL's historic Graphite
Reactor and renovating much of the facility in
time for the 2002 tourist season. The Graphite
Reactor hosts severa thousand visitors each year.

CCO staff aso provide special orientation tours or
customized tours for visitors to the Laboratory.
The ORNL/Y-12/ETTP Public Tour continues to
be provided and is conducted in accordance with
upgraded security measures. The tour, which
originates at the American Museum of Science and
Energy in the city of Oak Ridge, is available from
April through October. Tourists from all 50 states
visit ORNL each year through the public tour,
which isincluded on the Tennessee Heritage Trail.

ORNL has created and distributed a brochure to
provide the public with information about the
environment of the Oak Ridge Reservation. ORNL
also played aleading rolein DOE's land use
planning for the reservation. Public education
activities at the Oak Ridge National
Environmental Research Park include special
events, such aswildflower hikes, bird walks, and
“hands-on” experiences for pre-college students.
In FY 2002 ORNL isalso providing a new
brochure that describes the its history and
scientific agenda.

UT-Battelle is moving forward with implementa-
tion of a plan to ensure the financial stability of
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the American Museum of Science and Energy. In
response to the plan’s recommendations, DOE has
agreed to transfer the museum and the surrounding
property to the city of Oak Ridge. DOE has also
completed an environmental assessment associated
with the museum'’s proposed transfer. Three of
DOEFE’s largest contractors have agreed to provide
five-year bridge funding for the museum. The city
has hired a consultant to determine the best means
of managing the museum. UT-Battelle continues to
work with DOE and the city of Oak Ridgeto
secure the museum'’s future for the community.

CCO staff provide support and planning for
community activities and special events. At
ORNL, the Protocol Office hosted or provided
support for visitors including the Secretary of
Energy, several members of Congress, the Battelle
Memoria Institute Board of Trustees, and
numerous other dignitaries.

The new visitor center in Building 5002 provides
visitors to ORNL with an appropriate introduction
to the Laboratory, its history, and its programs.
Plans are being made to broaden ORNL's
community outreach activities and continue to
improve the flow of information to employees.

8.3.2 Communication Activities

UT-Battelle's efforts to have the public view
ORNL as ahighly valued asset include a variety of
communication initiatives with internal and
external stakeholders. The goal of ORNL's CCO
directorate is to provide stakeholders with a better
understanding of what ORNL does and the
positive impact of the Laboratory Agenda.

e The ORNL Today daily update on the
Laboratory’s internal Web server is viewed by
employees more than 5000 times each week.

* ORNL Reporter, anewsletter that highlights
Laboratory activities, is delivered monthly to
employees and retirees and is available on the
external Web server.

e The ORNL Review, an illustrated in-depth look
at some of ORNL'’s efforts in scientific research,
is published three times a year and distributed to
employees and others with an interest in the
Laboratory’s activities. In 2001, the Review
placed second in the International Technical
Publications Competition sponsored by the
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Society for Technical Communication. The
Review is also available on the external Web
Server.

ORNL’s communication plan includes public
meetings that provide the opportunity to learn
about the Laboratory’s agenda. These meetings
have included briefings in Oak Ridge, areception
for legislatorsin Nashville, and participation in the
Energy Summit in Nashville. These
communication mechanisms combine with all-
hands meetings, senior staff meetings, and a
system of Laboratory-wide electronic mail to
provide frequent, timely information about the
nature and purpose of ORNL policies and
programs to a broader spectrum of stakeholders.

The Laboratory’s external relations program is
designed to enhance ORNL's visibility among the
public, media representatives, elected officials,
and other stakeholders. In FY 2002 CCO
coordinated coverage of an ORNL experiment in
most of the world's leading newspapers. CCO also
is expanding on initial successes in generating
more newspaper and television coverage of ORNL

activitiesin Chattanoogaand Nashville.
Information about ORNL activities and their
significance is provided to media representatives
through the distribution of news releases, through
telephone and face-to-face contacts made by
ORNL CCO staff, and through regular updates of
ORNL's home page and news page on the World
Wide Web. Awareness of ORNL and its mission is
further enhanced in the Knoxville and Oak Ridge
region through targeted spots on arearadio
stations.

Nearly 500 contacts with media representatives
were made in FY 2001, and some 55 news releases
were produced during this period. National and
international media outlets publishing or
broadcasting stories about ORNL included The
New York Times, The Washington Post, USA
TODAY, The Times (of London), The Times of
India, The Moscow Times, The Inter national
Herald Tribune, Business WWeek, National
Geographic, ABC News, the Associated Press,
CNN, National Public Radio, the History Channel,
and Reuters.

8-7






9. Resource Projections

Resource projections are presented in the

following tables:

e Table 9.1, Laboratory funding summary,

» Table 9.2, Laboratory personnel summary,

» Table 9.3, funding by assistant secretarial level
office, and

» Table 9.4, personnel by assistant secretarial
level office.

These projections are based on funding requested
in the FY 2003 budget submission documents,
with some adjustments for subsequent guidance.
They include some funding for construction that
supports the major laboratory initiatives proposed
in Sect. 4. In particular, capital equipment and
construction funding estimates are provided for
the Spallation Neutron Source (SNS).

In Tables 9.1 and 9.3, resource projections for
future years are presented in terms of new budget
authority (BA) funding in millions of dollars. New
BA requests are calculated by adding estimates of
fiscal year-end outstanding commitments
(institutional, programmatic, and continued
operation) to the total cost and then subtracting the
prior-year uncosted budget.

Personnel projectionsin Tables 9.2 and 9.4 are
given asthe number of full-time equivalent (FTE)
employees/leased employees.

Additional detail isprovided in the Supplemental
Information appended to this report.

Table 9.1. Laboratory funding summary by fiscal year
($inmillions—BA)

2001 2002 2003 2004 2005 2006 2007

DOE effort 5110 602.2 5412 561.2 590.7 6194 7562
Work for others 8.7 87.2 9%.0 839 1017 1124 124.6
Total operating 595.7 6894 637.2 650.1 6924 7318 830.8
Capital equipment (excluding SNS) 157 193 154 119 141 170 134
Capital equipment, SNS 01 01 00 00 0.0 00 00
Capital equipment, Landlord GPE? 19 19 22 31 25 25 26
Construction (excluding SNS) 111 274 370 269 254 54 49
Construction, Landlord GPP° 58 42 6.2 64 65 72 78
SNS construction 25389 2763 2106 1246 798 411 00
Total ORNL 889.2 10186 908.6 8230 8207 805.0 9095
Proposed construction — 00 0.7 154 38 312 281
Total projected funding 10186 909.3 8384 8595 836.2 937.6

3GPE = General Plant Equipment.

bGPP = General Plant Project.
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Table 9.2. Laboratory personnel summary by fiscal year
[Full-time equivalent (FTE) employees]

2001 2002 2003 2004 2005 2006 2007
Technical personnel, direct DOE effort 1674.3 15015 15435 15725 15725 15725 15725
Technical personnel, Work for Others 1896 2751 2739 2744 2744 2744 2744
Total technical direct personnel 18639 1776.6 18174 1846.9 18469 18469 1846.9
Other direct 3434 4058 351 3598 3598 3598 3598
Total direct personnel 2207.3 21824 21725 2206.7 22067 22067 2206.7
Table 9.3. Funding by assistant secretarial level office by fiscal year
($inmillions—BA)
2001 2002 2003 2004 2005 2006 2007
Undersecretary for Energy, Science, and the Environment
Office of Science
Operating expense 1950 207.3 2089 2216 2417 2618 3906
Capital equipment 101 169 126 96 128 155 119
Capita equipment, Landlord GPE? 19 19 22 31 25 25 26
Capital equipment, SNS 01 01 0.0 00 0.0 00 0.0
Construction (excluding SNS) 111 274 370 239 254 54 49
Construction, Landlord GPP 58 42 6.2 64 65 72 78
SNS construction 25389 2763 2106 124.6 798 411 0.0
Proposed construction 00 00 00 122 244 312 281
Total program 4829 534.1 4775 4014 3931 364.7 4454
Officeof Energy Efficiency and Renewable Energy
Operating expense 1186 1181 1238 1292 1347 1393 144.2
Capital equipment 52 14 27 18 06 06 06
Construction 00 00 00 00 00 00 00
Total program 1238 1202 1265 1310 1353 1399 1448
Office of Nuclear Energy, Science and Technology
Operating expense 190 215 195 26.1 281 2.0 2.3
Capital equipment 01 00 00 00 00 00 00
Construction 00 00 00 30 00 00 00
Total program 191 215 195 2.1 281 2.0 2.3
Officeof Fossil Energy
Total operating 123 126 128 116 116 116 116
Energy Information Administration
Total operating 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Office of Environmental M anagement
Total operating 3R2 309 96 105 121 121 121
Capital equipment 02 (10 00 00 00 00 00
Total program 324 299 96 105 121 121 121
Undersecretary for National Nuclear Security
Deputy Administrator for National Nuclear Security
Total operating 187 1282 874 0.2 93.0 959 989
Capital equipment 00 20 01 05 0.7 09 09
Proposed construction 00 00 0.7 17 00 00 00
Total program 187 1302 875 0.7 937 9%6.8 9.8

9-2



Resource Projections

Table 9.3 (continued)

2001 2002 2003 2004 2005 2006 2007
Departmental Saff and Support Offices
Office of Environment, Safety, and Health
Total operating 20 25 21 22 22 23 24
Officeof Counterintelligence
Total operating 13 13 17 21 21 21 21
Officeof Security and Emergency Operations
Total operating 30 01 01 01 01 01 01
Officeof Policy and International Affairs
Total operating 02 02 04 05 06 06 06
Office of Hearings and Appeals
Total operating 00 01 01 01 01 01 01
Office of Worker and Community Transition
Total operating 22 00 00 00 00 00 00
Environmental M anagement (Bechtel JacobsCompany LL C)
Total operating 200 309 96 105 121 121 121
Subtotal DOE Programs
Total operating 4503 5370 4784 506.4 5384 567.0 7037
Capital equipment (excluding SNS) 157 193 154 119 141 170 134
Capita equipment, Landlord GPE 19 19 22 31 25 25 26
Capital equipment, SNS 0.1 01 00 0.0 0.0 0.0 0.0
Construction (excluding SNS) 111 274 370 269 254 54 49
Construction, Landlord GPP 58 42 6.2 64 65 72 78
SNS construction 25389 2763 2106 1246 798 411 0.0
Proposed construction 00 00 0.7 154 38 312 281
Total 7438 866.2 7505 694.7 7055 6714 7605
DOE Contractorsand Oper ations Offices
Total operating 517 58.6 5.4 464 439 440 4.1
CooperativeR& D Agreements
Total operating 90 6.6 84 84 84 84 84
Total DOE Programs
Total operating 511.0 6022 5412 561.2 590.7 6194 756.2
Capital equipment (excluding SNS) 157 193 154 119 141 170 134
Capita equipment, Landlord GPE 19 19 22 31 25 25 26
Capital equipment, SNS 01 01 00 00 00 00 00
Construction (excluding SNS) 111 214 370 269 254 54 49
Construction, Landlord GPP 58 42 6.2 64 65 72 78
SNS construction 2589 2763 2106 1246 798 411 00
Proposed construction 00 00 0.7 154 38 312 281
Total 8045 9314 8133 7495 7578 7238 8130
Work for Others
Nuclear Regulatory Commission
Operating expense 78 95 80 80 80 80 80
Department of Defense
Operating expense 314 3093 500 431 40 63.0 730
National Aeronauticsand SpaceAdministration
Operating expense 40 53 81 81 81 81 81
Department of Health and Human Services
Operating expense 16 16 16 25 40 55 75
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Table 9.3 (continued)

2001 2002 2003 2004 2005 2006 2007

Environmental Protection Agency

Operating expense 51 39 36 38 39 40 42
Federal Emer gency M anagement Agency

Operating expense 08 12 09 09 09 09 09
Department of Transportation

Operating expense 56 51 46 46 46 46 46
Other Federal agencies

Operating expenses 32 48 51 a7 48 48 47
Electric Power Resear ch Ingtitute

Operating expense 07 06 02 02 02 02 02
Other nonfederal agencies

Operating expense 245 153 139 130 132 133 134
Total Work for Others

Operating expense 847 872 9%6.0 839 1017 1124 124.6
Total ORNL

Operating expense 5957 6394 637.2 650.1 6924 7318 8308

Capital equipment (excluding SNS) 157 193 154 119 141 170 134

Capital equipment, SNS 0.1 01 00 00 00 00 00

Capita equipment, Landlord GPE 19 19 22 31 25 25 26

Construction (excluding SNS) 111 274 370 269 254 54 49

Construction, Landlord GPP 58 42 6.2 64 65 72 78

SNS construction 2589 276.3 2106 124.6 798 411 00

Proposed construction 00 00 0.7 154 38 312 281

Total 839.2 10186 909.3 8384 8595 836.2 937.6

3GPE = Genera Plant Equipment.
®GPP = General Plant Project.
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Table 9.4. Personnel by assistant secretarial level office by fiscal year

[Full-time equivalent (FTE) employees]

2001 2002 2003 2004 2005 2006 2007
Undersecretary for Energy, Science, and Environment
Office of Science
Technical personnel 669.2 6.7 756.9 7853 7853 7853 7853
Other direct personnel 1330 101.6 104.7 1115 1115 1115 1115
Total direct personnel 802.2 7%.3 861.6 8%.8 8%6.8 8%6.8 8%6.8
Officeof Energy Efficiency and Renewable Energy
Technical personnel 3264 2749 304.3 3069 3069 3069 3069
Other direct personnel 24.8 21 315 346 346 346 346
Total direct personnel 3512 307.0 3358 3415 3415 3415 3415
Office of Nuclear Energy, Science and Technology
Technical personnel 50.1 715 762 85.6 85.6 85.6 85.6
Other direct personnel 129 00 00 00 00 00 00
Total direct personnel 63.0 715 762 85.6 85.6 85.6 85.6
Officeof Fossil Energy
Technical personnel 46.2 281 268 2.1 2.1 201 2.1
Other direct personnel 6.1 26 6.0 30 30 30 30
Total direct personnel 52.3 0.7 328 231 231 231 231
Energy Information Administration
Technical personnel 0.1 0.6 0.3 0.0 0.0 0.0 0.0
Other direct personnel 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total direct personnel 0.1 0.6 0.3 0.0 0.0 0.0 0.0
Office of Environmental Management
Technical personnel A1 99 69.9 615 615 615 615
Other direct personnel 169 230 184 152 152 152 152
Total direct personnel 1110 1179 833 76.7 6.7 76.7 76.7
Undersecretary for National Nuclear Security
Deputy Administrator for National Nuclear Security
Technical personnel 96.0 158.7 164.3 157.1 157.1 157.1 157.1
Other direct personnel 255 52.9 33.0 51.4 51.4 51.4 51.4
Total direct personnel 121.5 211.6 197.3 208.5 208.5 208.5 208.5
Departmental Staff and Support Offices
Office of Environment, Safety and Health
Technical personnel 96 87 76 7.7 7.7 7.7 7.7
Other direct personnel 01 00 00 00 00 00 00
Total direct personnel 97 87 76 7.7 7.7 7.7 1.7
Officeof Counterintelligence
Technical personnel 9.2 9.0 11.2 12.2 12.2 12.2 12.2
Other direct personnel 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total direct personnel 9.2 9.0 11.2 12.2 12.2 12.2 12.2
Office of Security and Emergency Operations
Technical personnel 03 04 00 00 00 00 00
Other direct personnel 00 00 00 00 00 00 00
Total direct personnel 03 04 00 00 00 00 00
Office of Policy and International Affairs
Technical personnel 1.0 2.7 0.8 0.8 0.8 0.8 0.8
Other direct personnel 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total direct personnel 1.0 2.7 0.8 0.8 0.8 0.8 0.8
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Table 9.4 (continued)

2001 2002 2003 2004 2005 2006 2007
Office of Hearings and Appeals
Technical personnel 08 02 00 00 00 00 00
Other direct personnel 00 00 00 00 00 00 00
Total direct personnel 08 02 00 00 00 00 00
Federal Energy Regulatory Commission
Technical personnel 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Other direct personnel 00 00 00 00 00 00 00
Total direct personnel 00 00 00 00 00 00 00
Environmental Management (Bechtel Jacobs Company LLC)
Technical personnel 119.6 22.4 20.7 18.9 18.9 18.9 18.9
Other direct personnel 11.3 26.4 20.8 23.7 23.7 23.7 23.7
Total direct personnel 130.9 48.8 41.5 42.6 42.6 42.6 42.6
Subtotal DOE Programs
Technical personnel 14226 1368.6 14392 1456.1 1456.1 1456.1 1456.1
Other direct personnel 2306 2388 2144 2394 2394 2394 2394
Total direct personnel 16532 1607.2 16534 16955 16955 16955 16955
DOE Contractors and Operations Office
Technical personnel 2327 9%.0 588 723 723 723 723
Other direct personnel 1.7 1538 1290 1094 1094 1094 1094
Total direct personnel 2444 2489 1878 1817 181.7 1817 181.7
Cooperative R& D Agreements
Technical personnel 19.0 37.9 45.7 44.1 4.1 44.1 4.1
Other direct personnel 155 0.1 0.0 0.0 0.0 0.0 0.0
Total direct personnel 345 38.0 45.7 44.1 44.1 44.1 44.1
Total DOE Programs
Technical personnel 16743 15015 15435 15725 15725 15725 15725
Other direct personnel 2578 3925 434 3488 3488 3488 3488
Total direct personnel 19321 18940 18869 19213 1921.3 19213 19213
Work for Others
Nuclear Regulatory Commission
Technical personnel 20.2 25.4 24.1 24.2 24.2 24.2 24.2
Other direct personnel 0.2 2.0 0.9 0.6 0.6 0.6 0.6
Total direct personnel 20.4 27.4 25.0 24.8 24.8 24.8 24.8
Department of Defense
Technical personnel 66.8 %54 85.8 7.3 753 73 753
Other direct personnel 356 46 44 39 39 39 39
Total direct personnel 1024 1000 0.2 792 792 792 792
National Aeronautics and Space Administration
Technical personnel 8.0 13.8 13.8 12.8 12.8 12.8 12.8
Other direct personnel 33 4.6 4.8 4.8 4.8 4.8 4.8
Total direct personnel 11.3 184 18.6 17.6 17.6 17.6 17.6
Department of Health and Human Services
Technical personnel 82 7.7 64 5.7 5.7 5.7 5.7
Other direct personnel 00 00 00 00 00 00 00
Total direct personnel 82 7.7 64 5.7 5.7 5.7 5.7
Environmental Protection Agency
Technical personnel 194 18.6 16.5 16.1 16.1 16.1 16.1
Other direct personnel 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total direct personnel 194 18.6 16.5 16.1 16.1 16.1 16.1
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Table 9.4 (continued)

2001 2002 2003 2004 2005 2006 2007
National Science Foundation
Technical personnel 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Other direct personnel 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total direct personnel 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Federal Emergency Management Agency
Technical personnel 3.9 31 33 32 3.2 32 3.2
Other direct personnel 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total direct personnel 3.9 31 33 32 3.2 32 32
Department of Transportation
Technical personnel 175 16.5 13.2 131 131 131 131
Other direct personnel 0.0 15 15 15 15 15 15
Total direct personnel 175 18.0 14.7 14.6 14.6 14.6 14.6
Other Federal agencies
Technical personnel 1.6 30.2 48.3 61.3 61.3 61.3 61.3
Other direct personnel 14.4 0.1 0.1 0.2 0.2 0.2 0.2
Total direct personnel 16.0 30.3 48.4 61.5 61.5 61.5 61.5
Electric Power Research Institute
Technical personnel 0.9 25 0.9 0.5 0.5 0.5 0.5
Other direct personnel 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total direct personnel 0.9 25 0.9 0.5 0.5 0.5 0.5
Other nonfederal agencies
Technical personnel 42.9 61.9 61.6 62.2 62.2 62.2 62.2
Other direct personnel 321 0.5 0.0 0.0 0.0 0.0 0.0
Total direct personnel 75.0 62.4 61.6 62.2 62.2 62.2 62.2
Total Work for Others
Technical personnel 1896 2751 2739 2744 2744 2744 2744
Other direct personnel 85.6 133 117 110 110 110 110
Total direct personnel 2752 2884 2856 2854 2854 2854 2854
Total ORNL
Technical personnel 18639 1776.6 18174 1846.9 1846.9 18469 1846.9
Other direct personnel A34 405.8 3551 359.8 3598 3598 3598
Total direct personne (FTE) 22073 21824 21725 2206.7 2206.7 2206.7 2206.7
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Laboratory Directed Research
and Development

ORNL'’s plans for Laboratory Directed Research
and Development (LDRD) are described in

Sect. 5.7 of the Institutional Plan. ORNL
Laboratory Directed Research and Devel opment
Program: Annual Report to the Department of
Energy Summarizing Fiscal Year 2001 (ORNL/
PPA-2002/1, March 2002) provides a program
overview, funding summaries, and project
summaries for the LDRD Program.

Work for Other Sponsors
Federal Organizations

Nuclear Regulatory Commission

ORNL supports the Nuclear Regulatory
Commission (NRC) in nuclear safety, safeguards,
and environmental protection activities and by
providing atechnical basisfor the NRC'slicensing
and regulatory actions and decisions.
Approximately 30 projects are administered
through the Nuclear Technology Programs Office,
and work is performed by 5 ORNL divisions and
1 BWXT Y-12, LLC, organization. These projects
are carried out in agreement with the
Memorandum of Understanding established
between the Department of Energy (DOE) and
NRC in 1978 and revised in 1998, and the work is
conducted primarily for the NRC Offices of
Nuclear Regulatory Research (RES), Nuclear
Material Safety and Safeguards (NMSS), and
Nuclear Reactor Regulation (NRR).

Work performed for NRC in support of their
nuclear safety, safeguards, environmental
protection activities, and technical basis for their
licensing and regulatory actions and decisionsis
consistent with DOE’s mission to increase the
availability of clean, abundant energy, the
protection of the environment, and national
security. Thiswork also supports DOE's initiatives

to maintain nuclear energy as part of the nation’s
future energy supply.

Research areas for RES include burnup credit and
high-burnup fuel issues for storage and transport
of spent fuel, development of methods to generate
lattice physics parameters for advanced reactors,
reactor pressure vessel (RPV) integrity (irradiation
embrittlement, fracture mechanics assessment
methodol ogy, pressurized thermal-shock
assessments, etc.), nuclear plant aging and license
renewal issues, and instrumentation and controls
technology. Recent assistance included RPV
analyses addressing the corrosion found at Davis-
Besse and an assessment of the state of the art in
emerging digital technologies that could be
applied to safety-related applicationsin
commercia power reactors.

Another area of emphasis for RESisthe
collection, review, analysis, and evaluation of
plant safety performance data. ORNL operates and
maintains the Sequence Coding and Search
System (SCSS), the NRC's official database of
reportable operational events at commercial
nuclear power plants.

Newer areas of support for RES include assistance
with pre-application review activities for modular
high-temperature gas-cooled reactors, a small
effort involving the development of aprobabilistic
risk assessment tool for the International Reactor
Innovative and Secure (IRIS) advanced reactors
and vulnerability assessmentsof nuclear facilities
regulated by NRC. Gas-cooled reactor activities
(some of which are funded by DOE through NRC)
include the evaluation of experimental dataon the
high-temperature thermal and mechanical
properties of irradiated graphite, nuclear-grade
graphite standards devel opment, and modeling and
performance of reactor accident simulations using
the Graphite Reactor Severe Accident Code
(GRSACQC).
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Technical support for NM SS includes the areas of
criticality safety, radiation protection, and heat
transfer for nuclear fuel facilities and spent fuel
cask designs; environmental review of licensee
facilities, and areview of terminated materials
licenses. Activities have included development of
recommended technical bases for regulatory
criteria and guidance in storage, transport, and
low-level waste facilities; training on specia
topics; support of International Atomic Energy
Agency (IAEA)—coordinated research programs,
and development of analysis capabilities for usein
licensing reviews. The ORNL-developed SCALE
code system continues to be maintained and
enhanced as a state-of -the-art computational tool
used by NRC staff in performing license reviews
for criticality safety, radiation shielding, and
source terms.

Technical assistance is provided to NRR in the
areas of fuel stability analyses, economic analyses,
and nuclear plant license renewal issues.

U.S. Department of Defense

ORNL continues to expand its R& D support to the
defense and national security community in areas
where its capabilities are applicable to the mission
of the Department of Defense (DoD) and related
security agencies. Programs are conducted in close
cooperation and coordination with BWXT Y-12,
LLC, and other research partners and include basic
and applied research, development, technology
demonstration programs, and prototyping.

The DoD and all its military services are
undergoing a major transformation to modernize
their force structure and the way they plan and
conduct military operations. This transformation is
in recognition of the changing world threat,
particularly from independent nations and
terrorists groups. Tomorrow’s military must
become far more agile and flexible in order to best
deal with awide range of threats and operations.
ORNL continuesits involvement in supporting the
Army’s Transformation Programs, specifically the
Future Combat Systems (FCS), Objective Force
Warrior (OFW), and other initiatives supporting
the Army’s future military force, commonly called
the Objective Force. Our long-range strategy is to
expand these support activities into major

S-2

programs that directly complement our work for
DOE. ORNL continues to support DoD’s
Counterterrorism, Homeland Security, and Force
Protection missions. Several related efforts are
under way to develop and transfer DOE
technology to support both immediate and long-
range technology requirements for these programs.
These tasks include, but aren’t limited to,
developing and validating improved technology to
assess the vulnerability of critical energy and
defense facilities; improving detection,
surveillance, and monitoring systems for early
detection and prevention of threats; developing
mobile ad hoc communication networks and
reporting systems that are resilient and able to
survive attacks as well as developing new
technology for remedial action to cleanup and
restore operations at facilities that are affected by
terrorist activities.

ORNL'’s defense technology programs build on our
extensive experience in engineering, physical, and
life science. For example, advanced ceramics and
composite materials are being evaluated to
produce specid lightweight, high-strength
materials for advanced armor for protection of
civilian and military personnel, armored vehicles,
satellites, missile defense, and other high-value
assets. These specia materialsincrease
survivability and at the sametime alow high
mobility and transportability for the future force.
ORNL’s research on advanced composites has also
resulted in development of special materials that
have high thermal conductive properties that
reduce heat signatures and increase survivability
of soldiers and their equipment. These materials
are particularly valuable for cooling electronic
equipment and microelectronics systems. Also,
advanced material processing using infrared and
plasmaarc technology is being developed to cure
and bond dissimilar materials to support
development of new armor, gun barrel liners,
penetrators and penetration systems, high-
temperature nose cones, and related weapon
components.

Work continues on the development of a state-of -
the-art field-portable Chemical/Biological Mass
Spectrometer (CBMS), as well as miniaturized
sensors and intelligent sensors on a chip for point
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detection and standoff detection of chemical and
biological agents. The CBM S has now
successfully completed field trials at several
military sites and is scheduled for fielding in the
FY 2008 time frame. New miniaturized
instrumentation and sensors coupled with
intelligent agent technology are being devel oped
to improve detection of explosives and other
contraband in cargo containers and baggage
compartments. Many of these novel sensor
systems are also being evaluated for detection of
unexploded ordnance (UXO) and mines from
land-, air-, and marine-based systems. Thiswork is
conducted in collaboration with DoD, universities,
the private sector, and other DOE national
laboratories coordinated through staff serving on
interagency technology product teams and task
forces.

Continuing improvements in diagnostic and
prognostic systems coupled with the latest
intelligent software agents support the
manufacture, life extension, and maintenance of
existing and planned weapon systems. Novel
approaches to mobile communications and cyber
security are being developed for the information
assurance and protection of national security and
business data and information. Joint Virtual
Analysis Centers are undergoing further development
to collect, explore, and represent the information
and knowledge contained in intelligence data
sources. Common situational awareness tools are
being devel oped to visualize the battle space for
certain specia military operations.

Work continues to develop the next generation of
transportation and logistics models for defense
customers, including transportation planning and
tracking for rapid military response planning and
execution for international contingencies. Novel
applications of autonomous intelligent software
are being developed to characterize, understand,
and predict elements of the defense supply chain.

Remote operations and the use of unmanned
ground and aerial vehicles are increasingly
important to military operations. ORNL has
initiated a new program to evaluate how remote
technology and particularly unmanned aerial
systems can be used to support the OFW. Small

remotely piloted platforms can be carried and
launched by the future soldier for high-risk
missions, such as battlefield surveillance, battle
damage assessment, fire control, and related areas.
As military operations become increasingly more
complex, state-of-the-art technology must be made
available to protect and assist soldiers as they
carry out their missions. Based on its historic
achievementsin robotics, ORNL is evaluating the
potential for using exoskeleton (power assist)
technology for helping the soldier conduct military
tasks. Remotely piloted systems are also used for
reducing costs and reducing risks to support
DoD’s environmental cleanup and management
missions at active training ranges and installations
scheduled for closure. Autonomous and
teleoperated robotic systems are guided by remote
navigation in hazardous environments for site
characterization and restoration and for safe
handling of hazardous materials such as old
ordnance and mine removal. Remote handling
technologies are also used to rearm ammunition
for military ground combat vehicles, aircraft, and
air defense missile systems.

ORNL also builds on its DOE environmental
experience to develop and validate new
technology to reduce or avoid generating pollution
at DoD manufacturing facilities and sites. Energy
technology research, including on-site generation
and recycled/recovered heating systems and
related building and equipment energy
conservation research, is being conducted to save
energy at military housing and power supply
systems. Our National Transportation Research
Center conducts research on vehicle designs,
materials, and operations to improve the energy
efficiency of the military vehicle fleet and
transportation systems. Similarly, our
transportation and logistics programs are building
on their military logistics experience to expand
programsin military deployment planning and
execution. A new initiative has begun to automate
the deployment planning system and to
incorporate new deployment tracking and
monitoring technology for use at worldwide
command centers. Work also continues to provide
demographic and economic modeling support for
planning, recruiting, and retention of military
personnel primarily for the reserve component.
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Toxicologists and health professionals at ORNL
contribute technical advice, assessments, hearing
testimony, and critiques to ensure scientifically
supported and health-based exposure criteriafor
chemical warfare agents. This work has provided
the basis for military and civilian chemical warfare
agent disposal determinations, military installation
restoration programs, and chemical weapons treaty
compliance. ORNL staff also develop and imple-
ment independent assessments of programs to
ensure, monitor, and evaluate the quality of data
used by DoD for making decisions in environmen-
tal remediation and risk assessment programs.

Finally, ORNL will continue to train acquisition
officers through the U.S. Army’s Training with
Industry (TWI) program. This 10-month-long
program is designed to expose designated officers
to the science and technology of the future so they
have an understanding of what technologies are
under development and how they can be used to
solve the challenges the Army is facing. Another
intent of the program is to make the officers aware
of the full range of resources available to them, in
addition to those provided by the Army’s
laboratories and industry, in order to best answer
the challenges of the future.

U.S. Department of Transportation

ORNL assists the Department of Transportation’s
Federal Highway Administration, the National
Highway Traffic Safety Administration, the Office
of Pipeline Safety, the Federal Transit
Administration, the Federal Aviation
Administration, and the Bureau of Transportation
Statistics in research areas that include
development of freight and passenger demand
models; assessment of data quality and data
consistency of highway statistics, development of
data collection methods and advanced data
management systems to improve data integrity and
availability; analysis of nationwide surveysto
address issues in current or future national
transportation policies; development of methods to
statistically link data sources to study intermodal
traffic; and research on intelligent transportation
systems. ORNL also provides technical
assessment of oil and gas pipeline systems
throughout the United States for compliance with
regulatory standards. Thiswork is part of a broad
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transportation R& D and technology program
(Sect. 5.6.2.3).

National Aeronautics and Space
Administration

ORNL isassisting NASA primarily in the areas of
space technology and space-based global change
observation. We are committed to securing new
rolesin aerospace R&D to help meet NASA's
needs in areas of ORNL's strength such as
lightweight, high-strength materials; nuclear
reactor technology; power management systems;
advanced computing; advanced instrumentation;
and robotics. Specifically, we are working with
NASA’'s Marshall Space Flight Center to evaluate
the feasibility of multi-megawatt molten salt space
reactors and to explore other potential areas for
collaboration with regard to advanced propulsion
and materials technology. We have been invited by
NASA's Johnson Space Center (JSC) to participate
in an upcoming study of multi-megawatt space
nuclear power system development for manned
missions to Mars. JSC is also interested in
ORNL's advanced materials and human and
environmental sensing technologies.

ORNL serves as NASA's Distributed Active
Archive Center (DAAC) for Biogeochemical
Dynamics for the Earth Observing System Data
and Information System (EOSDIS). EOSDIS is
part of NASA’s contribution to the U.S. Global
Change Research Program’s effort to develop a
predictive understanding of the global
environment. Data from NASA and other sources
archived at the ORNL DAAC are used to calibrate
and verify remote sensing data and to parameterize
and validate models of local, regional, and global-
scal e processes for projecting changes in the
Earth’'s ecosystems. The ORNL DAAC isaso
working closely with DOE’s Carbon Dioxide
Information Analysis Center to archive and
distribute data from measurement towers
throughout the world. In order to promote the
sharing of data and information, ORNL devel oped
amodern Web-based system, Mercury (http://
mercury.ornl.gov), which assists investigatorsin
documenting data and making them available to
users throughout the world, regardless of
discipline. The ORNL DAAC uses Mercury for
field activities in South America, for validating
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remote sensing products, and for making available
avariety of earth sciences datafrom NASA-
funded centers across North America

ORNL isaso supplying NASA with radio-
frequency technology and expertisein high-
temperature superconductors for an advanced
rocket engine; supporting NASA programsin
aviation safety; assisting in data compilation on
the growth of vegetation; and providing data and
information support to alarge NASA field
campaign to study the tropical forest ecosystem in
the Amazon River basin.

U.S. Environmental Protection Agency

ORNL'swork for the EPA addresses numerous
health and environmental problems and issues.
Activities include evaluation of the cost-
effectiveness of reducing nitrogen oxide emissions
as ameans of ozone control; involvement with
EPA air quality research and modeling programs
through the NARSTO Quality Systems Science
Center [a Carbon Dioxide Information Analysis
Center (CDIAC) program; Sect. 5.1.2.2]; activities
in quality assurance and archiving of atmospheric
chemistry and particulate matter data;
development of the ecological components of a
multimedia model for air pollutants; collaboration
with EPA scientists on the Design for the
Environment Program; risk assessment of
decentralized wastewater treatment; evaluation of
physiologically based pharmacokinetic modelsin
risk assessment; continuing work on the
Environmental Mutagen Information Center
database; preparation of literature reviews and
chemical hazard information profiles for selected
topics and chemicals; field validation of analysis
methods under the Environmental Technology
Verification Program; and development of
reference dose and reportable quantity profiles to
reduce uncertainty in risk assessments. Research
on mercury includes developing methods for
Mercury speciation, measuring mercury emissions,
and understanding the fate of mercury in waste
applied to soils. For the Office of Pesticide
Programs, critical evaluations of health, chemistry,
and ecological data are performed in support of
the registration and reregistration of pesticides.
For the Office of Pollution Prevention and Toxics,
Acute Exposure Guideline Levels are derived to

provide guidance to emergency plannersin the
event of accidental releases of chemicals, and
assistance is provided to the High Production
Chemical Volume Program, which is part of an
international effort to better characterize the
potential hazards of these chemicals.

U.S. Department of Health and Human
Services

ORNL conducts research in bioanalytical
chemistry, biomedical engineering and
bioimaging, biomaterials and biomimetics,
genetics, functional genomics, proteomics
(including mass spectrometry devel opment), and
toxicology for the U.S. Department of Health and
Human Services through various institutes of the
National Institutes of Health (NIH). Our research
into the genetics of obesity is supported through a
grant from the National Institute for Diabetes and
Digestive and Kidney Diseases. Investigations of
the genetics of germ cell susceptibility to
environmental mutagenesis are supported by an
interagency agreement with the National Institute
of Environmental Health Sciences (NIEHS).
Research was proposed to NIESH for linking
human and ecological health risks by using
sentinel wildlife species as indicators of human
health effects. ORNL also conducts research for
the National Heart, Lung, and Blood I nstitute; the
National Institute on Aging; the National Institute
Human Genome Research Institute; the National
Institute for Mental Health (Sect. 4.2.1); and the
National Institute of General Medical Sciences.

The National Institute for Allergies and Infectious
Diseases is expected to have a greatly expanded
role in the U.S. defense against bioterrorism,
starting in FY 2003. ORNL plansto support this
effort by employing mice as amodel to study
effects of chemical, biological, and radiological
threats. This research will make use of the new
Laboratory for Comparative and Functional
Genomics, which isto be constructed at ORNL in
FY 2002-2003.

Genetic, reproductive, and general toxicology
databases are devel oped, analyzed, and evaluated
for the Food and Drug Administration (FDA), the
National Library of Medicine, and the National
Toxicology Program, with support from the
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Environmental Protection Agency (EPA). ORNL
staff also provide the FDA Center for Food Safety
and Applied Nutrition with critical evaluations of
toxicology data for food additives.

A National AIDS/Cancer Match Registry
developed at ORNL has been used throughout the
world to identify tumor types developed in
immunocompromised individuals. The project is
being repeated to determine the efficacy of AIDS-
related drugs and to gain further insightsin
tumorigenesis.

The NIH National Cancer Institute has published
the Atlas of Cancer Mortality for the United
Sates, 1950-1994. The atlas shows the geographic
patterns of cancer, opening the door for spatial
analyses and research on cancer epidemiology and
etiology. Establishing correlative spatial and
temporal links between cancer incidence and
mortality patternsis acritical task in establishing
cancer etiology and enhancing cancer prevention.
Research at ORNL will focus on developing
spatial statistical methods and using geographical
information systems to determine correlation
among cancer types and a series of social,
economic, and environmental factors at various
Spatial scales.

Federal Emergency Management Agency

ORNL programs for the Federal Emergency
Management Agency (FEMA) include a range of
R& D and technical assistance activities that
support national preparedness for disasters and
emergencies. ORNL serves as an independent
center of expertisein areas that include emergency
planning, training, exercises, simulation modeling,
warnings, risk communication, sheltering, health
effects, engineering assistance, analysis and
assessment, and emergency evacuation
procedures. ORNL has developed OREMS, the
Oak Ridge Evacuation Modeling System, for
FEMA, which is a state-of-the-art evacuation
simulation system. ORNL has supported FEMA's
Chemical Stockpile Emergency Preparedness
Program (CSEPP) since 1989. In support of this
program, ORNL has devel oped the CSEPP
planning guidance, numerous training products,
and avariety of technical studies. ORNL will
continue to be aleader in developing technical
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training for that program and in providing analytical
support in the areas of protective action decision
making, sheltering-in-place, evacuation, and reentry
into contaminated areas. In addition, ORNL will
support FEMA'sinternational programs concerning
information exchange and technology transfer.

Other Federal Agencies

ORNL providestechnical support to avariety of
other federal agencies, including the U.S.
Department of Agriculture, the U.S. Department of
Commerce, the U.S. Department of Education, the
U.S. Department of the Interior, and the U.S.
Department of State.

» The State Department provides support for work
performed for the International Atomic Energy
Agency and the United Nations Educational,
Scientific, and Cultural Organization
(UNESCO). ORNL assists the U.S. country
studies program in support of the
Intergovernmental Panel on Climate Change.

 Projects for the Department of Education
include the development of alearning module to
teach elementary physical principles as they
apply to the construction and testing of a straw-
bale wall and the design and programming of an
automated decision-making software package
for ng data on secondary education
schools and institutions.

* ORNL iscollaborating with the U.S.
Department of Agriculture (USDA) Office of
Energy Policy and New Uses to incorporate data
on potential energy crops into models of the
agricultural sector used by USDA for economic
and policy analyses. Thiswork focuses on the
FOLY SY S model developed and maintained for
USDA by the University of Tennessee.

e ORNL servesthe U.S. Agency for International
Development as a center of expertise on energy
planning, policy development, and renewable
energy applications. Activities include research;
analysis, technical assistance; project
development, implementation, and evaluation;
and information dissemination.

* ORNL scientists conduct environmental
research in the Great Smoky Mountains
National Park for the National Park Service.

e Support is provided to the Bureau of Labor
Statisticsin artificial intelligence systems to
provide estimates of consumer pricesindex and
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survey automation.

* ORNL provides support in environmental
management of water resources to several
federal agencies. For example, ORNL staff
serve as technical advisorsto the U.S. Army
Corps of Engineers on environmental issues
such as hydropower impacts on fish and wildlife
and instream flow policies and to the Northwest
Power Planning Council and the Office of
Science and Technology Policy on restoration of
Pacific salmon.

 Under the sponsorship of the interagency
Strategic Environmental R& D Program/
Environmental Security Technology
Certification Program, ORNL staff are involved
in an interagency group including DOE, DoD,
the Agency for Toxic Substances and Disease
Registry, and the EPA. The group’s purpose isto
improve the scientific methods and models for
the performance and application of risk
assessments. Ecological models devel oped at
ORNL are used to address land management
issues.

» The U.S. Geological Survey supports the
development of regional and national data
management and analysis tools as part of the
National Biological Information Infrastructure
program.

Nonfederal Organizations

ORNL performs research for and in collaboration
with many nonfederal entities, both public and
private. These efforts support DOE’'saimsin
developing partnerships and applying the
resources of the national |aboratories to issues and
problems of national importance.

Private industry interacts with ORNL through
cooperative R& D agreements, user agreements,
licensing agreements, and other mechanisms. For
example, ORNL supports the |daho Power
Company with environmental studies of how
hydroelectric projects affect fish populations, an
activity that complements other work for DOE’s
Hydropower Program. ORNL also interacts with
many other nonfederal entities, including
SEMATECH, the Japan Atomic Energy Research
Institute, the Korea Atomic Energy Research

Institute, the United Kingdom Atomic Energy
Agency, the International Atomic Energy Agency,
the Electric Power Research Ingtitute, and Oak
Ridge Assaciated Universities. States make use of
ORNL expertise through agreements such as those
with the State of Floridato study the
environmental behavior of mercury; through the
State Partnerships Program; and through user
facility agreements, cooperative R& D agreements,
and other mechanisms.

Supplemental Tables

Table S.1 presents projected resources (funding
and direct personnel) by program. The projections
in Table S.1 are based on funding requested in the
FY 2003 budget submission documents, with some
adjustments for subsequent guidance. The
projections include some funding for construction
that supports the major laboratory initiatives
proposed in Sect. 4 of the Institutional Plan.

Resource projections for future years are
presented in terms of new budget authority (BA)
funding in millions of dollars. New BA requests
are calculated by adding estimates of fiscal year-
end outstanding commitments (institutional,
programmatic, and continued operation) to the
total cost and then subtracting the prior-year
uncosted budget. Personnel projections are given
as the number of full-time equivaent (FTE)
employees.

Tables S.2 and S.3 present information about
ORNL's staff. Table S.4 presents estimates for
subcontracting and procurement, reported as total
obligated funds for each fiscal year, and Table S.5
presents estimates for small and disadvantaged
business procurement.

Table S.6 provides details on the use of ORNL's
designated user facilities during FY 2000.

Table S.7 provides details on participation in
ORNL's university and science education
programs. Table S.8 provides projected estimates
of Laboratory Directed Research and
Development (LDRD) funding.
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Table S.1. Resources by program by fiscal year

($inmillions)
2001 2002 2003 2004 2005 2006 2007
Undersecretary for Energy, Science, and Environment
Office of Science
Fusion Energy Sciences—AT
Total operating 167 182 192 198 196 2038 244
Capital equipment 03 12 23 46 52 73 37
Total program 170 194 215 244 24.8 281 281
Total direct personnel (FTE) 64.9 659 67.2 705 705 705 705
Safeguards and Security Science—FS
Total operating 29 46 75 82 6.0 6.2 6.3
Total direct personnel (FTE) 58 39 449 453 453 453 453
High Energy Physics—KA
Total operating 0.8 0.7 0.7 0.7 0.7 0.7 0.7
Capital equipment 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total program 0.8 0.7 0.7 0.7 0.7 0.7 0.7
Total direct personnel (FTE) 1.3 1.7 1.3 1.3 1.3 13 1.3
Nuclear Physics—KB
Total operating 140 142 144 149 153 158 163
Capital equipment 14 14 17 17 14 14 14
Construction 04 04 04 09 29 34 29
Total program 158 160 165 175 196 206 206
Total direct personnel (FTE) 64.4 60.8 615 60.8 60.8 60.8 60.8
Basic Energy Sciences—KC
Operating expense (excluding SNS) 829 874 911 %.7 1015 116.2 1213
Operating expense, SNS 190 150 144 184 31 338 1500
Total operating 1019 1024 1055 1151 1346 1500 2713
Capita equipment (excluding SNS) 42 91 79 23 47 48 48
Capita equipment, GPE? Landlord 19 19 22 31 25 25 25
Capita equipment, SNS 01 01 00 00 00 00 00
Construction (excluding SNS) 16 51 26.0 230 25 20 20
Construction, GPP® Landlord 58 42 6.2 64 65 72 78
Construction, SNS 2589 276.3 2106 124.6 798 411 00
Proposed construction 00 00 00 00 00 00 00
Total program 3744 391 3584 2745 2506 2076 2885
Total direct personnel (FTE) 4509 4192 482.7 508.6 508.6 508.6 508.6
Energy Research Analyses—KD
Total operating 0.0 0.1 0.0 0.0 0.0 0.0 0.0
Total direct personnel (FTE) 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Multiprogram Energy L aboratories—Facilities Support—K G
Total operating 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Capital equipment 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Construction, MGPF 6.6 76 106 00 00 00 00
Proposed construction 00 00 00 122 244 312 281
Total program 6.6 76 106 122 244 312 281
Total direct personnel (FTE) 00 00 00 00 00 00 00
Facilitiesand Infrastructure—KH
Total operating 0.0 31 1.2 0.0 0.0 0.0 0.0
Total direct personnel 00 00 00 00 00 00 00
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Table S.1 (continued)

2001 2002 2003 2004 2005 2006 2007
Computational and Technology Research—KJ
Total operating 22 26.7 233 245 57 271 285
Capital equipment 03 00 00 00 00 00 00
Total program 25 26.7 233 245 257 271 285
Total direct personnel (FTE) 524 608 638 743 743 743 743
Biological and Environmental Research—KP
Total operating 304 373 371 34 398 412 426
Capital equipment 39 51 0.7 10 15 20 20
Construction 25 114 00 00 00 00 00
Total program 458 538 378 394 43 432 246
Total direct personnel (FTE) 1533 1490 1402 1360 1360 1360 1360
Total Office of Science
Operating expense 1979 2073 2089 2216 2417 2618 3901
Capital equipment 101 169 126 96 128 155 119
Capita equipment, GPE Landlord 19 19 22 31 25 25 26
Capital equipment, SNS 01 01 00 00 00 00 00
Construction (excluding SNS) 111 274 370 239 254 54 49
Construction, GPP Landlord 58 42 6.2 64 65 72 7.8
SN construction 2589 2763 2106 1246 798 411 00
Proposed construction 00 00 00 122 244 312 281
Total program 4858 534.1 4775 4014 3931 364.7 4454
Total direct personnel (FTE) 802.2 79%.3 8616 89%6.8 89%6.8 89%6.8 89%6.8
Officeof Ener gy Efficiency and Renewable Ener gy
Solar and Renewabl e Resource Technol ogies—EB
Total operating 242 185 199 206 213 20 28
Capital equipment 14 00 23 17 01 01 01
Total program 256 185 22 23 214 21 229
Total direct personnel (FTE) B5 782 0.1 0.1 0.1 0.1 0.1
Buildings Sector—EC
Total operating 197 131 15 123 123 128 132
Capital equipment 18 00 00 00 02 02 02
Total program 215 131 115 123 125 130 134
Total direct personnel (FTE) 129 32 336 04 304 04 304
Industrial Sector—ED
Total operating 24.8 157 175 189 209 215 23
Capital equipment 06 09 04 00 00 00 00
Proposed construction 00 00 00 15 144 00 00
Total program 254 166 179 204 3H3 215 223
Total direct personnel (FTE) 682 25 27 390 3.0 390 3.0
Transportation Sector—EE
Total operating 450 400 423 437 453 469 485
Capital equipment 14 05 00 01 03 03 03
Total program 464 405 423 438 456 472 488
Total direct personnel (FTE) 1624 1134 1247 1305 1305 1305 1305
Policy and Management—EH
Total operating 08 08 03 03 04 04 04
Total direct personnel (FTE) 19 25 20 18 18 18 18
Federal Energy Management Program—EL
Total operating 41 37 43 45 46 48 49
Total direct personnel (FTE) 73 123 146 148 148 148 148
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Table S.1 (continued)

2001 2002 2003 2004 2005 2006 2007
Power Technologies—EO
Total operating 00 270 280 289 29 309 321
Total direct personnel (FTE) 00 24.7 281 259 259 259 259
In-House Energy M anagement—WB
Total operating 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total direct personnel (FTE) 0.0 0.2 0.0 0.0 0.0 0.0 0.0
Total Office of Energy Efficiency and Renewable Energy
Operating expense 1186 1181 1238 1292 1347 1393 144.2
Capital equipment 52 14 27 18 06 06 06
Proposed construction 00 00 15 144 00 00 00
Total program 1238 1202 1265 1310 1353 1399 1448
Total direct personnel (FTE) 3H12 3070 33538 3415 3415 3415 3415
Officeof Nuclear Ener gy, Science, and Technology
Nuclear Energy R& D—AF
Total operating 6.9 104 105 168 185 190 190
Capital equipment 01 00 00 00 00 00 00
Construction 00 00 00 03 00 00 00
Total program 70 104 105 198 185 190 190
Total direct personnel (FTE) 261 349 501 59.6 59.6 59.6 59.6
Uranium Enrichment—CD
Total operating 02 00 00 00 00 00 00
Total direct personnel (FTE) 30 15 10 10 10 10 10
Program Direction—Nuclear Energy—KK
Total operating 00 00 00 00 00 00 00
Total direct personnel (FTE) 0.7 01 01 00 00 00 00
I sotope Production and Distribution Program—ST
Total operating 18 111 9.0 93 96 100 103
Capital equipment 00 00 00 00 00 00 00
Total program 118 11 90 93 96 100 103
Total direct personnel (FTE) 332 350 250 250 250 250 250
Total Office of Nuclear Energy, Science and Technology
Operating expense 189 215 195 26.1 281 2.0 293
Capital equipment 01 00 00 00 00 00 00
Construction 00 00 00 30 00 00 00
Total program 191 215 195 2.1 281 2.0 293
Total direct personnel (FTE) 63.0 715 762 85.6 85.6 85.6 85.6
Officeof Fossil Energy
Coal—AA
Total operating 9.7 92 100 88 87 87 87
Total direct personnel (FTE) 323 153 186 140 140 140 140
Gas—AB
Total operating (13 09 02 10 10 10 10
Total direct personnel (FTE) 00 32 35 25 25 25 25
Petroleum—AC
Total operating 97 20 20 12 13 13 13
Total direct personnel (FTE) 170 99 81 42 42 42 42
Innovative Clean Coal Technology—AZ
Total operating 03 03 03 03 03 03 03
Total direct personnel (FTE) 24 15 18 15 15 15 15
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Table S.1 (continued)

2001 2002 2003 2004 2005 2006 2007
Strategic Petroleum Reserve—SA
Total operating 01 02 03 03 03 03 03
Total direct personnel (FTE) 06 08 08 09 09 09 09
Total Officeof Fossil Energy
Total operating 123 126 128 116 116 116 116
Total direct personnel (FTE) 523 307 328 231 231 231 231
Ener gy Information Administration
National Energy Information System—TA
Total operating 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Total direct personnel (FTE) 0.1 0.6 0.3 0.0 0.0 0.0 0.0
Total Energy Information Administration
Total operating 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Total direct personnel (FTE) 0.1 0.6 0.3 0.0 0.0 0.0 0.0
Office of Environmental M anagement
Environmental Management-EM (ORNL Financial Plan)
Total operating 3R2 309 96 105 121 121 121
Capital equipment 02 0.1 00 00 00 00 00
Total program R4 299 96 105 121 121 121
Total direct personnel (FTE) 1110 1179 833 6.7 6.7 76.7 6.7
Total Office of Environmental Management
Total operating 3R2 309 96 105 121 121 121
Capital equipment 02 0.1 00 00 00 00 00
Total program R4 299 96 105 121 121 121
Total direct personnel (FTE) 1110 1179 833 6.7 6.7 76.7 6.7
Undersecretary for National Nuclear Security
Office of the Deputy Administrator for National Nuclear Security
Naval Reactors—AJ
Total operating 01 01 01 00 00 00 00
Total direct personnel (FTE) 02 02 02 02 02 02 02
Weapons Activities—DP
Total operating 187 214 179 182 186 189 192
Capital equipment 00 05 01 05 0.7 09 09
Proposed construction 00 00 0.7 17 00 00 00
Total program 187 219 180 187 193 198 2.1
Total direct personnel (FTE) 798 1127 926 1003 100.3 1003 1003
Total Deputy Administrator for National Nuclear Security
Total operating 187 1282 874 0.2 930 959 989
Capital equipment 00 20 01 05 0.7 09 09
Construction 00 00 00 00 00 00 00
Total program 187 1302 875 0.7 937 9%.8 0.8
Total direct personnel (FTE) 1215 2116 197.3 2085 2085 2085 2085
Departmental Saff and Support Offices
Office of Environment, Safety and Health
Environment, Safety, and Health (Non-Defense)—HC
Total operating 13 14 16 16 17 17 18
Total direct personnel (FTE) 81 54 5.7 5.7 5.7 5.7 5.7
Environment, Safety, and Health (Defense)—HD
Total operating 0.7 10 05 06 05 06 06
Total direct personnel (FTE) 16 33 19 20 20 20 20
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Table S.1 (continued)

2001 2002 2003 2004 2005 2006 2007
Total Officeof Environment, Safety, and Health
Total operating 20 25 21 22 22 23 24
Total direct personnel (FTE) 97 87 76 7.7 7.7 7.7 7.7
Officeof Counterintelligence
Counterintelligence—CN
Total operating 13 13 17 21 21 21 21
Total direct personnel (FTE) 92 90 112 122 122 122 122
Total Office of Counterintelligence
Total operating 13 13 17 21 21 21 21
Total direct personnel (FTE) 92 90 112 122 122 122 122
Officeof Security and Emer gency Oper ations
Nuclear Safeguards and Security—GD
Total operating 01 01 00 00 00 00 00
Capital equipment 01 00 00 00 00 00 00
Total program 13 01 00 00 00 00 00
Total direct personnel (FTE) 03 04 00 00 00 00 00
Total Office of Security and Emergency Operations
Total operating 13 01 01 01 01 01 01
Total direct personnel (FTE) 03 04 00 00 01 00 00
Officeof Policy and Inter national Affairs
International Affairs—IA
Total operating 02 00 00 01 02 02 02
Total direct personnel (FTE) 00 21 02 02 02 02 02
Policy, Analysis, and Systems Studies—PE
Total operating 01 02 04 04 04 04 04
Total direct personnel (FTE) 10 06 06 06 06 06 06
Total Officeof Policy and International Affairs
Total operating 03 02 04 05 06 06 06
Total direct personnel (FTE) 10 27 08 08 08 08 08
Officeof Hearingsand Appeals
General Administration Program Direction—WA
Total operating 00 01 01 01 01 01 01
Total direct personnel (FTE) 08 02 00 00 00 00 00
Total Office of Hearings and Appeals
Total operating 0.0 0.1 0.0 0.0 0.0 0.0
Total direct personnel (FTE) 0.8 0.0 0.0 0.0 0.0 0.0
Office of Worker and Community Transition
Worker and Community Transition Program—GG
Total operating 22 00 00 00 00 00 00
Total direct personnel (FTE) 00 00 00 00 00 00 00
Total Office of Worker and Community Transition
Total operating 22 00 00 00 00 00 00
Total direct personnel (FTE) 00 00 00 00 00 00 00
Federal Energy Regulatory Commission
Federal Energy Regulatory Commission—VR
Total operating 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total direct personnel (FTE) 00 00 00 00 00 00 00
Total Federal Energy Regulatory Commission
Total operating 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total direct personnel (FTE) 00 00 00 00 00 00 00
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Table S.1 (continued)

2001 2002 2003 2004 2005 2006 2007
Environmental M anagement (Bechtel JacobsCompany LLC)
Total operating 200 132 11.8 118 11.8 118 11.8
Total direct personnel (FTE) 1309 488 15 426 426 126 426
Subtotal DOE Programs
Total operating 4503 5370 4789 5064 5374 567.0 7037
Capita equipment (excluding SNS) 157 193 154 119 141 170 134
Capital equipment, SNS 01 0.1 00 00 00 00 00
Capita equipment, GPE Landlord 19 19 22 31 25 25 26
Construction (excluding SNS) 111 274 370 269 254 54 49
Construction, GPP Landlord 58 42 6.2 64 65 72 78
SN construction 2589 276.3 2106 1246 798 411 00
Proposed construction 00 00 0.7 154 38 312 281
Total 7438 866.2 7505 694.7 7055 6714 7605
Total direct personnel (FTE) 16532 1607.2 16534 16955 16955 16955 16955
DOE Contractorsand Oper ations Offices
Total operating 517 586 544 464 439 240 1.1
Total direct personnel (FTE) 2444 2488 1878 1817 1817 1817 1817
CooperativeR& D Agreements
Total operating 90 6.6 84 84 84 84 84
Total direct personnel (FTE) A5 30 457 41 41 4.1 41
Total DOE Programs
Total operating 5110 602.2 541.2 561.2 590.7 6194 756.2
Capita equipment (excluding SNS) 157 193 154 119 141 170 134
Capita equipment, GPE Landlord 19 19 22 31 25 25 26
Capital equipment, SNS 01 0.1 00 00 00 00 00
Construction (excluding SNS) 111 274 370 269 254 54 49
Construction, GPP Landlord 58 42 6.2 64 65 72 78
SN construction 2589 276.3 2106 1246 798 411 00
Proposed construction 00 00 0.7 154 338 312 281
Total 8045 9314 8133 7495 7578 7238 8130
Total direct personnel (FTE) 19321 18940 1886.9 1921.3 19213 19213 19213
Work for Others
Nuclear Regulatory Commission
Operating expense 78 95 80 80 80 80 80
Total direct personnel (FTE) 204 274 250 248 24.8 248 24.8
Department of Defense
Operating expense 314 309 50.0 431 54.0 63.0 730
Total direct personnel (FTE) 1024 1000 0.2 792 792 792 792
National Aeronauticsand SpaceAdministration
Operating expense 40 53 81 81 81 81 81
Total direct personnel (FTE) 11.3 184 186 176 176 176 176
Department of Health and Human Services
Operating expense 16 16 16 25 40 55 75
Total direct personnel (FTE) 82 1.7 6.4 5.7 5.7 5.7 5.7
Environmental Protection Agency
Operating expense 51 39 36 38 39 40 42
Total direct personnel (FTE) 194 186 165 161 161 161 161

S-13



Institutional Plan FY 2003—-FY 2007

Table S.1 (continued)
2001 2002 2003 2004 2005 2006 2007

Federal Emer gency M anagement Agency

Operating expense 08 12 09 09 09 09 09

Total direct personnel (FTE) 39 31 33 32 32 32 32
Department of Transportation

Operating expense 56 51 46 46 46 46 46

Total direct personnel (FTE) 175 180 147 146 146 146 146
Other Federal agencies

Operating expenses 32 438 51 47 438 438 47

Total direct personnel (FTE) 160 303 484 615 615 615 615
Other nonfederal agencies

Operating expense 245 153 139 130 132 133 134

Total direct personnel (FTE) 750 624 616 622 622 622 622
Total Work for Others

Operating expense 847 872 9%6.0 839 1017 1124 1246

Total direct personnel (FTE) 2752 2884 2856 2856 2854 2854 2854
Total Program Resources

Operating expense 5957 6394 637.2 650.1 6924 7318 8308

Capita equipment (excluding SNS) 157 193 154 119 141 170 134

Capital equipment, SNS 01 01 00 00 00 00 00

Capita equipment, GPE Landlord 19 19 22 31 25 25 26

Construction (excluding SNS) 111 274 370 269 254 54 49

Construction, GPP Landlord 58 42 6.2 64 65 72 78

SN construction 2589 2763 2106 124.6 798 411 00

Proposed construction 00 00 0.7 154 338 312 281

Total 839.2 10186 909.3 8384 8595 836.2 9376
Total direct personnel (FTE) 22073 21824 21725 2206.7 2206.7 2206.7 2206.7

3GPE = Genera Plant Equipment.
®GPP = General Plant Project.

S-14



Supplemental Information

"(e)2'T-09 44D Tt Aq paainbai se ‘(T-O33) 00T W0 plepuels Uo paulep S,

Sewd) =,
‘BRW = |Nqg
‘A10Ba1e0 [eUOITRdN220 Ul Ssa/0|dws Jo JBquinu 103 Jo 8elusdIod.

(292) Wwe9) O¥) 69 (@©O©1T) G2 GT0 (@O0 0 G0 B2 We) @08 (€69)

OTOT 6S8C  €ST 092 L€ 66 S T S €e GOT /2T  29TT 0292 1oL
(ost) (6719 W2 (@or) BT (0 B0 (OO0 (0 (0 (@88 Q01T (G99 (Gt

LT 0L v1 zT Z 0 T 0 0 0 0T zT 0e €8 SISYIOMBOINRS
(coz) (€ww) (@or) (g2 o0 (0 (@O0 (@O0 (o0 (o or) sz @0 €£69)

8T 6c 6 ze 0 0 0 0 0 0 6 22 Yird 19 sieloge]
(Tyr) (0s2) @v) (€9 (o0 (©0 ©1) (@O0 (@O0 (0 (¢ (€9 (@81 (€19

6 5174 € 1% 0 0 T 0 0 0 Z 1% r4) Zs seAieRdO
re) @es) (o (2 (@©o0) o0 (o0 (o0 (0 (€0 (o0 (@9 e (99%)

zT T2€ 0 14 0 Z 0 0 0 T 0 2 4 ove s1eID
(eg8) (T2 @11) B0 (OT) (OO0 (€0 (@O0 W0 (0 (o) (@®0) (260 (672

1TV oT /S 14 g 0 T 0 Z 0 % 1 89 T [a]i=Tie}
(062) (ge9) (e) E€v) (€0 (€0 (€0 (@O0 €0 @1 (€2 (€2 ze) B9
10T TZ2 1T GT T T T 0 T 9 8 8 415 9ee sueIuyoe |
(961) (G69) (B2 (©O® ¢G1 (v G@Co0o GCo Co @1 €1 671 Go) G112
G/E 82T ¥§ €St 9z 68 T T Z 9z sz L€ 62y  T8YT S[euossajolid
(o9r) (892) 1) (9 o 1) (@O0 (@O0 (@O0 00 o Ev 1) B9
/9 zee S sz € L 0 0 0 0 4 8T zL L¥e  skfevew pueseniyo
4 N 4 N 4 N 4 N 4 N = N o alN
(%) (%) (%) (%) (%) (%) 8p0oD [euoirdnooQ
3lUM [e101 A1Loul | Bpues| SAIRN uese|Y oluedsIH xoe|g 1oL

O1j19ed/UeSY  /UDLBWY/SAIEN

TO0Z 10} sansiels Allunuoddo juswAojdw3 jenb3 'z's a|qelL

S-15



Institutional Plan FY 2003—-FY 2007

Table S.3. ORNL staff composition (as of December 31, 2001)?

Ph.D. M.S. B.S/B.A. Other Total

Professional staff
Scientists 439 143 104 33 719
Engineers 346 204 169 70 789
M anagement/administrative 20 275 318 208 821

Support staff

Technicians 0 6 69 273 348
All other 0 5 81 1019 1105
Total ORNL staff 805 633 741 1603 3782

3 ncludes both full-time and part-time employees.

Table S.4. Estimated subcontracting and procurement by fiscal year

($in millions—obligated)

20007 20012 20022 2003
Universities
SNS 0.1 0.0 0.0 0.0
ORNL excluding SNS 22.7 25.0 25.0 25.0
All others
SNS 55.7 88.6 125.0 132.0
ORNL excluding SNS 135.3 152.0 155.0 165.0
Transfersto other DOE facilities
SNS 0.0 0.0 0.0 0.0
ORNL excluding SNS 0.8 13 13 15
Total external subcontracts and procurements
SNS 55.8 88.6 125.0 132.0
ORNL excluding SNS 158.8 178.3 181.3 1915

aActual .

Table S.5. Estimated small and disadvantaged business procurement

(by fiscal year)
2000? 20012 2002
Total small and disadvantaged business procurement,
in millions of dollars
SNS 6.2 9.1 50.0
ORNL excluding SNS 63.3 68.3 725
Small and disadvantaged business procurement,
as a percentage of total procurement
SNS 11.0 10.3 40.0
ORNL excluding SNS 39.9 384 40.0

aActual.
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Table S.6. Experimenters at ORNL's designated user facilities in FY 200130

Number of Non-ORNL
experimenters organizations
Bioprocessing Research and Development Center
ORNL 3 —
Other U.S. government laboratories 3 1
U.S. universities 6 5
U.S. industry 1 1
International organizations 5 1
Other® 2 1
Total 20 9
Buildings Technology Center
ORNL 340 —
Other U.S. government laboratories 160 2
U.S. universities 20 1
U.S. industry 987 73
International organizations 12 2
Total 1519 78
Californium User Facility for Neutron Sciences
ORNL 0 —
Other U.S. government laboratories 1 1
U.S. universities 1 1
U.S. industry 1 1
International organizations 0 0
Total 3 3
Fuels, Engines, and Emissions Research Centerd
ORNL 0 —
Other U.S. government laboratories 0 0
U.S. universities 0 0
U.S. industry 1 1
International organizations 0 0
Total 1 1
High Temperature Materials L aboratory
ORNL 12 —
Other U.S. government |aboratories 7 4
U.S. universities 612 9
U.S. industry 312 5%
International organizations 0 0
Total 943 151
Holifield Radioactive lon Beam Facility
ORNL 22 —
Other U.S. government laboratories 0 0
U.S. universities 45 16
U.S. industry 0 0
International organizations 8 7
Total 75 23
Metals Processing L aboratory User Facility (MPLUS)
ORNL 741 —
Other U.S. government | aboratories 0 0
U.S. universities 2] 3
U.S.industry 632 K74
International organizations 0 0
Total 1522 35
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Table S.6 (continued)

Number of Non-ORNL
experimenters organizations

National Transportation Research Center®
ORNL
Other U.S. government | aboratories
U.S. universities
U.S.industry
International organizations
Total

Oak Ridge National Environmental Research Park!
ORNL
Other U.S. government | aboratories
U.S. universities
U.S.industry
International organizations
State and educational agencies
Total 107

Physical Properties Research Facility
ORNL
Other U.S. government laboratories
U.S. universities
U.S. industry
International organizations
Total

Shared Research Equipment (SHaRE) Facility
ORNL
Other U.S. government |aboratories
U.S. universities
U.S.industry
International organizations
Total

P ORFPr OoOOoOOo
HOHOO'

NRooRwd

CBooBwm |

O R Rk P RP O
IR

CSwolndg
RHwobBxal

aThefollowing designated user facilities did not have any experimenters. High Flux | sotope
Reactor (HFIR), Metrology R& D Laboratory, Oak Ridge Electron Linear Accelerator, and Power
Electronicsand Electric Machinery. The HFIR was shut down for theentire CY 2001.

bStatistics for U.S. government laboratories do not include undergraduate students (if
any); statistics for international organizations include users from foreign institutions,
regardless of citizenship.

‘Other represents state and educational agencies.

dFormerly the Advanced Propulsion Technology Center.

®New user facility.

Total s do not include approximately 6600 individual swho participated in the Ecol ogical
and Physical Sciences Study Center and High School Honors Program.
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Table S.7. University and science education statistics

FY 2001
Total Minorities \Women
Precollege student programs
Appalachian Regional Commission HonorsAcademy 33 3 20
Science Explorers Camp 26 2 13
Ecological and Physical Sciences Study Center 6519 782 3226
Women in Science and Technology 52 a 52
Precollege teacher programs
Appalachian Regional Commission Teacher L eadership Institute 15 1 10
Women in Science and Technology 10 a 10
Undergraduate programs
Energy Research Undergraduate L aboratory Fellowships 84 19 30
Great L akes Colleges Association/Associated Colleges of the 8 2 4
Midwest Science Semester
Community College Initiative 9 5 4
HERE@ORNL 161 55 45
Graduate programs
HERE@ORNL 1 7 5
Postgraduate programs
DOE Postdoctoral Programs 200 79 52
Postgraduate Research Training Program 6 0 1
Faculty programs
HERE@ORNL 17 3 4
Faculty Research Participation 4 2 1
Great L akes Colleges Association/Associated Colleges 1 0 0
of the Midwest
HBCU Faculty Research 9 5 1
aNot tracked.
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Available to DOE and DOE contractors from

Office of Scientific and Technical Information
P.O. Box 62

Oak Ridge, TN 37831

Telephone: (865) 576-8401

Faxe: 865-576-5728

E-mail: reports@adonis.osti.gov

Web site: http:/ /www.osti.gov/contact.html

Available to the public from

National Technical Information Service

US. Department of Commerce

5285 Port Royal Road

Springfield, VA 22161

Telephone: 703-605-6000 (1-800-553-6847)

TDD: 703-487-4639

Faxc: 703-605-6900

E-mail: info@ntis.fedworld.gov

Web site: http:/ /www.ntis.gov/support/ordernowabout.htm

This report was prepared as an account of work sponsored by an agency of the United States government. Neither
the United States government nor any agency thereof, nor any of their employees, makes any warranty, express or
implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any mnforma-
tion, apparatus, product, or process disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or
otherwise, does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United
States government or any agency thereof. The views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States government or any agency thereof.
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