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Laboratory Director’s Statement 1

I am both proud and excited to be leading the Oak Ridge National
Laboratory (ORNL) at this time of extraordinary opportunity.
Remarkable progress is being made across all areas of the
aggressive agenda laid out by the UT-Battelle team in 2000: science
and technology; operations and environment, safety, and health;
and community service.

Since arriving at ORNL in August 2003, | have been tremendously

impressed by the world-class scientific research capacity that is

being developed to support the needs of the Department of Energy

(DOE). It is now possible to look across the ORNL campus and

quite literally see the future in the suite of new research facilities

that will be completed in the next few years. These facilities will

substantially strengthen ORNL'’s capabilities in three critical areas:

. . Jeffrey Wadsworth

nanoscale science and technology, ultrascale computing and Director

simulation, and complex biological systems. Oak Ridge National Laboratory

« The Spallation Neutron Source (SNS) is more than 68%
complete and on schedule to begin operations in 2006. The SNS and the upgraded High Flux
Isotope Reactor will afford unique opportunities for fundamental studies of nanoscale
materials. To take advantage of these opportunities, we are building the Center for Nanophase
Materials Sciences adjacent to SNS. Complementing these resources are some of the world’s
highest-resolution electron microscopes, which will soon be housed in a new Advanced
Materials Characterization Laboratory.

= With the opening this summer of a new Computational Sciences Building, ORNL is home to the
nation’s largest computer center for unclassified scientific research. The systems and
equipment housed in this facility are essential resources for the solution of complex scientific
problems.

= We are securing the capabilities needed to deliver an integrated and predictive understanding
of biological systems. Our strengths in structural molecular biology, microbial genomics,
genome-scale proteomics and protein complex analysis, computational biology and
bioinformatics, and studies of gene and protein function are being focused on the challenges of
DOE’s Genomes to Life program. The new Laboratory for Comparative and Functional
Genomics will offer support to this area.

Among the most intriguing possibilities afforded by our new capabilities is the chance to explore
the nexus of these three areas. As Jack Marburger, the President’s science advisor, has observed, we
are beginning to be able to conceive, design, and build from the atomic level. At ORNL, we are
assembling a phenomenal set of tools for observing, fabricating, manipulating, and modeling
materials at the atomic scale. Our ability to integrate these distinctive resources and apply them to
emerging challenges, in partnership with researchers from other laboratories, universities, and
industry, can be expected to lead to revolutionary advances in science and technology.

These advances will, in turn, produce solutions to a broad range of problems. The ability to
translate science into practical solutions for urgent problems is a hallmark of the national
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laboratories. At ORNL, we are intensifying our focus on two areas of particular importance to DOE
and to the nation: energy security and national security.

Our efforts to develop systems and technologies that foster a diverse supply of affordable and
environmentally sound energy will emphasize next-generation nuclear power, fusion energy, and
hydrogen. Complementing this emphasis will be work to improve the reliability of the nation’s
electricity transmission and distribution, expand the use of distributed energy resources, and
advance energy efficiency in buildings and transportation systems.

In applying advanced science and technology to the nation’s defense, we not only support DOE’s
goals in nuclear nonproliferation but also address the problems of prevention, deterrence,
detection, mitigation, and identification of the use of weapons of mass destruction. We will
continue to leverage our diverse resources to develop tools for combating terrorism and enhancing
national security.

These are formidable challenges, but ORNL is exceptionally well positioned to deal with them.
Thanks to a strong partnership between UT-Battelle, DOE, the state of Tennessee, and the private
sector, a 21st century laboratory is emerging from construction sites across the ORNL campus. We
are eagerly looking forward to the research opportunities that come with these facilities, and we
are committed to making the most of our physical and intellectual resources to deliver excellence
in science and technology.

At the same time, we remain deeply committed to responsible stewardship of these resources. Our
facilities modernization effort extends beyond the construction of new buildings to ensure that
existing facilities support our mission assignments. Aggressive action has been taken to improve
the discipline and integration of operations at ORNL, with heartening results in improved safety
performance, reduced exposures of personnel to hazards, and disposal of immense quantities of
legacy materials. We have implemented systems for proactive planning, effective allocation of
resources, and rigorous assessments of performance to support the execution of the Laboratory
Agenda and enable us to deliver on our mission assignments.

Since coming to ORNL in August, | have observed a remarkable level of enthusiasm and
commitment throughout the organization. There is a great sense of excitement about the
opportunities that lie ahead of us. Thanks to UT-Battelle’s commitment to good corporate
citizenship, this sense of excitement is mirrored in the surrounding community. An extensive
network of partnerships underpins our efforts in science education, community involvement, and
economic development.

The Laboratory celebrated its 60th anniversary in 2003, looking back to its crucial role in the
Manhattan Project and its evolution into a unique resource for contributing to our nation’s security
and economic strength. As we prepare to deliver the science and technology that will change the
world of the 21st century, | am very much aware that we are building on a record of excellence
established by those who came before us. The standard that they set for ORNL will be our guide as
we advance the frontiers of knowledge, develop new technologies, and provide the world-class
facilities that will support and sustain the nation’s research enterprise.

I Se e F—



Mission and Roles 3

The Oak Ridge National Laboratory (ORNL) is an Office of Science multiprogram national
laboratory providing broad support to the Department’s overarching national security mission, as
articulated in the Department of Energy draft strategic plan released August 6, 2003. ORNL
combines distinctive capabilities in materials science and engineering, neutron science,
computational science, energy technology, mammalian genetics, environmental science, and
nuclear science and technology to deliver new knowledge and technologies to achieve DOE
objectives and meet national needs.

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

Mission Roles
Science

The draft DOE strategic plan states as General Goal 5 that DOE will “provide world-class scientific
research capacity needed to ensure the success of Department missions . . ., to advance the
frontiers of knowledge . . ., and to provide world-class research facilities . . . .” ORNL has two
broad roles in support of this goal: operation of major research facilities on behalf of the scientific
community and conduct of basic research, primarily in the materials and chemical sciences, the life
and environmental sciences, fusion energy, computational science, and nuclear physics.

ORNL’s user facility role is increasing in both scientific impact and size and scope. New
capabilities are becoming available to the scientific community through construction of the
Spallation Neutron Source and the Center for Nanophase Materials Science and the growth of the
Center for Computational Science into one of the nation’s premier civilian scientific computing
facilities. These efforts, coupled with the re-invigoration of the High Flux Isotope Reactor as a
major neutron scattering facility in its own right, significant upgrades to the Holifield Radioactive
lon Beam Facility, completion of a new Functional Genomics Facility, and several other
enhancements to ORNL instrumentation and facilities, are providing a new generation of
extraordinary tools for our nation’s scientists. Strategies to ensure the timely completion, effective
operation, and scientific productivity of major research facilities are described in the body of this
document.

ORNL carries on a broad portfolio of basic research in support of DOE’s Office of Science, the
largest single sponsor of research at ORNL. Major thrust areas include materials science, with
emphasis on nanoscale phenomena and neutron scattering, computational science, and the study
of complex biological systems. Primary clients within the Office of Science include DOE’s Offices
of Basic Energy Sciences, Biological and Environmental Research, Advanced Scientific Computing
Research, Fusion Energy Sciences, and Nuclear Physics. The Laboratory also receives support from
other federal sponsors of basic research.
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Energy Resources

The Department’s draft strategic plan establishes as General Goal 4 that DOE will “enhance energy
security by developing technologies that foster a diverse supply of affordable and environmentally
sound energy, improving energy efficiency, providing for reliable delivery of energy, exploring
advanced (energy) technologies . . ., and guarding against energy emergencies.” ORNL conducts
the nation’s largest and most broadly based energy research and development program in support
this goal. Primary supporters of ORNL’s programs include DOE’s Offices of Energy Efficiency and
Renewable Energy, Fossil Energy, and Nuclear Energy, Science and Technology; the new Office of
Electric Transmission and Distribution; the Department of Transportation; and the Nuclear
Regulatory Commission. Energy-related work is also sponsored by the Department of Defense and
the Environmental Protection Agency through ORNL’s Work for Others program.

ORNL’s energy programs are evolving in line with changes in the nation’s needs and advances in
science and technology, as reflected in Administration research initiatives and DOE programmatic
direction. Accordingly we are seeing new emphasis and increased effort in science and technology
related to the potential use of hydrogen as a major energy source throughout the economy, on
technologies for enhancing the stability and reliability of our electrical grid, and on science and
technology for advanced fission and fusion power generation. We also conduct substantial
programs in energy-efficient technologies for buildings, industrial, transportation, and utility end
use; bioenergy, with a focus on sustainable biomass feedstock and conversion technologies;
distributed energy resources, emphasizing integrated systems and utility reliability; carbon
sequestration; and fossil energy, emphasizing applied materials, fuel cells, and efficient turbine
systems.

National Nuclear Security

ORNL contributes to DOE’s national security mission primarily through support to DOE’s General

Goal 2: “Provide technical leadership to limit or prevent the spread of . . . weapons of mass

destruction; advance the technologies to detect the proliferation of weapons of mass

destruction . . ., and eliminate or secure inventories of surplus materials and infrastructure useable

for weapons of mass destruction.” ORNL supports the effort to reduce the global nuclear danger

through national nuclear security, nuclear safety, and nonproliferation efforts in three areas:

< management and disposition of weapons-related nuclear material;

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

< modeling and simulation of the effects of biological, chemical, and nuclear releases using high-
performance computing.

Primary support for these efforts is provided by the National Nuclear Security Administration
(NNSA) Office of the Deputy Administrator for Defense Nuclear Nonproliferation. The DOE Office
of Fissile Materials Disposition supports the development of nuclear-based technologies for
fissioning surplus plutonium in power reactors and efforts to dispose of surplus 2*U.

With the formation of the Department of Homeland Security, ORNL’s national security role is
evolving. ORNL has been identified as a Department of Homeland Security laboratory, and we
anticipate research roles particularly in areas related to detection, inhibition, and response to the
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use of nonconventional weapons and radiation dispersal devices in the United States. ORNL also
provides an increasingly broad range of research and development support to the DOE Offices of
Counterintelligence, Intelligence, and Security and Emergency Operations; the Department of
Defense; the Department of Justice; the Federal Emergency Management Agency; the Federal
Aviation Administration; and other government agencies with a focus on intelligence collection
and analysis, national security, law enforcement, and public safety.

Environmental Management

General Goal 6 in the draft DOE strategic plan states that DOE will “Accelerate cleanup of nuclear
weapons manufacturing and testing sites . . . .” ORNL supports the cleanup of DOE’s
environmental legacy through the integration of capabilities in 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. Although the volume of ORNL'’s
work has decreased in line with the accelerated cleanup strategy emphasis on near-term cleanup
operations, we continue R&D activities in environmental management science, environmental
technology development, and 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. DOE’s Environmental Management Science Program, a collaborative initiative
of DOE-EM and the Office of Science (DOE-SC), sponsors basic research to address long-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, a focal point for field-scale research on bioremediation of
metals and radionuclides. ORNL also performs work for the Environmental Protection Agency.

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 23U; and performs other tasks, frequently on an ad hoc basis, for DOE
organizations.

ORNL transfers the knowledge and technology 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.
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Major Facilities

An important part of DOE’s science mission is
conceiving, constructing, and operating large-
scale, complex facilities for R&D. ORNL is
home to 17 designated national user facilities
(more than any other national laboratory) that
are available to laboratory, industrial, and
academic users. It also operates a number of
other facilities that are used in executing DOE
missions.

Major Partnerships and
Collaborations

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

R&D partnerships and collaborations are
described in each initiative and program area
presented in this plan. Planned work for other
sponsors, which helps ORNL to maintain the
R&D expertise available to DOE and broaden
the application of the Laboratory’s strengths to
mission-related needs, is described in the
Supplemental Information appended to this
report. Technology transfer and economic
development activities are described on

page 183, and education partnerships are
discussed on page 191.

Major facilities at ORNL

Designated user facilities

Bioprocessing Research Facility

Buildings Technology Center

Californium User Facility for Neutron Science

Computational Center for Industrial Innovation

Cooling, Heating, and Power Integration
Laboratory

Fuels, Engines, and Emissions Research Center

High Flux Isotope Reactor

High Temperature Materials Laboratory

Holifield Radioactive lon Beam Facility

Metals Processing Laboratory User Center

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 Facility

Shared Research Equipment Collaborative
Research Center

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

Nanoscale Science and Technology
Laboratory

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
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UT-Battelle assumed responsibility for the
management and operation of Oak Ridge _ : _
National Laboratory in the spring of 2000. The Our strategic planning process is the
UT-Battelle leadership team refined and began principal tool by which, in partnership with the
executing a new strategic plan that had been Pepartment e Sy (D015 Ieade.rshlp, we
initially prepared as part of UT-Battelle’s integrate short- and long-term requirements

. and develop a strategy and implementation
proposal. That plan, founded on a philosophy

) : . plan that responds to both. Each year we
of simultaneous excellence in science and take a fresh look at our aspirations and goals

technology, laboratory operations, and for ORNL, considering new technical

community service, was built around three directions, specific challenges, and strategies

strategic objectives: for achieving them. We perform a situation

= A Dbroad effort to strengthen ORNL’s science analysis, reviewing our current situation and
and technology base and mission roles, external factors that could influence our
building on and enhancing the Laboratory’s choices, major trends, and opportunities. We
long-standing strengths in materials science, review the Laboratory’s principal needs and
computation, and energy research; 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.

renewing ORNL’s life sciences programs;
and expanding ORNL’s contributions to
DOE’s national security mission.
= Revitalization of ORNL’s human capital and
aging research facilities and infrastructure.
« Expansion of ORNL’s role in the community, with particular emphasis on science education
and community service.

Since that time, and in close partnership with DOE, we have made very substantial progress in all

three areas. Although substantial challenges remain, we are confident that we will realize the

critical outcomes that we laid out in 2000 by 2006 or 2007. Consequently the emphasis of our

strategic planning is shifting from ensuring progress against the very aggressive agenda that we

laid out at the beginning of the decade to preparing for what comes next. The questions we are

asking include the following:

< What new scientific opportunities are offered by the extraordinary combination of scientific
capabilities being created at Oak Ridge National Laboratory?

= What new opportunities do these capabilities offer to help meet the nation’s present and
emerging energy and national security challenges?

< How will we attract and retain the outstanding researchers and support staff necessary to
realize these opportunities?

< What are the most urgent needs to address in a second phase of facilities revitalization and
infrastructure renewal?

= How can we best continue our progress in making ORNL a vital contributor to education and
community development in our region?

Our strategic plan is evolving to reflect our initial answers to these very challenging questions.
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Situation Analysis

Strategic planning for a national laboratory begins with our best understanding of national needs
and of the dependence of potential solutions to those needs on science and technology and on an
honest assessment of the strengths and capabilities of that laboratory. It is not possible to provide a
detailed analysis of these factors in the space available here, but the following paragraphs
summarize the major items that we have considered in our planning.

National Needs and the DOE Mission

If ever a year reminded us of the enduring importance of DOE’s missions, 2003 was such a year.

Developments throughout the year have effectively reenforced the magnitude and impact of our

national security and energy challenges and help us understand the requirements that effective

solutions must meet.

= From the Middle East to the Korean Peninsula, events around the world continue to
demonstrate that preventing the proliferation of weapons of mass destruction and countering
terrorism will be enduring challenges. These challenges require both the efficient deployment
of our best available technologies and expertise today and the development of more effective
and complete solutions for the years to come.

= As this summer’s major electrical grid blackout forcefully reminded us, the nation’s
widespread, and increasing, dependence on interconnected critical infrastructures (banking
and finance, energy, telecommunications, transportation, water systems, and essential
government services) cry out for more reliable, more secure, and cost-effective technologies.
Our systems must become more robust against engineering failures and physical and cyber
threats.

= Continuing turmoil in the Middle East, coupled with the dominant role of growing U.S.
petroleum imports in meeting our energy needs, reenforces the urgency of a technologically
and economically feasible path to greater energy independence. Also of great importance,
although less visible in the headlines, is the need to enable economic growth worldwide while
mitigating the potentially adverse climate impacts of carbon dioxide emissions. In consequence
we are seeing a growing policy commitment to development of a range of energy alternatives,
from more reliable and affordable nuclear power to the technologies necessary to employ
hydrogen broadly in the U.S. economy. The 2003 U.S. decision to rejoin the international
consortium building ITER, a major fusion research facility, highlights this trend.

= There is a growing consensus that increased support for physical sciences research, including
those fields largely supported by the Department of Energy Office of Science, and the interface
between the physical sciences and the life sciences, engineering, and other fields, is in the
national interest. Over the last year, particularly, that view has been broadly expressed and
reflected in proposed legislation. However, competing demands for resources and deterioration
in the nation’s fiscal situation are likely to limit new research funding in the near and
intermediate term.

Science and Technology

For several years the science and technology communities have celebrated the spectacular progress
in computing and information technology, exploration of biological processes at the molecular
level, and advances in our ability to characterize and manipulate matter at the molecular or atomic
scale. These advances are being translated with unprecedented speed into new technologies in our
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workplaces, homes, and hospitals; enhancements to our transportation, energy, and other critical

infrastructures; and new tools for protecting our national security. We believe that these three

trends will be the dominant scientific and technological themes for at least the first decades of the

twenty-first century. Particularly exciting opportunities to advance scientific frontiers and to

translate new knowledge into improvements in the human condition and solutions to national

needs likely lie at the intersection of these trends.

= Modeling and simulation continues to become increasingly central to a broad range of scientific
and engineering fields, drawing on and driving advances in computational science and
computing power. Continuing advances in computing technology and modeling software
allow us to model complex natural and engineered systems with increased spatial and
temporal resolution, with more accurate physics, and across multiple spatial and temporal
scales. New communications and networking capabilities allow us to bring together
researchers and information from around the globe to solve the most demanding scientific and
technical challenges. Spectacular though the advances to date are, we believe that we are barely
beginning to see the full potential impacts of modern computing technology on science,
engineering, and, indeed, society.

< As our experimental and computational tools continue to advance, our ability to investigate
complex biological systems at a fundamental level is growing rapidly. Improved fundamental
understanding of biological systems underlies not only improvements in human health and
medical care but also our understanding and stewardship of the natural environment, delivery
of goods and services through biologically based processing methods, our capacity to meet
growing energy needs with reduced environmental impact, and our ability to respond to
biological weapons.

< Continued advances in our ability to image and manipulate matter at molecular and atomic
scales offer extraordinary scientific opportunities and technological advances. In combination
with advances in computing and in our understanding of biological self-assembly processes,
emerging abilities to work at the nanoscale promise to make a reality of the long-articulated
vision of “materials by design,” with dramatic consequences almost certain across most areas
of science and technology.

Developments at ORNL

ORNIL is not the same laboratory it was even three or four years ago. \We are greatly extending our
core materials science capability with new neutron scattering capabilities at the High Flux Isotope
Reactor (HFIR), steady progress towards on-time, on-budget completion of the Spallation Neutron
Source (SNS), initiation of construction on the Center for Nanophase Materials Science (CNMS),
and advances in high-resolution electron microscopy. Remarkable new computational capabilities
are coming into existence with the completion of our new Computational Sciences Building,
installation of the initial cabinets of the Cray X1 architecture, and advances in our climate, fusion,
and materials science simulation capabilities. Substantial participation in three major “Genomes to
Life” awards, completion of a new vivarium to support our mouse genetics work, and expansion
of our relationship with the National Institutes of Health are bringing new energy to our life
sciences research. Our national security work has grown in both volume and impact as ORNL
capabilities are applied to both long-standing and emerging challenges, and we are adding some
exciting new directions and capabilities to the nation’s largest and broadest energy research effort.
Expanded or new partnerships with many of the nation’s and region’s leading research universities
have been integral to much of this progress.
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The most visible sign of change at Oak Ridge is the extensive construction program that is
reshaping and renewing the Laboratory. Less visible, but every bit as important to our future, are
our efforts to improve safety performance, improve operational efficiency and cost-effectiveness,
address an acute legacy materials issue, and bring staff salaries up to market levels. In every one of
these areas we have made meaningful improvements. We are also proud of the record of
community engagement that ORNL staff are setting through the “Team UT-Battelle” program to
support volunteerism, through their pacesetting contributions to United Way, and through
individual efforts too diverse to characterize.

In sum, these developments are setting the stage for extraordinary contributions today and in the

years to come, fully consonant with the remarkable history of this Laboratory. This progress not

withstanding, however, in partnership with DOE we must continue to address serious challenges if

we are to ensure ORNL’s future.

< We must plan and conduct a second phase of facilities modernization effort. Combined
investments by DOE, the private sector (through the UT-Battelle Development Corporation),
and the state of Tennessee are addressing ORNL’s long-standing critical need for facilities
modernization and infrastructure revitalization. These investments are providing facilities
suitable for leading-edge research and allowing us to retire roughly 1.8 million square feet of
space in outmoded and largely decrepit buildings, reduce the cost of facilities operations, and
improve research productivity. Even after completion of the current projects, however, an
unacceptably large fraction of ORNL'’s physical plant will consist of outdated, costly, and
dilapidated buildings and highly inefficient, and often badly decayed, infrastructure incapable
of supporting modern scientific work.

= The cost of doing business remains a major issue for ORNL. The UT-Battelle leadership team is
committed to and has delivered substantial reductions in overhead costs. The savings have,
however, been redeployed to address urgent needs, including facilities and infrastructure
revitalization, bringing staff compensation up to market level, and meeting the costs for
cleanup of large volumes of unneeded material, new legacy workers’ compensation program,
and other legacy issues. We also face productivity issues in some key support areas. In
consequence, overhead rates remain higher than is desirable.

= Nuclear science and technology remains one of the signature capabilities of ORNL. However,
our nuclear facilities and operational practices require attention. During FY 2003 we carried out
a thorough review and revamping of our operation of the High Flux Isotope Reactor in
response to serious operational issues. Safe, compliant, and cost-effective operation of our non-
reactor nuclear facilities also requires continuing attention. Consolidating and modernizing our
nuclear complex to meet future mission needs and improve efficiency is an essential, but costly,
challenge.

= Asubstantial fraction of ORNL’s research staff will become eligible for retirement over the next
5 to 10 years. Substantial effort will be required to attract and retain the outstanding people
necessary to carry on ORNL'’s tradition of excellence.

Targets and Directions—Laboratory Agenda

The Laboratory Agenda is focused on the most significant activities that UT-Battelle must
accomplish to deliver on its vision of simultaneous excellence in science and technology,
Laboratory operations and ES&H, and community service. The Laboratory Agenda as presented
here includes statements of the primary results that will be delivered to DOE over the next few
years. The actions by which these outcomes will be delivered are presented in the following
sections of this Institutional Plan.
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Strategic Objective 1: Excellence

In Science and Technology

We will prepare the Laboratory to address
future national needs for science and
technology through major initiatives that
sustain and extend its distinctive
capabilities. ORNL will also continue to
deliver scientific advances and technological
innovations in support of DOE’s missions
and to make its knowledge and expertise
available to non-DOE customers.

1. Advanced Materials. ORNL will sustain its
position as a leader in advanced materials science
and technology underpinning DOE’s energy
resources mission.

We are committed to the following actions:

The ORNL Laboratory Agenda summarizes ORNL's
strategic intent and the critical outcomes that the
Laboratory will deliver over the next several years. The
Agenda is updated at planning workshops in the spring
and fall, and progress against it is reviewed roughly
every quarter. It serves as a base document for internal
communication of Laboratory strategy and
development of the ORNL Institutional Plan and annual
Performance Evaluation Plan, as well as for ORNL's
self-assessment process, for our annual planning, and
for performance management. A more extended
version of the Laboratory Agenda is maintained on the
ORNL Web site and includes the primary actions by
which the critical outcomes will be achieved.

. Establish the nation’s premier nanoscience center and user program
. Develop and maintain leadership research capabilities in key areas of materials science and

chemical science

— Complete the Advanced Materials Characterization Laboratory (AMCL)
— Initiate development of the next-generation electron microscope
— Establish a world-leading program in nanocatalysis
. Develop and expand partnerships with universities, industry, and other DOE programs that

complement and extend the research agenda

Strategic Excellence in Laboratory | Excellence in
Objectives Operations & ES&H Community Service
Critical
Outcomes Sustain and improve Be viewed by
ORNL's ability to serve our neighbors
the needs of DOE and the as a highly
nation through valued partner
responsible stewardship in the region

Laboratory
Initiatives

Enhance Operational
Discipline

" Facilities Modernization

Economic Development

| | Community Involvement

Maximizing Research
Productivity

Science and Math
Education

Consolidation of Nuclear
Capabilities

Resolve Legacy Issues

Workforce Planning and
Development

Major elements of ORNL’s Laboratory Agenda.
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2. Complex Biological Systems. ORNL will be a center of excellence and a resource for understanding
complex biological systems, from the molecular level to the level of the organism, and the interactions of
organisms with the environment, meeting DOE’s needs in systems biology, climate change, carbon
management, renewable energy, and environmental quality.

We are committed to the following actions:

. Establish world-renowned hub for systems biology and biotechnology leveraging specific
strengths at ORNL in microbial genomics, plant genomics, mouse genetics and genomics,
biophysics and biochemistry, mass spectrometry, neutron scattering, and computational
biology

. Bid and win DOE “Molecular Machines” facility and utilize capabilities in systems biology to
support the DOE genomics program and related DOE programs with distinction

. Establish real linkage between fundamental systems biology and biotechnology relevant to
DOE missions and to other potential funding agencies, and develop new funding

« Use systems biology and biotechnology focus to secure support from the National Institutes of
Health and the Department of Homeland Security

3. Fission to Fusion. Establish ORNL as the main provider of new technologies to support the expanded
use of nuclear and fusion technologies to supply the power needs of the world and lead in the development of
one or more experimental facilities.

We are committed to the following actions:

« Provide the nuclear energy community with technologies that will enable cheaper, safer,
enhanced proliferation-resistant, and environmentally acceptable use of nuclear energy

« Provide the fusion energy community with scientific and technological advances that will
enable the commercialization of fusion energy

o Build and operate experimental facilities at ORNL in support of these and other missions,
building a user support base that is unparalleled and enabling outstanding science and
technology while maximizing the efficient use of the facilities

4. 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 contributions and 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

. ldentify next-generation user facilities and substantial enhancements to existing facilities
that are required to realize the science and technology opportunities that we identify and
develop long-range plans for creating those facilities at ORNL

5. Grid Modernization. ORNL will become the lead lab in support of DOE’s Office of Electric
Transmission and Distribution (OETD) with the goal of helping to ensure a reliable and secure grid that
fully integrates central generations with distributed resources, manages power flows, and meets the nation’s
need for increasing power quality.
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We are committed to the following actions:

. Develop new materials that revolutionize the performance, reliability, and maintainability of
the power grid

o Improve bulk energy storage devices

« Develop fast-responding distributed-generation and price-responsive load shedding

techniques

o Develop modeling tools for planning and real-time grid operation

6. National Security. ORNL will become the premier Office of Science laboratory for providing technology
and expertise in support of national defense, homeland security, and related areas.

We are committed to the following actions:

« Grow sustainable programs in national security technologies to solve compelling national
needs and expand scientific frontiers

. Become the preferred national resource for CBRNE research, development, testing, and
evaluation for interdiction, detection and response systems

o Construct a state-of-the-art S&T facility in which classified R&D, workshops, and training can
be accomplished on the ORNL campus

7. Neutron Sciences. ORNL will become the world’s foremost center for neutron sciences by enhancing its
capabilities and applying them to deliver new insights into the nature, structure, and behavior of materials.

We are committed to the following actions:

< Deliver the Spallation Neutron Source (SNS) on schedule and within budget

= Establish a world-class neutron scattering capability and user program at the High Flux
Isotope Reactor (HFIR)

< Develop and maintain leadership research capabilities in key areas of neutron science and
nuclear physics
— 5outof 16 beam lines at SNS
— Facility upgrades at the Holifield Radioactive lon Beam Facility (HRIBF)

. Develop and expand partnerships with universities, industry, and other DOE programs that
complement and extend the research agenda

8. Science and Technology for a Hydrogen Economy. Establish ORNL as a recognized national leader
in the development of technologies for hydrogen generation and delivery, hydrogen storage, and in hydrogen-
fueled, engine efficiency R&D.

We are committed to the following actions:

« Establish a leadership role in DOE’s hydrogen, fuel cell, and infrastructure programs
« Clearly place the inorganic membranes as the best choice for hydrogen purification

« Establish ORNL as the leader in characterization of storage materials

9. Terascale Computing and Simulation Science. ORNL will become a world leader in harnessing
unprecedented computing power as tools of scientific discovery to deliver new insights and achieve
breakthroughs with broad impact in U.S. scientific leadership.
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We are committed to the following actions:

« Lead DOE and the nation in revitalizing U.S. leadership in high-end computing and
computational sciences

« 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 collaborations through the Joint Institute for
Computational Sciences

10. University Partnerships. We will strengthen our role in 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 partnerships with 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 Sciences,
Computational Sciences, and Biological Sciences to stimulate new research collaborations

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

. Develop and expand research and educational relationships with historically black colleges
and universities (HBCU) and other minority educational institutions

. Create the Oak Ridge Center for Advanced Studies with Oak Ridge Associated Universities
(ORAU), Battelle, and our university partners

Strategic Objective 2: Excellence in Laboratory Operations and

Environment, Safety, and Health
We will 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.

1. Enhanced Operational Discipline. ORNL will enhance its overall operational performance by
improving the discipline and integration of its operations and realigning its security posture to respond to
changing situations.

We are committed to the following actions:

. Deploy a set of integrated management systems that provide user-friendly support to
researchers and managers while appropriately controlling work and managing risk

o Instill a culture of operational discipline and critical self-assessment to drive continuous
improvement

. Demonstrate continual improvement in ES&H performance, moving towards best in class

. Safeguard the Laboratory’s staff, information, and physical assets by utilizing cost-effective
strategies that are consistent with our Open Campus initiative
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2. Facilities Modernization. ORNL will construct new facilities and renovate and replace existing

facilities and infrastructure to create a modern research campus that enables the conduct of world-class

R&D.

We are committed to the following actions:

. Carry out a Facilities Revitalization Project to design and construct new facilities and
renovate existing facilities and infrastructure in support of ORNL mission objectives

o Consolidate Laboratory operations at ORNL’s main site

« Assume full responsibility for wastes generated by ORNL operations

3. Maximizing Research Productivity. ORNL will constrain growth in the cost of doing business while
leveraging our people, processes, and new infrastructure to increase overall productivity.

We are committed to the following actions:

« Reduce G&A overhead rate from 38.6% to 34% by FY 2008

. Continue to improve operations with demonstrable improvements in staff satisfaction with
internal services

« Facilitate business growth with systems that accommodate diverse business arrangements
and customers

4. Consolidation of Nuclear Capabilites. ORNL will consolidate nuclear capabilities into a
configuration that can be operated in a sustainable fashion while supporting critical mission needs.

We are committed to the following actions:

. Consolidate into fewer nuclear facilities and shut down facilities for which safe operations
cannot be sustained or where adequate mission support work cannot be obtained

o Upgrade facilities that will serve long-term needs so that they are fully compliant with current-
day standards

« Operate our nuclear facilities to the highest standards of safety, operational discipline, and
efficiency

5. Resolve Legacy Issues. ORNL will resolve the legacy issues which are critical to sustaining the
operations and infrastructure of the Laboratory.

We are committed to the following actions:

Identify and dispose of legacy materials that pose a hazard or impede facility revitalization
Demolish excess facilities

Minimize the impact of legacy issues on the cost of operations

6. Workforce Planning and Development. ORNL will attract and retain a diverse workforce of
outstanding research and support professionals.

We are committed to the following actions:

« Enhancing diversity, broadly construed, at ORNL through effective outreach and by
ensuring that ORNL provides a welcoming environment to a diverse workforce

« Workforce planning to identify recruiting and staff development needs

« Enhance the benefits package to better address staff and organizational needs while
controlling costs

. Improve the effectiveness of HR service delivery through implementation of the HR
strategic plan
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Strategic Objective 3: Excellence in Community Service

ORNL will be viewed by its neighbors as a highly valued partner in the region. We will actively
participate in improving the quality of science and mathematics education, supporting the
community’s civic and cultural activities, and contributing to economic growth.

1. Economic Development. ORNL will impact economic growth and development using ORNL
technology, personnel, and facilities.

We are committed to the following actions:

« Apply Laboratory-based ideas, technologies, and facilities to marketplace opportunities to
create economic value for ORNL and the local economy

. Expand the use of business intelligence to link available technologies to marketplace
opportunities

o Foster and encourage an entrepreneurial culture and spirit at ORNL

« Support robust economic development activities through partnerships with local and
regional organizations

2. Community Involvement. We will be recognized within the region as a good corporate citizen.

We are committed to the following actions:
« Enrich the community through a set of legacy investments
o Expand the public’s awareness of DOE and ORNL research programs

3. Science and Mathematics Education. We will invest in efforts to improve science and mathematics
education in Tennessee.

We are committed to the following actions:

« Purchase state-of-the-art science laboratories for area high schools and middle schools

o 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
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Research initiatives are a primary tool by which Oak Ridge National Laboratory builds research
capabilities in particularly promising areas of science and to meet anticipated national needs.
These initiatives, typically lasting a minimum of three years, represent substantial organizational
commitments that are reflected in our strategic plan and Laboratory Agenda, recruiting priorities,
focus areas for our Laboratory Directed Research and Development program, and continuing
senior management attention. Each year Laboratory management carefully reviews both existing
research initiatives and proposed new areas for progress, scientific and technological promise,
match to ORNL'’s strengths and mission roles, and relevance to DOE missions and evolving
national needs.

The portfolio of initiatives presented in this Institutional Plan continues our emphases in materials
science at the nanoscale, neutron science, computational science, and the investigation of complex
biological systems, all of which are adding important new research capabilities to the Laboratory.
Our plans in these initiative areas have been updated to reflect progress, new scientific
opportunities, and DOE guidance.

There has been substantial change from what we presented in the FY 2003 Institutional Plan in the
energy and national security areas as follows:

« Our long-standing and broadly framed initiative aimed at advanced, environmentally friendly
energy technologies (“Energy and Environmental Systems of the Future”) has been replaced by
three sharply focused initiatives aimed at science and technology for a hydrogen economy,
advanced grid technologies, and technologies relevant to new-generation fission and potential
fusion power reactors.

= Rapid changes in our national security environment, the governmental reorganization resulting
in the creation of the Department of Homeland Security, and rapid growth in ORNL’s national
security programs are causing us to think carefully about ORNL’s future roles and the technical
capabilities necessary to support them. In particular we are taking a fresh look at the
relationship between ORNL’s science and technology base and our likely future national
security roles. Although we are continuing to conduct Laboratory Directed Research and
Development projects and actively recruit in areas that support our national security programs,
we have not included an initiative proposal in this year’s plan. Rather, the full discussion of
science and technology for our national security programs is contained in the relevant program
sections of this document. Based on our ongoing planning, we will likely propose one or two
specific science and technology initiatives in key national security areas in the FY 2005
Institutional Plan.

For each proposed initiative we address our strategic intent; prospective impact on DOE missions
and national needs; a brief situation assessment; our objectives and the strategies for achieving
those objectives; a summary of accomplishments to date; and the key research partnerships on
which our progress depends.
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Strategic Intent and Expected Outcomes

ORNL will position itself as a leader in nanoscale science, engineering, and technology.

Expected outcomes are as follows:

= Establish the Center for Nanophase Materials Sciences as a collaborative research center with
five scientific thrusts: soft and hybrid materials; complex hard materials; hanofabrication;
theory, modeling, and simulation; and nanoscale imaging and characterization.

= Develop state-of-the-art tools for materials synthesis, characterization, and theory/modeling
studies in support of a new generation of advanced materials.

= Extend the Laboratory’s synthesis and characterization capabilities in soft materials and
materials integration to enable research that will lead to revolutionary new technologies, such
as improved catalysts, molecular and biomedical devices, and molecular electronics.

= Secure the next-generation Advanced Materials Characterization Laboratory (AMCL) and
associated instrumentation to provide a new generation of advanced capabilities in atomic-
scale imaging and spectroscopy.

Significance of Outcomes

As we enter the new millennium, the international science agenda is focused on nanoscale science,
engineering, and technology (NSET). Excitement and anticipation surround research that will
extend our ability to understand, design, and control materials at the nanoscale.

In a recent report issued by the Office of Basic Energy Sciences (BES), Basic Research Needs to Assure
a Secure Energy Future, nanoscale science, engineering, and technology were identified as
crosscutting areas in which research may provide solutions and insights into long-standing
technical problems and scientific questions.

Nanoscale science is integral to many ORNL materials research programs, with efforts crossing the
traditional boundaries of materials sciences, condensed matter physics, chemistry, biology,
computational science, and engineering. By expanding its capabilities and programs in NSET,
ORNL will sustain its position as a world-class advanced materials R&D laboratory. The Center for
Nanophase Materials Sciences (CNMS) will provide new and unigue capabilities to advance
fundamental understanding and control of materials at the nanoscale. It will integrate nanoscale
research with neutron science, synthesis science, and theory/modeling/simulation, bringing
together four areas in which the United States has clear national research needs. Soft materials
research, which has gained increasing interest from the scientific community, is also a part of the
NSET program at ORNL. Soft materials, alone or in hybrid systems, have the potential of
revolutionizing such areas as sensor technology, health care, functional materials research, and
other applications.

As a leader in the development of techniques and instrumentation for analysis of materials at the
atomic level, appropriate housing for the Laboratory’s advanced analytical instrumentation is a
high priority. This equipment is now scattered across the ORNL campus in buildings that do not
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meet requirements for optimum operation. The AMCL will provide the high-quality environment
required to optimize the performance of sophisticated characterization equipment.

Background

Nanoscience encompasses the discovery,
understanding, and characterization of
novel properties, phenomena, and
processes that occur in materials smaller
than approximately 100 nanometers. A
central challenge in nanoscience is the
controlled synthesis of such materials. We
need to understand and control self-
assembly and other growth mechanisms. Artist’s conception of the Center for Nanophase Materials
To predictably yield the desired structures, Sciences.

the specialized state-of-the-art facilities

and expertise at ORNL, with its tradition of forming research teams that cross traditional
disciplines, will play an indispensable role in this research endeavor. Neutron scattering will play a
central role in determining the structure of nanomaterials, in developing and understanding
synthesis and self-assembly processes, and for investigating the cooperative phenomena that
emerge on the nanoscale. The intense neutron beams available at the High Flux Isotope Reactor
(HFIR) and the Spallation Neutron Source (SNS) will make fundamental study of broad classes of
related nanoscale phenomena assessable for the first time. Another essential tool for studying
nanomaterials is electron microscopy with near-atomic resolution. ORNL'’s aberration-corrected
electron microscopes (ACEMs) will provide unprecedented new capabilities for understanding the
structure and properties of nanoscale materials.

Advances in nanotechnology and molecular self-assembly require highly accurate and reliable
calculations of the properties of nanoscale systems. Only by applying a combination of theory,
modeling, and simulation (TMS) methods, validated by experiment, can one accurately and with
confidence design and model complete nanophase systems. By the end of FY 2004, the ORNL
Center for Computational Sciences expects to have unique capabilities that will enable, for the first
time, ab initio calculations for systems with 10° to 10° atoms. This translates to ab initio
nanoscience at length scales up to 30 nm, approaching the full range of nanoscale phenomena. This
exciting prospect will provide the ability to obtain accurate predictions of properties of realistic
hard and soft nanophase materials and to investigate entirely new classes of materials, such as
those being contemplated in the field of biomimetics.

Objectives and Strategies

Objective 1: Establish a highly collaborative and multidisciplinary Center for Nanophase Materials
Sciences (CNMS) on time and within budget.

Strategy

= Complete the facility by April 2005 (CD-4a milestone).

= With ongoing input from the user community, procure equipment for installation and
operation by September 2006 (CD-4b milestone).
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Objective 2: Broaden ORNL'’s nanoscale and
nanotechnology research programs.

Strategy

« Advance catalysis science and
technology by expanding our
understanding of the chemistry of
catalytic phenomena and by using this
understanding to create new catalysts
and position ORNL for leadership in this
area.

= Establish strong ORNL research
programs in the emerging field that
bridges nanotechnology and molecular
biotechnology.

Objective 3: Develop the tools for ORNL’s
nanoscale and nanotechnology research.

Strategy
= Develop the capabilities for controlled
synthesis of nanomaterials and

Establish the Center for Nanophase Materials
Sciences—in FY 2002, CD-1 and CD-2 approvals
were obtained. CD-3 approval was received
February 3, 2003. In FY 2003, initiated the user
program, including the addition of key user support
staff, using existing equipment and expertise.
Advanced Materials Characterization Laboratory
(AMCL)—Building design passed internal 90%
design review and external review, and building
construction to commence this summer with project
completion date of March 2004.

In 2003, organized DOE Nanoscale Science
Research Centers Workshop for the Office of Basic
Energy Sciences.

In 2003, aberration-corrected 300-kV STEM
achieved world’s best resolution (0.7-0.8 A).
ORNL presented a successful multi-lab TEAM
(Transmission Electron Aberration-Corrected
Microscope) proposal for next-generation electron
microscopy.

nanostructures resulting in functionality for nanosystems.

= Secure the next-generation Advanced Materials Characterization Laboratory (AMCL) and
associated instrumentation, including the world’s highest-resolution microscopes.

= Participate in the Transmission Electron Aberration-Corrected Microscope (TEAM)

collaboration.

Objective 4: Establish the Nanomaterials Theory Institute.

Strategy

= Use ORNL’s teraflop-speed supercomputers to investigate the grand challenges of

computational nanoscience.

< Initiate the Nanomaterials Theory Institute’s workshops.

Objective 5: Successfully initiate the CNMS user program, building on our FY 2003 start.

Strategy

= Establish a user outreach program and streamline the process for bringing in guests.
= Provide one-step access to the CNMS and other user facilities.

Key Partnerships

Office of Basic Energy Sciences—Argonne, Brookhaven, Lawrence Berkeley, Los Alamos, Sandia, and
Oak Ridge are working together through workshops, lessons learned, etc., to establish the

nanoscale science research centers.

Office Basic Energy Sciences—TEAM collaboration involving Argonne, Brookhaven, Lawrence
Berkeley, Oak Ridge, and the University of Illinois at Urbana-Champaign.
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Budget Information

Fiscal Year Projections
(in millions of dollars)

2004 2005 2006 2007 2008
Center for Nanophase Materials
Science
Operating 0.25 9.1 18.075 18.0 18.0
Capital 20.0 17.5 0.0 0.0 0.0
Total 20.25 26.6 18.075 18.0 18.0
TEAM
Operating 0.20 0.1 0.0 0.0 0.0
Capital 0.65 1.65 0.8 0.3 0.0
Total 0.85 1.75 0.8 0.3 0.0
Total 21.1 28.35 18.875 18.3 18.0
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Strategic Intent and Expected Outcomes

ORNL will be a leading center for understanding complex biological systems, from the molecular
level to the level of the organism, and the interactions of organisms with their environment. We
will apply our capabilities and knowledge to meet DOE’s needs in systems biology, climate
change, carbon management, renewable energy, and environmental quality. We will fully support
the Office of Biological and Environmental Research (OBER) Genomes to Life (GTL) program, one
purpose of which is to provide new tools and resources for systems biology that enable new
approaches to discovery.

Our intent will be realized by the following:

= Providing science and technology for understanding microbes and model organisms at the
levels of the proteome, metabolic pathways and regulatory networks, interactions of protein
complexes, and functions of whole organisms and communities;

= Creating next-generation high-throughput research facilities and resources, with a specific
focus on characterization and imaging of protein complexes;

< Producing large-scale data, computational analysis tools and infrastructure, and systems
models and simulations of molecular, cell, organism, and ecosystem function.

Significance of Outcomes

Achieving these outcomes will yield critical new knowledge, tools, and large-scale resources
needed by the scientific community to address the ultimate goal of modern biology: obtaining a
fundamental, comprehensive, and systematic understanding of life at the molecular level. One of
these resources will be an integrated, large-scale user facility for characterization and imaging of
molecular machines (the multiprotein complexes that carry out the functions of living systems)—
one of several designated for the GTL program to provide the broad scientific community with an
unprecedented set of capabilities for systems biology.

Our other focus is to link subcellular metabolic processes with the functional performance of
communities or whole ecosystems in complex natural environments. This approach will generate
novel, integrated experimental and computational methods for analyzing genomes at the level of
the biological community and new tools for detecting and simulating the behavior of whole
ecosystems.

Achieving our goals will unlock the capability to utilize and control uniquely useful chemical
processes in microbes and plants and apply them to DOE (and other) mission needs. One of our
ultimate goals is biotechnology solutions to national challenges in clean energy, climate change
mitigation, and environmental cleanup. Progress will also benefit the human health-related
missions of the DOE, the National Institutes of Health, and Department of Homeland Security, as
well as environmental quality missions of the Department of Defense and the Environmental
Protection Agency.
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Background

Genome-enabled biology is allowing scientists to address challenges that only could be dreamed
about a decade ago. Examples include (1) producing, characterizing, and understanding the
function, dynamics, and environmental plasticity of whole proteomes and protein complexes from
a wide range of environmental microbes; (2) deciphering genomic information and gene expression
patterns from microbes, microbial consortia, and plants to begin to address complex interactions at
the community level; and (3) developing a conceptual and experimental framework for exploring
and modeling ecological dynamics from the molecular to the ecosystem scale. Tackling these
challenges successfully could lead to applications as diverse as efficient bioenergy production
schemes to new quantitative tools for predicting and understanding the effects of climate change
on critical ecosystems or entire geographic regions.

All information related to the biochemistry, survival, and adaptability of ecosystems is encoded
within the metagenome, the complete genetic complement of an entire community or ecosystem.
We need new experimental and computational methods for studying gene distribution and
expression that are meaningful at these higher levels. New genomic methodology, combined with
advances in computational science and the evolving theory of complex adaptive systems, provides
the foundation for developing meaningful mechanistic models, from molecular through organism,
community, and ecosystem scales.

We will address these challenges by developing advanced analytical and imaging technologies,
new biological technigues and understanding, and large-scale research user facilities. We will also
develop the computational tools needed to manage the large streams of data from systems biology
projects and large-scale facilities and to realistically model complex biological systems.

This initiative draws on our established
programs, including GTL, comparative
and functional genomics, computational

—_

biology, bioinformatics, and analytical
and bioimaging technology
development. It focuses ORNL’s
distinctive expertise and facilities in
microbial and plant genetics, gene
expression, biochemistry, structural
biology, environmental microbiology,
analytical technologies (including mass
spectrometry, imaging, and
microfluidics), computational science
and applied mathematics, climate change
research, physical sciences (including
neutron scattering), and engineering on
the challenges of observing and
understanding the functioning of

£cosystem
Community
Population
Organism
Cell

Metabolites

Proteins
RNA
DNA

® Human health
@ Impacts from
energy production
® New energy sources
® Dynamics and feedbacks
of climate change
- Mitigation strategies

Revolution in genomics and genomic technologies is
expected to lead to fundamental understanding of biological
processes required to quantitatively describe functions,
interactions, and dynamics at scales from the molecular up
to that of organisms, communities, and ecosystems.

complex biological systems.

We will broaden our capabilities via
successful partnerships with other
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laboratories, universities, and the private
sector to foster achievement of our
objectives.

Objectives and Strategies

Objective 1: Establish leading capability for
GTL research, particularly in the area of
molecular machines and protein interactions.

Strategy

= Develop and test foundational
technologies in the current GTL pilot
projects as proof of principle for facility-
scale data production.

= Create a consortium for a large-scale GTL
facility for characterizing and imaging
molecular machines.

Objective 2: Explore fundamental and
theoretical science at the interface of biology,

First large-scale comprehensive characterization
(868 proteins) of the proteome from a native growth
condition of the bacterium Shewanella oneidensis
obtained by integrating “top-down” and “bottom-up”
mass spectrometric approaches—2002.

New 35-m medium resolution small-angle neutron
scattering (SANS) instrument at the High Flux
Isotope Reactor, now under construction—2003.
Microarray-based functional analysis of Deinococcus
radiodurans identified a new ligase, energy pathway
switching, and highly coordinated regulatory
response to radiation—2003. This result is important
for bioremediation in high-radiation fields and also
our understanding of radiation effects on humans.
Completed whole genome microarrays for
Shewanella oneidensis, Rhodopseudomonas
palustris, and Nitrosomonas europaea—2003. The
Shewanella whole genome arrays serve as the
central resource for Shewanella Federation studies.

chemistry, physics, nanoscience, and nanotechnology and integrate advancements into Complex Biological

Systems activities.
Strategy

= Integrate advanced analytical and imaging technologies, automation, and computational tools
and infrastructure into systems biology projects, GTL pilot efforts, and GTL facility planning.

< Exploit new nanoscale materials and tools that bridge nanotechnology and molecular
biotechnology for applications in Complex Biological Systems (also see Advanced Materials

Initiative).

Objective 3: Establish facilities and the supporting science and technology to enable a fundamental
understanding of biological processes that are required to quantitatively describe functions, interactions, and
dynamics at scales from the molecular up to the level of organisms, communities, and ecosystems.

Strategy

= Develop capabilities in microbial metagenome analysis.

< Create tools that allow us to define and advance the scientific field of ecosystem genomics.

< Advance computational ecosystem science by focusing on mechanistic modeling from
molecular through organism, community, and ecosystem scales.

Atomic force microscope image of and
gene-expression microarray for
Rhodopseudomonas palustris, one of the
subjects of ORNL's GTL pilot project.
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Key Partnerships

GTL Pilot Projects:
1. GTL Center for Molecular and Cellular Systems [ORNL led, with imaging technology in

collaboration with Pacific Northwest National Laboratory (PNNL)]; other partners include
Argonne National Laboratory, Sandia National Laboratories, the University of North
Carolina, and the University of Utah

Rapid Deduction of Stress Response Pathways in Metal/Radionuclide Reducing Bacteria
[Lawrence Berkeley National Laboratory (LBNL) led, with the University of California
(Berkeley), the University of Missouri, the University of Washington, Diversa]

Carbon Sequestration in Synechococcus: From Molecular Machines to Hierarchical
Modeling [SNL led, with LBNL, Los Alamos National Laboratory (LANL), the University of
California (San Diego), the University of Tennessee, the University of Michigan, the
University of California (Santa Barbara), the University of Illinois, National Center for
Genome Resources (Santa Fe), and The Molecular Science Institute (Berkeley)]

Shewanella Federation continuing partnership within GTL to characterize and model the
biology of the metabolically versatile bacterium Shewanella oneidensis MR-1. It involves over
30 scientists from government, private, and academic institutions including ORNL, PNNL,
ANL, Michigan State University, University of South Carolina, Baylor College of Medicine,
Institute for Systems Biology, Genomatica, and others.

Budget Information

Fiscal Year Projections
(in millions of dollars)

2004 2005 2006 2007 2008

Characterization and Imaging of
Molecular Machines

Operating 7.0 9.0 9.0 10.0 10.0
Capital 0 0 10 40 40
Total 7.0 9.0 19.0 50.0 50.0
Molecular Ecology
Operating 3.0 4.0 8.0 15.0 18.0
Capital 1.0 2.0 2.0 5.0 2.0
Total 4.0 6.0 10.0 20.0 20.0
Joint Institute for Biological
Sciences
Capital 0.4 1.6 6.0 0.0 0.0
Total 0.4 1.6 6.0 0.0 0.0
Total 11.4 16.6 35.0 70.0 70.0

Note: These projections include funding from DOE and from other sponsors,
including the University of Tennessee for the Joint Institute for Biological Sciences
(capital only). Projections for Characterization and Imaging of Molecular Machines
include both operating funds and capital funds for design, R&D, construction, and
equipment for a new GTL facility for characterization and imaging of molecular
machines, beginning in FY 2006. The estimated total project cost for he facility is
~$270 million; estimated completion date: end of FY 2009.
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Strategic Intent and Expected Outcomes

ORNL proposes to conduct the basic research and technology development necessary to help
create an electric grid that is more robust against accidents, natural disasters, and physical and
cyber terrorism; has the flexibility to incorporate both central and distributed generation; has the
embedded intelligence to manage power flows under normal and emergency circumstances; and
meets the nation’s growing needs for increased transmission capacity and power quality, at an
affordable cost.

Our work is intended to create the following:

< New materials for components and devices that revolutionize the performance, reliability, and
maintainability of the power grid, including high-performance conductor, cable, and
transformer materials; advanced dielectric materials; and SiC- and diamond-based power
electronics

< New low-cost grid sensor and communication technologies

= Improved “supercapacitors,” flywheels, and other forms of bulk energy storage that can also
provide voltage support and power factor correction

= Fast-responding, distributed-generation, and responsive-load technologies

= New high-performance modeling and performance measurement tools for planning and real-
time grid operation and control that enable planning for and operation under emergency
conditions, optimal routine operation in response to real-time load and pricing data, and quick
recovery from system failure

Significance of Outcome

DOE’s National Transmission Grid Study concludes that the U.S. transmission system is in urgent
need of modernization. The system has become congested because growth in electricity demand
and investment in new-generation facilities have not been matched by investment in new
transmission facilities. Because the existing transmission system was not designed to meet the
present demand, transmission constraints increase electricity costs to consumers, the risk of
blackouts, and vulnerability to natural disasters and terrorist threats.

By developing better transmission and distribution (T&D) technologies and modeling tools, we
will help increase energy reliability and efficiency; reduce costs, line losses, and emissions;
improve power quality; and help ensure a robust and reliable electric grid for the 21st century.
Accomplishing these goals contributes to multiple national energy and environmental priorities.
For example, the President’s National Energy Policy calls for DOE to address constraints in electric
transmission and relieve bottlenecks in the economic flow of electricity among utilities, states, and
regions. The Transmission Grid Solutions Report, prepared by the Secretary of Energy’s Electricity
Advisory Board, provides guidance for priority actions to address congestion on “national
interest” transmission corridors.
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Background

The Energy Information Administration forecasts the generation of electricity to grow by 70% over

the next two decades. To handle this increase, new technologies to respond to the following

challenges are needed.

= The materials with which the T&D system is constructed are constantly stressed by heat and
voltage and subject to mechanical stresses and corrosion. New materials are needed to better
use today’s system as well as enable new T&D facilities with increased performance-cost ratios.
A white paper prepared for the DOE in April 2003 by ORNL staff scientists describes ten areas
of materials R&D needs for the T&D system, including higher strength-to-weight ratio
conductors; more reliable sensors; new concepts for dielectric materials; transformer core
materials; materials for low-cost, encapsulated switches and breakers; diamond- and SiC-based
high-temperature, high-current power electronics; improved arrester performance and
reliability; structures such as towers, cross beams, casings, and containers; insulator materials;
and capacitors and energy storage materials.

= Present-day electric distribution systems are insufficiently intelligent in their response to faults.
Although newer systems determine fault location and provide an alternate path for power,
there is little capability for real-time local response to contingencies such as loss of a
transmission line or a generator.

= In present-day distribution systems, there is very little control of load, or demand response,
and distributed energy resources are prohibited from even regulating voltage. There is a
pressing need for a distribution system that can respond to contingencies such as unusual
loading, transmission congestion, and line outages. Modeling to assess vulnerabilities, test
proposed “improvements,” and investigate interdependencies with other energy
infrastructures (e.g., rail and oil and gas pipelines) is also needed.

ORNL is well positioned to support this initiative because of its broad capabilities in materials
R&D and its expertise in key enabling technologies, including sensors and controls and high-
performance computing. ORNL holds a leadership position in superconducting materials R&D and
is responsible for a major effort in applied superconductivity for electric power systems. Testing
and data collection capabilities (for field tests) exist at ORNL, along with instrumentation and
controls capabilities for building and commercial loads.

ORNL also has substantial experience in power system modeling. The full suite of standard power
systems modeling tools is in place, including the Power System Simulator for Engineers (PSSE), a
model that enables transient stability, load flow, and short circuit analysis. Similar capability exists
at ORNL for distribution systems modeling and analysis. Improved modeling features are needed,
however, to adequately represent the increasingly complex grid network and operations.

ORNL is also in a position to leverage programs in sensor technologies, sensor networks, large-
scale data analysis, information technology, and high-performance computing in building an open
analysis center for collaborations between government, industry, and university research. As new
technologies are developed and envisioned, the impact of the new research and development can
be evaluated using real-time sensor feedback and advanced modeling and simulation of the
nation’s energy grids.
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Objectives and Strategies

Objective 1: Expand ORNL'’s capabilities in T&D-related materials and modeling research beyond high-
temperature superconductors.

Strategy

= Propose a materials science research agenda in support of DOE’s Office of Electric
Transmission and Distribution.

= Engage DOE, the Department of Homeland Security (DHS), and private industry in confirming
critical technology needs.

= Develop research partnerships with major U.S. stakeholders including industry, universities,
and other national laboratories such as Pacific Northwest National Laboratory (PNNL).

Objective 2: Establish ORNL project for Interconnection-wide (IW) Energy Management System (EMS)
for real-time grid operation and control.

Strategy

= Evaluate options for data sharing, state estimation, on-line contingency analyses, and voltage
collapse monitoring for real-time IWEMS.

= Develop and propose IWEMS project.

= Develop research partnerships with industry and utilities.

= Engage computational science resources at ORNL, including high-speed computing, model
development, control theory and communication algorithms, and systems theory.

« Determine how the IWEMS would best be maintained and used in a production mode.

Objective 3: Establish ORNL research area for power system control information design.

Strategy

= Determine power system operator information needs for normal, emergency, and extreme
emergency conditions.

= Characterize current technology successes and failures in meeting system operator needs.
Conduct human factors analysis of options.

= Develop research partnerships with industry and utilities.

= Research new approaches for presenting the full range of required information, from substation
switching details to broad system overview and trend spotting.

< Develop laboratory and field test facilities.

Objective 4: Establish new ORNL thrust area in research and development of low-cost, ubiquitous sensors
and communication technologies.

Strategy

= Establish industrial partners at the outset.

= Collect site/field data on best methods to make and integrate low-cost sensors into the grid.

= Work with local business (Electrotek) to develop methods to integrate data with utilities’
system data.

« Develop communication protocols/algorithms.

Objective 5: Establish new research facilitiess—the Energy Reliability and Efficiency Laboratory (EREL),
the National Transmission Technology Research Center (NTTRC), and the National Energy Assurance
Analysis Center (NEAAC).
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Strategy

Secure construction funding for EREL in FY 2005.
Develop and propose core program concepts for
the NEAAC (National Energy Assurance Analysis
Center) effort.

Identify testing and facility needs to determine
functional requirements for the NTTRC in
cooperation with DOE, the TVA and other utilities,
and industry.

Obtain designation of NTRRC and EREL as
national user facilities.

Develop a broad outreach initiative along with
Web-based tools for proposal evaluation, user
training, and allocation of facility and instrument
time.

Key Partnerships

Partnerships have been established with U.S.
manufacturers, energy service providers, national
laboratories, universities, and utilities to expand and
modernize the grid.

Key partnerships with U.S. manufacturers include
the following:

Dedication of the National Transmission
Technology Research Center.

— Southwire Company (Carrollton, Georgia), the largest U.S. manufacturer of utility and

building wire and cable

— Waukesha Electric Systems (Waukesha, Wisconsin), the largest U.S. manufacturer

of medium-power transformers

— Carrier Corporation (Farmington, Connecticut), a manufacturer of smart thermostats for

small-to-large loads

— Digi-Log (Maynardville, Tennessee), a manufacturer of equipment for responsive load
Key partnerships with utilities and energy service providers include the following:

— Tennessee Valley Authority, the largest public power provider in the United States

— Southern California Edison and the California Energy Commission, which operate a large

public benefits R&D program

— Duke Energy, Southern Co., American Electric Power (AEP), and Entergy

Other important collaborators are Pacific Northwest National Laboratory (especially their “Grid-
Wise” initiative), Virginia Tech, Georgia Tech, and the University of Wisconsin.

Budget Information

The following table provides a profile of projected funding for ORNL research in the four areas
covered by this initiative. It is anticipated that significant increases in funding would result in the
FY 2005 time frame.
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Fiscal Year Projections
(in millions of dollars)

2004 2005 2006 2007 2008
DOE-OETD
Operating 17.58 28.62 38.50 48.33 48.33
Capital 0.42 1.38 1.50 1.67 1.67
Total 18.0 30.0 40.0 50.0 50.0
DOE-EERE
Operating 24.42 33.38 38.50 38.67 38.67
Capital 0.58 1.62 1.50 1.33 1.33
Total 25.0 35.0 40.0 40.0 40.0
Homeland Security
Operating 2 4 5 5 5
DOE-EA
Operating 1 2 2 2 2
Total 46.0 71.0 87.0 97.0 97.0
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Strategic Intent and Expected Outcomes

ORNL proposes to deliver new knowledge and technology to overcome the substantial scientific

and technological challenges that limit the widespread use of hydrogen as an energy source and to

support DOE’s Hydrogen, Fuel Cell and Infrastructure Program and the FreedomCAR and Vehicle

Technology programs. Our efforts will focus on the following outcomes:

= New low-pressure, high-hydrogen storage capacity materials

= Affordable, clean, and reliable technologies for producing hydrogen from renewable sources

= \ery-high-efficiency hydrogen-fueled engine technologies

= Development of a systems-level understanding of the economic, technological, and logistical
factors governing the widespread use of hydrogen for transportation, direct residential and
commercial applications, and electrical generation

Significance of Outcomes

Hydrogen (H,), like electricity, is an energy carrier. Any energy source can be used to manufacture
H,, including fossil, nuclear, and renewable energy sources. This is major advantage because
different parts of the world have different primary energy sources. Hydrogen when burned yields
only water, thus making it the ultimate clean fuel. Although the manufacturing processes used to
produce H, do generate various types of pollutants, it is significantly easier to control the pollution
from a few thousand production facilities than from hundreds of millions vehicles. Lastly, the
potential exists for efficient low-cost conversion of H, to electricity with fuel cells and electricity to
H, with electrolysis. Efficient inter-convertibility would allow H, to be a stored form of electricity
and lower-cost nighttime electricity to be used for H, production. While the advantages of a H,
economy are self-evident, the technical challenges to make an economically viable H, economy are
significant. It is the successes or failures that are encountered in meeting these challenges that will
determine the timing and scope of the H, economy.

In recognition of these advantages and the nation’s substantial energy and environmental
challenges, the administration has established a major thrust to enable the use of H, as a fuel. Key
objectives of this thrust are hydrogen generation, delivery, storage (both large and small), and
utilization in fuel cells. This initiative is intended to contribute substantially to these critical
national objectives.

Experience Technology

Development
Distributed Th ing hvd
Bt e growing hydrogen
" :
Transpo demand creates a bridge to

Fuel .
Chne?nelr%and 4 the hydrogen economy, with
efica ernui\ a future hydrogen energy
demand that may exceed

Hydrogen-Fueled that for electricity.
Future

Economics
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Background

Today worldwide H, consumption is approximately 50 million tons/year, a small fraction of what
would be required for H, to be a major part of our energy mix. This production system is
supported by major pipelines, underground bulk storage caverns for H,, and a variety of other
specialized facilities, but, again, on a smaller scale than would be required for an H, economy.

The characteristics of the world oil-based economy create a near-term H_-economy option: H,-
enhanced fuels. The adoption of H_-enhanced fuels would create much of the infrastructure
(production, pipelines, and storage facilities) required for a transition to a full-scale H, economy. If
low-cost H, were available, the yield of gasoline, jet, and diesel fuel per barrel of oil could be
increased by up to 15% by increasing the H_-to-carbon ratio in the final product.

In the longer term, some type of H_-fueled transportation system is likely; however, this could take
several forms. Ford has demonstrated that H_-fueled internal combustion engines (ICEs) will be
about 25% more efficient than an equivalent gasoline ICE. In hybrid vehicles, the H_-fueled ICE has
about 50% better fuel economy than the equivalent gasoline-fueled vehicle. The efficiency of H,
fuel cells is expected to be double that of an equivalent-powered gasoline ICE. The cost of fuel cells
must be reduced by a factor of 50 or more to be competitive for automotive applications; however,
they are becoming more competitive for specialized industrial markets. These markets will aid the
commercialization of fuel cells.

The initial large market for fuel cells will be electricity generation, where the market does not
require such severe reductions in fuel-cell costs. The high-efficiency conversion of electricity to H,
with electrolyzers and H, to electricity with fuel cells may make H, viable as a form of electricity
storage. If this can be achieved, it would create a massive demand for H, and result in the
development of a large H, infrastructure. This benefits high-capital-cost, low-operating-cost energy
sources (nuclear and renewable energy sources) by providing a market for energy to produce H, in
periods of low-electricity demand. Furthermore, large pipelines may provide a means of bypassing
the electrical transmission grid bottlenecks that occur during periods of high-electricity demand.

These opportunities define the most important technical barriers that must be overcome:

= Vehicle onboard H, storage. Most of the prototype H, vehicles store H, in high-pressure
carbon-fiber cylinders. Various solid storage media for H, also exist. All of the current options
have serious limitations such as excessive weight, large volumes, or complicated refueling
schemes. If H, is to be reliably used for vehicles, substantially better technologies are needed.

= Low-cost carbon-free H, production. From a global perspective, low-cost carbon-free H,
production probably implies nuclear-generated H, or steam reforming of fossil fuels with CO,
sequestration. In the longer term, fusion reactors have potentially very high coolant outlet
temperatures, which make them ideal for thermochemical production of hydrogen. While
renewables will contribute locally, the required quantities of H, are extraordinarily large.
Substantial technical challenges must be overcome to make the reformation of fossil fuels
economically and environmentally acceptable.

ORNIL is well positioned to make a significant contribution to the developing technologies that

underpin the hydrogen economy. Areas of particular strength at ORNL that will play a large role

include the following:

= neutron scattering as a characterization tool pathway to correlate storage capacity of metallic
and carbonaceous materials
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carbon materials research

alloy design and testing

inorganic membrane technology
safety analysis (reliability and lifetime

Inorganic Membrane Technology Laboratory (IMTL)
transferred to ORNL—August 2002
Selected by Shell Oil as major partner for H,

analysis) separation membrane development—October 2002
renewable hydrogen production via ORNL performs lead role in road mapping DOE EERE
microbial routes OIT hydrogen activities—April 2003

novel thermochemical cycles for ORNL performs lead role in road mapping GEN IV

hydrogen separation and thermochemical cycles—

hydrogen production April 2003

modeling and simulation of systems and
materials

Objectives and Strategies

Objective 1: Generation—Establish ORNL as a recognized National Leader in the development of
technologies for hydrogen generation and delivery.

Strategy:

Establish a leadership role in the GEN IV nuclear program the areas of separations and
thermochemical processes.

Establish the inorganic membrane technology as the top membrane for hydrogen purification
through strategic industrial partnerships.

Develop a lead lab role within the Office of Hydrogen, Fuel Cells and Infrastructure for the
transition from fossil-derived to renewable hydrogen

Objective 2: Storage—Establish ORNL as a recognized National Leader in the development of technologies
for hydrogen storage.

Strategy:

Develop strategic partnerships with industry, universities, and other national laboratories
conducting research on hydrogen storage technologies.

Lead proposal to establish chemical hydride center of excellence at ORNL.

Support other lead national laboratories proposing carbon and complex hydride centers of
excellences.

Expand research capability at the National Transportation Research Center (NTRC) to include
computer simulation and modeling and safety testing of storage technologies.

Work closely with the High Flux Isotope Reactor (HFIR) to establish ORNL as a leader in the
characterization of storage materials.

Develop an outreach program focused on bringing industry and universities to ORNL to utilize
the user facilities.

Publish peer-reviewed papers.

Objective 3: Engines—Establish ORNL as a recognized National Leader in hydrogen-fueled engine
efficiency research.

Strategy:

Develop strategic partnerships with industry, universities, and other national laboratories
conducting research on hydrogen-fueled engines.

Construct facilities at the NTRC that will enable research on advanced hydrogen-fueled
engines.
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Expand research engine capability at NTRC to include variability on parameters such as
compression ratio, valve timing, fuel temperature and pressure, inlet air temperature and
pressure, combustion process control, etc.

Expand engine computer simulation and modeling capability for combustion control.
Conduct experiments to validate approaches to radically improved engine efficiency
Publish peer-reviewed papers.

Objective 4: Carbon Sequestration—Establish unique capabilities (facilities and the supporting science and
technology) to solve the challenges in carbon sequestration (terrestrial, geological, ocean, and novel systems)
that will enable the United States to implement a suite of options with significant capacity and high
reliability.

Strategy:

Establish a partnership with Battelle in addressing issues in the geological option (e.g.,
reducing uncertainties in capacity, performance, and leakage rates).

Perform a detailed analysis of the issues in separation and capture and develop an R&D plan
that would result in technologies (e.g., new membranes or materials) that would deliver
significant reductions in the cost to separate and capture CO, from existing fossil fuel plants.
Continue leadership in the terrestrial options via Carbon Sequestration in Terrestrial
Ecosystems (CSIiTE) and complementary projects: (1) complete renovation of the plant
genomics facility (Building 1506); (2) develop new partnerships that focus on regional issues of
implementation, monitoring, measurement, and verification; and (3) explore linkages in plant
genomics with technologies needed in sequestration.

Expand collaborations in ocean sequestration science to utilize unique capabilities of the
seafloor process simulator for non-DOE funding.

Continue our focus on science (publications) and support to national planning efforts in climate
science and mitigation technologies.

Key Partnerships

Original equipment manufacturers and tier-one suppliers recognize the need for research and
development of advanced concepts for hydrogen production and storage for the automotive
industry. Existing and evolving partnerships include Caterpillar, ChevronTexaco, Cummins,
DaimlerChrysler, Ford, General Atomics, GM, and Shell Hydrogen.

Other collaborators are Sandia National Laboratory (California), Florida Solar Energy Research
Center, the University of Tennessee, and the National Renewable Energy Laboratory.

Budget Information

Fiscal Year Projections
(in millions of dollars)

2004 2005 2006 2007 2008
Total® 1250 1700 2300 2800 2300

aFunded by Laboratory overhead; no operating or
capital funding provided.
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Strategic Intent and Expected Outcomes

ORNL will become the major provider of new applications of nuclear science and technologies to

supply the power needs of the world and will host one or more new experimental facilities. We

intend to do the following:

= Provide the nuclear energy community with technologies that will enable cheaper, safer,
enhanced proliferation-resistant, and environmentally acceptable use of nuclear energy.

< Provide the fusion energy community with scientific and technological advances that will
enable the commercialization of fusion energy.

= Build and operate experimental facilities at ORNL in support of these missions, building a user
support base that enables outstanding science and technology while maximizing the efficient
use of the facilities.

Significance of Outcomes

Fission energy and fusion energy, when considered together, offer the prospect of affordable
carbon-free electricity and hydrogen for transportation and without the problems that were
typically encountered when nuclear science and technology were first applied to energy
production.

In nuclear energy (fission), DOE has set goals to have a Generation IV reactor producing electricity
and hydrogen by 2020. Meeting this goal will require new technologies that make nuclear energy
the technology of choice for future large-scale energy production.

Similarly, the National Energy Policy report recommends that DOE develop fusion as a next-
generation energy technology, and the United States has entered negotiations for the construction
of the International Thermonuclear Experimental Reactor (ITER) burning plasma experiment as the
first major step towards this goal. To meet the time frame required by this initiative, the Fusion
Energy Sciences Advisory Committee (FESAC) has developed a road map that identifies key steps
and facilities required for the goal of fusion energy demonstration by 2035.

Our success in providing critical technologies and concepts will play a major role in enabling DOE
to reach these goals. Building ORNL capabilities will be based upon existing strengths in nuclear
science and technology, fusion energy, materials science, and chemical separations.

Background

Both fission energy and fusion energy derive their ability to provide energy from nuclear
reactions—nuclear fission and nuclear fusion. The successful application of these nuclear processes
to the generation of carbon-free energy offers a practical path to reducing the carbon intensity of
the United States, and ultimately the world, economy.
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Today’s nuclear energy technologies are plagued with economic problems and uncertainties, and
concerns associated with nuclear waste have yet to be resolved. In light of these issues, DOE and
the national laboratories are developing next-generation nuclear systems, usually referred to as
Generation IV systems. In addition, industrial companies are seeking to build demonstration
reactors.

At the request of DOE, directors of six national laboratories, including ORNL, have jointly
developed an action plan focused on accelerating and enhancing DOE nuclear energy, reactor
waste, and nuclear materials management programs. This action plan foresees the construction of a
high-temperature gas-cooled reactor to demonstrate nuclear hydrogen production and electricity
production, demonstration of an advanced nuclear-hydrogen process technology, expanded
international nuclear cooperation, and demonstration of a closed nuclear fuel cycle—all under an
extended framework for nuclear materials management.

In January 2003, the President announced that the United States would enter negotiations with
several international partners to construct the world’s first burning plasma experiment—ITER.
ITER will produce sustained fusion powers at the hundreds-of-megawatts level and demonstrate
key scientific and technological aspects that will be common to future fusion power plants. ITER is
the first major step towards demonstration of fusion energy on a commercial scale. The FESAC has
recently issued a comprehensive development path that culminates with an on-line demonstration
of fusion energy in a time frame that meets the President’s goal of commercialization of fusion
power by the mid-century. The FESAC plan identifies several major new facility/project
requirements to meet the 35-year plan objectives. These requirements span the complete science-to-
technology spectrum of issues, including theory and advanced simulation, configuration
optimization, burning plasma physics, and materials and nuclear component testing.

The fusion program is highly collaborative, nationally and internationally. ORNL is a leading U.S.
institution with scientists on long-term assisgnments at DII11-D at General Atomics, presently the
largest U.S. fusion device, and at many international facilities worldwide. This collaborative nature
is an important and integral part of the fusion program; it contributes to the individual growth of
scientists and leads to broad exchange of ideas and technologies.

ORNL is ideally suited to contribute to these outcomes. ORNL has a long-standing leadership role
in the development of gas-cooled reactor technologies and reactor materials and leads the U.S.
effort in developing high-performance radiation-resistant structural materials for the fusion energy
applications. Gas-cooled reactors appear to be the only viable candidates for delivering the
temperatures required for hydrogen production, a key requirement of a next-generation reactor. In
the longer term, fusion reactors utilizing high-temperature structural materials and heat recovery
components currently under development (such as SiC composites) will be ideally suited for
hydrogen production. ORNL has also played a long-standing leadership role in separations
technologies that will be crucial in the development of hydrogen production processes and closing
the fuel cycle. In addition, ORNL has a rich tradition of developing innovative magnetic fusion
confinement concepts and is a leader in the development of plasma and fusion technologies.
Furthermore, there is a strong overlap between the core technologies and their application in both
fission and fusion, which will alloww ORNL to position itself as a main supplier of core technologies
in both cases and allow the United States to benefit from the synergies created. ORNL has also
supported previous DOE advanced reactor programs in terms of high-temperature material and
coated-particle-fuel technologies.
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ORNL has also strengthened facilities and
infrastructure to support current ORNL roles
in the fusion program and prepare for new
opportunities. ORNL’s campus revitalization
has permitted consolidation of fusion staff
and programs at ORNL’s main campus. The
new location provides high-bay space
suitable for test loops and fusion-related
experiments and a computational facility
design to house world-class computing
capable of supporting the Fusion Simulation
Project. In the long term, ORNL may be a
candidate site for additional experiments
and test facilities, as laid out in the DOE and
Office of Science strategic plans.

Objectives and Strategies

The development of new technologies and
new capabilities will be accomplished
through the following objectives.

Objective 1: Support design of candidate near-
term and Generation IV reactors.

Strategy

= Develop partnerships with and provide
key technologies to industrial teams
involved in design and construction of
candidate near-term reactors.

< Provide DOE with the overall leadership
of the Generation 1V materials program
and provide DOE with the technical
expertise for development and
qualification of advanced coated-particle
fuels.

Objective 2: Develop next-generation
technologies for particle fuel that allow for

ORNL has reestablished its capability to fabricate
coated-particle uranium-bearing fuels and developed
and implemented new characterization methods for
the next generation of coated particle fuels.

ORNL has been selected by the DOE Office of
Nuclear Energy, Science and Technology as the
National Director for Materials for the Generation IV
Advanced Reactors Initiative. As the first step, ORNL
has led the development of a materials needs report
for the Very-High-Temperature Gas-Cooled Reactor
(VHTR) Systems and is currently compiling similar
reports for the other Generation IV concepts.

In a multi-institutional SciDAC project led by ORNL,
the first fully resolved two-dimensional calculations
of the conversion of fast radio frequency waves to
short-wavelength modes in a plasma were obtained.
This mechanism is important for driving the internal
currents and flows required for maintaining and
improving plasma confinement.

ORNL, in partnership with Princeton Plasma Physics
Laboratory (PPPL), developed two variants of a new
innovative plasma confinement concept—the
compact stellarator. The NCSX and QPS devices
combine the best features of the tokamak with those
of the other major confinement approach, the
stellarator.

In collaboration with PPPL, ORNL completed an
ITER-relevant high-power-prototype radio frequency
heating antenna for the JET tokamak in Europe. In
collaboration with General Atomics, a new ITER-
relevant disruption mitigation technology has been
demonstrated.

ORNL and its collaborators have developed an
advanced SiC composite ceramic for fusion energy
applications. Unlike commercially available SiC
composites that become substantially weaker during
neutron irradiation, the strength of the new
formulation was shown to improve by 5 to 10% after
irradiation in the High Flux Isotope Reactor.

continuous production of high-quality fuel for Generation IV reactors.

Strategy

< Develop new particle coatings for use at the high temperatures required for hydrogen

production.

< Develop next-generation automated fuel inspection technologies to ensure consistent
fabrication quality (missing in previous applications) and to reduce cost.
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Objective 3: Develop next-generation
technologies for processing of reactor fuel.

Strategy

< Develop applications of ionic liquids
and other innovative processing
technologies.

e Support DOE/Air Product & Chemicals,
Inc. (APCI) programs in the area of
separations.

Objective 4: Advance the fundamental

understanding of plasma science and develop an o

integrated simulation capability for fusion Produchen ant

plasmas and reactors. Very-High-Temperature Gas-Cooled Reactor system.

Strategy

= Support DOE’s initiative to develop an integrated simulation capability for fusion plasmas and
reactors.

= Make strategic investments in key personnel for the Fusion Simulation Project (FSP).
= Develop innovative FSP building blocks.

Objective 5: Establish the basis for more attractive fusion systems by developing and investigating
innovative magnetic confinement configurations.

Strategy

= Address key scientific issues on national and international facilities relevant to the Advanced
Tokamak [DII1I1-D, Joint European Torus (JET)] and National Spherical Torus Experiment (NSTX)
and develop the compact stellarator confinement approach with new facilities [National
Compact Stellarator Experiment (NCSX) Quasi-Poloidal Stellarator (QPS)].

< Develop a three-dimensional transport computational tool for advanced stellarator design
studies.

Objective 6: Advance DOE’s burning plasma experiment initiative by providing expertise, R&D, and
components during the construction phase of ITER.

Strategy

= Pursue a broadly based burning plasma research program, including simulation, advanced
tokamak scenarios, diagnostics, and plasma and fusion technologies in support of ITER
objectives.

= Develop plasma and fusion technologies relevant to ITER.

Objective 7: Develop enabling technologies for the fusion program’s research facilities and establish the
materials science basis for the fusion energy application.

Strategy

« Develop plasma heating, fueling, and disruption mitigation technologies to enable creation and
control of high-temperature, high-density plasmas.

= Conduct collaborative R&D and modeling on structural materials with attractive safety and
environmental characteristics such as SiC/SiC composites, vanadium alloys, and advanced
ferritic steels.
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= Make strategic investments to position ORNL as a candidate site for a 14-MeV neutron source,
such as the International Fusion Materials Irradiation Facility, which is needed for prototypic
materials irradiation.

Key Partnerships

= Nuclear Energy—Argonne National Laboratory, Idaho National Engineering and Environmental
Laboratory, Sandia National Laboratories, Los Alamos National Laboratory, Lawrence
Livermore National Laboratory, universities, selected industrial partners, and international
partners.

Broad cooperative programs to establish the need for nuclear energy for the future as well as
participation in the Generation 1V initiative.

= Fusion Energy Sciences—Argonne National Laboratory; Pacific Northwest National Laboratory;
Princeton Plasma Physics Laboratory; University of California, San Diego; MIT and other
universities; General Atomics; Japan Atomic Energy Research Institute; European Fusion
Development Agreement; and other international partners.

Broadly collaborative programs to establish the science and technology base for development of
fusion as an energy source. This effort spans collaborations on atomic physics, theory and
simulation (SciDAC), experiment design and operation (DI11-D, National Spherical Torus
Experiment, National Compact Stellarator Experiment, Quasi-Poloidal Stellarator, ITER), and
enabling technology and materials development (Virtual Laboratory for Technology).

Budget Information

Fiscal Year Projections
(in millions of dollars)

2004 2005 2006 2007 2008

DOE-AT Magnetic Fusion

Operating 19.2 20.7 21.2 23.9 28.7
Capital 1.8 6.0 6.5 6.5 1.3
Total 21.0 26.7 27.7 30.4 30.0

DOE-AF Nuclear Energy R&D
Operating 16.6 25.8 26.6 27.4 28.2
Capital 3.8 2.3 0.9 0.9 0.9
Total 20.4 28.1 27.5 28.3 29.1

Total 41.4 54.8 55.2 58.7 59.1
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Strategic Intent and Expected Outcomes

ORNL will become the world’s foremost center for neutron sciences, providing unprecedented new
capabilities for understanding the structure and properties of materials.

To realize this intent, we will accomplish the following:

= Design, construct, and operate neutron sciences facilities of the highest efficiency and
effectiveness for users in the chemical, materials, physical, biological, and engineering sciences.

<« Develop and support an international user community with access to world-class instruments
and comprehensive support and training programs.

< Apply advanced neutron scattering techniques to yield new knowledge in ORNL’s materials,
chemistry, life sciences, physics, and applied engineering programs.

= Further the state of the art of neutron scattering instrumentation to enable leading-edge
research in these fields.

Significance of Outcomes

Neutron scattering represents one of the most powerful probes of matter, complementary to
synchrotron radiation and other available probes. Neutron scattering enables advances in the
materials, chemical, and life sciences and in engineering/technology in such crucial areas as
electronics and lightweight materials. Cutting-edge neutron scattering capabilities are essential to
U.S. leadership in some of the most scientifically exciting and technologically important fields of
research and will remain so for decades to come. The combined assets of the upgraded High Flux
Isotope Reactor (HFIR) and, following construction, the Spallation Neutron Source (SNS) will
provide our nation with the finest neutron scattering facilities in the world.

Instrumentation advances and higher intensity beams will create new opportunities at the leading
edge of several fields in science and technology. Improvements on the order of a factor of 10 to
100—in a combination of new facilities and state-of the-art instruments—will encourage research
in areas that have previously been limited by the minimum size of samples and the length of time
required to collect data. For instance, because of the sensitivity of these new instruments, it will
now be much easier to determine the positions of the hydrogen atoms in biomolecules. We also
note that the full scientific impact of order-of-magnitude improvements in instrument performance
almost always turns out to be broader than anticipated.

By building ORNL capabilities and expanding the use of neutron science, ORNL’s materials,
biology, and energy technology programs will be strengthened. We anticipate advances in our
fundamental understanding of magnetic materials, superconductivity, lattice dynamics, and long-
range structure in noncrystalline materials. In addition to the great scientific importance of these
areas, these advances will have application in such areas as fuel cell technology, conductors,
hydrogen-storage materials, and the design of more efficient motors and power transmissions.
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Background

Neutron scattering is used by a variety of scientific disciplines to study the arrangement, motion,
and interaction of atoms in materials. Neutron scattering techniques are uniquely effective for
probing magnetic materials, for observing small fluctuations in magnetic fields, for measuring
vibrations in materials, and for observing the position of light atoms. Thus neutron scattering
provides valuable information that often cannot be obtained from other techniques, such as optical
spectroscopy, electron microscopy, or X-ray diffraction. These techniques are complementary, and
the availability of multiple techniques is essential to a wide variety of research fields.

The capabilities available to U.S. researchers greatly lag behind those available in Europe and
Japan. Although excellent work is done at the four existing U.S. facilities [HFIR, Intense Pulsed
Neutron Source (IPNS), Los Alamos Neutron Science Center (LANSCE), and National Institute of
Standards and Technology (NIST)], our nation lacks leading-edge neutron scattering capabilities
and the capacity to support the demands of our scientific enterprise. In consequence, the U.S.
community of researchers who are knowledgeable in the use of neutron scattering is small relative
to the scientific importance of these tools. A recent National Academy of Sciences report found that
“... In some areas, such as neutron scattering, U.S. facilities have not kept up with foreign
competition.” Indeed, new or enhanced facilities are planned or under way in Japan, Australia,
France, England, Switzerland, Germany, and Korea. With the completion of ORNL’s SNS in 2006
and the upgrade to the HFIR, the United States will be providing research capabilities in this
country equivalent to or exceeding the best in the world.

ORNL is well positioned to deliver these outcomes. ORNL’s strengths in neutron sciences
constitute an integrated capability that spans programs across the entire Laboratory. The capability
dates from the 1940s when CIiff Shull conducted his pioneering research using neutron scattering
at the Graphite Reactor, for which he shared the 1994 Nobel Prize in Physics. We are expanding the
user program in neutron scattering at HFIR, the highest-flux reactor-based source of neutrons in
the United States. Three new state-of-the-art spectrometers have already been brought on-line, and
over the next two years, additional
instruments will be brought on-line
for a variety of materials science and

. R R R . /Front End Building
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Liquefaction Klystron Building
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Objectives and Strategies

The development and continual
improvement of cutting-edge neutron
scattering capabilities for the scientific
community and the development of major
new research programs that employ neutron
scattering techniques will be accomplished
through the following objectives.

Objective 1: Deliver the SNS project on
schedule and within budget.

Strategy

= Maintain the strong partnership among
six national laboratories that is required
to deliver the SNS.

= Employ a highly disciplined project
management approach to meet schedule
and budget milestones.

Objective 2: Upgrade the capabilities of the HFIR.

Strategy

SNS front end commissioned—January 2003.

SNS Drift Tube Linac Commissioning—August 2003
Began target installation—April 2003.

Held third JINS workshop (solid state chemistry and
earth sciences)-March 2003.

Initiated design for disordered materials and
inelastic scattering. Funding approved for VULCAN
by Canada Foundation for Innovation; MOA signed.
Installed three world-class triple-axis spectrometers,
which are exceeding performance expectations. The
installation of three additional world-class
instruments is under way.

Completed construction of the SANS (small-angle
neutron scattering) guide hall. Beneficial occupancy
is expected by September 2003.

Implemented formal neutron scattering user program
at HFIR, developed jointly with the SNS. The first call
for proposals (October 2002) was oversubscribed by
a factor of 2.

= Upgrade scientific instrumentation to equal or exceed the current state of the art.
= Install the cold neutron source to provide some of the brightest cold neutron beams in the

world.

= Instrument the new guide hall, including world-class small-angle neutron scattering (SANS)

capabilities for materials and biological research.

Objective 3: Establish the basis for the capabilities of the SNS and HFIR to remain at the forefront of world

scientific facilities.
Strategy

< Develop the scientific basis for upgrading the SNS beam power to the 3- to 4-MW range.
= Continue to engage the research community on a planning basis for the Long Wavelength

Target Station and its instrument suite.

= Work with physics research communities to include the possibility of hosting instruments

studying neutrinos and neutron physics.

Objective 4: Deliver the next generation of neutron scattering instrumentation at SNS and HFIR.

Strategy

< Maintain instrument development activities to bring on-line 3—4 instruments per year.
= Support instrument development teams funded by DOE and other agencies.
= Stimulate the design and proposal of new instruments through workshops and other outreach

activities.
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Objective 5: Build a world-class user program that provides access to the HFIR and SNS neutron
scattering capabilities.

Strategy

Develop a joint HFIR-SNS user program to match users to the most appropriate capability for
their needs.

Develop Web-based tools for proposal submission and evaluation, user training, and allocation
of instrument time.

Develop a broad outreach initiative, including an effective training program and a science
education program focused on neutron scattering in partnership with a number of research
universities.

Team with other ORNL user facilities to provide single-point access to multiple facilities for
researchers requiring use of multiple experimental techniques.

Objective 6: Establish the Joint Institute for Neutron Sciences (JINS) as an intellectual center for the
neutron sciences.

Strategy

Obtain design and construction funding for the JINS facility from the state of Tennessee.
Continue the program of JINS research and instrumentation workshops in additional areas of
science.

Establish JINS programs with universities to train the next generation of scientists and
engineers in neutron scattering techniques.

Obtain core funding for continuing JINS intellectual programs, such as novel concepts for
instrumentation and scientific opportunities using neutron beams.

Initiate hiring process for JINS director.

Objective 7: Develop innovative research programs at ORNL that take advantage of the unique capabilities
afforded by these facilities.

Strategy

Invite proposals for ORNL’s Laboratory Directed Research and Development program (LDRD)
for innovative application of neutron scattering and/or conception of new instruments.
Support the four SNS instrument development teams led by ORNL research divisions.
Encourage and expand collaborations by collocating SNS instrument scientists in ORNL
research divisions.

Maintain leadership in the application of neutron scattering to strengthen the user program and
drive innovation in science and instrumentation at SNS and HFIR.

Key Partnerships

SNS Project Team—-Lawrence Berkeley, Jefferson, Los Alamos, Brookhaven, Argonne, and Oak
Ridge National Laboratories; Knight Jacobs Joint Venture.

This team is responsible for the design and construction of the SNS.
JINS with the University of Tennessee.

Established by ORNL and the University of Tennessee, JINS will serve as the intellectual center
for neutron sciences and will promote the use of neutron beam facilities at SNS and HFIR. Its
membership, roles, and responsibilities will be further defined and enhanced in the near future.
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Budget Information

Fiscal Year Projections
(in millions of dollars)

2004 2005 2006 2007 2008
SNS
Capital (construction project) 143 1129 74.9 0 0
Operating 0 0 75.0 150.0 160.0
Total 143 112.9 149.9 150.0 160.0
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Strategic Intent and Expected Outcomes

It is our intent to become a world leader in harnessing unprecedented computing power as tools of

scientific discovery to deliver new insights and achieve breakthroughs with broad impact in U.S.

scientific leadership. Thus, we plan to

= develop computer architectures that will dramatically improve hardware performance on
scientific problems of importance to DOE;

= develop scientific simulation codes to fully exploit the capabilities of terascale computers for
DOE problems; and

= solve outstanding science problems in the areas of Biology, Climate, Energy Assurance, Fusion,
Materials, and National Security.

Significance of Outcomes

Computing and computational science has emerged as the third leg of scientific discovery in the
20th century. However, the nation’s scientists no longer have access to the world’s most advanced
computing capabilities due to lack of adequate investment in open scientific computing as well as
lack of new computing architectures focused on scientific computing. Investments in advanced
computing hardware, application software and associated tools, and algorithms and models will
result in significant advances in the nation’s science capabilities and technology infrastructure and
enable the United States to regain its leadership role in computing and computational science. This
will lead to significant scientific breakthroughs and impact people’s lives. The following table
illustrates both the promise and the performance requirements for computational science in the
early 21st century.

FY 2004-2005

Application Simulation need Computer need Significance
(Tflops)

Climate Science Calculates energy, water, and >750 Provides U.S. policymakers with
greenhouse gas exchanges leading science information to
among the atmosphere (including support policy decisions.
clouds), ocean, land surface, and Dramatically improve long-term
seaice. climate predictions, particularly of

extreme weather conditions, under
changing climate forcings.

Materials Performs predictive simulations of >100 Accelerates the development of new,
advanced materials properties technologically advanced materials
and synthesis. that can improve the efficiency and

economy of energy production and
use, contribute to new technologies,
and lead to new products.
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Biology Predicts the functions and behaviors ~ >50 Directly contributes to progress in
of complex biological systems addressing the nation’s energy,
beginning with microbes. environmental, and national

security missions through the
Genomes to Life research program.

Magnetic Fusion ~ Optimizes balance between self- >50 Underpins U.S. decisions about

Energy heating of plasma and heat future international fusion
leakage caused by electromagnetic collaborations. Integrated
turbulence. simulations of burning plasma

crucial for quantifying prospects
for commercial fusion.

Communications  Provides communication network >50 Provides crucial capability to

and Data Systems analysis of 10,000+ nodes for evaluate information superiority for
command and control. future combat systems and sensor

networks for homeland security.

Energy Performs simulation of large, >100 Provides means for industry,

Infrastructure complex systems that define government, and university
critical energy infrastructures. programs to simulate the complex

interactions associated with energy
infrastructure.
Background

The mainstream of parallel supercomputing in the United States has for some time been dominated
by clusters of commodity shared-memory processors (SMPs). This technology path provides
excellent price/performance when measured from the theoretical peak speed, but many
applications of strategic importance (e.g., climate, materials, biology and fusion) sustain only a
small fraction of this speed. Indeed, over the past decade, the sustained fraction of peak
performance achieved by these applications has been falling steadily. Many factors account for this

but foremost are the increasing
disparity between the speed of
processors and memory and the
design of processors for
commodity applications rather
than high-end scientific
simulations.

In order to achieve 100+ sustained
teraflops of effective performance
on a broad cross section of
scientific problems, an alternative
to the commodity SMP approach
must be pursued. This will require
identifying, evaluating, and
operating a more balanced system
architecture as well as the ability to

A decade of firsts (1992-2002)

Install Paragon XP/150
1995 Worlds fastest computer
Connected by fastest
natwork OC-12 to Sandia

@l 11K n ?_
\
ORNL-SHL create first
high-performance

computational Grid

Longstanding climate simulatiop
first met on CCS Compagq
on new CC5 building

1997
RA&D 100 Award for
successful development 998 World class DOE
and deployment of HPSS

Developed first i ersfil facility
application to b enatmiad
sustain 1 TF

" Construction starts

IBM Blue Gene CRADA
to develop super scalar
algorithms begins

Partnership with
Cray on X1 begins

NetSolve wins R&D 100
ATLAS wins RAD100
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provision the system with the needed application software models, methods, algorithms,
middleware, and tools to take advantage of the hardware.

The Center for Computational Sciences (CCS) was founded in 1991 by the DOE as part of the High-
Performance Computing and Communications program and was one of two high-performance
computing research centers created in DOE national laboratories. From the beginning, the CCS has
had three primary missions: (1) evaluate experimental new architectures to see how they work for
the DOE Office of Science applications; (2) work with the manufacturers of these systems to bring
them to production readiness; and (3) use these new systems on a few applications that are both
important to the nation and cannot be addressed with the conventional computer systems of the
day. Indeed, ORNL and the CCS have a long history of evaluating new experimental computer
architectures and bringing them to bear on scientific challenges.

The Cray X1 offers particular promise for meeting the challenges described above. The X1 is the
first of Cray’s new scalable vector systems that offers high-speed custom vector processors, high-
memory bandwidth, and an exceptionally high-bandwidth, low-latency interconnect linking the
nodes. Cray is the only U.S. manufacturer of multi-terascale systems with these characteristics. For
Office of Science research applications, the efficiency of the processors in the Cray T1 is anticipated
to be comparable to the efficiency of the NEC SX-6 processors in the Japanese supercomputer, the
Earth Simulator, built specifically for climate and earth science applications. Its capability is 5 to 20
times that of current U.S. commodity clusters. A significant feature of the Cray X1 is that it
combines the processor performance of traditional vector systems with the scalability of modern
microprocessor-based architectures. The X1 is the first vector supercomputer designed to scale to
thousands of processors with a single system image. Cray’s development path scales to nearly 1
PFLOP/s in the latter half of this decade, while significantly improving the price performance of
the technology used.

ORNL is uniquely prepared to evaluate these and other new architectures and bring them into
service for the scientific community. In 2002 ORNL completed a new Computational Sciences
Building (CSB), providing 170,000 square feet of space to house the Laboratory’s computing
infrastructure. The centerpiece is a 40,000-square foot computer room with up to 12 MW of power
and up to 4800 tons of air-conditioning, the nation’s largest computer center for scientific research.
The CSB also houses the fiber-optic communications hub for the Laboratory, providing direct
access to high-speed, wide-area networks linking ORNL to other major research laboratories and
universities. Adjacent to the computer room is a new 1700-square foot visualization facility to help
the researchers glean understanding and knowledge from the terabytes of data generated by their
simulations.

Objectives and Strategies

Obijective 1: Deliver leadership-class scientific computing capability to the scientific community. At ORNL

we contribute to this effort.

= By 2005 deliver computational performance 50 times greater than now achieved for selected
scientific modeling problems.

= By 2008 deliver computational performance 1000 times greater than now achieved for selected
scientific modeling problems (petascale).
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Strategy

The Cray X-1is the best U.S. option for such a system, and the Cray partnership offers the best
option for leadership-scale computing for the nation.

< Began Cray X-1 evaluation at ORNL in 2003.

= Begin installation of the first leadership class system.

< Improve “delivered” performance by a factor of 50 over FY 2002.

Objective 2: Deploy leadership-class scientific computing capability to our nation’s scientific user
community.

Strategy

The Center for Computational Sciences is a user facility providing multi-teraflop, focused
resources on advanced architectures for the key science topics of biology, climate, energy
assurance, fusion, materials, and national security. With support from the Office of Science, the
CCs will be maintained as a leading center for unclassified scientific computing. In addition, the
CCS user facility will be expanded to include leadership-class architectures as rapidly as possible
and provide high-quality support (for computer cycles as well as scientific support) to the climate,
fusion, materials, and biology communities.

Objective 3: Build a fully coupled global climate model that provides state-of-the-art computer simulations
of the Earth’s past, present, and future climate states.

Strategy

At current model spatial resolution and scientific complexity, a 100-year simulation requires

12.5 days on a 4.5-Tflop machine. Resolution enhancement to resolve eddies and clouds, and

incorporation of additional complexity (atmospheric chemistry, terrestrial and ocean

biogeochemistry, dynamic vegetation) required for long-term dynamics, requires orders-of-

magnitude increase in computing speed. We contribute to this effort by conducting research in

< numerical methods research for atmospheric dynamics,

= parallel algorithm development for next-generation climate models,

= Dbenchmarking and performance characterization of supercomputers for climate simulation,
and

= development of hydrologic and biogeochemical process models for simulation of climate
feedbacks in the full carbon cycle on decadal to century timescales.

Objective 4: Build a capability to predict reliably the behavior of plasma discharges in a toroidal magnetic
fusion device on all relevant timescales and space scales.

Strategy

We contribute to this effort through computational modeling and simulation directed towards

< high-power wave heating and plasma control,

= new compact stellarator magnetic confinement configurations (analysis for device design), and
< nonlinear studies of plasma turbulence and turbulent transport in fusion plasmas.

Through these efforts, ORNL proposes to play a lead role in the Fusion Simulation Project—a major
FY 2004 DOE initiative.

Objective 5: Enable extraordinary advances in materials science through use of simulation and modeling to
explore spatial and terminal scales not fully accessible to experiment.
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Strategy

ORNIL researchers in computational

materials science make use of and participate

in the development of the most advanced
high-performance computing technology—
hardware, algorithms, and methods—to
perform predictive simulations of advanced
materials properties and synthesis in the
following areas:

= Phase stability, magnetic and mechanical
properties of transition metals, their
alloys, as well as artificial
heterostructures such as multilayers.

= Electronic and structural properties of
ferroelectrics, ceramics, and complex
transition metal oxides, as well as other
strongly correlated oxides.

e Study of transport, magnetism, and other
collective phenomena, as well
mechanical properties of low-
dimensional nanostructured materials.

= Microstructure evolution and modeling
of failure in materials used in radioactive
environments (radiation effects) as well
as in automotive applications.

Objective 6: Develop the advanced algorithms
and computational capabilities to integrate and
analyze genomic data and begin to model complex
biological systems in support of DOE’s Genomes
to Life Program.

Strategy
We will contribute to this effort through

Completed first fully coupled climate simulation
using T85 CAM (2002).

Established OC192 network connectivity (2002):

10 Ghit/s network connection from ORNL through
Chattanooga to the Atlanta: GigaPOP (managed by
Georgia Tech). This link connects to Internet2 and
dramatically enhances communications performance
between the university research community and
ORNL.

Expanding Terascale Supernova Initiative: achieved
2- and 3-D hydrodynamics models runs uncovering
instability in stellar core shock wave (2002).
Completed design of quasi-poloidal stellarator
experiment using simulations on CCS systems
(2002).

Common Component Architecture (CCA) named
number 6 in DOE top 10 science achievements for
2002.

Received first cabinet of “Phoenix” 3/18/03;
32-processor, liquid-cooled cabinet; 128 GB
memory; 8 TB disk (SCCrayX1cab.jpg).
Encouraging initial results on X1: POP climate code
running on 16 processors achieved 35.3 simulation
years per day—the fastest on any U.S. computer.
Optimized spectral ICRF field solver TORIC for high
performance computing. Initial version took 12 hours
on NERSC Cray with 161 modes; largest

1023 modes solved using 128 cpus and 290 gBytes
in 12 hours on Cheetah. Simulation of rf wave
conversion in plasma (http:www.csm.ornl.gov/IAO/
edRF2-3.html)

= databases and tools for interpreting, managing, and disseminating data and models to the

greater biological community;

= integrating of the distributed biology databases into a unified knowledge base for predictive

modeling; and

< providing both capability as well as capacity computation.

Our computational work will be very closely integrated with experimental work, as is necessary

for a systems approach to biology.

Objective 7: Establish the Joint Institute for Computational Science (JICS) as an intellectual focus for the

computational science community.
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Strategy

JICS will enhance and support research using its leadership-class facilities. Fellowship and
sabbatical programs will draw the best computational scientists from institutions all over the
world for interactions with the resident staff and user communities. Modern computational,
communication, and networking capabilities will encourage interactive scientific and video
teleconferencing and provide data acquisition and analysis capabilities for resident scholars and
their colleagues around the world. JICS will also foster joint faculty positions between ORNL and
its university partners and assist multi-institutional research teams developing new applications
involving computational science and other uses of high-performance computers.

Objective 8: Establish strategic partnerships with laboratories, universities, and vendors.

Strategy

= Develop partnerships with Office of Science and National Nuclear Security Administration
(NNSA) laboratories for exploration of next-generation architectures and development of next-
generation simulator tools.

= Broadly engage universities across the nation and region to strengthen research partnerships
and support the development of the next generation of computational scientists and engineers.

= Maintain close partnerships with supercomputing vendors to encourage and assist in the
development of architectures designed for leading-edge computational research.

Objective 9: Establish world-class expertise in communications modeling.

Strategy

The need to simulate large systems of communications nodes is becoming important in several key
projects. Our strategy is to build upon a convergence of program needs to (1) make several
strategic hires in this area, (2) leverage existing CCS infrastructure, and (3) develop leading-edge
software for high-performance communication simulations. This area of expertise is becoming
increasingly valuable for our strategic thrusts in national defense and homeland security.

Key Partnerships

Laboratories

« Other SC labs as well as key NNSA labs [Sandia National Laboratories (SNL) and Lawrence
Livermore National Laboratory (LLNL)] in collaborative efforts to deliver on Scientific
Discovery through Advanced Computing (SciDAC) thrust areas and to define, develop, and
deploy homeland security and energy assurance.

Universities

= Regional and national universities (e.g., Vanderbilt, MIT, historically black colleges and
universities, and minority educational institutions) for collaborative research, joint proposals,
expanded expertise and unique, diverse workforce development.

Vendors

= Cray, Hewlett-Packard, IBM, and SGI for high-end computing for science and engineering,
next-generation architectures and platforms, specialized applications thrusts, and high-end
visualization.

= Qwest for high-speed networks to link collaborative research partners and to enable massive
amounts of data transfer.
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ORNL Partnerships in SciDAC

The Scientific Discovery through Advanced Computing (SciDAC) initiative brings together
computational resources and expertise of multidisciplinary teams to address and develop the
scientific computing software and hardware infrastructure needed to use terascale computers to
advance research in basic energy sciences, biological and environmental research, fusion energy
sciences, and high energy and nuclear physics.

Scientific Applications Pilots partnership with Argonne (ANL), Brookhaven (BNL), Lawrence
Berkeley (LBNL), Los Alamos (LANL), Massachusetts Institute of Technology (MIT), Pacific
Northwest National Laboratory (PNNL), the University of Tennessee, University of Utah, Cal
Tech, Fermi Lab, General Atomics, Georgia Tech, Indiana University, Lawrence Livermore,
Princeton Plasma Physics Lab, Princeton University, Rice University, Stanford Linear
Accelerator, Thomas Jefferson National Accelerator Facility, University of Wisconsin,
University Center for Atmospheric Research, University of California—San Diego, University of
Southern California with application in climate simulation, fusion, and astrophysics.
Collaboratories and Networks partnership with ANL, BNL, LBNL, LANL, MIT, PNNL, University
of Tennessee, University of Utah, Cal Tech, Fermi Lab, General Atomics, Georgia Tech, Indiana
University, Lawrence Livermore, Princeton Plasma Physics Lab, Princeton University, Rice
University, Stanford Linear Accelerator, Thomas Jefferson National Accelerator Facility,
University of Wisconsin, University Center for Atmospheric Research, University of California—
San Diego, University of Southern California with application in science grid and earth systems
grid projects.

Middleware & Network Research partnership with ANL, BNL, LBNL, LLNL, LANL,
Northwestern University, PNNL, University of Tennessee, University of Utah, Carnegie Mellon
University, Georgia Tech, Indiana University, New York University, North Carolina State
University, Old Dominion University, Rensselaer Polytechnic Institute, SNL, SUNY-Stony
Brook, University of California, University of California—Berkeley, University of California-
Davis, University of California—Los Angeles, University of Maryland, University of North
Carolina, University of Colorado, University of lllinois—-Urbana Champaign, University of
Washington, University of Wisconsin in Network Dynamics, Net100, and SSFnet projects.
Scientific Applications partnership with ANL, BNL, LBNL, LANL, MIT, PNNL, University of
Tennessee, University of Utah, Cal Tech, Fermi Lab, General Atomics, Georgia Tech, Indiana
University, LLNL, Princeton Plasma Physics Laboratory (PPPL), Princeton University, Rice
University, Stanford Linear Accelerator, Thomas Jefferson National Accelerator Facility,
University of Wisconsin, University Corporation for Atmospheric Research, University of
California—San Diego, Southern Cal in Computer Science (Scalable Systems Software, Common
Component Architecture, Performance Science and Engineering, Scientific Data Management,
Applied Mathematics, PDE Linear/Nonlinear Solvers and Libraries, Unstructured Grids).
Climate Research partnerships with ANL, LBNL, LLNL, LANL, National Center for Atmospheric
Research, PNNL, Clarkson University, Colorado State, Georgia Tech, Georgia Tech Research
Corp., Goddard Institute for Space Studies, lowa State, Princeton, University of Arizona,
University of California-Los Angeles, University of California-San Diego, University of
Indiana, University of Maryland, University of Michigan, University of Quebec, University of
Wisconsin.

Chemistry Research partnerships with ANL, LBNL, PNNL, Ames, Carnegie Mellon University,
Michigan State, Ohio State, Oklahoma State, Rice, SNL, University of California—San Diego,
University of Georgia, University of Maryland, University of Memphis, University of
Michigan, University of Wisconsin—-Madison.
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= Fusion Research partnerships with ANL, LBNL, LLNL, LANL, MIT, Auburn University, CompX
Corp., General Atomics, Lodestar Corp., MIT Plasma Science Fusion Center, New York
University, PPPL, Princeton University Computer Science, Rollins College, Science
Applications International Corporation (SAIC), University of California—Los Angeles,
University of Chicago, University of Colorado, University of lowa, University of Maryland,
University of Texas—Austin, University of Utah, University of Wisconsin—-Madison, Utah State.

= High Energy and Nuclear Physics Research partnerships with BNL, LBNL, LANL, Fermi Lab, SNL,
Stanford Linear Accelerator Center, Stanford University, Tech-X, Thomas Jefferson National
Accelerator Facility, University of California—Berkeley, University of California-Davis,
University of California—Los Angeles University of Maryland, University of Southern
California.

< Applied Mathematics cross-cutting partnerships in PDE linear/nonlinear solvers and libraries
and unstructured grids.

Ongoing partnerships with Cray, Hewlett-Packard, IBM, and SGI for high-end computing for
science and engineering.

ORNL/Sandia Red Storm partnership to develop and deploy Cray H/W and S/W technologies.

Budget Information

Fiscal Year Projections
(in millions of dollars)

2004 2005 2006 2007 2008

Operating 30.0 31.0 32.0 33.0 34.0
Capital 1.0 1.0 1.0 1.0 1.0
Total 31.0 32.0 33.0 34.0 35.0
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Oak Ridge National Laboratory has substantial roles in each of DOE’s primary missions. The
following pages present our strategy for delivering the greatest possible scientific and
technological impact in each of the major DOE research programs that we support.

For each major program, we present our long-term strategic objectives for our contribution; a
discussion of ORNL programs in the context of DOE mission goals; our objectives and strategies
for strengthening our contributions and mission impact; the support needed from DOE to enable
that contribution; a brief summary of recent achievements; and our primary research and
development partnerships.

We do believe that one of the great strengths of multidisciplinary, multiprogram laboratories,
including ORNL, is the ability to make science and technology connections across organizational,
disciplinary, and program boundaries. For example, advances in materials science often lead
directly to new technologies that advance DOE’s energy and national security missions, while
applied mission needs can motivate scientifically important and challenging materials science
issues. Similarly, advances in computational science both drive and are driven by research progress
in a host of other areas. Therefore, although this section is organized by DOE program office, we
have attempted to reflect this synergy in our program descriptions.
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The fields supported by DOE’s Office of Basic Energy Sciences (BES)—materials sciences,
engineering, chemical sciences, geosciences, and biosciences—have been central to U.S. scientific
and technological leadership, national security, and economic prosperity for decades. Today these
fields offer remarkable opportunities for scientific advances and ever greater contributions to
meeting national needs in energy production, energy use, and related areas of national security.
The operation of national user facilities, a keystone of basic science research programs, is entering a
new era with the establishment of new facilities for neutron scattering and nanoscale science as
well as substantial enhancement of capabilities in X-ray and electron probes of matter. The
coupling of the scientific understanding from these instruments and the availability of new
computational tools has resulted in a tremendous expansion of theory, modeling, and simulation
activities that should lead to further advances in the understanding of the fundamental
phenomena that control our physical world. This science is critical in meeting the needs of the
nation and the world for an abundant and environmentally sound energy supply, for more efficient
end use of energy in industrial processes and transportation, in restoring and protecting the
environment, and in fulfilling a host of other national challenges.

ORNL intends to play a major role in attaining the scientific goals of the BES program and in
operating world-class user facilities supported by BES. We have established four strategic
objectives for our research programs:

1. Deliver world-class research in the areas of materials sciences and engineering, including
nanoscale science, neutron scattering, materials synthesis, soft materials, and computational
materials science.

2. Develop molecular-level understanding of chemical processes, with emphasis on catalysis, self-
assembly, interfacial phenomena, chemical transformations, and natural systems.

3. Provide advances in the materials and chemical sciences to support the needs called out in the
recent BES assessment of “Basic Research Needs to Assure a Secure Energy Future,” including
fundamental research to support hydrogen production, storage, and utilization; efficient use of
fossil energy; development of economical renewable energy sources; and efficient end use of
energy in industry, homes, and transportation.

4. Develop and operate, on behalf of the scientific community, state-of-the-art user facilities and
instrumentation, including neutron scattering facilities at the Spallation Neutron Source (SNS)
and the High Flux Isotope Reactor (HFIR), electron microscopes at the Shared Research
Equipment (SHaRE) Collaboration Research Center, and tools for nanoscale materials synthesis
and characterization at the Center for Nanophase Materials Sciences (CNMS).

These objectives will be achieved through closely coupled experimental and theoretical research.
To conduct this program, we will make extensive use of the current generation of major research
and computational facilities at ORNL and other national laboratories, as well as actively contribute
to the design of facility and equipment upgrades and the development of new capabilities.
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Basic Energy Sciences: Materials Sciences and Engineering
Strategic Objectives

Fundamental materials science and engineering research is an enabling scientific foundation for
DOE’s energy and environmental technologies, national defense, and a wide range of commercial
industries. DOE’s BES Materials Sciences and Engineering Program supports fundamental research
and user facilities related to condensed matter, materials and engineering physics, and materials
chemistry. The strategy of the BES program is to support excellent science and the best scientific
facilities for materials research. Two recent studies provide the underlying guidance for these
efforts: “Basic Research Needs for a Secure Energy Future” and the “20-year BES Facilities
Roadmap.” Earlier studies on nanoscale science and technology and a number of assessments
related to neutron, X-ray, and electron beam user facilities are also guiding the program.

ORNL will contribute to these programs by maintaining a comprehensive fundamental research
effort, operating world-class user facilities for neutron characterization, electron microscopy, and
nanoscale science; building research teams that are integrated across disciplines and organizations
within ORNL; and proactively identifying scientific opportunities that will impact national
scientific and technological needs.

1. Our research will support major strategic directions in BES Materials Science and Engineering,
including neutron scattering, nanoscale science, computational materials science, soft materials,
and synthesis science. Some of the most exciting scientific opportunities will likely span
several—or even all—of these research areas. We will give particular emphasis to the ability to
synthesize structures with useful properties from a firm scientific foundation.

2. ORNL is uniguely positioned to respond to the recent BES assessment of “Basic Research
Needs to Assure a Secure Energy Future.” Materials research needs are a dominant theme
throughout the report for such areas as support to hydrogen economy, solar energy, fusion
energy, next-generation fission energy concepts, fossil energy, and improved energy efficiency.
We will build on the strong relationships between ORNL'’s BES research programs and the
mission-oriented research supported by DOE’s Offices of Energy Efficiency and Renewable
Energy; Fossil Energy; Nuclear Energy, Science and Technology; and Fusion Energy to
formulate research programs that will meet these needs.

3. As part of the BES mission to provide national user facilities, ORNL is developing world-class
user facilities and will operate effective and productive user programs. For the neutron
scattering user community, the SNS and the upgrades to HFIR will be completed (see Neutron
Sciences Initiative). These facilities will provide the most advanced neutron scattering
instrumentation in the world, with beams that equal or exceed the best available at any other
location. The completion of the CNMS will offer advanced synthesis, characterization, and
computational tools to the rapidly growing national nanoscale science and technology research
community. In electron beam characterization, a critical tool for nanoscience, the completion of
the Advanced Materials Characterization Laboratory (AMCL) will provide high-quality
housing for our advanced electron microscopes. Participation in the Transmission Electron
Aberration-Free Microscope (TEAM) project, a multilaboratory collaboration, will develop the
next-generation electron microscopes for the SHaRE User Program.

Overall, our scientific program will include closely integrated experimental, characterization, and
theory/modeling/simulation research. The research teams will bring together the cross-
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disciplinary expertise required and will involve partnerships with the academic community and
other national laboratories. Interactions with the DOE mission-supported and industrial research
staff will ensure continuity from basic and applied research to applications that have a
technological and economic impact.

Primary Roles in the Context of DOE Mission Objectives

In condensed matter sciences, research will push the frontiers of nanoscience, emphasizing thin
films, carbon nanostructures, correlated electron materials, self-assembly, systems with low
dimensionality, and cooperative phenomena. Science-driven synthesis will be an emphasized, as it
relates to both nanoscience and the needs of the broader scientific community for new materials
with well-controlled structures. A critical area for expansion is in the theoretical and computational
research that relates to these experimental programs. Development and application of leading-edge
characterization techniques will continue, especially in the area of subangstrom scanning
transmission microscopy and the scanning probes that are critical to nanoscience. Growth of new
neutron scattering research areas is critical as new capabilities come on-line at HFIR and the SNS.
New research opportunities will also be pursued to take advantage of the development of
submicron three-dimensional X-ray scattering probes.

In the Materials and Engineering Physics Program, research on advanced materials will emphasize
materials science as it relates to aggressive energy environments, advanced fabrication and
materials processing, and the development of material theory and modeling. Research will also
focus on improving the mechanical and functional properties of materials in ceramic, intermetallic,
amorphous, and other advanced materials systems. Areas of advancement will include lightweight
materials, materials that can survive high temperatures and hostile environments, and new
functional materials for sensors and other probes. Studies in nanoscience will expand
understanding of synthesis and phenomena such as nanofriction and of bulk nanomaterials
systems. Computational materials science efforts will include alloy, ceramic, and functional
materials theory; nondestructive analysis; molecular dynamics; and process modeling, including
friction stir welding. New neutron scattering research will focus on fundamental mechanical
properties and hydrogen energy systems. In the SHaRE program, electron and atom probe
characterization will incorporate newly evolving techniques and instrumentation, including that
developed through the TEAM project. Ensuring that the user community has adequate access to
ORNL’s scanning transmission electron microscopy (STEM) instrumentation is critical to the
program.

The Materials Chemistry Program will focus on soft materials research, emphasizing polymers and
polymer blends. Inorganic chemistry, another strength, will include synthesis of nanoparticles. This
program will also feature future research in biomaterials. With the Radiochemical Engineering
Development Center (REDC), HFIR will also continue to provide needed radioisotopes,
predominantly the isotopes of transuranium elements and portable neutron sources using #2Cf for
applications in industry, medicine, and national security.
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ORNL contributes to several major BES program areas in the field of materials science.

Subprogram

ORNL Role

Experimental Condensed Matter Physics

Theoretical Condensed Matter Physics
X-ray and Neutron Scattering

X-ray and Neutron Scattering Facilities

Materials Chemistry

Structure and Composition of Materials

Mechanical Behavior of Materials
and Radiation Effects

Physical Behavior of Materials

Synthesis and Processing Science

Engineering Research

Nanoscience Centers

Thin film and nanostructured materials physics. Synthesis
and properties of superconductors and novel materials.
Electron microscopy of materials. Synthesis of
nonequilibrium materials and structures using laser
molecular beam epitaxy. Emergence of nanoscale
cooperative phenomena. Low-dimensional materials.
Correlated electron materials.

Theory of condensed matter physics

X-ray research using synchrotron radiation. HFIR Center
for Neutron Scattering. Structural properties of materials
using X-ray diffraction. Mesoscale dynamics and
microstructural evolution. Development of neutron
scattering instrumentation: cold neutron chopper
spectrometer; disordered materials diffractometer; single-
crystal diffractometer; high-pressure diffractometer; high-
resolution chopper spectrometer; and high-resolution,
direct-geometry time-of-flight chopper spectrometer.

Facility operation and research: SNS, HFIR, REDC
(radioisotopes and transuranium element processing).

Chemistry of advanced inorganic materials. Structure and
dynamics of advanced polymers and nanophase blends.
Advanced ceramics and thin films. Structure and properties
of chain molecule systems under shear. Nucleation,
growth, and transport phenomena.

Theoretical studies of metals, alloys, and ceramics.
Microscopy and microanalysis. Atomistic mechanisms in
interface science—direct imaging and theoretical modeling.
SHaRE User Program.

Theoretical studies of metals, alloys, and ceramics. High-
temperature alloy design. Microstructural design of
advanced ceramics. Acoustic harmonic generation by
microstructures.

Domain structure and dynamics in epitaxial oxides.
Semiconductor nanocrystals for carbon dioxide fixation

Science of nonequilibrium processing of materials. High-
temperature alloy design. Acoustic harmonic generation by
microstructures.

Nanofriction. Design and synthesis of nanomaterials.
Engineering research related to materials theory/modeling,
ceramics processing, and friction welding.

CNMS
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Objectives and Strategies

Objective 1: Become the premier laboratory for neutron scattering
research (for additional details, see the Neutron Sciences Initiative).

Strategy

= Deliver the SNS, including completion of the instrument suite.

= Complete the HFIR upgrade, including installation of the cold
source.

< Complete neutron scattering instrumentation upgrades for
HFIR.

= Cultivate the internal and external community for neutron
scattering through investment of Laboratory Directed Research
and Development (LDRD) funds; workshops (in partnership
with universities and other national laboratories); and
promotion of the field through educational outreach, ORNL'’s aberration-corrected

professional societies, and publications. electron microscope has
achieved the world’s best

resolution (0.7-0.8 A).

Objective 2: Complete the construction of the CNMS and initiate the
user program (for additional details, see the Advanced Materials Initiative).

Strategy

= Deliver the CNMS facility and associated technical equipment.

< Initiate a dynamic user program and publicize it through appropriate venues and
presentations.

= Continue to work cooperatively with the other DOE nanoscale science research centers to
develop a successful national nanoscale science user center activity.

= Advance the internal nanoscience research effort through partnerships, investment of LDRD
funding, and strategic hires.

Objective 3: Build capabilities and the underpinning research programs required for science-driven
synthesis.

Strategy

< Develop improved techniques for materials synthesis that optimize control and monitoring of
the process.

= Establish new science programs that foster this approach to synthesis, particularly in
nanoscience.

= Partner with university programs to increase graduate student involvement in this technical
area.

Objective 4: Establish an expanded research effort in soft materials.

Strategy

= Establish soft materials as a core element of ORNL’s Advanced Materials Initiative.

= Promote research in the interface between soft and hard materials, particularly as it relates to
biomaterials.
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Objective 5: Develop a comprehensive

computational materials science program.
ORNL has completed several milestones related to the

Strategy CNMS:
= Expand existing theory efforts to build « FY 2002: completed 60%, secured $25M in FY 2003
stronger programs in nanoscience, soft construction funding, obtained conceptual design

materials, and neutron scattering. (CD)-1 and CD-2 approval;
February 3, 2003: received CD-3 approval

° pevelop theory, r_nOde“ng’ an_d (construction contract to be awarded by June 30,
simulation techniques that bridge length 2003): and

scales. FY 2003: initiated user program with existing
= Continue to foster strong partnerships facilities and expertise.

with the computational research

supported by the Office of Advanced

Scientific Computing Research.

Collaborate with the university Aberration-corrected 300-kV STEM has achieved the
world’s best resolution (0.7-0.8 A)

ORNL organized the DOE Nanoscale Science Research
Centers Workshop for BES.

community.
As lead collaborator, ORNL presented a successful
Objective 6: Broaden ORNL’s leadership role in TEAM proposal to BES for next-generation electron
basic research for a secure energy future. microscopy (involved three other national laboratories
and the University of Illinois at Urbana-Champaign).
Strategy

< Use LDRD funding to broaden existing
energy-related programs to include new directions identified in the Energy Security workshop.
= Work with DOE and the technical community to establish the support for a national initiative
in this area.

Capabilities

ORNL has extensive research capabilities in materials science and engineering, condensed matter
physics, and materials chemistry. These capabilities have resulted in significant advances in
neutron scattering, theory of magnetism, analytical microscopy, intermetallics research, ceramic
science, welding science, superconductivity research, synchrotron X-ray research, thin film science,
nanoscience, correlated electron materials, and polymer science.

For the international user community, ORNL operates the HFIR (world’s highest thermal neutron
flux), the SHaRE Program, and beam lines at the National Synchrotron Light Source (NSLS) and at
the Advanced Photon Source. New user facilities under development are the SNS and CNMS.

Several new and expanded capabilities will have an impact on science, technology, and user

activities:

= subangstrom STEM with single-atom detection capabilities;

< local electrode atom probe;

= three-dimensional submicron X-ray diffraction;

= wide range of neutron scattering instrumentation; and

< novel materials synthesis and fabrication tools, including new capabilities in nanofabrication,
friction stir welding, and combinatorial methods for producing novel oxides.
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Operational and Support Needs

Completion of the HFIR upgrades and continued reliable operation of the HFIR are critical to our
programs in neutron scattering, materials irradiation, and isotope generation. The safe and
successful construction of the SNS and the attainment of the subsystem operational goals are
likewise critical programmatic requirements.

Much of the basic materials research at ORNL is located in facilities that are 40 years old.
Completion of the CNMS and the AMCL will provide much-needed upgrades for part of the
research activities, but continued renovations, particularly in the 4500 complex (materials physics
and materials chemistry) and the 3025 area (condensed matter physics), are essential to the future
of the research activities. These renovations need to bring the facilities up to the standards for
modern laboratories by enhancing the reliability of electricity and other utilities; eliminating
inefficient once-through water cooling systems; replacing contaminated laboratory furnishings and
ductwork; and improving environmental control for temperature, humidity, and stray fields. The
existing conditions have a negative impact on the quality of the research and limit our ability to
install state-of-the-art analytical equipment. Flexible laboratory space is essential to meet the needs
of our basic materials research efforts.

Resolution and improvement of user access are critical to the success of the user programs. The
process must be streamlined as much as possible while meeting the necessary security
requirements.

Key Partnerships

Partnerships are an integral part of our materials sciences and engineering research programs. For
example, the development of new neutron scattering instrumentation and the efforts to expand the
neutron scattering user program involve all of the DOE neutron scattering facilities [ORNL,
Argonne National Laboratory (ANL), and Los Alamos National Laboratory (LANL)], as well as
scientists at Brookhaven National Laboratory (BNL) who are involved in neutron scattering. There
is substantial involvement of the neutron scattering experts at universities, as well as those at
neutron scattering facilities in other parts of the world. Workshops will continue to provide
extensive input on the directions of the science and on instrumentation development.

As a cooperative venture, ORNL, Lawrence Berkeley National Laboratory (LBNL), ANL, Sandia
National Laboratories (SNL)/LANL, and BNL are pursuing the construction and operation of the
DOE Nanoscience Research Centers. The scientific agenda for the centers has involved universities,
other federal laboratories, and industries.

DOE electron beam characterization facilities at ORNL, ANL, LBNL, and the University of Illinois
at Urbana-Champaign, as well as with BNL, are in collaboration on the development of TEAM.
Users of electron microscopes from a wide range of institutions were involved in the workshops
leading up to the recent TEAM proposal.



70 ORNL Institutional Plan

Basic Energy Sciences: Chemical Sciences, Geosciences,
and Biosciences

Strategic Objectives

Fundamental studies in the chemical sciences are providing revolutionary new insight into the
atomic- and molecular-level processes that occur in solution, in the gas phase, on surfaces, and at
interfaces. This knowledge is enabling new capabilities that are central to many of DOE’s missions
in energy production, storage, and conservation; environmental restoration and pollution
prevention; and national security. In a recent report, “Basic Research Needs for a Secure Energy
Future,” chemistry is a central component of the identified research needs, because it can elucidate
molecular processes involved in catalysis; hydrogen production, storage, and utilization; and
improved efficiencies in fossil and bioderived energy. In addition, chemistry will be an important
part of nanoscale science and technology, another major emphasis within the DOE BES program.
For example, chemistry is key to understanding the molecular-level processes involved in
separations that occur at the interface of a nanoporous membrane and a solution. The chemical
sciences program at ORNL is well positioned to be a major contributor to these research areas,
drawing upon the unique combination of our core capabilities in synthesis, characterization, and
computation, along with neutron scattering capabilities and the CNMS.

In our Basic Energy Sciences, Chemical Sciences, Geosciences, and Biosciences Program, we intend
to emphasize the following: catalysis and chemical transformations; separations and analysis;
heavy element chemistry; geochemistry; chemical energy and chemical engineering; and atomic,
molecular, and optical sciences.

1. Our research will support major strategic research directions in BES. Research in areas related
to energy, particularly catalysis, will expand. Our program will also be active in nanoscale
science and the associated research program at the CNMS, addressing areas such as
understanding molecular processes responsible for weak interactions involved in self-assembly,
interfacial phenomena occurring at liquid-solid interfaces, chemical transformations at surfaces
(i.e., catalysis), and other areas. Theory, modeling, and simulation will be tightly coupled with
our experimental program, taking advantage of ORNL’s expanding computing resources.

2. Neutron-based techniques provide an important new characterization tool in our research, and
expansion of the application of neutron scattering to the chemical sciences is being actively
pursued. Enhanced activities are anticipated at the upgraded HFIR and the SNS, where we are
involved in establishing instrumentation specifically designed for chemical studies. These
techniques can provide new types of molecular-level information, particularly regarding
condensed phases.

3. We will create advanced capabilities to serve the scientific community. Our chemical sciences
program is helping lead the development of the ORNL CNMS. This national user facility will
provide state-of-the-art capabilities for synthesis, characterization, and computation that will
enhance understanding of molecular-level processes. In addition, the Multicharged lon
Research Facility (MIRF) provides beams of multicharged atomic and molecular ions in order
to study their interactions with surfaces, photons, electrons, ions, atoms, molecules, and
molecular ions. REDC, together with the HFIR, provides a range of radioisotopes,
predominantly isotopes of transuranium elements and 2?Cf for portable neutron sources and
applications in industry, medicine, and national security.
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Primary Roles in the Context of DOE Mission Objectives

The Catalysis and Chemical Transformation research area has been designed to be a coordinated
program incorporating chemical catalysis, surface science, and the chemistry of complex organic
energy resources. The catalysis program is a key emphasis area within our chemical sciences
program and a focus area within the CNMS. Our work will emphasize the tailored synthesis and
characterization of catalytic materials; elucidation of molecular-level processes that occur during
chemical transformations at catalytic centers; and theory, modeling, and simulation of catalytic
processes. Research activities in this area will provide new molecular-level knowledge of the
chemical structure and reactivity of fossil and renewable energy sources, drawing upon unique
capabilities in high-temperature reactions at model surfaces, optical spectroscopy, nuclear
magnetic resonance (NMR), and computational chemistry.

Heavy Element Chemistry research at ORNL will continue to center on the chemistry of
transuranium elements and compounds, with particular emphasis on obtaining a fundamental
understanding of electronic configurations, interactions, and energy levels in these materials.
Investigations will include high-pressure and high-temperature structural studies, optical
characterization, and gas-phase metal ion reactions of heavy elements and compounds. A Fourier
transform ion cyclotron mass spectrometer has recently been configured to provide a unique
capability to study the gas-phase reactions of heavy element ions. This research has a close tie to
the HFIR, which produces heavy elements.

Research in Separations and Spectroscopy focuses on elucidation of fundamental processes that are
the foundation of chemical separations and analytical spectroscopies. Principles of separation by
chemical recognition and transport phenomena in extractive separations will include synthesis of
novel computationally designed ligands and elucidation of the relationship between ligand
structure, ionic recognition, and selective separations. Fundamental studies of sampling,
ionization, and energy-transfer phenomena that will enhance the type of chemical information
available via mass spectrometry continue to be a special focus of this program. Research in laser
spectroscopy will emphasize spectroscopy at interfaces and in microdomains to provide highly
selective and specific probes of chemical processes.

ORNL contributes to several major BES program areas in the field of chemical sciences.

Subprogram ORNL Role
Catalysis and Chemical Elucidation of chemical reactions at interfaces, including kinetic and
Transformation thermodynamic studies. Designed nanostructures to probe chemical

reactivity, integrated with theory, modeling, and simulation (TMS).
Unique solid-state NMR, atomic resolution STEM, synchrotron-based
extended X-ray absorption fine structure spectroscopy (EXAFS).

Heavy Element Chemistry Fundamental studies of electronic configurations, interactions, and
energy levels in heavy elements. Unique facilities for synthesis and
high-pressure and gas-phase studies of transuranics, including
unique Fourier transform ion cyclotron resonance mass spectrometer.
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Separations and Spectroscopy

Energy and Chemical Engineering

Geochemistry

Atomic, Molecular, and
Optical Sciences

REDC

Nanoscience Center

Neutron Science

Establishment of principles involved in chemical recognition and
separations, including computational design and synthesis of tailored
ligands. Elucidation of chemical and physical processes involved in
the formation, manipulation, and analysis of ions by mass
spectrometry (MS). Specialty instrumentation, such as on-line
electrochemistry—MS, large-field organic MS/MS microprobe,
quadrupole ion trap ion-ion reaction MS, and others, combined with
TMS. Optical spectroscopy to study chemical properties at interfaces
and in microdomains. Single-ion/atom and nanostructure optical
phenomena via spectroscopic probes.

High-temperature aqueous chemistry. Experimental and theatrical
studies linking intermolecular interactions to macroscopic properties,
including separations, weak interactions, and self-assembly.
Separation phenomena involving ionic liquids, multiphase systems,
supercritical fluids, and nanophase materials. Elucidation of chemical
processes that occur in conversion of light energy into chemical
energy by photosynthesis. Unique tools include neutron scattering,
heat-flux calorimetry, in situ high-temperature pH and volatility
measurements, isopiestic (vapor pressure) facility, and combined
imaging and spectroscopic probes of interfacial structures.

Fundamental studies to allow understanding and quantitative
modeling of geological processes at the molecular level. Studies of
agueous—metal oxide interfaces, particularly the electrical double
layer, at the nanoscale level. Isotope ratio mass spectrometry and
vibrating-tube densitometer measurements are among the key
capabilities.

Physical and chemical studies to understand and control matter at
the atomic level via studies of scattering induced by interactions of
ions with surfaces, matter, and plasmas. The MIRF produces tailored
beams of atomic and molecular ions. New physical models
established based on novel mathematical and computational
techniques coupled with experiments.

Specialized facilities and expertise for separation of radioisotopes,
predominantly isotopes of transuranium elements and 2%2Cf for
portable neutron sources and applications in industry, medicine, and
national security. Closely coupled with the HFIR.

The ORNL chemical sciences program, together with the materials
chemistry program, leads activities based within the ORNL CNMS.
These activities are designed to yield nanoscale understanding and
control of chemical processes, including catalysis, interfacial
phenomena, weak interactions, and others. Includes specialized
facilities for synthesis and characterization of hard (inorganic), soft
(organic, polymer, biological), and hybrid (hard/soft) materials

The ORNL chemical sciences program is leading or participating in
the development of several chemistry-driven instruments at SNS and
HFIR, including disordered materials diffractometer (NOMAD),
vibrational spectrometry (VISION), and several elastic scattering
instruments.
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In the area of Chemical Energy and Chemical
Engineering research, we will combine
experimental and theoretical tools to study
chemical and thermophysical phenomena
associated with interactions at interfaces and
between molecular species. In particular,
fundamental studies will focus on
understanding aqueous chemistry at high
temperatures and the interactions of ions in
solution. Fundamental studies will be
conducted to attain an integrated

At the ORNL Multicharged lon Research Facility (MIRF),
) . Electron Cyclotron Resonance (ECR) ion source-based
understanding of separations from the AMO (atomic, molecular and optical) studies are carried

molecular scale to the macroscale. We will out on ion-surface, electron- and ion-atom, molecule

interactions. A facility upgrade currently in progress will

also focus on obtaining a fundamental R . ) _
extend interaction energies by four orders of magnitude.

understanding of the principles of
conversion of light energy into chemical energy, as conducted during green plant photosynthesis,
including the molecular-level understanding of interfacial electron-transfer reactions.

The ORNL Geosciences research program will investigate fundamental chemical and physical
parameters associated with mineral-fluid interactions to gain knowledge that will ultimately
permit understanding and prediction of contaminant migration; effects of carbon dioxide injection
as a means of carbon sequestration; and processes involved in oil, gas, and geothermal resource
formation. This program is also designed to provide nanoscale-level understanding of the structure
and properties of the interface between agqueous solutions and metal oxides.

Within the Atomic, Molecular, and Optical Sciences program, research is centered on
understanding, and ultimately controlling, matter on the atomic scale via investigation of the
interaction of atomic particles from solid surfaces, from penetrating matter, or in gaseous or
plasma states. Improvements will be made at the MIRF to permit new regimes of interaction
energies and provide an expanded and improved range of ion beams.

The REDC will continue the heavy element program (supported as part of the BES program), as
well as the MK-42 program (funded by DOE Defense Programs) and the Advanced Fuel Cycle
Initiative (DOE Nuclear Energy). The #8Pu program, which began in FY 2003, is projected to
accelerate its operations over the next 2 years.

Objectives and Strategies

Objective 1: Become a leading catalysis research center.

Strategy

= Expand catalysis research, particularly in understanding, controlling, and modeling chemical
reactions at well-defined catalytic sites.

= Expand interactions with collaborators at universities and in industry.

= Inaugurate a catalysis research focus area as part of the CNMS, developing a user community
for catalysis within the Center.
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Objective 2: Establish ORNL as a leader in
chemical research within nanoscale science.

Strategy

< In partnership with the BES Materials
Chemistry Program, establish a strong
chemistry component within the CNMS,
with particular emphasis on
understanding and prediction of
molecular-level processes with
applications in catalysis, self-assembly,
interfacial science, and other nanoscience
areas.

< Initiate a strong user program within the
CNMS, and expand partnerships with
universities and others.

Objective 3: Expand research in areas related to
BES initiatives in Hydrogen/Secure Energy
Future.

Strategy

= Utilize LDRD funding to encompass new
directions identified in the recent Energy
Security and Hydrogen workshops.
Particular emphasis will be given to
building programs in hydrogen
production, storage, and usage
(particularly fuel cells) and in increased
efficiency in fossil and bioderived energy.

Objective 4: Expand the computational
chemistry program.

Strategy

= Closely couple theory, modeling, and
simulation (TMS) with experimental
studies across the chemical sciences
program, especially in growing areas of
catalysis and nanoscience.

= Foster strong partnership with
computational research supported by the
Office of Advanced Scientific Computing
Research and with the university
community.

Effect of Pressure and Fluid Composition on Isotope
Partitioning: A detailed, systematic experimental and
theoretical study involving brucite [Mg(OH),] and
water demonstrated that pressure is as important a
variable as temperature in controlling isotopic
partitioning in some geologic settings.

Photonic “Polymers”: Artificial molecules with novel
structural and optical properties were assembled by
sequential particle attachment. These molecules can be
produced with a wide variety of three-dimensional
architectures that have important applications in
microscale and nanoscale optical areas.

New Insights into Pyrolysis Mechanisms for Aryl Ethers in
Lignin: The fundamental reactions that lead to the
complex array of pyrolysis products for lignin remain
poorly understood. The pyrolysis of several B-aryl
ether model compounds constrained to a silica
nanoparticle surface has revealed a new impact of mass
transport limitations on the mechanism and selectivity
for formation of commercially valuable aromatic
chemicals.

Effect of Metal-Support Interactions in Catalytic Systems:

Elementary adsorption and dissociation steps occurring
on a metal particle (e.g., platinum and rhodium) can be
altered by the oxidation state of a reducible support
(e.g., cerium oxide) upon which it rests. These results
advance our understanding of the basic chemical
processes occurring within emission control and other
catalysts based upon reducible oxide supports.

Insights into Actinide Bonding Provided by Pressure-
Induced Changes in Protactinium: Investigations have
provided important insights into the electronic
behavior of protactinium as a function of interatomic
distances. Because of the unusual structures (and
physicochemical properties) displayed by the U-Pu
elements, pressure can force protactinium and
americium to mimic structurally uranium and
plutonium.

Density Dependence of the Dielectric Constant of Water:
The density dependence of the dielectric constant of
water, both in bulk solvent and in locally dense regions
near ions in solution, has a strong effect on ion
association. The partial dielectric screening of the
electrostatic charges of the ion pair allows for a wide
range of degree of dissociation as water goes from
steam-like to liquid-like densities.
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Objective 5: Establish ORNL as a leader in application of neutron sciences in chemistry.

Strategy

= Contribute to the establishment of instrumentation at SNS, and demonstrate the utility of
neutron scattering and other neutron-based techniques for chemical studies.

= Expand collaborations with universities and other partners.

Objective 6: Expand chemical research at the interface with biology.

Strategy

= Identify LDRD funds and critical hires to broaden existing programs in catalysis, hydrogen
production, and nanoscience to incorporate molecular processes that employ or mimic
biological systems.

Objective 7: Sustain leading research program in heavy element chemistry.

Strategy

= Expand capabilities in heavy element chemistry by strategic hires.

= Initiate partnerships with universities to expand collaborations and to train scientists in both
heavy element and nuclear chemistry.

Capabilities

ORNL has a core scientific research program in chemical sciences and geosciences that has had
major impacts in mass spectrometry, optical spectroscopy, high-temperature aqueous chemistry,
geochemistry, energy transformation, separations, and heavy element chemistry. Many specialized
capabilities have been developed as part of this basic research program, including facilities for
heavy element chemistry, equipment for high-temperature/high-pressure solution chemistry, and
unique mass spectrometers and laser-based optical instrumentation. The program shares
responsibility for oversight of an XAFS instrument located at the NSLS and also provides the
international user community with special capabilities for production of tailored beams of atomic
and molecular ions at the MIRF. The REDC provides specialized facilities and expertise for
separation of radioisotopes, predominantly isotopes of transuranium elements and 252Cf for
portable neutron sources and applications in industry, medicine, and national security.

Operational and Support Needs

The chemical sciences research program at ORNL is located primarily in 40-year-old facilities
within the main 4500 complex. While fundamentally well constructed, these facilities are in critical
need of renovation to meet the requirements of modern chemical research activities. In particular,
upgrades to HVAC systems in these buildings are critically needed to decrease costs associated
with heating and air-conditioning and to control temperature and humidity as required by modern
instrumentation. Chemical fume hoods must also be updated to meet current ES&H requirements
and to improve operational efficiency. Electrical capacity must be increased to meet requirements
of modern instrumentation and regulatory guidelines. Finally, waste-handling systems (drains)
need improvement to meet environmental requirements.



76 ORNL Institutional Plan

Key Partnerships

The chemical sciences program collaborates with more than 20 universities and colleges, other
national laboratories, and private industry. Many of these collaborations exist with the
international community, especially in the area of heavy element chemistry. The development of
new neutron scattering instrumentation and the efforts to expand neutron scattering in the
chemical sciences also involve scientists from other national laboratories and universities.
Similarly, involvement in the establishment of the CNMS is increasing the number and scope of
outside collaborations in the area of nanoscience.

This program has provided the foundations for important applications across DOE and at other
Federal agencies, including the National Institutes of Health; the Environmental Protection
Agency; the Departments of Agriculture, Treasury, Transportation, State, and Justice; and private
industry. This research is distinguished by extensive collaborations between research areas within
the chemical sciences program. In addition, the program is enhanced by extensive collaborations
with other ORNL programs and with scientists at universities, at other national laboratories, and in
the private sector. Each year, dozens of students at the undergraduate, graduate, and postdoctoral
levels participate in our chemical sciences program.
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Strategic Objectives

These are dynamic times indeed for the research supported by the Office of Biological and
Environmental Research (BER). Building on the DOE-National Institutes of Health (NI1H)
partnership that led to sequencing of the human genome, BER has laid out a scientifically exciting
and ambitious plan to combine high-throughput proteomics technologies, next-generation imaging
tools, and advanced computing to characterize and understand the functionality of proteins and
protein complexes. Not only does this Genomes to Life (GTL) program, developed by BER in
partnership with DOE’s Office of Advanced Scientific Computing Research, have great scientific
promise, it also has great potential for application in DOE’s energy and environmental missions.
The resulting knowledge and new tools will also provide valuable foundations for medical science.
In climate research, advances in our understanding of basic physical and biological processes
combined with the extraordinary improvements in computing technology offer the promise of
greatly increasing the reliability of our climate models, applying them at regional scales, and
understanding ecosystem dynamics from the molecular to the watershed scale. Similarly, the
combination of new Genomes to Life (GTL) capabilities, the understanding of microbial ecology;,
and advances in subsurface science is creating innovative possibilities for controlling legacy
contamination at DOE sites.

ORNL intends to play a major role in the realization of the GTL plan and in BER’s programs in

climate change and environmental remediation. We have established three strategic objectives:

1. We will help to achieve the major scientific goals of the GTL program, with particular emphasis
on characterizing the structure and function of so-called “molecular machines,” the protein
complexes that carry out work inside living cells.

2. We will deliver new knowledge of the coupled climate-biosphere system, with emphasis on
understanding ecosystem structure and function and biogeochemical cycles (carbon, water,
energy, and nutrients), and will enhance tools for global and regional climate prediction and
ecological modeling at the systems level.

3. We will support BER in translating the enhanced understanding of microbial biology and
ecology and the technological advances that stem from the GTL program, coupled with new
knowledge derived from fundamental research in earth and chemical sciences, to address
issues in energy, environmental cleanup, strategies for mitigating the impact of climate change,
and the development of new medical technologies.

Our scientific programs will be carried out through closely coupled experimental, theoretical, and
computational research. To conduct this program, we will make extensive use of the new
generation of major research facilities for protein characterization, along with the most powerful
available supercomputers, and the field research facilities for ecology and earth processes operated
by our Laboratory and by others. We will actively contribute to the development of new systems
biology facilities and instrumentation and to the next generation of facilities for ecological and
environmental remediation research.
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Primary Roles in the Context of DOE Mission Objectives

The overall goals of the BER program are to advance environmental and biomedical knowledge
that promotes national security through improved energy production, development, and use;
international scientific leadership that underpins our nation’s technological advances; and research
that improves the quality of life for all Americans. To accomplish its goals, BER supports
fundamental research, technology development, and leading-edge research facilities in the areas of
life sciences (including genomics, proteomics, and radiation biology), climate change,
environmental remediation, and medical applications and measurement sciences.

BER’s goals in Life Sciences are to deliver fundamental knowledge of biological systems to

address DOE needs in clean energy, carbon sequestration, and environmental cleanup and to

understand the genetic basis of human susceptibility to energy-related pollutants. BER objectives

supported by ORNL research are as follows:

= Understand the workings of biological systems: from multiprotein complexes to the regulatory
networks that control them to the complex working of natural microbial communities;

< Develop novel technologies for high-throughput determination of protein and protein-complex
structure and function;

= Characterize and exploit information contained in microbial genomes relevant to energy
production, bioremediation, and global change;

= |dentify and characterize the roles of genes and their regulatory networks in the human
genome, using new technologies, comparative functional genomics, model systems, and
information management;

= Understand and characterize the risks to human health from exposure to low doses of
radiation.

We will support GTL with an integrated resource in systems biology that comprises microbial,
plant, and mouse genomics; genome-scale proteomics and protein complex analysis (including
mass spectrometry, advanced sample preparation and handling, cellular imaging, and other
relevant analytical technologies); computational biology and bioinformatics; and structural
molecular biology. This integrated resource will strongly enable the GTL focus on microbes with
application to DOE’s energy, climate, and environmental programs. It will also support application
of GTL-derived knowledge and techniques in related research areas, including mammalian
genomics and plant biology, that are outside the primary GTL focus. We will operate the Center for
Structural Molecular Biology (CSMB) and associated upgrades to the High Flux Isotope Reactor
(HFIR) to serve the structural biology community. We will also continue to conduct research on
data analysis tools and information resources that provide information on the biological function
of genes identified in high-throughput DNA sequencing projects.

Our research on the microbial genome will continue to emphasize organisms important to global
change, carbon sequestration, energy production, marine biotechnology, and bioremediation. Our
work on microbial community structure and function will provide the basis for understanding
potential impacts of a changing climate on belowground ecosystems, from which it may be
possible to promote increased sequestration of carbon below ground. We will also analyze the
poplar genome sequence being completed by the Joint Genome Institute (JGI) for applications in
carbon sequestration. Our research on microbial and plant systems will also lead to applied
research and technology development on production and processing of biomass for fuel and
power.



Biological and Environmental Research 79

We will continue to characterize genes and their regulatory elements within the human genome,
taking advantage of our unique capabilities in mouse mutagenesis and functional genomics. Our
historical studies of low-level radiation effects on mammalian systems provide unique foundations
for understanding the mechanisms of damage and repair in whole organisms in BER’s Low Dose
Radiation Research Program.

BER’s goal in Medical Applications and Measurements Science is to deliver scientific knowledge

and discoveries leading to innovative diagnostic and treatment technologies. BER’s objectives

supported by ORNL programs are as follows:

= Develop new radiotracers and radiopharmaceutical tools for detection and treatment of
biochemical dysfunctions, including those which produce cancer, brain diseases, and mental
disorders.

= Develop advanced imaging instrumentation for solving complex diagnostic problems in
molecular nuclear medicine, such as imaging gene expression and monitoring gene therapy.

= Understand the functions of proteins and protein complexes by determining the three-
dimensional structures of key proteins and the changes in protein structure related to
interactions with other molecules, aided by new tools for visualization of proteins and protein
complexes.

ORNL will explore the application of radioactively labeled monoclonal antibodies in medical
diagnosis and therapy. We will continue to conduct research into new analytical instrumentation
for complex environmental contamination using new types of biosensors. We also will conduct
fundamental studies in biological and medical imaging and on biological and chemical sensors.

BER’s goal in Climate Change Research is to improve the scientific basis for detecting, predicting,
and assessing the effects of greenhouse gas and aerosol emissions on climate and the environment.
BER objectives supported by ORNL research and data management are as follows:

* Understand factors affecting the Earth’s radiant-energy balance.

* Develop and apply computational models for accurately predicting global and regional climate
change induced by increasing atmospheric concentrations of aerosols and greenhouse gases.

* Quantify sources and sinks of energy-related greenhouse gases, especially carbon dioxide.

* Improve the scientific basis for assessing the potential consequences of human-induced
climatic changes, including implications for ecological, social, and economic systems and the
benefits and costs of alternative mitigation and adaptation options.

We will build upon existing strengths in biological and environmental science to advance a new

scientific understanding—a new paradigm—that will focus on the fundamental translation of

knowledge from biology to ecology (i.e., genomes to ecosystems), emphasizing acclimation and
adaptation to changes in key environmental variables, and ecosystems as complex systems of
multiple interacting species. An improved understanding of these relationships will strengthen our
already strong leadership role in global change research, allowing ORNL to conceive, implement,
and operate facilities for unprecedented long-term and large-scale ecological experiments. Such
facilities will provide empirical data from which we will develop new theories and advanced
formulations necessary for incorporating fundamental biological and ecological processes into
next-generation biosphere models, with an initial focus on coupled carbon-climate models.

We will continue to house world-class data archives and information analysis centers, such as the
Atmospheric Radiation Measurement (ARM) Archive and the Carbon Dioxide Information
Analysis Center (CDIAC). These centers will facilitate analysis and model-data evaluations
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Specific ORNL roles in BER subprograms

Subprogram

ORNL Role

Life Sciences (SC-72)

Medical Applications and
Measurement Science
(SC-73)

Climate Change Research
(SC-74)

Environmental Remediation
Sciences (SC-75)

Application of expertise in genetics, protein chemistry, molecular biology,
computational biology and bioinformatics, biochemical engineering and
bioprocessing, microbial and plant genomics, and analytical
technologies such as mass spectroscopy, bioimaging, microarrays, and
sensor application. Critical facilities: the CSMB and the Laboratory for
Comparative and Functional Genomics, both designated DOE user
facilities.

Wide-ranging capabilities that support Genomes to Life, Health Effects
Studies, the Low Dose Radiation Research Program, the Microbial Cell
Program, and the Structural Biology Program. Heavy involvement in the
GTL pilot projects, including leadership of the GTL Center for Molecular
and Cellular Systems.

Expertise in biosensor development, high-throughput mass
spectroscopic screening for genetic diseases, molecular and macro-
scale bioimaging techniques, and studies of physiological phenomena
using radioisotopes.

Expertise in carbon cycle and sequestration, ecosystem dynamics,
microbial ecology and biogeochemistry, computational climate and
environmental sciences, environmental data management sciences, and
facility management. Critical centers and facilities: ARM Archive, CDIAC,
Center for Computational Sciences, CSIiTE, and several unique field
research sites and facilities. Diverse capabilities that support
Atmospheric Radiation Measurement, Carbon Sequestration Research,
Climate Change Prediction Program, Biotechnology Investigations/
Ocean Margins Program, the Program for Ecosystem Research, and
Terrestrial Carbon Processes Program.

Expertise in biogeochemistry and geohydrology, microbial ecology and
biotechnology, chemical separations, computational science, robotics,
and facility management. Critical centers and facilities: Natural and
Accelerated Bioremediation Research Field Research Center,
Bioprocessing R&D Center, Center for Separations and Chemical
Processing, Microarray Laboratory, soil blocks and lysimeters, and field
research sites for subsurface transport in Walker Branch and Melton
Branch watersheds. Extensive capabilities that support NABIR and the
Environmental Management Science Program. Collaborations with the
Environmental Molecular Science Laboratory at PNNL.

integrated with our modeling and experimental activities. In conjunction with Pacific Northwest
National Laboratory (PNNL) and Argonne National Laboratory (ANL), we will continue to co-host
the Consortium for Research to Enhance Carbon Sequestration in Terrestrial Ecosystems (CSITE)
and, in that capacity, provide the science-based understanding to support the development and
assessment of terrestrial carbon sequestration strategies.

BER’s goal in Environmental Remediation Sciences is to deliver scientific knowledge, technology;,
and enabling discoveries to understand contaminant behavior, expand available cleanup options,
and understand the ecological impacts of remediation. BER objectives supported by ORNL
research and facility management are as follows:
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= Deliver science and technology to reduce costs, risks, and schedules for cleanup of DOE sites.
= Extend the frontiers of biological and chemical methods for remediation.

< Understand fundamental processes of fate and transport in the subsurface.

= Develop molecular tools for studying environmental processes.

< Advance the understanding of ecological impacts of remediation activities.

ORNL’s research will support the cleanup of contaminated areas, develop new methods for
treating current and future complex wastes, and provide a scientific basis for long-term
stewardship. We will make critical contributions to the National and Accelerated Bioremediation
Research Program (NABIR), providing special leadership in microbiology applied in the field. We
will continue to operate the NABIR Field Research Center (FRC), a facility used for research
supporting NABIR, the Environmental Management Science Program (EMSP), and other areas to
advance field-scale subsurface science and for developing and testing bioremediation methods in
subsurface environments. We will advance the development and use of microarrays for
understanding microbial community structure and function. We will also support the EMSP by
performing research in several disciplines, with special emphasis on contaminant fate and
transport, robotics, sensors, and chemical sciences (including computational chemistry) relevant to
complex wastes.

Objectives and Strategies

Objective 1: Become a leading center and vital resource for understanding complex biological systems, from
the molecular level to the level of the organism, as well as the interactions of organisms with their
environment.

Strategy
= See Complex Biological Systems Initiative.

Objective 2: Develop a basic understanding of microbes and microbial systems, and their molecular
machines and controls in their native environments (also see Complex Biological Systems Initiative).

Strategy

< Improve tools and techniques for complex isolation, mass spectrometry, and computational
analysis of protein complexes to achieve high-throughput characterization of structure and
function, including analysis of complex variants generated under a variety of environmental
conditions.

< Develop new tools and approaches for bio-imaging cellular processes.

= Develop new schemas for bioinformatics tools to capture, manage, and analyze the enormous
amounts of data generated in the study of proteins, protein complexes, and their regulatory
networks.

= Develop an understanding of microbial community structure and function through the
characterization of regulatory networks in microorganisms using microarray technology and
new models of stress response.

= Expand the CSMB via new facilities for protein deuteration and for biological small-angle
neutron scattering at the HFIR to provide comprehensive information on the structure of
biomolecular complexes.

= Advance the understanding of protein interactions at the molecular level and apply the
resulting knowledge and technology to support DOE, National Institutes of Health (NIH), and
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Life and Medical Sciences

» Vascular brachytherapy procedure developed by the ORNL Nuclear Medicine Program now in clinical use—
2001. Uses beta radiation to keep arteries from re-narrowing following angioplasty and was pioneered by
cardiologists at the University of Tennessee Heart, Lung, Vascular Institute, working with ORNL staff.

Developed biosensors based on microcantilever technology and self-assembled monolayers of single-stranded
DNA sensitive enough to detect a single-base pairing difference in DNA hybridization, affording the possibility of
high-throughput, low-cost genomic and proteomic analysis, including real-time, portable, disposable sensors for
biomedical applications—2002.

Developed an integrated platform for detection of DNA sequence variants—2003. This highly versatile platform
performs temperature-gradient capillary electrophoresis (TGCE), permitting fast, cost-effective detection of high-
throughput mutation/single-nucleotide polymorphisms in genomic DNA sequences.

Completed the CMMB—2003. This is a unique, high-throughput resource for functional genomics research; one
of the first applications will be in functional annotation of genes on the mouse counterparts of the three DOE-
sequenced human chromosomes.

Demonstrated the importance of mouse mutants as unique models for exploring the roles of human genes
through studies of ENU-induced mutations in genes on mouse chromosome 7—2003, locating a gene
responsible for skull and spinal defects.

Demonstrated that alterations in the Picalm gene, which encodes the clathrin-assembly protein, cause abnormal
blood cell development and iron transport and other defects with human counterparts.

Developed functional gene arrays, community genome arrays, and oligonucleotide arrays for analyzing microbial
communities in complex environmental systems that allow insights into nitrogen and carbon cycling, as well as
contaminant degradation, in research on bioremediation, global change, and carbon sequestration—2003.

Climate Change Research

» Showed that changes in eastern deciduous forests will play an important role in the cycling of carbon through
the biosphere

— Synthesis of results from the TDE shows that growth of mature trees is more resistant to changes in
rainfall inputs and drought stress than predicted by existing ecosystem models—2003.

— Results from the FACE facility show that an established deciduous forest stand absorbs more carbon from
an atmosphere enriched with CO,,.

 Successfully tested an injector system for CO, sequestration in oceans, in collaboration with the Monterey Bay
Aquarium Research Institute—2002.

» Assembled the most complete genetic map ever for a forest tree species (Populus) and applied it to identify
specific regions of the genome responsible for aboveground and belowground carbon allocation/chemistry—
2002.

Environmental Remediation Sciences

» Demonstrated the effectiveness of novel anion exchange resin and regeneration technologies in remediation of
groundwater contaminated with perchlorate.

Significantly improved a thermochemical model of the borosilicate glass system for sequestering nuclear waste
by inclusion of chromia—2003.

Achieved femtogram mass detection with cantilever oscillators—2002. Opens door to detection of atmospheric
contaminants present in trace amounts as small particles or molecules of chemical contaminants, DNA,
proteins, and even cells.

the Department of Homeland Security (DHS) missions related to human susceptibility,
biotechnology, and medical technology.

Objective 3: Develop the scientific and technological basis to measure and model ecosystem dynamics from
the molecular to the ecosystem scale under changing climate conditions so that changes in ecosystem
structure and function (cycling of carbon, water, energy, and nutrients; productivity; persistence of species;
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and maintenance of diversity) can be detected and
strategies for adaptation, mitigation, or
restoration can be supported.

Strategy

Apply emerging tools in genomics and
computational ecology to (1) discover
indicators of ecosystem responses to
climate change that span molecular to
regional scales and (2) facilitate
improved understanding of genetic,
biochemical, and physiological processes
responsible for key biological and
ecological phenomena and that support
the development of mechanistic models
(see Complex Biological Systems
Initiative).
Improve representation of biological-
ecological processes operating on
timescales of decades in ecosystem and e No Known
. . : Releases
regional-to-global biosphere models (e.g.,
adaptation, response, and recovery from

both natural and anthropogenic New perchlorate treatment and destruction technology
disturbance). recently developed at ORNL is being demonstrated at

Focus our stience programson the 11 T e o e
generation of critical data and

improvements in process-based models

that address terrestrial carbon cycling and ecosystem dynamics at large spatial scales. We will,
where appropriate, explore the development of unique ecosystem and carbon cycle
experimental facilities to maximize scientific disovery.

Apply our strengths in data management and in computational climate science to support key
DOE objectives for climate prediction, the North American Carbon Program, and ecosystem
dynamics.

Objective 4: Operate the NABIR FRC with distinction for enabling scientific advances in bioremediation.
Strategy

Continue our focus on customer needs and support the requirements of individual researchers
and collaborative teams.

Support DOE’s efforts to form a second FRC with our lessons learned and teaming so as to
optimize DOE resources.

Objective 5: Focus our capabilities to support BER in fate and transport science, waste treatment and
processing, and long-term stewardship science.

Strategy

Maintain core research capability that advances the science and is competitive in NABIR and
EMSP opportunities.
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= Work with DOE cleanup stakeholders to transfer new science and technology to address local
needs.

= Provide scientifically defensible simulation models to predict fate and transport of subsurface
contaminants.

= Develop science and technology for long-term stewardship of lands with residual
contamination.

Objective 6: Understand the functionality of each gene in human chromosomes 5, 16, and 19, focused on a
whole-organism level using the mouse as the model organism.

Strategy

= Methodically induce point mutations in the homologous mouse chromosomes of the human
chromosomes of interest, looking for lethality and for variants in phenotype expression in
physiological, anatomical, or behavioral characteristics.

= Study the role of individual genetic variation in response to exposure to chemical and physical
agents that affect the functionality of organisms.

e Using tissues from our Cryopreserved Mutant Mouse Bank (CMMB), identify point mutations
in any DNA sequence (coding and regulatory) of interest, re-derive a mouse line with that
tissue type, and study the consequences ! =0 y 8P
of that mutation at the organism level. '

Capabilities

The ORNL BER Program draws on
distinguishing capabilities in biological and
environmental research, with a focus on
genetics and molecular biology, ecological
and environmental systems, and
environmental quality. These capabilities are
supported by unique neutron science
facilities (HFIR and the Spallation Neutron
Source, now under construction) and
extensive computational sciences resources. Researcher collects soil solution samples on the dry plot
Environmental quality research is also of the Throughfall Displacement Experiment (TDE) for
supported by diverse chemical and determination of soluble plant nutrients.

analytical sciences capabilities and

bioprocessing, hot cell, robotics, and environmental field research facilities. The breadth of these
capabilities derives from ORNL’s role as a multiprogram laboratory.

Key resources for ecosystem science include a variety of large-scale field research resources,
located within the Oak Ridge National Environmental Research Park. These facilities, including the
Free Air CO, Enrichment Experiment (FACE), the Throughfall Displacement Experiment (TDE), the
Walker Branch and Melton Branch watersheds, and the NABIR FRC, are available to outside
researchers.

The new Laboratory for Comparative and Functional Genomics, which will house the MGRF, and
the CMMB represent an unparalleled resource for research on mammalian (mouse) genetics and
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genomics. These resources, along with other user facilities such as the CSMB and the Bioprocessing
R&D Center, provide state-of-the-art capabilities and equipment to biological researchers at ORNL
and elsewhere.

Operational and Support Needs

Our ecological research facilities (e.g., FACE, NABIR FRC, data archival systems, etc.) require a
transition to include operational support funds so that we may best serve the scientific community.
Funding is required each year to support upgrading our capital equipment. Specific areas of need
include genomic, field sampling, and analytical equipment.

Key Partnerships

Life and Medical Sciences—One key partner is the JGI, which provides the genomic sequences of
microorganisms for computational annotation of genes performed by ORNL. In addition, ORNL
has established an extensive network of partnerships for its current activities in the GTL program,
including substantive involvement in the Shewanella Federation (see the Complex Biological
Systems Initiative).

Climate Change Research—Our partnerships are many and focus on users of our field research
facilities, data requesters (ARM Archive, CDIAC), and research partners: universities, national
laboratories, and staff from other federal agencies, including the National Oceanic and
Atmospheric Administration (NOAA) and the National Aeronautics and Space Administration
(NASA). The Consortium for Research to Enhance Carbon Sequestration in Terrestrial Ecosystems
includes PNNL and ANL, universities (Colorado State, Cornell, North Carolina State, Ohio State,
Texas A&M, Virginia Tech, and Washington), the Joanneum Institute for Energy Research in
Austria, and several USDA facilities. We are also engaged in the International Poplar Genome
Consortium, which includes the JGI, the University of Washington, Genome Canada, and the
Swedish University of Agricultural Sciences.

Environmental Remediation Sciences—Our work for EMSP and NABIR science heavily involves
researchers from a diverse group of universities and other national laboratories, with a particular
emphasis on users of our unique field research facilities (e.g., NABIR FRC).
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Strategic Objectives

The use of computational tools has become vital to science
and engineering and education in a multitude of national
priorities such as anti-terrorism research, networking and
information technology, nanotechnology, biotechnology,
and climate change. The last three decades of sustained
progress in computing technology, coupled with numerous
breakthroughs in mathematical methods and computer
science, have resulted in newer, more powerful tools for
scientific research. These tools have brought new insights
into complex systems beyond the reach of our most
powerful experimental capabilities and sophisticated
theories. Through modeling and simulation we are able to
probe the interior of stars and discover how proteins work
inside living cells. Indeed, computational science is now

) A Sequence of tight-binding molecular
central to progress at the frontiers of nearly every scientific  qynamics simulation of fullerene

discipline and to our most challenging feats of engineering. coalescence inside a (10,10)
nanotube. The simulation starts with

ORNL, together with our laboratory, university, and ten buckyball molecules placed

industrial partners, believes that it is critical for the future inside a single-wall nanotube. From
top to bottom, the temperature

of high-end computing in the United States to bring into increases from 1800 to 3600 K.
existence a new class of computational capability that is

optimal for science. In recent years, scientific computing

has become increasingly dependent on hardware that is designed and optimized for commercial
application. Science in this country has greatly benefited from the improvements in computers
derived from advances in microprocessors following Moore’s Law, and a strategy of relying on
machines optimized primarily for business applications. However within the last several years, in
part because of the challenge presented by the appearance of the Japanese Earth Simulator, we
have seen an increasing “divergence” of the needs of scientific applications and the platforms
provided by vendors driven by the commercial market.

ORNL intends to support DOE by developing and deploying leading-edge computing capability

and conducting state-of-the-art research and development in computer and computational

sciences. In consultation with the DOE-SC Office of Advanced Scientific Computing Research

(ASCR) and our collaborators, we have established three strategic objectives:

= Develop high-end computing capabilities that enable DOE and the nation to reassert U.S.
leadership in computing and computational sciences. We will support the ASCR in its mission
to deploy a next-generation, leadership-class supercomputing system for scientific
applications.

= Develop petascale computing and simulation science capabilities that will enable DOE to
develop innovative and revolutionary computational science skills to advance major national
science and technology initiatives.
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= Advance application of computational sciences in systems biology and biomedical engineering,
materials science (hanoscience in particular), national security, climate sciences, and fusion
sciences to solve the most critical problems. We will enable scientific discovery through
advances in computational modeling and simulation by providing the models, tools, and
computing infrastructure necessary to fully exploit those advances.

Primary Roles in the Context of DOE Mission Objectives

The DOE-SC Office of Advanced Scientific Computing Research (ASCR) is aimed at delivering
forefront computational and networking capabilities to scientists nationwide to enable the
extension of scientific frontiers in the physical, chemical, and biological sciences. ASCR mission is
to discover, develop, and deploy the computational and networking tools that enable scientific
researchers to analyze, model, simulate, and predict complex physical, chemical, and biological
phenomena important to DOE.

DOE’s ASCR objectives are to

= extend the frontiers of scientific simulation by creating computational models that fully exploit
the power of advanced architecture computers;

= bring dramatically enhanced computing power to critical scientific challenges by encouraging
the development and supporting the evaluation and application of computing architectures
tailed to major scientific applications;

= advance scientific simulation by developing advanced computer science and mathematical
tools and methods that enable simulation of complex systems on advanced architecture
supercomputers; and

= provide computing resources, network infrastructure, and tools to enable computational
science and scientific collaboration.

ORNIL is actively engaged in supporting DOE in each of these missions.

ORNL will procure, evaluate, expand, and more rapidly bring to maturity High-End Computing
(HEC) systems that have the potential to match or exceed the performance objectives of the DOE
science missions and programmatic goals. In close collaboration with Cray, Inc., ORNL will strive
to reassert U.S. leadership in high-performance computing for science in strategic areas important
to DOE and the nation and will greatly enhance high-end computing in the United States. The
Cray X1 and future generations of this product line
promise to substantially increase the fraction of peak
performance realized by many of the DOE Office of
Science research applications.

ORNL’s Center for Computational Sciences (CCS) will
evaluate the processors, memory, and scalability of the
architecture and software environment of the Cray X1
system to determine its effectiveness for the solution of the
most challenging scientific problems. The Cray X1 offers
vector processing and massively parallel processing
capabilities in a single architecture and is specifically
designed for scientific applications. Our evaluation Computational Sciences Building at
approach will focus on scientific applications and the the Oak Ridge National Laboratory.
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computational needs of the science and engineering
research communities. CCS will support “capability
computing” in four strategic grand challenge
research areas, as well as serve as a test bed to
develop software and techniques needed to support
“capability computing.” The center will take full
advantage of new high-speed networks and
computer center facilities at ORNL, and its

infrastructure will play an especially key role in Part of the 40,000-square foot computer
moving the initiative forward. Finally, CCS will :'Soo_lrg_m the new Computer Sciences
uilding.

support computational science education, initially
at the undergraduate and post-graduate level.

Reasserting U.S. scientific leadership requires securing and evaluating multi-teraflop
computational platforms and infrastructures coupled with an increase of expertise in modeling,
simulation, and numerical methods for future architectures to take full advantage of increased
capabilities. ORNL will work closely with other national laboratories to articulate the requirements
to develop these future U.S. high-end, leadership-class computing capabilities.

The Office of Advanced Scientific Computing Research is leading a major DOE effort to advance
the state of the art in computational modeling and enabling tools under the Scientific Discovery
through Advanced Computing (SciDAC) program. The Center for Computational Sciences has a
long history of accomplishments in scientific computing, has often served as the proving ground
for many new computer technologies, and is a principal resource for SCciDAC. Multidisciplinary,
multi-institutional teams under SciDAC bring their collective experience and expertise to bear to
realize the promise of terascale computers for its basic science programs. SciDAC focus areas
include scientific challenge codes, computing systems and mathematical software, collaboratory
software infrastructure, scientific computing hardware infrastructure, and scientific computing
software infrastructure.

Profound implications for the tools and methods projects of SCiDAC Integrated Software
Infrastructure Centers will also result from the Cray X1 evaluation process, since vector
architectures have been mostly neglected for the past decade in the United States. Without
representative hardware, most computer science research and tool development has targeted
commodity scalar processors and clusters. Methods research has pushed the scalability issues
toward massive, distributed-memory configurations. While much of the research will be relevant
and applicable to a Cray X1 with thousands of processors, the richness of the Cray software
environment and high-bandwidth interconnect will shift the balance. The evaluation will give
important information to tool designers and algorithm researchers about the relevance of current
design and implementations.

Objectives and Strategies

Objective 1: Assist DOE and the nation in revitalizing U.S. leadership in high-end computing and
computational sciences.

Strategy
= Participate in the interagency R&D roadmapping for high-end computing core technologies to
develop a federal high-end computing, capacity, and accessibility improvement plan.
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= Work with DOE laboratories and Office
of Science leadership to articulate the
requirements.

= Work with U.S. industry to develop high-
end computing capability.

= Develop a sustainable partnership with
partner universities in high-end
computing.

Objective 2: Lead the nation in developing and
deploying high-end computing platform and
infrastructure for science and engineering.

Strategy

= Deploy a national capability, at the
highest level of computing power that
the industry and the research community
can support with both efficient software
and hardware, in the new world-class
computing facility.

= Work with other DOE laboratories,
academia, and industry to develop next-
generation architectures suitable for
science and engineering.

= Engage in significant development

Received first cabinet of Cray X1 32 processor in
2002. The system will be expanded to a 256
processor system in 2003.

Established a new partnership with SGI to build the
world’s largest shared memory machine for data-
intensive applications such as computational biology.
Established OC192 network connectivity: 10-Gbit/s
network connection from ORNL through
Chattanooga to the Atlanta. Using GigaPOP
dramatically enhances communications performance
between the university research community and
ORNL.

Completed first fully coupled climate simulation
using T85 CAM; also POP climate code running on
16 processors achieved 35.3 simulation years per
day—the fastest on any U.S. computer.

Expanding Terascale Supernova Initiative: achieved
2- and 3-D hydrodynamics model runs uncovering
instability in stellar core shock wave.

Completed design of quasi-poloidal stellarator
experiment using simulations.

Optimized fusion simulator code TORIC for high-
performance computing on ORNL's Cheetah at
considerable timesaving.

partnerships with U.S. vendors to bring new architectures into existence in a form, at a scale,
and on a schedule that the scientific community can exploit successfully. Three such
partnerships have already been established with IBM, Cray, and SGI.

= Leverage the new Defense Advanced Research Projects Agency (DARPA) High Productivity
Computing Systems program and the architectures developed by the participants Cray, HP,

IBM, SGI, and SUN.

Objective 3: Enhance the accessibility of high-performance computing power, both within ORNL and for

external partners.
Strategy

= Provide sustained, high-bandwidth access to the highest possible performance computers for
the most demanding applications at the scientific frontiers.

= Upgrade the network and data management infrastructure supporting these resources so as to
enable computational scientists to manage the extraordinarily large volumes of data often
generated by large-scale scientific computing and modern experiment.

= Create supporting resources, grid nodes, and tools that enable teams of scientists to collaborate

effectively at a distance.

Objective 4: Enhance university partnership and research in computational sciences.

Strategy

= Attract key scientific leadership through joint faculty and distinguished scientist hires.
< Expand computing and computational sciences collaboration with the University of Tennessee
(UT) and other universities through the Joint Institute for Computational Science (JICS).
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Objective 5: Advance application of computational sciences in advanced materials, climate sciences,
systems biology, and fusion energy sciences.

Strategy

= Operate CCS with a principal focus on computational biology, climate, fusion, and materials
applications.

= Create, in partnerships across the Office of Science, new generations of models for fusion
science, biology, nhanoscience, physics, chemistry, climate, and related fields that provide high-
fidelity descriptions of the underlying science.

= Incorporate the new models into scientific simulation software that obtains substantially
greater performance from terascale supercomputers than currently achieved.

= Build on the successes of the SciDAC program.

Capabilities

ORNL operates CCS, a DOE National User Facility, providing dedicated, unique computer
facilities and user support for climate research, fusion, astrophysics, biology, and materials. The
newly constructed state-of-the art facility has a 40,000-ft2 computer center with a 36-in. raised floor,
18 ft deck to deck, and 12 MW of power with planned expandability. The 170,000-ft?
Computational Sciences Building has office space for 400 staff, classroom and training areas for
users, a high-ceiling area for state-of-the-art visualization, and separate lab areas for computer
science and network research.

The CCS houses a 3.2-teraops Cray X1 “Phoenix” for early evaluation. Phoenix is a shared-memory
vector system of 256 processors with 8 liquid-cooled cabinets, each with 128-GB memory, 8-TB
disk, 1-TB shared memory, and 32 TB of disk space.

The CCS “Cheetah” is a 4.5-teraops IBM SP, an SMP cluster with 27 nodes, each with 32 IBM
Power4 (5.6-Gflops) processors, 1-TB memory, and 24 TB local storage.

“Eagle” is a 1-teraops IBM SP, an SMP cluster with 184 nodes, each with 4 IBM Power3 1l
(1.5-Gflops) processors, 1086-Gflop/s of theoretical speed, 372 GB memory, and 9.2-TB local
storage. The production system is dedicated to computational science research in computational
materials, climate, biology, and nanoscience and engineering.

The High-Performance Storage System (HPSS) was
developed by a consortium of DOE national
laboratories and IBM. The DOE participants are
ORNIL, Sandia, Lawrence Berkeley, Los Alamos, and
Lawrence Livermore national laboratories. ORNL’s
production HPSS installation now stores more than
70 terabytes.

Operational and Support Needs

To achieve DOE’s ambitious long-term objectives,
we must collectively address the realities of
leadership in the twenty-first century. We recognize
several operational and support needs that would

Ocean biochemistry simulation.
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accelerate progress in supporting DOE’s ASCR

mission. These needs are to

= recruit, hire, and retain world-class researchers
in computing and computational sciences;

< fully utilize JICS to establish key collaborations
and partnerships; and

= provide enabling Information Technology (IT)
infrastructure and services, including IT support
for facilities modernization.

Key Partnerships

. o . Simulation results of core collapse
The Office Of Advanced Scientific Computlng supernovae mechanisms.

Research supports ORNL efforts to enhance
university and industrial partnerships and to strengthen our role in the nation’s research enterprise
by increasing the quality and impact of our user facilities and science and technology programs.

Many of ORNL’s major partnerships have been developed through years of collaborative efforts
such as SciDAC program and the CCS. Currently, ORNL is working with more than 13 other
laboratories and 50 universities on collaborative efforts to advance and optimize high-end
computing capabilities.

ORNL is also partnering with the UT-Battelle core universities and other regional and national
universities to advance collaborative research projects and develop joint proposals. These
partnerships are permitting ORNL to expand its expertise by developing a unique and diversified
workforce. Central to ORNL’s expanding relationships with universities, JICS with UT provides the
mechanism for visitors, guests, and postdocs, as well as students, to participate in joint
collaborative projects in computational sciences spanning computational biology, computational
chemistry, computational materials science, fusion, and astrophysics.

Outreach through the Research Alliance for Minorities program continues to identify students and
faculty members in science, mathematics, engineering, and technology disciplines for summer
internships and collaborative research. The program supports of the long-term goal of increasing
the number of underrepresented individuals with advanced degrees in the workforce and to
expand research and educational relationships with historically black colleges and universities and
other minority educational institutions.

ORNL is also strongly partnered with various computer vendors. Within the context of developing
advance high-performance computers for the next century, ORNL has established partnerships
with Cray, HP, IBM, and SGI for high-end computing for science and engineering, next-generation
architectures and platforms, specialized applications thrusts, and high-end visualization. ORNL’s
advanced high-speed networks to link collaborative research partners and to enable massive
amounts of data transfer benefits from a strong collaboration with Qwest.
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Strategic Objectives

The nuclear physics community is making new exciting discoveries in the fundamental physics of
nucleons and the behavior of nuclei under extreme conditions and is shedding new light on the
evolution of our universe and the behavior of stars. The most recent Long-Range Plan established
by the DOE/National Science Foundation (NSF) Nuclear Science Advisory Committee (NSAC) has
proposed a bold and comprehensive set of initiatives to explore these rapidly developing areas of
physics and to provide the major scientific instruments and theoretical tools needed to conduct
these investigations.

ORNL intends to play a major role in the realization of the NSAC Long-Range Plan. In consultation
with the Office of Science and our collaborators, we have established three strategic objectives for
our nuclear physics program.

1. We will upgrade and operate the Holifield Radioactive lon Beam Facility (HRIBF) as a nuclear
physics user facility, supporting an international community of users in a broad range of
nuclear physics studies and enhancing the technical basis for the proposed Rare Isotope
Accelerator (RIA). We propose to increase current beam intensities by 1-2 orders of magnitude,
develop a range of light- and intermediate-mass beams, and provide beams on both the proton-
rich and neutron-rich sides of the region of stable nuclei.

2. We will deliver new understanding of the properties and behavior of neutrons, nuclei, and
nuclear reactions at extremes of spin and isospin and of excitation. Our work will result in
improved knowledge of properties and decay patterns at the limits of stability, understanding
of the conjectured phase transition from nucleons into constituent quarks and gluons, and tests
of the Standard Model predictions of neutron
properties and decay.

3. We will develop new knowledge concerning the
reactions that power stars and the stellar
mechanisms resulting in gamma-ray bursts;
novae; and, particularly, supernovae. This work
will result in improved understanding of the
synthesis of elements in stars and the explosive
mechanisms whereby these elements are
distributed in the galaxy and are made available
for solar system and planetary formation.

Our scientific programs will be carried out through

closely coupled experimental, theoretical, and

computational research. We will make extensive use

of the current generation of major nuclear physics Supernova model visualization from the

research facilities, along with the most powerful SciDAC effort showing polarization of radiation
. ' . . from the supernova.

available supercomputers, and actively contribute to
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the design of facility upgrades and new facilities. Our programs are structured to encourage
university partnerships and extensive student participation.

Primary Roles in the Context of DOE Mission Objectives

DOE’s Nuclear Physics program addresses low- and intermediate-energy nuclear physics, heavy-
ion physics, nuclear theory, nuclear data evaluation, advanced scientific computing for nuclear
physics, and tests of symmetries and quantum field theories of subatomic matter. With the
exception of the intermediate-energy area, ORNL has ongoing efforts in all of these fields. The
Long-Range Plan lists eight initiatives, and ORNL has present and planned roles in support of
most of these.

An overarching goal in the Long-Range
Plan is to improve operation of existing
facilities and invest in theoretical
research. ORNL operates the HRIBF as a
national user facility for low-energy
research in nuclear physics. A proposed
set of upgrades to HRIBF will more than
double the annual hours of beam
operation and improve the number and
intensity of beam species provided.
ORNL also operates the Oak Ridge
Electron Linear Accelerator (ORELA), the
nation’s only operating “white” neutron
source. ORELA is used for measurements
of astrophysical reactions and nuclear-
level properties important both for Recoil Mass Spectrometer (RMS) at HRIBF is used_ to study_
nuclear physics {;md new reactor :huecltfei?éesttreuncdtgres and the mass of reaction nuclei. Shown is
concepts. The Joint Institute for Heavy

lon Research, sponsored by ORNL, the University of Tennessee, and Vanderbilt University,
provides summer schools and undergraduate and graduate residential programs for students
learning to conduct independent research. ORNL plans significant new investments in both
nuclear structure and supernova theory, with an associated new effort in the physics of the strong
nuclear force.

In the area of low-energy nuclear physics, DOE programs concentrate on the structure of atomic
nuclei: understanding the limits of nuclear existence; probing how extreme proton/neutron (Z/N)
ratios affect nuclear properties; and measuring how nuclear properties change with variation in
Z/N, excitation, and angular momentum. ORNL conducts an extensive basic research program,
including experimental, theoretical, and data-evaluation components. We study properties of
nuclei that are far from stability and/or are highly excited. The experimental, detection, and
theoretical tools are important for the planned RIA. ORNL invests in ion-source technology and
detector development related to RIA. HRIBF also helps develop the scientific manpower base for
RIA. In addition, the Long-Range Plan calls for constructing a high-resolution gamma-ray tracking
array, GRETA. This novel device could lead to improvement in resolving power for gamma-ray
decays of high spin state by a factor of as much as 1000. ORNL serves on the national governing
board for GRETA, leads the electronics effort, and contributes to the full range of software
initiatives for this project.
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An ongoing effort in nuclear data evaluations serves DOE objectives in low-energy physics in three
areas: the structure of actinide nuclei, elucidation of high-spin-level schemes, and reaction cross
sections for the relatively low-energy nuclear reactions that are typical of stellar burning.

Nuclear astrophysics is a growing area at ORNL. DOE objectives include determination of the
origin of the elements and learning how stars and galaxies form and evolve. ORNL concentrates on
research using HRIBF and studying supernovae. Further programs evaluate astrophysical data and
measure neutron-induced reactions of astrophysical interest using ORELA. Planned upgrades to
HRIBF will improve the number and intensity of beams used to study reactions of astrophysical
importance. A new program of cross-section measurements using the neutrinos produced in the
main production target at the Spallation Neutron Source (SNS) will provide first-ever data on the
mechanism thought to blow apart supernovae and spread their freshly produced atomic nuclei
throughout the galaxy.

We are exploring development of an advanced tracking device for gamma rays based on multi-
Compton scatterings in silicon tracking detectors. Such a device would make an excellent space-
based telescope for gamma rays emitted from novae and supernovae. The technology has
terrestrial applications in medical physics and radiological surveying for homeland security
purposes.

In heavy-ion physics, the DOE obijective is to determine whether nuclear matter can undergo a
phase transition to a state where the quarks and gluons are no longer confined to the interiors of,
for example, protons and neutrons. The Relativistic Heavy lon Collider (RHIC) at Brookhaven
National Laboratory was built to test this hypothesis and to determine if an equilibrated form of
such matter, referred to as quark-gluon plasma, can be produced in the laboratory, and to study its
properties. Since the inception of PHENIX, one of two large experiments installed at RHIC, ORNL
has played an important role in its design, construction, and operation, as well as in analyzing data
from its main devices for detection of gamma rays and muons, the primary particles used to probe
the “deconfined” stage of the reactions created at RHIC. ORNL is also defining the follow-on
experiments to study properties of this state, using an upgrade of the PHENIX detector at RHIC or
at the Large Hadron Collider (LHC), under construction at the European Organisation for Nuclear
Research (CERN).

ORNL contributes to four of the five major program areas supported by the DOE Nuclear Physics
Program.

Program Area ORNL Role
Heavy lon Research (KB02) Supports the RHIC PHENIX.
Theory and Data Work (KB03) Conducts nuclear theory program and nuclear data program on

actinides and astrophysics.

Low-Energy Research (KB04) Operates HRIBF as user facility; performs low-energy research,
nuclear astrophysics research, SNS and HFIR neutron physics
work, and ORELA measurements.

SciDAC program (KA04) Performs theoretical and computational work on physics of
supernovae (administered by High Energy Physics but is a
purely Nuclear Physics subject area at ORNL).
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DOE'’s objectives in theoretical nuclear physics span all aspects and energy ranges of nuclear
behavior. ORNL has active theoretical programs that investigate the structure of nuclei, the
evolution of this structure as limits to nuclear stability are reached, reactions occurring in stars the
structure of excited hadrons/nucleons, and signals for quark and gluon deconfinement at RHIC.
The Long-Range Plan also addresses utilization of large-scale scientific computing. ORNL leads
one of the two Scientific Discovery through Advanced Computing (SciDAC) efforts approved for
nuclear physics, concentrating on a novel approach to modeling supernova explosions by
theoretical and computational description of the physics at the subatomic level, which is key to
these explosions.

DOE'’s objectives in the final major area discussed in the Long-Range Plan include the search for
violations of basic symmetries of quantum field theories; the determination of the nature of
fundamental particles such as neutrinos; and the search for extensions (or even replacements) to
the Standard Model of strong, electromagnetic, and weak forces. The Long-Range Plan mentions
construction of a major underground science laboratory for very low background experiments and
construction of a cold neutron beamline at the SNS for fundamental neutron physics.

ORNL has joined a group proposing a long-term experiment for an underground facility. The
experiment would search for a rare, as-yet-unseen decay of "*Ge involving emission of two beta
particles but no neutrinos. (A positive result would require revisions to the Standard Model.) To
this effort, ORNL brings expertise in germanium chemistry, germanium detectors, electronics, and
relevant data analysis techniques. A new ORNL effort has begun to test fundamental symmetries
and properties of the neutron. Precise tests of basic decay rates and properties are conducted to
test the limits of the current Standard Model of particle physics. The new work at ORNL will
provide the most sensitive measurements possible in the world.

Objectives and Strategies

In order to support the NSAC Long-Range Plan and ORNL’s roles noted above, we plan to
concentrate on current areas of strength in low-energy and heavy-ion nuclear physics, strengthen
the astrophysics area, and add a new program in neutron physics using the SNS. Related efforts are
proposed at other facilities, such as the High Flux Isotope Reactor (HFIR), as part of the overall
neutron physics program at the SNS. Listed are seven major areas of program development in
support of DOE Nuclear Physics.

Objective 1: Upgrade HRIBF to provide doubled beam hours, new beam species, and 10-100 times greater
radioactive ion beam (RIB) intensities.

Strategy

< Design and present to DOE a rational sequence of staged upgrades to the HRIBF complex.
Include, in order, a high-power target lab, a new target ion source, a new driver accelerator, and
an axial-injected ion source plus power supply upgrades for the Oak Ridge Isochronous
Cyclotron (ORIC).

= Carry out construction and commissioning and operate the upgraded facility as part of HRIBF.

= |f the timing of RIA permits, propose and build a booster accelerator for HRIBF.
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Objective 2: Construct/operate a cold neutron
beamline at SNS for fundamental neutron
physics.

Strategy

= Engage community in evaluating the
SNS solution.

= Organize scientific collaborations, design
beamline and experiments, and obtain
SNS approvals and include need in the
NSAC Long Range Plan.

Objective 3: Establish new nuclear theoretical
efforts in nuclear structure, computational
astrophysics, and strong interactions.

Strategy

= Build university-based theory
collaborations.

= Prepare proposals for new initiatives in
nuclear structure theory and for a “co-
laboratory” in supernovae theory.

= Respond to expected call for proposals
after summer/fall 2003 NSAC theory
review.

Objective 4: Expand low-energy research
program into expected centerpiece RIA physics
areas in anticipation of RIA construction.

Strategy
= Invest in research, detectors, and
operational improvements for HRIBF.

HRIBF operations have achieved over 1200 hours of
RIBs and 2000 total hours of beam. RIBs delivered
include brand-new isotopically pure beams of isotopes
such as *’F and ®F for the astrophysics program and the
long-sought **2Sn (the heaviest doubly closed shell
unstable nucleus known) for the nuclear structure
program. The fluorine experiments resolved several
puzzles about the nucleosynthesis cycle which produces
carbon, nitrogen, and oxygen (the “CNO cycle”) in stars
such as our own sun.

The RHIC PHENIX program has seen evidence that the
matter produced is highly opaque to penetrating particles
that easily traverse normal nuclear matter. This is
behavior suggested for the sought-after quark-gluon
plasma state. The achievement depended, in a principal
way, on the large photon spectrometer, which ORNL
helped build at CERN in 1992-1994, brought to BNL in
1997, and instrumented for PHENIX.

Advances in supernova modeling can now predict the
polarization of radiation emitted from supernovae, in
accordance with observation. This is the first
computational effort ever to achieve this and required
detailed knowledge of the nuclear microphysics of
supernovae.

Excitation studies of neutron-rich nuclei around the *32Sn
closed shell using reactions at sub-barrier energies have
given first-ever information on the evolution of nuclear
shell structure near a double-closed-shell nucleus that is
well away from the region of stable nuclei.

= Perform targeted R&D in support of RIA design of ion sources and detectors.

= Actively participate in all RIA planning workshops to ensure a place for low-energy research
group in RIA construction and science program.

< Take responsibility for design and construction of one or two experimental endstations at RIA.

Objective 5: Perform definitive experiments at RHIC to search for quark-gluon plasma.

Strategy

= Prepare long-term run plan for RHIC PHENIX detector.

= Carry out ORNL’s responsibilities in the analysis of photon and muon-pair data.

< If quark-gluon plasma is found, design/propose/build/perform follow-up experiments to
delineate properties at RHIC or at CERN LHC, as needs dictate.

Objective 6: Establish new direction for the nuclear data program in astrophysics.

Strategy

< Develop a scientific and programmatic case for such effort, emphasizing the major
programmatic thrust on astrophysics expected at RIA.
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= Create evaluation methods, reaction rate codes, and WWW/graphical interfaces for this work.
< Emphasize to university colleagues in the field and at national and international nuclear data
conferences the need for and utility of the ORNL approach and evaluation methods.

Objective 7: Establish neutrino cross-section program at SNS.

Strategy

= Prepare theory-based arguments about the need for such cross sections to understand
supernovae and their relevance to SciDAV and RIA efforts. Establish possible floor areas at
SN, and form an SNS-recognized team.

= Partner with the University of Tennessee Physics Department to establish detector concept and
prototype.

Capabilities

ORNL has two major accelerator-based capabilities for DOE’s Nuclear Physics program. One is the
HRIBF complex, the only Isotope Separator On Line (ISOL) facility in the United States and the
only one in the world with post-acceleration capability, thus allowing it to deliver precise, well-
collimated beams of RIBs to targets for further experimentation. HRIBF is unique in its ability to
produce both proton-rich and neutron-rich post-accelerated beams of RIBs for experiments. The
other ORNL capability is the SNS complex, with its world-class beams of pulsed cold neutrons and
source of moderate-energy neutrinos. A part of the neutron physics program can also be carried out
at the cold source now being built for HFIR. Some facets of the nuclear astrophysics program can
also benefit from use of the ORELA white neutron source. ORNL has extensive facilities for
advanced computation using some of the fastest unclassified computers in the world. ORNL also
has relevant expertise in detection devices, materials preparation and characterization, isotope
separation, and custom analog and digital electronics design, all of which are brought to bear on
current questions in the DOE Nuclear Physics Program.

Operational and Support Needs

Continued support for HRIBF operations and the 6000-area physical plant is needed for the low-
energy program. Completion of the cold sources at SNS and HFIR is required for the success of the
science program in fundamental neutron physics. Expansion of the program in criticality and
reactor-related measurements at ORELA would ensure a stable funding base for that accelerator.
Improvements in large-scale computational resources would benefit the entire theory program. The
possible new cold source at HFIR would provide unmatched capabilities for ultra-cold neutron
work. ORNL’s world-class capabilities in the development of custom analog circuits and
application-specific integrated circuits (ASICs) should be maintained to support the increasingly
complex needs for subatomic particle detection.

Key Partnerships

Three significant partnerships are key to ORNL programs in nuclear physics. The first is the Joint
Institute for Heavy lon Physics, jointly administered by ORNL, UT, and Vanderbilt. This provides a
venue for visitors, guests, and postdocs as well as a starting point for many productive
collaborative efforts. The second is the PHENIX collaboration based at Brookhaven National
Laboratory. ORNL is a charter member of this 450-physicist effort and has had a leadership role
since its inception. The third is the user group for HRIBF, which is broadly based in the United
States and abroad.
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Strategic Objectives

Nuclear fusion is a key element of the nation’s long-term energy strategy because of its potential
advantages as an energy resource. The development of commercial fusion energy could enhance
the nation’s energy security, provide an environmentally acceptable alternative to fossil fuel
combustion, and help ensure continued economic growth through reliable electricity supply.

The mission of DOE’s Fusion Energy Sciences (FES) Program is to advance plasma science and
fusion science and technology, building the knowledge base needed for an economically and
environmentally attractive fusion energy source. The program supports research to understand the
physics of plasmas; to identify and explore innovative and cost-effective development paths to
fusion energy; and, as a partner in international efforts, to advance the science and technology of
energy-producing plasmas.

ORNL conducts an extensive and well-integrated program of science, technology, and engineering

that is aimed at developing the understanding required for an attractive fusion energy source. We

intend to play a leading role in achieving the FES mission and have established the following

objectives for our fusion energy program:

< Develop innovative plasma confinement configurations, advance the theory and modeling of
plasma stability and collisional and turbulent transport, and develop radio-frequency (rf)
heating to control advanced confinement regimes.

< Advance our understanding of plasma boundary physics, fueling and particle transport,
confinement and stability, wave-plasma interactions, and concept innovations through basic
research.

< Develop enabling technologies: (1) technologies for plasma heating and current drive and for
fueling of plasmas to create, control, and understand high-temperature plasmas and
(2) advanced design and chamber technologies to help identify and resolve fusion reactor
issues (e.g., reliability, availability, and maintenance).

= Advance the materials science base to develop high-performance structural materials with
attractive environmental and safety features.

= Investigate atomic, molecular, and surface interactions to develop basic knowledge and needed
data for plasma science.

Primary Roles in the Context of DOE Mission Objectives

ORNL conducts cross-cutting research in science and technology in support of the Office of Fusion
Energy Science’s mission to “advance plasma science, fusion science, and fusion technology—the
knowledge base needed for an economically and environmentally attractive fusion energy source.”
We apply ORNL’s capabilities in plasma theory and modeling, experimental plasma physics,
plasma technology, advanced materials, atomic physics, diagnostics, neutronics, engineering, and
remote maintenance to develop and deploy new fusion concepts, with an emphasis on the needs of
International Thermonuclear Experimental Reactor (ITER), the next major step for the development
of fusion. We also pursue near-term applications of plasma science and technology in support of
national goals, including isotopes production, high-temperature superconducting electric power
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applications, and plasma propulsion systems. These efforts are closely aligned with the
preparation plans at the Office of Fusion Energy Sciences (OFES) as informed by the recent Fusion
Energy Sciences Advisory Committee report.

ORNL’s primary roles in the context of the DOE OFES mission are as follows.

DOE-OFES Mission Objectives

ORNL Roles

1. Fundamental Understanding
e Theory, modeling, and simulation
e General plasma science

2. Configuration Optimization
* Advanced tokamak and alternate
confinement concept experiments
e Enabling R&D

3. Burning Plasma Experiment
* ITER support

4. Enabling Technologies and
Fusion Materials
« Fusion materials
 Fusion technologies

Advance fundamental understanding of transport.
Develop predictive capability for plasma heating, flow,
and current drive, and for plasma boundary physics.
Develop plasma modeling capability for advanced
confinement concepts.

Investigate atomic and molecular phenomena, as well as
surface interactions, to develop basic knowledge and
needed database for plasma science.

Pursue near-term applications of plasma science and
technology in support of national goals.

Develop advanced tokamak scenarios in DIII-D.
Address burning plasma issues in DIl