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Fifty years ago this fall, Oak Ridge National Laboratory was established to serve a narrow,
yet urgent national need: the separation of plutonium from irradiated uranium fuel. From ORWL Bireotor
this initial mandate—instrumental in ending World War ll—the Laboratory has steadily  apin w.
broadened its scope to reflect the evolving scientific priorities of the nation and the world.  Trivelpisge
Today, ORNL activity can be grouped into five
major categories: energy, environment, economic
competitiveness, education, and the basic sciences.
And while work is quite diverse, all of it fulfills ORNL's
original mission of serving urgent national interests:
¢ balancing energy needs with environmental
responsibility,

* deciphering the human genetic code to crack
the mysteries of human development and
disease,

e exploring solutions to our burgeoning waste
problems, and

* engineering strong new materials for use by
U.S. industry.

Over the past half-century, ORNL has made
pioneering advancesin each of these arenas. However,
our ability to continue leading-edge research is
determined largely by our freedom to build and
maintain leading-edge facilities. Amongour initiatives
this year are two such facilities that will capitalize on
expertise resident at the Laboratory and, in so doing,
advance whole fields of science.

Aevanced
Neutron Source

The United States can take great pride in the invention of reactor-based neutron
research. Pioneered at ORNL, neutron science led directly to the plastics revolution and
to advancements in energy, medicine, agriculture, computing, and geology, among a host
of other fields. Yet, despite its historic lead, the United States has fallen behind in this
discipline so crucial to economic competitiveness.
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Not only has the United States not built any new research reactors during the past
30 years, but existing facilities have deteriorated. As a result, there are huge areas of
scientific inquiry the United States cannot explore. In the meantime, 10 large research
reactors have been commissioned worldwide since 1980. Of these, one is in France, one is
in Japan, and the other eight are in developing nations eager to reap the benefits of neutron
science that the United States has demonstrated so convincingly.

The Advanced Neutron Source, proposed to be built at ORNL during this decade,
embodies the United States’ last, best hope for reasserting its leadership in this field. It would
allow us to regain the advantage we lost to Western Europe a decade ago and would attract
a new generation of researchers.

The centerpiece of the ANS will be the finest research reactor ever built, designed
using every advance made since ourlast generation of research reactors was built. More than
1000 scientists and engineers per year are expected to use one of the more than 30
instruments the ANS will provide for experiments on materials and basic nuclear science.

The ANSis ORNL’s top scientific priority, reflecting the importance the Department
of Energy, the National Academy of Sciences, and others attach to the project as an essential
element of our national research and development strategy.

Genler for Bictogical Sciencas

For more than four decades, ORNL has steadily expanded the frontiers of life
science: first, by illuminating the biological effects of radiation; later, by pioneering
methodologies for radiation and chemical risk assessment; more recently, by exploring the
most basic life processes, including genetic replication and repair.

In the twenty-first century, we have the opportunity to unlock the detailed secrets
of DNA and the human genome and, along with them, the causes and cures of many of
humanity’s gravest health problems: birth defects, developmental abnormalities, and many
forms of cancer. Today’s research tools are tomorrow’s hope for better chemotherapies,
high-yicld biomass for food and energy, and new ways of diagnosing and treating genetic
disorders.

The Center for Biological Sciences will bring together five key components, allowing
new interactions and synergies: a transgenic mouse facility, a macromolecule mapping and
engineering facility, a bioprocessing research facility, a mouse breeding center for human-
disease models, and an expanded graduate school of biomedical sciences.

The talent and cxperience of ORNL’s Biology Division represent one of the leading
life sciences resources anywhere in the DOE complex, indeed, for some specialties,
anywherein the world. The many contributions these researchers have made to fundamental
understandings of the most basic life processes have more than justified the investments
made over the past four decades. However, to position ourselves to apply these resources
to the challenges and opportunities of the next century, we must make an ongoing
investment in them.

‘These kinds of investments—strategically targeted to capitalize on existing strength—
represent this nation’s only real hope for remaining a major force in the global marketplace
of science and technology. As ORNL embarks on its second half-century, such federal
commitment to our top-priority initiatives is essential if we are to continue serving the
nation at a level commensurate with our ability and vision.

Oak Ridge National Laboratory Institutional Plan FY 1993-1998
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The Oak Ridge National Laboratory (ORNL), which is managed by Martin Marietta Energy
Systems, Inc., (Energy Systems) for the U.S. Department of Energy (DOE), is one of the
nation’s premier research institutions. The primary mission of the Laboratory is to perform
leading edge research and development (R&D) in support of the nonweapons roles of DOE.
Especially important elements of ORNL’s mission are to perform basic and applied research
ofimportance to the nation, to provide the scientific and technical community with unique
national user facilities, and to partner with universities and industry to improve the nation’s
competitiveness through technology development and transfer and through contributions
to the national initiative to improve science and math education.
ORNL will accomplish the mission through its core competencies:

¢ energy production, conservation, and utilization technologies;

¢ materials sciences and engineering;

» physical, chemical, and engineering sciences;

Flgurse 2.1
An aerial view
of Gak Ridge
Natienal
Laboratory
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e biological and life sciences;

e cnvironmental sciences and technologies;
¢ computational sciences; and

e manufacturing sciences and technologies.

The principal sponsor of ORNL’s work is DOE, but, in a larger sense, the
Laboratory serves many national—even international-—customers. ORNL staff are
involved in research on global environmental and energy problems, and in the develop-
ment of technologies that will improve U.S. competitiveness in international markets.
The Laboratory’s more fundamental scientific research, much of which is done in
collaboration with researchers from around the world, contributes to the storehouse of
human knowledge; this work, therefore, has a very broad customer base. In the
conception, construction, and operation of national research facilities, the Laboratory’s
customers arc drawn from major segments of the scientific and technical community.
Much of the applied research and technology development work at ORNL is expected to
provide services for other government agencies and private companies.

Several factors combine to distinguish ORNL form other R&D institutions. The
Laboratory melds a unique blend of exeellent researchers with alarge array of world-class
facilities to conduet broad interdisciplinary rescarch in areas of national importance.
The ability to integrate basic research, applicd research, technology development,
information dissemination, and technology transfer is unsurpassed among rescarch
institutions. The style of teaming with industry and academia to bring a multidisciplinary
approach to problem-solving provides exceptional value to ORNL’s customers. Finally,
the Laboratory’s ability to conceive, construct, and manage large, complex projects
provides DOE and the nation with a rare resource.

Oak Ridge National Laboratory Institutional Plan FY 1993-FY 1998
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3 « Laboratory Strategic Plan

ORNL is one of the major multiprogram laboratories owned by DOE. These laboratories
contain the largest collection of scientific talent and research facilities in the country, if not
the world. This scientific power is essential to the United States in meeting the challenges
we face in the next few years. These challenges fall into three categories—energy,
environmental protection, and economic competitiveness. ORNL has strong capabilities
and will continue to be a major contributor in all of these areas. The nature of these
contributions over the next 15 years is the focus of the following strategic look to the future.

Situation Analysis

Over the next 13 years, energy will continue to grow in importance in the United
States and worldwide. First, the world’s largest reserves of oil lie in one of the world’s most
politically unstable regions; this situation is unlikely to change in the foreseeable future.
Next, global energy production and consumption will continue to rise; this increase will, in
the main, be driven by the developing countries. The impacts this will have on energy prices
and the environment will focus attention on improved efficiency and on nonfossil energy
supply and use technologies. The United States is faced with falling reserves of gas and oil,
increased oil imports, and increasing concern about the environmental and health conse-
quences of energy technologies. If our system is a rational one, these factors will add up to
increased emphasis on energy R&D by DOE and its national laboratories. Because ORNL is
one of DOE’s largest energy research laboratories, we are in a good position to make major
contributions to DOE’s programs in energy R&D.

Asthe world population increases, and as this population becomes more affluent, the
potential for global environmental change grows ever larger. At present, global warming and
ozone layer depletion are the more visible environmental concerns, yet these are only
examples of the broader environmental implications of a growing world economy. Global
environmental issues will likely become even more important in the future. Unless we
improve our knowledge base concerning global environmental processes, we will be ill-
prepared to develop and to implement national and international policies to deal effectively
with the environmmental problems. Much more fundamental and applied research is required
if we are to have the understanding needed for intelligent responses to environmental issues.
DOE'’s laboratory system is an important key to gaining this knowledge. Because ORNL’s
environmental capabilities are among the nation’s best, we are in a good position to make
major contributions to humankind’s understanding of the global environment.

A major revolution leading to fundamental advances in understanding the molecular
basis of gene function is occurring in the biological sciences. ORNL'’s historic leadership in
mammalian genetics, protein engineering, and molecular biology will continue with major
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contributions toward understanding the mammalian genome and the genetic basis of
human disease. ORNL’s research in protein engineering and structural biology will expand
and will assume increasing national importance should DOE decide to proceed with the
construction and operation of the Advanced Neutron Source (ANS); the neutron-scattering
facilities at ANS will offer unmatched capabilities for probing complex biological structures
that cannot be characterized by any other means.

The need to restore the United States’ ability to compete in international markets
is one of the most pressing problems facing this nation. It is not just a short-term issne. It
is a structural problem with large scientific and technical components and with no quick
fixes. Many things need to be done. We need to strengthen our educational system with
special emphasis on scientific and technical education. We need to continue to replenish
our reservoir of basic scientific knowledge. And we need to do a better job in helping
American industry to translate the new knowledge into commercially useful products and
processes. Secretary of Energy James D. Watkins has directed that the national laboratories
take on the mission of helping the United States become more competitive through
technology transfer and through contributions to scientific and technical education. In
some ways this challenge is more difficult than the Manhattan Project, for which the national
laboratories were founded nearly a half century ago. This challenge is difficult because it
requires fundamental changes in the relaticnships of government, industries, and univer-
sities. In particular, the traditional sharp boundary between industry and government will
need to be altered as it becomes evident that the nation must call upon all of its intellectual
resources—universities, industries, and national laboratories—to work together toward a
common goal.

Although R&D can address many of the important issues facing the nation,
significant funding consiraints will affect rescarch. The federal deficit will continue to
dampen new initiatives, and competition for research funds will increase. Because of
cutbacks in defense spending, many of the defense R&D institutions will become stronger
competitors for the civilian R&D dollar. DOE’s environmental and waste problems will
continue for a decade or more, and funding to address these issues will diminish resources
available for R&D. The budget constraints will focus attention on the cfficiency and
effectiveness of DOE’s laboratory system. Big science projects like the Superconducting
Super Collider (SSC) and major user facilities like the ANS will come under increasing
scrutiny. In attempts to cut spending, DOE may experience pressures to consolidate
facilities. Any facility or program that consumes resources and does not produce significant
scientific or technological advances will be at risk.

Vision and Strategic Ohjectives

The next two decades promise to be a most productive and exciting period in the
history of the Laboratory. It will be a period of revolutionary changes in almost every area
of science and technology in which ORNL is involved. It will also be a period of considerable
challenge. Reflecting national needs, ORNL’s directions will be dominated by three major
themes—energy, environmental protection, and economic competitiveness.

Contributions to Competitiveness

Because of the competitiveness mission, collaborative research, centered on major
user facilities, will become a very important component of the Laboratory’s intellectual
output. It is expected that the number of guest researchers will increase substantially over
the next 10 years. Much of the increase in collaboration with outside researchers will be
associated with the expansion of our existing user facilities and the addition of new facilities.
Major new user facilities that we hope to put in operation over the next decade include the
world’s most powerful research reactor, the ANS; the Center for Biological Sciences (CBS);
and the Materials Science and Engineering (MS&E) Complex. The ANS alone will accom-
modate 1000 users per year.
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In addition to collaboration through user facilities, cooperative research and
development agreements (CRADASs) created by the National Competitiveness Technology
Transfer Actof 1989 (P L. 101-189) provide industry with access to the varied R&D activities
at DOE facilities. A CRADA allows ORNL to enter into cost-sharing arrangements with U.S.
industry to improve our national competiveness. CRADAs provide an extremely efficient
means of leveraging R&D funds.

To a growing extent, the exceptional scientific and technical developments coming
from ORNL are being translated into new U.S. products, markets, and'jobs. The catalyst for
this evolution in the Laboratory’s traditional role is an aggressive technology transfer
program, one that recognizes the importance of face-to-face interaction between ORNL
researchers and their industrial counterparts. This program began in 1985, and as of April
1992, the Laboratory had in place 63 licensing agreements with American industry. The
curmulative product sales associated with these agreements are $40 million and are growing
rapidly. ORNL has established itself as a leader in technology transfer, and we plan to
continue that leadership in the future.

As another element of the competitiveness mission, the Laboratory will expand its
already substantial educational programs. The present educational activities encompass
over 40 programs involving precollege, undergraduate, graduate, and postgraduate students
and faculty. The poteuntial for our precollege program is particularly significant. If the United
Statesis to regain itsleadership in international commerce, we need to influence the nation’s
best and brightest young people to pursue scientific and technical careers. That is the aim
of the Laboratory’s Environmental and Physical Sciences Study Center, which attracted
20,000 precollege students and teachers last year. The center provides students with the
opportunity for hands-on learning in the physical and life sciences.

Research and Development Programs

Energy Technologies

The future emphasis of energy R&D at ORNL will be on energy efficiency improve-
ments (both supply and end-use technologies) and nonfossil energy supply technologies
(including fission, fusion, and biomass energy). The Laboratory will continue to counduct a
large and diverse R&D program in conservation and renewable energy. Conservation R&D
emphasizes high-temperature materials for transportation and industry, technologies for
increasing the efficiency and economical use of energy in buildings and industry, and
strategies for improving the efficiency of electricity supply and use. To achieve maximum
benefit for the program, conservation R&D activities are carried out in close collaboration
with the private sector by means of subeontracting and CRADAs. Conservation work has
resolted in 14 CRADASs thus far—30% of the total now being developed at ORNL.

Two major user centers are supported by the conservation work: the lligh Tempera-
ture Materials Laboratory (HTML) and the Roof Rescarch Ceater. The objective at these
centers is to develop and to test new materials and technologies that can reduce fuel use
requirements across the economy,

Energy supply R&D will continue to emphasize rencwable resources, nuclear
fission, and nuclear fusion. Renewable energy R&D focuses on biomass and hydroelectrie
encrgy production. Under the Biomass Production Program at ORNL, techniques will be
pursued to reduce the cost and to increase the productivity of woody and herbaceous
biomass applicable to many regions of the country and in developing nations. Advanced
technology for the conversion of biomass to fuels and chemicals will also be pursued. ORNL
has a major role in DOE's Hydropower Program, which was reestablished in FY 1991. ORNL
conducts R&D on environmental issues that limit hydroelectric development and provides
data management and analysis support for hydropower resource assessment.

Nuclear R&D, including both fusion and fission, will continue at ORNL throughout
the planning period. The energy released when light elements are “fused” offers humankind
the potential for a limitless source of energy. ORNL plays an important role in the
international quest to develop magnetic fusion as a practical energy source. The Laboratory’s
long-term strategy for fusion is to strive for scientific and engineering excellence in a broad
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program emphasizing technology and materials. In particular, work will continue on
advances in steady-state confinement, plasma heating and fueling systems, first-wall and
blanket materials, and applied plasma physics. In addition, the Oak Ridge Reservation is an
excellent, nuclear-qualified site at which to build advanced fusion facilities.

ORNL plans to continue a contributing role in development of technology for
advanced fission reactor concepts and space reactor applications. DOE’s current program
includes two advanced commercial reactor concepts: the modular high-temperature gas-
cooled reactor (MHHTGR) and the liquid-metal reactor (LMR).

A continuing initiative is ORNL’s collaboration with the Massachusetts Institute of
Technology to further develop a concept first proposed for the high-temperature gas-cooled
reactor (HTGR) in the 1970s. By eliminating the steam generator and using the hot helium
gas that exits the core of the MH'TGR to drive a gas turbine, a considerable gain in efficiency
can be achieved. The “direct cycle” (DC) MHTGR can have efficiency in the 50% range,
compared with 37% for the SC and 33% for water-cooled reactors operating on the SC. The
MHTGR-DC is just one of several advanced applications for gas-cooled reactors now being
considered at ORNL.

Waste Management and Environmenial
Restorztion Technologies

"

The Laboratory is aggressively pursuing R&D in environmental restoration and
waste management. The emphasis is on developing, demonstrating, and testing techinolo-
gies that address environmental restoration and waste management problems throughout
Energy Systems. Energy Systems’ concerns are so diverse that issues facing them invariably
apply to other sites within the DOE complex. To that end, staff members work closely with
Energy Systems’ Environmental Restoration and Central Waste Management divisions to
propose solutions to problems that they have identified. The goal is to solve problems rapidly
in the most cost-effective manner possible without undue risk to human health or to the
environment,

Fhiysics! Sciences

The Laboratory will maintain vital programs in both the physical and life sciences.
The science programs serve two important purposes: they add to the storehouse of
fundamental knowledge, and they create a strong scientific base in support of the
Laboratory’s technology programs. Areas of research in the physical sciences will include
materials; computations; robotics and intelligent systems; chemistry and chemical engi-
neering; and atoniic, nuclear, and high-energy physics.

The goal of the ORNL materials program is to continue as a world leader in high-
temperature materials development and solid state physies, including surface research,
preparation of new materials, advanced materials processing, and neutron scattering. The
materials programs are coordinated among the participating divisions to cover a
multidisciplinary agenda from basic research through development and applications to
technology transfer. The materials systems studied include metals and intermetallic alloys,
ceramics, superconductors, composites, polymers, and semiconductors. The materials
programs are responding to the National Advanced Materials and Processing Initiative to
focus new and continuing research efforts on this important program. Planning is also under
way for the upcoming initiative on advanced manufacturing, which will also crosscut the
physical sciences divisions. In addition, the materials programs strive continually to
develop new and more accurate characterization and analysis facilities and to make these
available to outside researchers from industry and universities.

Neutron scattering, materials irradiation and testing, nuclear physics, specialty
isotope production for research medical and military applications, and structural bioclogy
research continue at the High Flux Isotope Reactor (HFIR). Neutron-scattering research will
continue to increase in importance as more disciplines utilize this unique characterization
capability, as industrial use increases, and as the international cooperation aiming at the
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ANS increases. Future advances in neutron-scattering research depend heavily on the ANS
Project.

An area of increasing emphasis will be in computational science: developing and
utilizing state-of-the-art parallel computers. A new Center for Computational Science (CCS)
has been: established to support existing computational efforts, and the use of parallel
computing will be broadened to support all the physical and life sciences. In robotics and
intelligent systems, research topics will include teleoperations and autonomous systems;
human-machine symbiosis is the ultimate goal.

Chemistry and chemical-engineering research will emphasize high-temperature
aqueous and geochemistry, materials chemistry, actinide science, separation science and
technology, fossil resource science, photochemistry and biophotochemistry catalysis, and
biochemical-engineering research for recycling and treating waste. In analytical chemistry,
new and more accurate analytical techniques will be developed to meet the research needs
of ORNL, as well as new standards in analysis for ES&H needs. Mass spectrometry, new ion
source and sampling techniques, and increasing use of lasers will continue.

In physics the addition of new research capabilities to the Holifield Heavy Ton
Research Facility (HHIRF) will keep ORNI. a world center for nuclear structure research—
at least through the end of the century. This will include the development of a capability for
exoticradioactive ion beams, completion of the recoil mass spectrometer, and continued ion-
source and acceleration improvements.

Environmental, Lite, and Social Sciences

Biological, environmental, and health sciences will continue to prosper as essential
elements of the Laboratory’s research programs. The proposed Environmental, Life, and
Social Sciences (ELSS) Complex will provide new, high-technology research facilities for a
number of disciplines. In biology the plan is to build on the core areas of mammalian genetics,
molecular biology, and protein engineering. In addition, it is planned to expand
multidisciplinary research in structural biology and genome mapping.

The proposed new biology facilities will provide modern, cost-effective space to
maximize ORNL’s competitiveness in biological research. Enhanced efficiency and dimin-
ished security restrictions will facilitate interactions with the external community and will
be compatible with establishing user facilities for specialized techniques such as neutron
scattering and insertional mutagenesis.

Health and safety research will continue its focus on the measurement and assess-
ment of human health impacts of radiological and chemical substances. Emphasis will be on
developing further the recently formed Center for Risk Management, improving the
understanding of pollutant interactions at the atomic and molecular levels, enhancing
studies of the liquid state of matter, developing imaging methodologies for a broad range of
biological samples, developing hybrid instruments for chemical mapping, and developing
advanced photonics for environmental and biomedical applications. Progress will continue
in the development of radiopharmaceutical products for routine clinical applications,
advanced information management techniques, and state-of-the-art site characterization
methods and instrumentation. Important goals are to continue to maintain world leadership
in radiation dosimetry and to establish centers of excellence in health risk analysis and health
physics instrumentation.

In the environmental sciences the broad goal is to retain the Laboratory’s status as
one of the world’s premier ecological-environmental research centers. The environmental
sciences program will cover both energy-related environmental issues and global science. An
important objective is to understand from these studies the interactions of physical and
cheriical agents with living organisms, including the ultimate consequences on the environ-
ment. Global environmental studies will be directed toward gaining the fundamental
understandings needed to deal intelligently with the major global-change issues, including
global warming. One of the goals is to provide practical input to decision makers for making
technology and policy decisions.

Efforts will continue in the analysis and assessment of energy and environmental
issues {energy and resource analysis, National Environmental Policy Act (NEPA) program
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management, rescarch on waste management and emergency preparedness, and energy
analysis of developing countries|; and in conducting work on military and civilian transpor-
tation systems.

Applied social science research includes work on the economiics and social accep-
tance of energy technologics. The latter involves such issues as risk perception, conditions
for public trust, and the evaluation of factors external to the market. Social scientists are also
engaged in evaluating the effectiveness of government and utility programs to encourage the
efficient use of energy and to understand better the variables important in the adoption of
new technologies. A particularly important aspect, which is also a programmatic initiative,
is the transfer of technology to developing and Eastern European nations.

Work for Others

The Laboratory will continue to provide vital R&D support to the Nuclear Regulatory
Commission (NRC) as well as to other federal and nonfederal agencies. Over the past iwo
decades our Work for Others (WFO) Program has grown to become a critical component of
our overall R&D activities—providing an important outlet for our staff to explore issues and
problems that complement our DOE mission. Much of the past research has involved
support to various DOD agencies, the U.S. Departimerit of Health and Human Services and
the National Science Foundation, bui in recent years a shift has begun to such agencies as
NASA, the U.S. Environmental Protection Agency (EPA), and the U.S. Department of
Transportation (DOT). Private organizations such as the Electric Power Research [nstitute
also fund significant efforts at ORNL.

Strategic Issues

Progress in the thematic arcas of energy, environmental protection, and economic
competiitiveness will require the Laboratory’s and DOE’s managements to concentrate o
four issues. First, the infrasiricture of the Laboratory must be rebuilt. At the same time,
ORNL needs to be able to manage its available resources to achieve excellence in operatioris
relative to environmental, safety, and health (ES&I) protection while maintaining a suitable
environment for performance of world-class R&D. Additionally, we must continue to expand
our interactions and collaborations with outside organizations, especially universities and
American industries. Finally, and most important, we must enhance our ability for
attracting, developing, and retaining quality staff.

Rebuilding and expanding the infrastructure of ORNL requires management atter-
tion to decommissioning several “legacy” facilities, upgrading most existing facilities to meet
current safety and environmental standards, replacing some existing buildings, and acquir-
ing new research facilitics to serve as naticnal user facilities. The most important of these
ncw user facilitics is the ANS; the Materials Science and Enginecring and the Environmental,
Life, and Social Sciences complexes are also high-priority facility needs.

Although the Laboratory has made significant progress in mecting ES&H needs and
requirements, much remains to be done. The challenge is complex, especially given the age
of our facilitics, increasingly rigorous DOE and other agency regulations, and limited
financial resources. To address the most eritical ES&I needs first within available resources,
ORNL and DOE must continue to work together to establish priorities. And all this must be
accomplished without jeopardizing the Laboratory’s current and future R&D viability.

Continued expansion of the Laboratory’s interactions and collaborations with
outside organizations will require considerable etfort to make ORNL more “user friendly.”
Both the DOE and ORNL managements will need to pay more attention to simplifying
general access and user agrcements, streamlining approvals for foreign nationals, and
providing services for guest rescarchers.
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Johnston and Packer, as well as authors of other demographic studies, predict a
future shortage of the kinds of people the Laboratory needs.! This means that management
will need to pay much closer attention to remaining competitive in hiring, developing, and
retaining a highly competent staff. Attention must, of course, be paid to being competitive
in salaries, but benefit packages and opportunities for career development will be even more
important. Special attention will need to be paid to the needs of working mothers, single
parents, and employees with diverse cultural backgrounds.

Strategies

ORNL’s newly established R&D Strategic Planning Committee is currently working
toward developing a new strategic plan for the Laboratory. A situation analysis of the
Laboratory’s strengths, weaknesses, opportunities, and threats has been completed. The
committee has defined specific goals and performance measures for determining goal
achievement; it will define strategies also for achieving each of these goals. In addition, it will
produce an action plan to ensure measurable progress toward achieving each specific goal.

'William B. Johnston and Arnold E. Packer, Workforce 2000: Work and Workers for the 21st
Zentury, Hudson Iustitute, Indianapolis, June 1987.
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4 « Summary of Major Initiatives

ORNL’s newly established Research and Development Strategic Planning Committee has
chosen the major Laboratory-wide initiatives presented in this section. Other programmatic
initiatives are listed at the end of this section and described in Sect. 5, “Scientific and
Technical Programs,” under the program from which funds are being sought.

These initiatives are provided for consideration by DOE. Inclusion in this plan does
not imply DOE approval of, or intent to implement, an initiative. Resource projections
(Sect. 10) do not contain funding for any of the new initiatives.

Advanced Neutron Source

The ANS Project will provide an intense, steady-state neutron source to support
research programs that broaden the body of knowledge on which today’s applied technologies
rest and will allow research on new technologies that will be important in the coming
decades (Fig. 4.1).

A portion of the mission needs of the ANS is currently provided by the HFIR and
the High Flux Beam Reactor ; however, these existing facilities are more than 25 years old,
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Figure 4.1

&n arbists depiction of the main beam room in the Advanced Neulron Source reactor
building. The biclogical shield is shown in the center of the figure. Beam fubes transport
neuirons tn instroments arranged radially in all directions from the reactor. 4 typical
instrumant consists of beam collimation and Hltering sysiems, a sample chamber, and some
type of analyzer and detector syslem thal measures neulrons scatiered off the sample vver 2
range of angdes.
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and they cannot be modified to meet future neutron research needs effectively. The ANS will
be able to replace both of these facilities and will greatly enhiance the research capabilities
in neutron scattering for condensed matter physics, materials science, chemistry, and
biology. In addition, the ANS will maintain or improve capabilities for special isotopes
production (such as californium), materials irradiation studies, neutron activation analysis,
and nuclear physics.

Specific technical objectives for the ANS are established with the help of the National
Steering Committee for an Advanced Neutron Source, which comprises more than 30
representatives from DOE laboratories, the National Institute for Standards and Technology
(NIST), universities, and industries. The steering committee provides a forum for the
various user communities to identify anticipated needs and to weigh the trade-offs
associated with conflicting requirements between the different technology groups.

To achieve the project’s performance eriteria, a small, high-specific-power reactor
design (cooled, reflected, and moderated by heavy water) has been devised. As with DOE’s
Advanced Power Reactor Program, maximum use has been made of passive safety features.
Other safety-related design features include two independent, diverse, and redundant
shutdown systems. In addition, the reactor is placed in a large, double-walled containment
dome.

Corrosion of aluminum alloy fuel cladding may pose temperature and structural
problems associated with the formation of an oxide layer during the lifeiime of the core.
Earlier research, mostly in support of the HFIR and the Advanced Test Reactor designs,
indicated that under extreme heat-transfer conditions the exposure of aluminum and
many aluminum alloys to water leads to the growth of an adherent oxidation product of
significant thickness. At the anticipated high-heat flux levels for the ANS core (of the
order 6 to 11 MW/m2), interspersing an oxide {ilm of low thermal conductivity beiween
the fuel plates and the cooling water may in ceriain instances lead to plate overheating.
To ensure that both the fuel and cladding integrity are maintained under unique
conditions imposed in the ANS fuel plates, an experimental facility was consiructed to
allow detailed study of this type of corrosion behavior for a wide range of thermal-
hydraulic conditions.

The Corrosion Test Loop Facility has been in virtually continuous operation since
its installation in January 1988. Briefly, the test apparatus is based on a forced-flow water
loop fabricated entirely of type 304L stainless steel components, operating at pressures up
to 7 MPa. The loop is completed by a specimen of the sample aluminum alloy in the form
of a tube enclosing a rectangular flow channel that has the same narrow dimension
(1.27 mm) as the gap between ANS fucl plates. The overall channel dimensions allow tests
up to coolant velocities of 30 m/s at the maximum flow rate (2 1/s). The specimen is welded
to large electrodes, installed into the main section of the loop, and surrounded by electrieal
and thermal insulation and pressure backing. The heat flux (up to 20 MW/im?) is produce
by Joule heating of the specimen using a 30-kA de power supply; downstream of the
specimen, the heat is removed by a water-cooled heat exchanger. A low-pressure bypass
(cleanup) line is used in the same way as in a typical reactor to permit instrumentation and
to provide water chemistry control within the loop, principally by deionization followed by
pli control using nitric acid addition.

In addition, a thermal-hydraulic test loop has been constructed and is in operation
to verify the correlations used to determine critical heat flux, flow stability, and other
parameters determining the safety margins. This is necessary because there are few existing
experimental data under the high heat flux and coolant veloecity expected in the ANS reactor
core.

The ANS conceptual design has been completed, with issuance of the conceptual
design report in June 1992. A reference design for the primary and secondary cooling
systems, conceptual designs for the layout of the experimental and operational equipment
and space requirements, and for the detritiation/heavy water upgrade plant were defined
and documented in that report. The project schedule indicates that reactor startup would
occur in FY 2002, which approximately coincides with the estimated end-of-useful-life for
the existing reactors. Budget projections for the planning period are given in Table 4.1.
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Table 4.1
Budsget projections for the planning period by
fiscal year for the Advanced Neutron Source
(8 in millions—BA)«

1993 1994 1995 1996 1997 1998

Operating expense 21.0 141 239 31.6 423 66.2

Capital equipment 1.0 2.2 39 2.2 23 0.8

Design-only line item 43.2 56.4

Construction line

item 322 168.5 359.5 600.2
Total 22.0* 595 1164 2023 404.1 667.2

sActual dollars.
*President’s Budget.

The ANS has been supported through the DOE Office of Basic Energy Sciences
(DOE-BES) and is managed by the DOE Office of Nuclear Energy (DOE-NE).

Design and construction of a reactor that will meet all of the performance criteria
are considered feasible. The need for early documentation of safety analyses and for
preparation of the EIS prior to acommitment of detailed design prompts aphased approach
to the project, structured as a Title [ design-only phase (FY 1994-1995), followed by a
design completion and construction phase (FY 1995--2002). This provides an FY 2002 goal
for reactor startup, with design proceeding at a controlled pace to allow for resolution of the
remaining uncertainties. The approach also reduces the risk of future schedule delays and
cost growth by providing a firm design basis before construction funds are committed.

Environmental, Life, and Social Sciences
Complex

The development of the ORNL ELSS Complex has been a vision of the Laboratory
for many years. The expansion of the West End Development Area of ORNL is of extreme
importance to accommodate the growing programs within the environrmental, life, and
social sciences and will also support DOFE’s increasing emphasis on ES&HH activities. The
ELSS Comnaplex will provide new high-tech laboratories for expanding R&D needs of the
Biology, Health and Safety Research, Environmental Sciences, and Energy divisions and
will offer modern facilities in place of old buildings that are often crowded, inefficient, and
in need of repair. New facilities will consist of three proposed line items (CBS, the Earth
Systems Facility, and the Biological Imaging and Advanced Photonics Laboratory) as well
as a number of general plant project (GPP) upgrades.

These will all be located in the vicinity of existing structures in the Environmental
Sciences Division (ESD) (Fig. 4.2), which will enhance collaborative interactions within the
directorate. Programnmatic emphases in the directorate will be on structural biology,
protein engineering, biotechnology, the human genome, global environmental studies,
risk management, environmental restoration, social sciences, energy technologies for
developing countries, the energy and environmental aspects of transportation systems, and
energy efficiency. Table 4.2 provides budget projections for the ELSS Complex. Funding
wiil be obtained from a variety of sources, including the Office of Energy Research.
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Center for Biological Sciences

The purpose of the CBS is to provide a facility that will promote and enhance the
future research goals of the ORNL Biology Division and the University of Tennessee (UT)
Biomedical Sciences Graduate School. These goals include protein engineering, structural
biology, genome research, and chemical and radiation mutagenesis and carcinogenesis.
The present Biology Division facilities at the Y-12 Plant are ncarly 50 years old and are
obsolete. Because of their condition, they are impediments to both ongoing and proposed
research. Studies have shown that the costs of retrofitting current buildings to meet present
needs would equal if not exceed the cost of a new building; preliminary estimates are that
the operating cost savings resulting from moving out of the present facilities would be
significant. Security at the Y-12 site is also an impediment to scientific collaboration with
outside scientists, especially those from “sensitive” countries. The 8-mile separation of
current Biology Division facilities from the X-10 site constrains collaborative efforts on
key initiatives such as biotechnology (interaction with the existing ORNL Bioprocessing
Research Facility) and structural biology (interaction with the proposed ANS discussed in
the previous section). The proposed CBS will correct these deficiencies and will strengthen
ORNL'’s contributions to these and other initiatives.

The GBS will be a two-story structure, as shown in the conceptual drawing given in
Fig. 4.3,and will be of steel frame and masonry construction. It will be designed with a central
core that houses division-wide research support and administrative functions and three
interconnecting wings that house the division’s laboratory and animal facilities. The
building will be zoned by functions with proximity of various functions arranged to provide
high-efficiency operations. Examples of the functions are (1) animal facilities for housing
and caring for a diversity of mouse genetic strains, including animal rooms, cage and bottle-
washing stations, and feed and bedding storage; (2) biochemical research space for
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Table 4.2

Budget projections® by fiscal year for the Environmental, Life, and

Social Sciences Complex development
(8 in millions—BA)

1993 1994 1995 1996

1997

1998

Program KP
Center for Biological 0.2/0 0/16 0/41 0/39.5
Sciences®
Biological Imaging and 0/1.5
Advanced Photonics Laboratory
Earth Systems Facility 0.3/0 0.3/0 0.4/0 1.572

Program EW/AT (General Plant Projects)®
Environmental Biotechnology
Laboratory Expansion /1.1
West roads and parking 0/1.1
improvements
Environmental Engineering Facility 0/1.1

Other Construction
International Center for 0/0.78 0/1.02 0/0.72 0/0.72
Energy and Environmental Analysis®
Steam system upgrade, 0/5.0 0/2.9
West End”

0/6.5

0/10

0/0.48

0/7

*Operating expense/capital equipment.

*The budget projection for the Genter for Biological Sciences reflects the current budget submission, which assumes

construction starts in FY 1994.

‘Not listed are the Life Sciences Data Analysis Facility, which was approved in FY 1990, and the Health Effeots

Information Facility, which was approved in FY 1992. Each of these has a cost of $1.1 million.
4This facility is proposed as an expense-funded, leased modular building.
‘Program KG, capital costs only.

condueting mammalian genetics, cancer biology, molecular genetics, structural biology,
and protein engineering research including labs, equipment space, and office space for
scientists, technicians, guests, and students; (3) UT Biomedical Sciences Graduate School;
and (4) administrative operations such as library, computer center, editorial offices, and
division administration. The facility’s size is estimated to be about 250,000 ft2.

A wide diversity of special facilities required by the ORNL Biology Division will be
integrated in the facility in an efficient and a cost-effective manner. Examples of these
facilities include areas suitable for gamma and X-ray irradiation, barrier areas for working
with specific pathogen-free animals or hazardous materials, darkrooms, electron microscopy
facilities, environmentally controlled rooms, tissue culture areas, and glassware kitchens.

In addition to the efficient arrangement of space, the facility 's mechanical systems
will be designed and installed to provide efficient use of energy while providing an adequate
environment for animals, research, and personnel. Suitable space will be provided for
telecommunications equipment within the building. Distribution networks for both
standard voice and data communications will be provided. Site preparation will consist of
clearing, grading, and excavating for new structures; extension of access roads to the site
and installation of parking space; and landscaping, seeding, and site restoration. Ountside
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utilities will consist of extending the required utilities from the closest adequately sized
location to the building. Examples of these are steam, sanitary sewers, potable and fire-
protection water, and clectricity.

Funding for FY 1994 for the construction of the CBS in the ELSS Complex is being
pursued through the Office of Energy Research [Office of Ilealth and Environmentcal
Research (OLIER)]. The total estimated cost of the facility is £96.5 million. The total project
cost is about $97.5 million. A revised project data shect (1B7 Form) was submitted to the
Office of Energy Resecarch in May 1992. A field-work proposal (FWP) has been submitted
to OHER for FY 1992 and FY 1993 operating funds to prepare preliminary project
documentation for identifying the CBS as a major construetion line item and to generate the
necessary supporting data. The review for the CBS validation was held in Gak Ridge in May
1992. FY 1992 funds were received for pre-Title | activities and other planning tasks for the
CBS.

Farth Systems Facility

The purpose of the Earth Systems Facility is to support major OUER/ESD
initiatives in Global Change, Subsurface Science and Ecological Research. These
initiatives incorporate a diversity of specific projects, including Atmospheric Radiation
Measurement (ARM), the Carbon Dioxide Information Analysis Center (CDIAC), Carbon
Cycle Modeling, Colloid Transport, Environmental Biotechnology, Spatial Heterogeneity,
the Walker Branch Watershed, Theoretical Ecology, and the National Environmental
Research Park. Multidisciplinary approaches involving bioigeochemical eycling, model
development and evaluation, hydrology, climatology, geographic information systenis
and mapping, and data management draw upon field-oriented, laboratory, computational,
and theoretical staff. This facility will be dedicated to better integration of empirical
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research, modeling, and data systems activities; better integration is an essential step for the
suceess of these new initiatives.

There are two principal needs for this facility. The first is a need for a facility that can
accommodate the unique physical requirements of computing research. The structure of
existing facilities does not enable the necessary networking capabilities for successful
modeling and data management integration activities. In addition, laboratories designed for
computing research are lacking, and power supplies are inadequate for computing tasks.
The second need is of integrated measurement, modeling, and theoretical research. The
groups supporting the Global Change, Subsurface Science, and Ecological Researchinitiatives
of OHER/ESD are curreutly dispersed in six buildings. It is essential that modelers,
researchers conducting experiments and making field measurements, and data systems staff
have space for laboratories, offices, and computational facilities in reasonable physical
prosimity. Adequate, nearby work space will facilitate the iterative process of models leading
to measurements and to improvement of the data bases to address the complex issues
embedded in the OHER/ESD major initiatives at ORNL. Consolidation of ORNL staff in this
new facility will enhance communication, stimulate new ideas, and improve research
efficiency.

Biological Imaging and Advanced
Photonics Laboratory

The purpose of the Biological Imaging and Advanced Photonics Laboratoryistoserve
as a focal point for integrating diverse activities in biological imaging and advanced
photonics, as associated with the programmatic initiatives on advanced environmental
photonics and the Biological Imaging and Analysis Center (see Sect. 5). It would also support
the Biological and Eavironmental Research Program initiative of the ORNL Genome
Program. In photonics, breakthronghs in areas such as advanced laser and fiber-optic
spectroscopy are increasingly critical for applications in characterizing and monitoring
during energy production, in defense operations, and in DOE's accelerated programs for
environmental restoration and waste management and biclogical research. Biological
imaging is tied to the use of electron scanning tunneling microscopes (STMs), atomic force
microscopes (AFMs), and photon scanning tunneling microscopes (PSTMs) for providing
images of biological samples. Future research will include development of methodologies for
a broad range of biological samples, development of hybrid instruments for chemical
mapping, and the use of combined infrared and optical spectroscopy for chemical mapping
of biological samples using the PSTM. Collocating the scientific staff and research equipment
for these two initiatives will lead to synergisims in the areas of photonics and biological
imaging. The facilities will consist of laboratories and offices with a total floor space of about
12,000 ft? and a total vost of about 7 million. Programmatic funding is being pursued from
a variety of sources, including OHER.

General Plant Projects

The GPP will consist of the Life Sciences Data Analysis Facility, the Health Effects
Information Facility, and the Environmental Engineering Facility. Expansion of existing
space in ORNL’s Environmental Sciences Division is being considered to augment ORNL s
resources for biotechnology research. Each facility is estimated to cost $1.1 million.

In general, the facilities will consist of office space, computer Jaboratories, computer
rooms, and conference rooms. A multitude of programs and funding sources would be served
by these facilities, and they are not tied to specifie initiatives described elsewhere in this
Institutional Plan.
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Other

The International Center for Energy and Environmental Analysis will house Energy
Division staff who work on social science issues, the energy and environmental aspects of
transportation systems, energy efficiency, and EISs. Work done in this facility will support
the Laboratory-wide transportation initiative, the ORNL Global Environmental Studies
Program, the Center for Risk Management, and the Conservation and Renewables Program
initiative of Energy Technologies for Developing Nations. Staff who would occupy this
facility are currently spread out among a number of buildings at ORNL, and consolidation
of the staff into this new facility would promote collaboration in the above areas. The facility
is proposed as an expense-funded, leased modular building, with a total floor space of about
35,000 ft*. It would include office space, rooms for minicomputers, and meeting space.

Supplementing the above facilities will be a lodge and conference center and other
ancillary support structures that will enhance collaboration with the scientific community
outside of ORNL and will help promote interactions with universities, industry, and other
laboratories in areas related to environmental, life, and social sciences.

fiaterials Science and Engineering Complex

The ORNL MS&E Complex will consolidate a number of existing ORNL programs
and incorporate new buildings and facilities to enhance collaborative interactions in MS&E.
The complex will be constructed in the late 1990s in the undeveloped foothills area to the
cast of the present X-10 site (Fig. 4.4). The MS&E Complex will include a new Solid State
Research and Processing Science Center, a Center for Advanced Microstructural Analysis
(CAMA), a Center for Study of Advanced Materials (CSAM), a Composite Materials
Laboratory, and an Office of Guest and User Interactions (OGUI). The plan of the complex
addresses identified national, regional, and local needs for materials R&D, and it will
support ORNL’s rapidly expanding user programs and technology transfer activities. The
CSAM is an initiative of the university community of the Southeastled by the Southeastern
Universities Research Association (SURA). This center will encourage joint materials
research activities with GRNL by establishing a university/industry presence at the MS&E
Complex.

The MS&E Complex also meets a critical need to alleviate the severe crowding in
materials facilities at ORNL. The need to replace substandard Solid State Division
laboratories has been recoguized for decades, and during this time their condition has
considerably worsened. The Solid State Research and Processing Science Center will satisfy
the need for modern solid-state laboratories at substantially lower cost than refurbishing
existing structures to meet present ES&H and Occupational Safety and Health Administration
(OSIHIA) standards. The CAMA is a response to the need for buildings capable of housing
the next generation of instrumentation with vibration-sensitive electron optics. A new
building will house such instrumentation and also bring together under one roof a full range
of modem microanalytical instrumentation. The added space will alleviate severely
overcrowded conditions in the Metals and Ceramics Division.

A recent study by the National Research Couneil demonstrates that materials
science and engineering is one of the most rapidly developing areas of science—one that
is vital to the future competitiveness of the United States in the international marketplace.
During the past decade it has become inereasingly clear that the need exists for both cutting-
edge research and close cooperaticn among universitics, industries, and national
laboratories that can carry ideas rapidly from inception to the marketplace. As a follow-on
to the National Research Council MS&E study, the Office of Science and Technology Policy

'National Research Council, Materials Science and Engineering for the 1990s:
Maintaining Competitiveness in the Age of Materials, National Academy Press, Washington,
D.C., 1989.
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has drafted a national plan for MB&E to coordinate this area to meet the nation’s future  Figure 4.4
needs. This plan has formed the basis for a presidential initiative that bas resulted ina Proposed
substantial inerease in materials R&D funding beginning in FY 1993, ORNL will structire mmﬁim
the MS&E Complex to coordinate with this plan. An R&D ceater is envisioned that makes Enginsering
the ORNL materials facilities as well as those of the universities and industries in the region Complex to be
available for joint cooperative projects. cm:h;z:;eﬁ
Materials R&D is the cornerstone of high technology, and ORNL has one of the ﬁﬂ;gﬁ xi@
strongest materials programs among the DOE national laboratories. Indeed, the ORNL  site
prograws in high-temperature metals and alloys, ceramics, composites, and superconductors
are unparalleled successes. ORNL has established programs in synthesis and processing
seience that span a wide range of materials systems. ORNL is also a leader in user programs
and technology transfer through CRADAs and licensing. These activities have grown rapidly
and will increase even faster because of recent congressional legislation removing bartiers
to technology transfer.
The MB&E Complex is a recognition of the dual need to perform and to exploit
materials R&D in the changing conditions of the 1990s. The MS&E Complex will provide
ORNL with a much-needed replacement and expansion of its materials R&D facilities as well
as a cooperative environment that willenhance R&D effectiveness and promote technology
transfer, Marketplace success requires the active participation of U.S. industry. Industry
must guide and participate in the R&D and manufacturing science activities. The nation’s
competitiveness canbe enhanced by taking advantage of the technology transfer opportunities
emanating from universities and national laboratories. Industry can make use of our wide-
ranging muidtidisciplinary skills: our fabrication, characterization, and test capability; our
independent, objective outlook; and our ability to work with and protect proprietary
information.
Universitics and colleges in the southeastern part of the United States have
nunerous innovative materials R&D programs thar collectively span a broad range of
disciplines from materials chemistry to materials physics to materials engineering and
testing. During the last few years SURA and the Oak Ridge Associated Universities (ORAU)
have explored ways to simplify and to encourage joint materials research activities with
ORNL. This approach not only benefits large, well-established programs but also enhances
individual small programs at the universities through synergistic interactions. A close
working relationship between The University of Tennessee, Knoxville, (UTK) and ORNL is
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already well established. Faculty and graduate students from UTK participate in collaborative
research with the staff at ORNL, and the staff at ORNL serve as adjunet professors and thesis
advisors at UTK.

Center for Study of Advanced Materials

As the result of a regional materials science workshop sponsored by SURA and other
organizational meetings between SURA and ORAU, the establishment of a campus-like
presence at ORNL in the form of a CSAM for materials science and engineering has been
proposed to increase the materials impact of the member universities (Fig. 4.5). The goals
of the CSAM would be to develop broadly based scientific initiatives in materials science and
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engineering that would reflect the special talents, facilities, and capabilities residing in the
Southeast. These initiatives would address nationally significant problems thatare important
to both DOE and the university participants and that transcend the capabilities of a given
institution. A proposal is being developed for the CSAM that would support the ongoing
research and graduate education programs of the southeastern universities by providing a
site at ORNL where students and faculty could be located while participating in joint
research; by utilizing ORNL user facilities and staff; by holding workshops; and by otherwise
benefiting from enhanced interaction with other university, industry, and national laboratory
researchers. The center is intended to integrate and to enhance the entire spectrum of
materials science and engincering opportunities at ORNL and to make them accessible to
the southeastern institutions. The SURA communications network would be tied into the
CSAM to provide scientific interchange through broadeasts of seminars, lecture scries,
workshops, and other significant technical presentations or discussions.

Operation of the CSAM would be carried out through the cooperation of SURA,
ORAU, and ORNL. In preparation for the CSAM, an informal summer program was started
at ORNL in 1989 for faculty and graduate students from southeastern universities. The
program is now supported by DOE. Support for the CSAM is envisioned as joint funding
from DOE-BES, the National Science Foundation (NSF) Division of Materials Research,
state funds from the participating universitics, and industry partnerships. Establishment of
the CSAM would involve construction of a building adjacent to ORNL at an approximate cost
of #17 million; operating costs are projected at 84 million to 85 million per vear. Table 4.3
provides budget projections.

Solid State Research and
Processing Science Center

The Solid State Research and Processing Science Center will allow the research
activities that are now located in 15 separate buildings to be consolidated into a central
facility as part of the MS&E Complex (Fig. 4.6 ). The 80,000-ft building will provide about
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Table 4.3
Budget projections by fiscal year for the
Center for Study of Advanced Materials
(8 in millions—BA)

1993 1994 1995 1996 1997 1998

Operating expense 20 3.0 4.0 4.5 4.5 5.0
Capital equipment 2.0 0.5 0.5 0.5 0.5 0.5
Line-item construction 0 0 0 2.0 8.0 7.0

100 offices and 40 laboratories for state-of-the-art materials R&D. The new facility will
replace aging facilities that cannot be upgraded to accommodate modern research or to

Figure 4.6
Conceplual
drawing of the
Sodid State
Research and
Processing
Science Center

comply with ES&H standards at acceptable costs, and it will enhance the effectiveness of

the solid-state research program as part of the highly interactive MS&E Complex. Table 4.4
provides budget projections.

Table 4.4
Budget projections by fiscal year for the Solid State Research and
Processing Science Center
(% in millions—BA)

1993 1994 1995 1996 1997 1998

Line-item construction 0 0 0 0 a a

“T'o be determined.
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Center for Advanced Microstructural Analysts

The CAMA will be a national resource for the user community (Fig. 4.7). As
microanalytical instrumentation becomes more sensitive, performance is limited not by
the instruments themselves but by the environment in which they are situated.

Figore 4.7
Conceptua!
drawing of the
Cenlar for
Advanced
Microstructural
Analysis [

Electromagnetic fields, building vibrations, and even low acoustic noise act to degrade
performance. When most existing facilities were designed as general-purpose laboratories,
little attention was paid to the environmental issues that now restrict performance. The
CAMA will provide a state-of-the-art site for location of the broad range of microanalytical
instrumentation available at ORNL, including analytical and high-resolution electron
microscopes, atom probes and field-ion microscopes, surface analysis instrumentation, X-
ray diffraction facilities, and mechanical property microprobes. Building services and even
traffic patterns will be routed to enhance the isolation of the most sensitive instruments. The
design of the 52,000 fi? building will emphasize information management and allow for
digital-image acquisition and processing. Provisions will be made for remote operation of
many of the most sensitive instruments. Integrated facilities such as these, which contain
a coneentration of state-of-the-art equipment and are available to a broad spectrum of
outside users, will become essential to the future as the need grows and as the equipment
becomes more complex and expensive. The cost is currently estimated at 41 million. The
design will be started at the beginning of FY 1997; construction will be completedin FY 2000.
Table 4.5 lists budget projections.

Table 4.5
Budget projections by fiscal year for the Center for
Advanced Microstructural Analysis
(8 in millions—BA)

1993 19%4 1395 1996 1997 13388

Capital equipment 0.5 1 2 1.5 1.0 a
Line-item construction 0 0 0 a a a

“To be determined.

Composite Materials Laboratory

The Composite Materials Laboratery will build upon ORNL work on polymer,
carbon-carbon, and metal and ceramic matrix composites that are found in several different
organizations (Fig. 4.8). The principal ORNL divisions involved with composites are the
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Applied Technology Division (ATD), the Engineering Technology Division, and the Metals Figure 4.8
and Ceramies Division. Other Energy Systems divisions with supportive specialties such as  Conceptual
nondestructive evaluation and materials characterization are also expected to participate, drawing of the
and UTK will also contribute. The Center of Excellence for Materials Processing is the focal gf;lm:&
point for the composites research at UTK. The university departments involved in the iabom‘ém
composite research include Materials Science; Engincering Science and Mechanics;
Mechanical, Aerospace, and Chemical Engineering; Chemistry; and Physics.
Composites R&D involves several technology areas: materials science and processing,
mechanics, and prototypicfabrication and evaluation including nondestructive examination,
manufacturing development and testing, and technology transfer. Materials science and
processing focus on properties of engineering materials appropriate for applications by
controlling composition, molecular structure and microstructure, and process variables.
ORNL and UTK have a unique R&D capability for analyzing the mechanical behavior of
composite structures through a predictive failure theory based on concepts of fracture
mechanics and basic thermodynamic principles, environmental effects, and ORNL's
extensive applied mechanics capabilities with attendant large-scale computing support.
This collective capability can relate microstructural properties to structural performance.
Critical to the use of composites is the ability to detect and to measare the size of defects
by nondestructive examination—an area in which ORNL’s experience in the examination
of composites using ultrasonics and penetrating radiation (primarily X rays) will be
invaluable. State-of-the-art X-ray computer tomography equipment and a digital image
analyzer for radiographs have significantly enhanced the capabilities of ORNL to evaluate
composite materials. The Composite Materials Laboratory is planned as a 50,000 ft2building
that will house an interdisciplinary team of more than 100 ORNL and university scientists,
engineers, students, and supporting staff. Table 4.6 lists budget projections.

Office of Guest and User Interactions

The OGUI is the ORNL interface with a large community of guests and users. The
OGUI facilitates guest and user access to collaborative research facilities at ORNL by
disseminating information about designated user facilities; identifying user facilities and
other opportunities for collaborative research; providing assistance with the access and
approval procedures that visits to ORNL require; negotiating legal agreements on research
interactions; and assisting visitors with housing, transportation, and other support. The
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Table 4.6
Budget projections by fiscol year for the
Composite Materials Laboratory
(8 in millions—BA)

1993 1994 19385 1296 1897 19928

Opcerating expense 8.0 10.0 11.0 12.0 13.0 a
Capital equipment 0.2 0.5 1.0 0.4 0.5 a

Total 8.2 10.5 12.0 12.4 13.5 a
Line-item construction 0 0 0 0 a a

“J'o be determined.

OGUI is also responsible for coordinating all CRADA agreements initiated at ORNL. The
OGUI supports 11 ORNL user facilities that have become important components of the
DOE-ORNL mission. The user facilities satisfy naticnal R&D needs, broaden the ORNL
research base, and leverage the available funding. The OGUIhandled more than 3600 visits
in 1991 by scientists and engincers from universities, industries, and other federal
laboratories. Despite its growing importance, the OGUL is currently housed in temporary
trailers. A permanent building of about 6900 fi* (to be constructed at a cost of about
$#1.2 million) is proposed as an FY 1993 GPP (Fig. 4.9).

Figure 4.5 i ORI T
Conceptual oo
drawing of the 3

Gifice of Guest
and User
Interactions

Center for Computational Sciences

High-speed, large-scale computation has beconie the primary enabling technology
for advanced research in many areas of science and engincering. Because of physical
constraints and/or costs, computer simulations are the only feasible manner in which
detailed rescarch investigations on many complex phenomena can be performed. The
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number of investigations requiring such computer experimentation is rapidly increasing as
scientists probe deeper into the understanding of both small and large systems (subatomic
particles and the earth’s climate, respectively). Thus computation has becorue an equal
partner with theory and experiment in advancing the frontiers of knowledge. The exploitation
of massive parallelista is expected to bring the next major increment in computational
capacity that will be necessary for attacking the “grand challenges” of computational
science. The solutions to these fundamental problems are of great importance to science
and engineering but will require breakthroughs in computer architectures and algorithms
and in how these can be brought to bear on specific applications.

To address these issues, ORNL has established a Center for Computational Sciences
(CCS) to provide leadership and support for computational science activities at ORNL. The
primary initial funding for this center is through the federal High Performance Computing
and Communication Program. The vehicle for ORNL participation in this program is the
Partnership in Computational Science (PICS). ORNL is joined in this partnership by Ames
Laboratory; Brookhaven National Laboratory; Sandia National Laboratories, Albuquerque;
Rice University; State University of New York, Stony Brook; Texas A&M University; the
University of South Carolina; UTK; and Vanderbilt University. The partnership’s proposal
has been accepted by DOE, and ORNL has been named as one of two DOE high-performance
computing research centers {(HPCRCs). The other center is located at the Los Alamos
National Laboratory (LANL). The CCS will manage ORNL’s center.

The director of the CCS will initially report to the ORNL associate director for
Physical Seiences and Advanced Materials. ORNL anticipates that computing activities
could grow during the next few years to become a directorate for computing that would
include responsibility for the CGS as well as other computing research and service activities.
The CCS will include several components:

¢ grand challenge research,

® supporting mathematics and computer science research,

* 2 program for high-performance computing access for high school studeats, and
e state-of-the-art parallel computing systems to support the other objectives.

The two grand challenges selected for initial research by CCS through the partnership
are groundwater transport in cavironmental modeling and remediation and first principles
simulation of materials properties. These two problems satisfy the following basic criteria
for selection:

* The problem is of fundamental importance, and its solution would be of great value
to society or to science.

* For adequate accuracy and resolution, the problem requires computational power
well bevond the capacity of today’s supercomputers.

* The problem is amenable to the effective exploitation of massive parallelismn.

¢ ORNL, together with its partner jnstitutions, is in a position to make significant
progress on the problem.

As a multipurpose national laboratory, ORNL has several other research problems
that satisfy these criteria, such as global climate modeling, design and analysis of particle
detectors for the S5C, fusion energy modeling, and fundamental problems in cheristry and
biology. Grand challenge problems and research partners will be added in the initiative as
long as sufficient resources are available.

ORNL already has in place the core personnel to form interdisciplinary teams to
carry out much of the research in the grand challenge projects. Expertise in parallel
computing research exists in the Mathematical Sciences Section of the Engineering Physics
and Mathematics Division as well as in other groups and divisions. ORNL aiso has many
specialists in the particular applied disciplines that would be involved who already have the
necessary interest and experience in large-scale compurations, even in large-scale parallel
computations.

ORNL'’s 128-processor Intel iPSC/860), peak rated at 7.6 gigaflops (64-bit arithmetic),
was replaced in the summer of 1992 by a 512-processor Intel Sigma 135 prototype, peak
rated at nearly 40 gigaflops. This computer will, in turn, be replaced in the summer of 1993
by a 2048-processor Intel Paragon 150 capable of over 153 gigaflops and containing over
2 gigabytes of distributed memory and over 600 gigabytes of internal disk storage. These
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computers will not be operated in traditional time-shared, multiple-user supercomputer
fashion, but in “grand challenge mode.” That is, individual users will be able to access the
full power of the compuier for extended periods of time to solve large-scale, numerically
intensive computational problems. In addition to the two grand challenges mentioned
above, these CCS computers will provide time for global climate simulations for the DOE
Computer Hardware, Advanced Mathematies, and Mode! Physics (CHIAMMP) Program.

These compuicers, which are expected to be the most powerful supercomputers in
the world at the time of their delivecy, are accessible by researchers across the nation
through all major research networks, and plans exist to make then: regionally available
through a higli-speed fiber-optic network. Through these same network ccnnections,
researchers involved in the initiative can access parallel computers at other naticnal
computer centers and research organizations.

In late FY 1991, a Kendall Square system was acquired with DOE funding. The CCS
is currenily evaluating rthe merit of Kendall Square systems for the problemns at hand. Initial
findings indicate great promise for the architecture.

Preliminary efforts on several grand challenge and smaller compiitational science
problems have already begun under support from various DOE research programs. Pilot
projects designed to gain a better fundamental understanding of high-temperature
supercondueters and lepton pair production in atomic physics have been implemented by
interdisciplinary teams from the Engineering Physics and Mathematics, Metals and
Ceramics, and Physics divisions of ORNL. A multidisciplinary collaboration involving
ORNL, the National Center for Atmospheric Research (NCAR), and Argonne National
Laboratory (ANL) has produced a parallel versicn of the Climate-Change Model (CCM2),
NCAR’slatest global climate model. Other projects have involved fusion energy caleulations
and detector simulations for the Supcrconducting Super Collider. In these projects
exeellent progress has been made in implementing real application codes on ORNL's Intel
parallel supercomputer. One of these projects has resulted in the naming of three ORNL statf
members as winmners of the 1990 Gordon Bell Prize for best price-to-performarice ratio in
parallel processing. Their code computes the elecironic structure of high-temperaturc
superconductors and runs at 2.5 gigaflops on the Intel iPSC/850).

An objective of the Groundwater Transport in Environmental Modeling and
Remediation Crand Challenge project is to develop and implement models and algerithms
for use on large-scale parallel computers to predict more aceurately the fate of contaminarts
in groundwater. By miathematically coniceptualizing the processes thatinfluence groundwater,
the regulators, decision makers, scientists, and engineers gain a betier understanding of
the phenomenagoveriing groundwater flow and transpost of contaminants. The mathiematical
models are limited by computational power because the matrix equations produce
thousands of unknowns that must be evaluated thousands of times. Without powerful
solution techniques and extensive computer power, complex flow regimes and chemical
problems cannot be modeled feasibly. Forexample, more realisiic models of bioremediation
can be developed on the parallel supercompuzer. Flow, transport, and biodegradation are
addressed in current models. With the supercompuier, many additional processes can be
included: additional biodegradation mechanisms, microbial transport, kinctics, small-
scale processes regniring mesh refinement, permeability alteration by biomaiter, fracture
fiow, multiphase flow, coupled geochemisiry, and three-dimensional flow ficids.

The long-range objective is to develop and validate a three-dimensional flow-and-
transport model with the capability to accommodate biodegradation, multiphase and
unsaturated flow; fracture tlow; geochemistry; and solute and colloid/microbe transport.
The planned ORNL software will be based on finite volume techniques on unstructured
three-dimensional grids and will handle fractured media. Algorithms for mapping the grid
systein to the parallel computer, solurions to the resulting system of equations on the parallel
computer, and visualization of the results are parts of the objective. The model will be used
tostudy site parameterization through inverse problems and geostatistics, perform sensitivity
analysis, study scale-up issues, and determine optimal remediation strategies.

The Iong-range objectives of the First-Prineiples Simulation of Materials Propertics
Grand Challenge are to mode} materials properties using first-principles theory (based on
quantum mechanics and statistical mechanics Jand to use these models to obtain fundamental
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understanding of materials to aid in the design of materials. The need for a powerful parallel
supercomputer is based on the need to model systems consisting of thousands of atoms.
Current technology limits models to tens of atoms. As the number of atoms increases, the
quanturn mechanical calculations scale up as the cube of the number of atoms. Similarly,
the statistical-mechanics computations required to follow the motion of the atoms scale up
as the cube of the number of atoms.

The plan is to port existing electronic-structure and molecular-dynamics methods
to parallel acchitectures and to develop new methods for large systems. The features of the
new methods will include real-space multiple-scattering theory, tight-binding molecular
dynamics, and Car-Parrinello molecular dynamics.

The projects deseribed above and other projects requiring parallel supercomputers
will generate voluminous output. To comprehend this output will require turning the output
into rich three-dimensional models and dramatic animations. The insight provided by
“secing” data in simulated images will lead scientists to new discoveries. By combining the
power of scientific visualization with parallel supercomputers, scientists will be able to
interact with the output, interpret whatis happening in real time, and steer the computation
to pursue interesting phenomena. The importance of the parallel super computer-visualiza-
tion relationship is well understood at ORNL.

The plan for the visualization effort is to develop an Advanced Visualization
Laboratory to provide participating scientists with visualization capability up to and
including research in virtual reality. High-speed communication technologies will be
employed to enable visualization activity to be done remotely from the parallel computer.

The last key component of the initiative addresses the current shortfall of
computational scientists, engineers, and mathematicians being produced by our colleges
and universities. The challenge of helping to meet this shortfall of human resources through
supercomputing is an integral part of this initiative. Supercomputers can be used both as
a magnet to draw students to science and engineering and as an enabling tool to assist in
their understanding of technical matters. Initially, the CCS education effort will focus on the
high schaol grades.

This element of the program is called Adventures in Supercomputing, In FY 1992,
20 high schools in Tennessee, Iowa, and New Mexico (supported in turn by ORNL, Ames
Laboratory, and Sandia National Laboratories) are participating. Each high school sends a
team of two teachers to participate in an intensive Summer Institute. Each schoolis lent four
personal computing systems and provided with network access. During the school year, the
teachers utilize these elements to allow their students to develop applications on laboratory-
based systems. In particular, nCUBE has provided an 8-processor system that will allow
advanced students to start to learn about parallel processing. Students will also work on a
workstation that is the front end for the nCUBE and will have access to the National
Education Supercomputer in Livermore.

Aunimportant clement of the Adventures in Supercomputing Programis assessment.
Objective measures of the progress of the program will be tracked to allow the value of the
program to be measured as well as to provide guidance for improving the program as it
evolves. In subsequent years, the program will be expanded to a wider geographic region and
into lower grades.

Significant expansion of the leadership that ORNL has achieved in parallel computing
is expected in the initiative. Interdisciplinary, interagency teams of senior scientists will be
augmented by postdoctorates, graduate students, and distinguished visitors. New high-
performance “carly production” paralle]l supercomputers will be procured as they become
available and will significantly add to the capabilities of the initiative. Connections to new
high-speed national research networks will be pursued. A new building to house the various
components and to provide a central location for the initiative’s diverse activities will also
be sought.

Anumber of studies and reports by distinguished panels of experts have recognized
the critical importance of large-scale computation to the scientific and cconomic
competitiveness of the United States. A number of federal funding agencies, including DOE,
have established or plan to establish centers for intensive research in this area. Many
computing companies, including Intel Scientific Computers, Inc.; Kendall Square Research
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Corporation; IBM; Cray Researchers, Inc,; Thinking Machine Company; and nCUBE (as
well as industrial firms interested in the grand challenge areas) have expressed interest in
joining such a computational science initiative. All of these agencies, firms, and institutions
will be given the opportunity to participate in the activities of the center.

Total budget projections for this initiative, which include PICS and other grand
challenge efforts at ORNL, are provided in Table 4.7. Acquisition of large computer
equipment will likely be purchased under a lease-to-own arrangement with operating funds.

Table 4.7
Budget projections by fiscal year for the Center for
Computational Sciences Initiative”
(8 in millions—BA)

1993 1994 1995 1996 1897 19398

Operating expense 15.0 20.0 30.0 40.0 43.0 48.0
Capital equipment 1.0 1.5 2.0 3.0 4.0 4.5

“Funding for this initiative is being sought from the Office of Energy Research.

Advanced WMaterials, Design Methods, ano
mamiacturing Techinology

Events of the past several years increase the urgent need of U.S. industry to become
globally competitive. To realize this goal, it is critical that technologies related to product
manufacturing be emphasized in an integrated approach. Figure 4.10 graphically displays
the opportunities possible individually and collectively by integration of these three major
disciplines (materials, design methods, and manufacturing technology).

With leadership from ORNL through this initiative, increased collaboration among
industry, academia, and government will be stimulated, and national economiic growth will
receive an added boost.

Design methods, high-performance materials and processing, and advanced
manufacturing technologies arc key elements in the product development cyele, and they
should be addressed in series. ORNL can make a significant contribution by addressing
these issues concurrently and by combining and focusing the widely varying disciplines of
the Laboratory. ORNL's background in the development and validation of high-temperature
structural design and fracture mechanics methods coupled with high-temperature materials
development and characterization, intelligent in-and-on process controls, and manufacturing
technologies will be key elements of this initiative. As a federal laboratory, emphasis will
focus on (1) improved performance and quality; (2) rapid transition of concepts, technologies,
and materials into high-benefit products; and (3) the total product life cycle and associated
environmental impacts.

A triad of activities usually must be included to develop products successfully that
use advanced materials: (1) material science, (2) design methods and structural integrity
validation, and (3) manufacturing science and technology. ORNL has a demonstrated track
record in materials science, having introduced some of the most advanced ceramic
composites, intermetallic alloys, polymer composites, carbon composites, and graphites.
Goals of this major initiative are focused on (1) design methods and structural integrity and
(2) manufacturing science and technology centers as an integral part of the MS&E Complex.
Initiative efforts will emphasize products that impact energy consumption, production, and
conservation in the transportation, aerospace, chemical-processing, and infrastructure
markets.
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As one part of this initiative a Design Methods and Structural Integrity Center for
Advanced Materials will be established; its primary mission will be the development of
appropriate design and fracture agsessment methodologies for emerging advanced materials,
thus accelerating their application and transfer to U.S. industry. While the center would
primarily address high-temperature composite materials such as ceramics, carbons,
intermetallics design, and composites (as shown in Figure 4.11), methods, fracture
mechanics, and structural integrity validation for other high-usage materials such as
conerete, metallics, and polymer composites would also be undertaken as appropriate.

The second part of the initiative will be the development of a Manufacturing and
Processing Technology Integration Center (MAPTIC), which will focus on the science and
processing technology for precision manufacturing of high-performance materials. Materials
of interest would include metallics, ceramics, carbons, and composites. The programs of
MAPTIC will develop, validate, and integrate emerging as well as enabling manufacturing
and processing technologies that can be used to produce high-benefit components and
systems while achieving the goals of affordability and endurability. Emphasis will be placed
on producibility by means of an integrated team approach that will include designers,
materials scientists, manufacturing engineers, and the users. The team will interact closely
with the Design Methods and Structural Integrity Center and the CAMA. Design of and with
materials must be done concurrently with manufacturing and process development. This
is a Laboratory-wide initiative, and interdisciplinary teams will be established to support the
rapid development and transition of innovative technologies into commercial realities. By
the integration of activitics of MAPTIC with other capabilities across the Laboratory, and
with the newly created Manufacturing Technology Development Center at the Y-12 Plant,
it is envisioned that the U.S. industrial base will be more rapidly invested with DOE
technologies.

The activities of this initiative willinvolve several disciplines and divisions (including
Metals and Ceramics, Applicd Technology, Instrumentation and Controls, and Engineering
Technology) and will emphasize networking across all of Energy Systems. Strategic
relationships will be formed with universities, other national laboratories, government
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Figure 4.11 agencies, industries, and industrial consortia such as the National Center for Manufacturing

By developing

. Science (NCMS) and the Association for Manufacturing Technology.

The vision for MAPTIC is that it will be recognized as a premier facility for
developing, demonstrating, and validating manufacturing science and technology that
provides our nation’s manufacturers with real and sustaining competitive advantages in
global markets. All programs will have the common objectives of enhanced system
performance through the concurrent development of cost-effective designs and safe,
environmentally responsible manufacturing and processing technologies.

As the Manufacturing Technology Deployment Center of the Y-12 Plant becomes
more accessible, industry and academic partners will participate in building the MAPTIC
concept through CRADAs and exchange of personnel. Advanced manufacturing cells for a
broad variety of technologies will emerge in both existing buildings and in a new center
requested for 1996, Table 4.8 lists the budget projections for the total initiative.

Transportation Technologies and Systems

Transportation consumes two-thirds of the oil used by the United States. Thus the
transportation sector offers the most important opportunity to reduce U.S. dependence on
oilimports. Air quality in most large urban arcas is below minimum health standards, largely
because of automobile and truck emissions.

Transportation is a vital component of U.S. industry. The domestic auto industry
is the largest segment of manufacturing, accounting for one out of every seven jobs in
America. The industry is on an uneven playing field, with global competitors producing out
of newer plants, using newer equipment, and cenjoying government R&D support.
Regaining the lead in automotive production will require a new era of teamwork in this
country between government and industry.

Investiments in transportaiion infrastructure have not kept pace with the nation’s
needs for mobility, economy, and safety. While our system is still the best in the world,
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Table 4.8
Budget projections by fiscal year for the Advanced Materials,
Design Methods, and Manufacturing Technologies Initiative
(% in millions—BA)

1993 1994 1995 1996 1997 1998

DOE funding® 4.0 7.5 1.8 34.0 32.0 40.0
Non-DOE funding? 35 7.0 1.5 20.0 32.0 40.0
Total 7.5 14.5 33.0 54.0 64.0 80.0
Operating expense 7.0 13.5 31.0 42.0 60.0 76.0
Capital equipment 0.5 1.0 2.0 2.0 4.0 4.0
Line-item construction 0 0 0 10.0 0 0

“DOE programs DP, CE, ER, and NE.
PNon-DOE: NASA, DOD, and industry.

congestion problems now threaten this mobility. The Federal Highway Administration
(FHWA) estimates that delays from congestion alone result inlosses of $ 100 billion annually.
The Intermodal Surface Transportation Efficiency Act of 1991 signals a much-needed and
wide-reaching attack on these problems. In its policy statement, the act says,

It is the policy of the United States to develop a National
Intermodal Transportation System that is economically
efficient and environmentally sound, and will move people
and goods in an energy efficient manner.

DOE and other federal agencies have recognized these challenges. The 1992 update
of the National Energy Strategy cites numerous federal transportation initiatives and points
out that the total federal R&D funding on transportation requested for FY 1993 is 39% above
FY 1992 and 76% above FY 1991. Notable R&D initiatives are the $260 million joint research
venture on advanced batteries with a consortium of automakers and a proposed 820 million
start on a similar program to develop hybrid vehicle propulsion.

Our discussions with the automakers have revealed a striking shift in attitudes:
collaboration with national laboratories is now a top priority. General Motors executives
visited Oak Ridge in June 1991 and visited the other national laboratories during the
summer. Numerous exchange visits of technical personnel have served to identify specific
topics of mutual interest. Discussions with Ford and Chrysler have shown that they are
pursuing similar ideas.

Our goal is to secure a major share of the DOE resources that are identified for
collaboration with industry on automotive programs. Since some of the transportation
research responsibility lies outside the DOE charter, we will seek to broaden our activities
by expanding our participation in DOT and DOD programs. We intend to work in close
collaboration with the Y-12 Plant in areas such as hybrid vehicle technology, materials
and processing, low-emission vehicles, and advanced production processes that address
the goal of “agile manufacturing systems.”

ORNL is in a strong position to undertake important research assignments on
transportation. We have widely recognized strengths in many vital disciplines. Our
materials capabilities are among the best in the country. We have managed the Ceramic
Technology Project for the DOE Office of Transportation Technologies since 1983. We have
worked with the automotive industry on applications of intermetallics. We have a
background in fabricating high-strength polymer composites, derived from the uranium
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enrichment program. The HTML serves as a unique facility for joint laboratory-industry
materials research. We have worked with the automotive industry on topics of fuel
composition, combustion, and catalysis related to alternative fuels since 1984 and have
conducted fleet evaluations of both electric and methanol fuel vehicles. We are working with
the Motor Vehicle Manufacturing Association on nonchlorofluorocarbon (CFC) refrigerants
for mobile air conditioners.

In our Center for Transportation Analysis we have provided analytical support to
the DOE Office of Transportation Technologies and the Office of Policy, Planning, and
Analysis during the past 15 years. We perform analyses of motor vehicle fuel economy, sales,
and technology and assist with program planning. Results are published in the annual
Transportation Energy Data Book. This work has expanded into support of the DOT’s
national highway and intermodal planning activities and support of the national defense
transportation missions of the DOD. For example, ORNL is recognized by both agencies as
the only authoritative source of national transportation network data bases.

Our technology transfer program has been widely noted and emulated. We have
moved aggressively to license our R&D results for application by industry. We were among
the first to utilize the CRADA mechanism to work with industry. And we have shown that
we can respond to industry’s needs by establishing CRADAs in just a few weeks’ time to meet
requirements for rapid action.

The following elements of an expanded program utilize strong ORNL capabilities
and have a high priority in both industry and DOE.

¢ Hybrid electric vehicle. The Sceretary of Energy recently commented that the
hybrid vehicle initiative is one of the most exciting opportunities on the horizon.
This concept will have some combination of electric vehicle components and
conventional or turbine engine with battery or flywheel storage. ORNL participation
could include development of propulsion systems, permanent magnet motor/
generator, regencrative braking, power electronics and controllers, flywheels, and
advanced magnetic materials. Fiywheels are an important alternative to batteries
for energy storage in vehicles. They have already achicved specific energy storage
equaling the goal for batteries, have a lifetime exceeding the life of the vehicle, and
do not contain hazardous materials. Technology demonstrated at ORNL is shown
in Fig. 4.12. Much of the lightweight materials activity described below would have
application in hybrid clectric vehicles.

e Vchicle emissions reduction. Important needs include both sensors and catalyst
materials, particularly for NO_reduction. New instrumentation to measure trace £as
concentrations in the atmosphere at useful measurement scales is another research
objective.

e Lightwcight materials. Vehicles of the future will necd to take advantage of weight
reduction through use of high-strength low-alloy steels, aluminum and magnesium
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alloys, metal-matrix composites, and polymer composites for body panels, chassis

structural components, and power-train components.

¢ Intelligent vehicles and highways. Advanced computing, communication, and
control technologies are needed to cope with energy-wasting traffic congestion.
Prospective ORNL research includes work on crash-avoidance systems, measurement
of vehicle energy efficiency and emissions, vehicle guidance and control, vehicle and
driver diagnostics, traffic control simulation, advanced traffic control centers,
human factors in system design, fast computing and application-specific integrated
circuits, dynamic route planning, and system evaluation methodologies. ORNL is
leading efforts to develop a regional consortium to conduct and evaluate operational
tests of advanced vehicle and highway technologies, which could lead to operation
of a national user facility.

¢ Agile manufacturing. This concept encompasses manufacturing systems such as
concurrent simulation and engineering, process certification, net-shape processing,
and universal machining.

The following additional areas of transportation systems research make use of
demonstrated ORNL capabilities and are expected to be of interest to DOT, DOD, and other
government agencies.

* Infrastructure modernization. These tasks would apply ORNL expertise in structural
engineering and materials science to the problems of premature deterioration of ~ Figure 4.13
pavements and bridges. Recently, ORNL rescarchers have embedded miniature Fiber-oplic
fiber-optic sensors in a number of materials, including concrete and asphalt —#ensers

\ S . . imbedded in
(Fig. 4.13). Such sensors could be used to detect and evaluate incipientdeterioration  goperete siabs

of highways and bridges. They could also serve as part of the diagnostic network for  provide

“smart highway” functions. ORNL leadership of a national consortium to track infermation
. about internal

siress.

bridge performance and to conduct related research is envisioned.
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¢ Transportation demand management. As urban and highway congestion worsens,
it will be increasingly necessary for communities to apply to transportation the kind
of integrated resource planning that has been successfully used by electric utilities
to optimize clectrical end-use demand.

e Military transportation. ORNL made important contributions to military
transportation planning and scheduling during the Persian Gulf crisis. The nation’s
new defense posture means that much additional research is needed on planning and
scheduling military systems to meet the requirements of the rapidly evolving world
seopolitical system.

* Hazardous materials. ORNL capabilities and experience in packaging and transporting
hiazardous materials can be applied to a wide range of problems related to shipping
dangerous goods.

Baseline projections for the initiative are indicated in Table 4.9. The projections
include continuation of existing ORNL transportation programs {about $22.8 million in
FY 1992) but do not include the industry portions of joint projects or the portions of the
projects that we expect to be done by the Y-12 Plant.

Table 4.9
Budget projections by fiscal year for the Transpovtation
Technologies and Systems Initiative
(8 in millions—BA4)

_ 1333 1534 1295 1596 1297 1938
Operating cxpense 30.5 40.1 48.6 54.0 60.0 70.0

Capital equipmernt 3.5 4.0 4.0 5.0 5.0 5.0

“Funds are being sought for this initiative under Program CE, Conservation and Renewable Energy.

Gizk Ridge as 2 National Fusion Ruclear Site

We propose that a portion of the Oak Ridge Reservation be identified as the U.S.
location for the nuclear facilities needed for development of the magnetic fusion energy
program.

The fusion program is aimed at the development of fusion as an energy source. The
National Energy Strategy, incorporating fusion as an energy program, has set the goal of a
demonstration reactor by about the year 2025. Much of the development needed to achicve
this goal relates to fusion nuclear technologies, yet the U.S. Fusion Program has no nuclear-
capable site at which to conduct the necessary research. Oak Ridge is an ideal location for
such a site because of the availability of an existing scientific and engineering infrastructure
in fusion, materials, and nuclear processing, coupled with the availability of the required
electrical power, cooling capability, and environmental characteristics. Furthermore, the
communities in the Qak Ridge area have shown strong support for such initiatives in the
past.

The current set of major tokamaks are coming to the end of their planned
experimental programs. In the case of JET and the Tokamak Fusion Test Reactor (TFTR),
they will demonstrate substantial levels of nuclear fusion power (tens of megawatts) for
short pulses (seconds). Indeed JET has already produced about 2 MW of power in a
preliminary experiment. Thus the nuclear technology development phase of fusion is upon
us. Many of the major facilities planned for the future require a nuclear-capable site. These
include a 14-MeV neutron source for fusion materials development; the next large tokamak,
the International Thermonuclear Experimental Reactor (ITER) being planned as an
international collaboration; and the proposed small devices for fusion nuclear technology
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development. None of the existing U.S. fusion facility sites can accommodate these devices.
Our potential international partners—particularly the Europeans—have suitable sites
identified. As an example, the French moved the bulk of their fusion effort from Fontenay-
aux-Roses and Grenoble to Cadarache some years ago and now have a fusion infrastructure
on a nuclear-qualified site suitable for ITER and other fusion nuclear facilities. The Oak
Ridge Reservation offers a number of sites that could serve this purpose.

We would propose that DOE rapidly hold a competition to identify a suitable fusion
development site, at which any major future capital investments would be made. This would
give the United States a competitive position for the ITER aswell as other facilities that might
be proposed for international collaboration such as the 14-MeV neutron source. This
initiative could be coupled with a proposal for operation and management of the site in away
that would involve more programmatic involvement by the private sector.

In its broadest sense, the goal of structural biology is to understand the intricate
relationship between biological structure and function. Assuch, itincorporates experimentzl
techniques that derive three-dimensional structural information from the analysis of
radiation in various segments of the electromagnetic spectrum that are scattered by
biological materials. Paramount among scattering techniques in structural biology are
X-ray and neutron small-angle scattering, crystallography, and several forms of biological
imaging. Protein engineering is another important experimental tool in structural biology.
Biotechnology, in the form of bioprocessing capability, and areas of computational biology
support the scattering methods. This initiative combines ORNL strengths in these areas to
address structural biology problems.

Protein engineering is an active programin the Biology Division and integrates many
activities in molecular genetics. The ability to program specific mutations into cloned genes
will permit the systematic design of new gene products as mechanistic probes of protein
function and the tailoring of operons to alter the regulation of gene expression. X-ray and
neutron structural analysis of crystallizable proteins and subsequent molecular modeling
with three-dimensional computer graphies will guide the selection of mutant gene products
to be constructed and will serve as a predictive tool of the probable structural consequences.
Because protein engineering provides an avenue for optimizing functional properties of
enzymes, it overlaps with other elements of biotechnology.

A coreproposal that ineludes biological applications of small-angle neutron scattering,
small-angle X-ray scattering, neutron and X-ray crystallography, and nuclear magnetic
resonance (NMR) is under review by OHER. Macrorniolecular X-ray crystallography is being
reestablished in the Biology Division. Proteins being studied for three-dimensional structure
determination include phosphoribulokinase, human epidermal growth factor (EGF)
(Fig. 4.14) and mutant analogs designed by ORNL’s Protein Engineering Program, as well
as human and mouse DNA repair proteins that remove alkylation lesions. Crystallographic
studies of nucleosomes reconstituted from a cloned palindromic DNA restriction fragment
are partially funded by OHER. As part of the revitalization of structural biology at ORNL,
neutron and X-ray small-angle scattering, formerly components of the NSF-sponsored
National Center for Small Angle Scattering Research, are being recommissioned under
FY 1992 Laboratory-directed R&D funds that were awarded to a team of researchers from
Biology and Solid State divisions. This program will also reactivate a neutron four-circle
diffractometer at the HFIR for structural biology research. These activities will enhance
structural biology research at these national resource facilities, pending core support from
OHER, and will continue an ORNL program as the basis for developing a structural biology
program atthe ANS. The ANS will permit rapid, precise determination of biological structure
by neutron scattering and crystallography; its potential to solve new biological problems will
attract structural biologists worldwide (Fig 4.15).
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Computational biology
involves the use of advanced
computing devices and tech-
niques for gathering and
processing information on
biological structures. It includes
molecular visualization, rapid
processing of macromolecular
scattering data, prediction of
molecular structure, and
simulation of macromolecule
behavior after chemical
modification or changes in
environmental influcnces. As
such, this part of the initiative
involves a number of divisions at
ORNL, including Biology,
Chemistry, Health and Safety
Research, and Engineering
Physics and Mathematics. High-
performance computing in
particularis well suited tostudying
these types of problems, and the
new ORNL Center for High
Performance Computing will
serve as a valuable resource to the
Structural Biology Initiative.

Biological imaging in-
volves expertise concentrated in
ORNL'’s Health and Safety Research Division (HASRD) and involves the use of a novel class
of microscopes that have been identified as a cost-effective, high-volume technique for
studying DNA. These microscopes work by scanning a tiny probe very near a surface onto
which DNA molecules have been applied. AFM mechanically feels the the surface whereas
the STM electrically feels the sample using a small electrical current. A third type of
microscope, which was invented at ORNL, is the PSTM, which uses an optical current to a
sharpened optical fiber to sense the sample. These instruments are new exploratory tools
for visualizing biological structure at near-atomic resolution, and they have the potential for
performing genome mapping and sequencing functions.

Budget projections for the Structural Biology Initiative are found in Table 4.10.
Funding is being provided by OHER in the Office of Energy Rescarch.

intechnology

Biotechnology for the twenty-first century is a new federal cross-cut initiative
involving 12 agencies in biological and engineering research that will improve public health,
enhance the quality of life, and contribute to economic growth. This presidential initiative
developed by the Committee on Life Sciences and Health of the Federal Coordinating
Council for Science, Engineering, and Technology (FCCSET) is designed to maintain the
momentum of U.S. leadership in health-directed biotechinology research and to encourage
new applications in agriculture, energy, and the environment. The initiative calls for a
supplement to the President’s Fiscal Year 1993 Budget.

Biotechnology research at ORNL is conducted at various stages of biological
organization, ranging from molecular through organismic and system levels, and addresses
basic and applied research as well as bioprocessing development and appropriate
socioeconormic issues.
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Table 4.10

Budget projections by fiscal year for the ANS/HFIR/ORNL
Structural Biology Initiative
(% in millions—BA)

1993 1994 1995 1998 1997 1998

Operating 2.7 2.7 2.8 3.4 34 3.6
Equipment 0.78 1.0
ANS instrumentation® 5.0
ANS bio-facilities

counstruction® 2.0

“Beginning in FY 1996 for detailed design with construction in FY 1998-1999,
PANS Biology Laboratory detailed design beginning FY 1995 with construction in FY 1997-1999.
Multipurpose (deuterium) Labeling Facility planned as part of the Center for Biological Sciences.

Fundamental research in biotechnology derives primarily from considerable expertise
in cloning recombinant DNA, designing hybridoma cells, studying microbial ecology, and
constructing transgenic mice. Cloning, in conjunction with manipulation of genes in vitro,
has ushered in the era of protein engineering, whereby properties of proteins might be
optimized for application in medicine, agriculture, waste remediation, and bioprocessing.
Monoclonal antibodies, elicited by hybridoma cells, have wide-ranging applications, including
the detection of physiological and xenobiotic molecules; they also can be used for the early
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detection and treatment of cancer. Transgenic nitice, constructed by insertional or targeted
mutagenesis, open new vistas for developing experimental models for human diseases and
potentially for mitigating genetic disorders by gene therapy.

The design of new assays that can provide a basis for better assessments of huimnan
health risks of chewmical carcinogens is imperative. New rapid advancements in the
molecular biology of cancer are now providing a unique opportunity todesign biotechnology-
bascd assays. Recently, a new group of cellular genes, ealled tumor suppressor genes, have
been discovered that are powertul inhibitors of cell growth. Single base-pair mutations or
deletions in tumor suppressor genes are now recognized as the most frequent and critical
cvents in tumorigenesis. Further, individuals with these mutations who have a risk to
develop cancer can now be identified using biotechnology-based methods prior to cancer
onsct. Monoclonal antibody-based technologics can be used to design new assays to detect
individuals with murated tumor suppressor gene products (Fig. 4.16). Mutations or deletions
in individuals at risk can also be detected using molecular biology/biotechnology—derived

b assays like polymerase chain

a ‘ ¢ reaction, followed by single strand

conformation polymorphism or

heteroduplex formation assays.

These biotechnology-hased

techniques also can be used to

design new in vitro assays to assess

the carcinogenic potential of

chemical carcinogens and todesign
new assays for promoters.

Future work will be
directed at (1) design of new in
vitroassaystotest the carcinogenic
potential of chemicals associated
with energy use and production;
(2) design of new assays, using
antitumor suppressor gene product
monoclonal antibodies, to directly
identify individuals at risk of cancer
(leukemia) because of exposure to
chemicals; and (3)use of antituimor
suppressor gene monoclonal
antibodies to evaluate risks of
humans exposed to radiation
during energy production.

Biotechnology also pro-
vides useful measurement technigues and is a component of the ORNL R&D effort.
Differential labeling of DNA with stable isotopes has simplified sequencing activiiies, but
efficient sequencing of DNA will require a new generation of instruiimentation. One approach
being cvalnated involves using state-of-the-art laser and mass spectroscopy technigues.
Scanning tunneling electron and photon microscopy is another high-tech probe being
applied to biological materials.

Laser-induced surface-enhanced Raman techniques are used to provide vibrational
and structural information on DNA | nucleotides, and proteins (Fig. 4.17). Biological markers
are valuable tools for investigating recovery of systems following restoration and cvaluating
exposure potential to relcased contaminants. Development of usefu! biological markers
involves interdisciplinary research spanning areas from molecular biology to analvtical
techniques. The application of biological markers to human exposures/disease states
requires development of novel, ultrasensitive analytical strategies. DNA adducts in fish and
mammals have been used to determine exposure of organisms to polvaromaiic hiydrocarbons.
Elevated levels of mixed-function oxidase have been used to evaluate direct toxic cifects,
and the return of sensitive species to habitat has provided direct evidence of the success of
restoration activities.
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Bioprocessing research is oriented toward the development of
processing concepts and systems that can be used for energy production
and conservation, conversion of renewable feedstocks, hazardous and
radioactive waste processing, aud the solution of other national problems.
Bioprocessing R&D within ORNL is expanding with current support from
various parts of DOE, other governiment agencies, and the industrial
sector. Other prospects exist in conservation, fossil energy, energy
research, and the Space Exploration and Space Technology initiatives,
with significant potential for synergistic interactions. To maintain good
coordination, encourage nultidisciplinary interactions, and serve as a
vehicle for further expansion, the Bioprocessing Research and
Development Center was established in the fall of 1991 at ORNL.
Furthermore, ORNL is one of four national laboratories participating in
a consortium oun bioprocessing R&D; Idaho National Engineering
Laboratory (INEL), ANL, and the National Renewable Energy Laboratory
are the other organizations collaborating in this effort under the terms of
a memorandum of understanding. The Bioprocessing Research Facility
(BRF) is available at ORNL for cooperative and proprietary research;
industrial participation through (CRADAs and other interactions is a
primary focus of the program.

Applied biological research is carried out in support of
bioprocessing concepts with an emphasis on photchiology, enzymology,
and microbiology. Engineering research stresses advanced bioreactor
concepts, enhanced biocatalyst systems, separation technology for
producet recovery and purification, and system monitoring and control.
All areas of energy research have been addressed with bioprocessing
developments int fossil energy, environmental control technology,
production of fuels and chemicals from renewable sources (Fig. 4.18),
nuclear and hazardous waste processing, CO, recycling, and resource
recovery.

Development of techoology for site remediation is also an
important component of this research area. This has included fiber-

Summary of Major Initiatives |l
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optic-bascd sensing devices for
detection of bacterial metabolism
associated with degradation of
wastes and monoclonal
antibodies immobilized on
optical fibers to provide remote
sensing of hazardous chemicals
in groundwaters and subsurface
soilsamiples. Microbial consortia
are being isolated for interaction
with chemicals resistant to
metabolism by a single organism,
and investigations of both in situ
and bioreactor containment
degradation are ongoing.

Enhanced production of
biomass feedstocks is also an
important research area.
Biotechnology has recently been
applied to increase species
productivity. This has included
the use of tissue culture
techniquesto clonally propagate
superior genotypes; investigation
of somaclonal variation and
biolistic transformation as a
means of obtaining herbicide
tolerance, insect resistance, and
drought hardiness; and use of
restriction fragment length polymorphism techniques to map hybrid poplar nuclear
genome.

A recently initiated effort in environmental biotechnology incorporates those
components of fundamental research relating to the responses of environmerital species
with applied microbioclogy, engineering capabilities, and chemical detection and sensing to
address environmental restoration and waste management issues. Collaborative efforts
with other national laboratories and universities and cooperative efforts with private
industries through CRADAs are major strategies employed in this program.

Ultimately, sucecessful application requires acceptance of biotechnology by the
public. Simulation models are being used to evaluate transport and survival of genetically
engincered microorganismsin the environment; and the ethical, legal, and social implications
of genome manipulation are growing concerns that are central to the human and
environmental risk analyses being conducted.

Budget projections for the Biotechnology Initiative are found in Table 4.11. Funding
is provided from a number of sources, including the Office of Energy Research, the Assistant
Secretary for Conservation and Renewable Energy, and DOE and non-DOE offices and
programs.

Table 4.11
Budget projections by fiscal year for the
Biotechnology Initiative
(8 in millions—BA)

1393 1994 199% 15986 1987 1998
Operating expense 17.6 21.7 23.1 25.1 26.3 27.6
Capital equipment 0.5 0.8 0.8 1.0 1.0 1.2
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(ther Initiatives

The following additional initiatives are proposed under program discussions in

Sect. 5, “Scientific and Technical Programs.”

Office of Energy Research

~ High-Energy Physics Research Program and the Oak Ridge Detector Center
- Radiocactive Beams/Recoil Mass Spectrometer/Gammasphere

— Development of Melton Valley as a Strategic Resource for ORNL
— Center for Excellence in Research Reactors

- Retention of Pool Critical Assembly

— Advanced Photonics for Environmental Needs

— Biolegical Imaging and Analysis Center

~  Subsurface Research

~ ORNL Genome Program

— Center for Global Environmental Studies

~  Education Technology

Assistant Secretary for Nuclear Energy

~  Modular High-Temperature Gas-Cooled Reactor—Direct Cycle

~  Center for Excellence in Research Reactors (see Office of Energy Research)
~ Retention of Pool Critical Assembly (see Office of Energy Research)

~ Actinide Recycle

— Nuclear Power for Space Applications

Assistant Secretary for Conservation and Renewable Energy
~ Better Energy Technologies for the World

Assistant Secretary for Environment, Safety, and Health

- Center for Risk Management
~ Health Physics Instrumentation Center of Excellence

Summary of Major Initiatives || 4-33
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S  Scientific and Technical Programs

U.S. Department of Energy

Office of Energy Resecorch

The Office of Energy Research (DOE-ER) is the largest single sponsor of research at ORNL.
It supports ORNL'’s major research programs in the basic physical sciences, fusion energy,
and biomedical and environmental sciences (Table 5.1).

AT —Magnetic Fusion

The Fusion Energy Program at ORNL is a major component of DOR’s Magnetic
Fusion Program, the plans for which are outlined in the National Energy Strategy. Two
characteristics distinguish ORNL in this activity: (1) the extensive collaboration both
nationally (with numerous universities, industries, and national laboratories) and
internationally (with ten countries) and (2) the breadth of the component subprograms in
physies, technology, and systems studies. Work is carried out in several ORNL divisions;
and major contributions are made by the Central Engineering, Computing and
Telecommunications, and Oak Ridge Y-12 Plant organizations.

The goal of the Maganetic Fusion Program as stated in the National Energy Strategy
is to prove that fusion energy is a technically and economically credible energy source by
having an operating demounstration plant by 2025. This goal will require inereasing
emphasis on the nuclear aspect of fusion. ORNL is an essential participant in the program
because of the multidisciplinary nature of ORNL’s energy programs, the breadth of its fusion
program, the capability for integration of fusion R&D areas, an excellent record in
technology transfer to industry, and the potential of the Oak Ridge Reservation as a site for
{usion nuclear techuology R&D facilities, including major deuterium- and tritiurm-burning
experiments. (See Sect. 4, “Summary of Major Initiatives.”)

I support of the National Energy Strategy, the objective of ORNLis to have aleading
role in

e the integration of confinement and technology issues needed for the understanding
of fusion physics and for the improvement of the toroidal confinement concept,

¢ the solution of physies and technology issues for the high-duty factor/steady-state
operation of a toroidal reactor,

¢ the attainment of adequate system reliability and maintainability,
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Table 5.1
Office of Energy Research major program summary
(8 in millions—BA)*

Budget and FISCAL YEAR
reporting Major Program e
code 1931 1392 1993 1994
AT Magnetic Fusion 26.4 27.5 41.1 504
KA High-Energy Physics 0.4 0.5 1.3 1.6
KB Nuclear Physics 13.8 15.3 12.9 14.2
KC Basic Energy Sciences 99.2 1286 1418 189.1
KD Energy Research 0.6 1.1 1.5 1.5
Analyses
KG Multiprogram Energy Laboratory 6.5 2.8 14.9 25.5
Facility Support
KP Biological and Environmental 28.7 33.7 40.6 60.6
Research
KS Superconducting Super Collider 1.1 0.1 0.5 0.5
KT University and Science 1.5 1.3 1.6 1.7
Education
KU Laboratory Technology Transfer 0 2.1 18 1.0
KV University and Science Education,
Defense-Related 0 0.3 0.4 0.4
Landlord activities® 0.1 17.0 83.8 118.5
Total 178.2 227.5 342.2 465.0
Percentage of total 32.8 37.5 38.6 44.1

Laboratory funding

*Includes operating BA, capital equipment, construction, and proposed construction as noted in Table 10.5 in the
“Resouirce Projections” section.

*Includes general-purpose equipment and general plant project funding and several field-work proposals for the
Occupational Safety and Health Administration (OSHA) and other safety activities.
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¢ the development of radiation-resistant and low-activation materials,
¢ the development of a nuclear capable site for fusion technology R&D, and
s the broader exploitation of technologies and capabilities developed in the Fusion

Energy Program and the transfer of these technologies to American industry.

Magnetic fusion sets many demanding technology goals for high-field superconducting
magnets, heating and fueling systems, materials, lithium blankets to breed tritium, and
remote-handling techniques. These components must withstand the fusion environment of
14-MeV peutrons.

The achievement of these goals is important for the world because fusion is
essentially an unlimited source of energy thatalso has the potential for substantially reduced
environmental impact compared with other energy sources. Support for the ORNL program
comes from three subprograms: Applied Plasma Physics (AT05), Confinement Systems
(AT10), and Development and Technology (AT15). The first subprogram funds theory,
atomic physics, diagnostic development, and modest sized innovative experiments; the
second, confinement experiments, the Tokamak Physics Experiment, and some applications
of plasma technology; and the third, materials research, plasma technology, the ITER
Project, and systems studies.
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Theory ® The ORNL fusion program uses theoretical and computational methods to
formulate, validate, and apply models of plasma behavior in toroidal fusion plasma
confinement systems. Successful models lead to improved operation of present systems and
to design of better ones for the future. A primary emphasis here is on understanding plasma
confinement and its limitations in tokamaks; similar emphasis is given to an alternative
toroidal confinement concept—the stellarator/torsatron. Essential similaritics of the internal
magnetic fields and the plasmas in the two concepts simplify comparative analysis and yield
progress in control of each of them. Differences between the systems are exploited to isolate
specitic physical phenomena and to provide means to control and improve effectiveness of
the experiments. The most important differences between tokamaks and stellarators are
instabilities driven by currents parallel to the magnetic field and the essentially pulsed
nature of the tokamak confining fields, both of which are absent in stellarators.

ORNL contributions include work in the following areas:

¢ Development of instability simulation models and computational approaches and
application to specific experiments so that the models can be validated and
improved.

» Analysis of anomalous transport of particles and energy as driven by instabilities and
modified by nonplasma effects such as ionization/recombination processes at the
periphery. Instability-driven turbulent processes are assessed using ORNL-developed
and other instability simulation models.

*» Definition of the relations between plasma flows, rotation, and collisional processes
modified by the primary magnetic and electric fields. These are critically influenced
by effects from turbulence phenomena. Because the instabilities and turbulence are
influenced in turn by them, self-consistent theories are essential to unravel
interconnections of all these phenomena.

* Establishment of means by which externally imposed magnetic and electric fields
can be used to tailor particle drift behavior. This aliows experiments to have reduced
orbit losses and lowers the underlying collisional transport.

¢ Defining and developing fueling and heating techniques to adjust profiles, control
energy and particle sources, and modify loss factors. Energy and particle sources
permit tailoring profiles of plasma density, pressure, and current, which are
controlling factors in overall confinement performance and define stable/unstable
behavior.

» Developing direct drive of plasma current by radio frequency (1f) and neutral beams
offers means to extend the pulse length in tokamaks and may eventually allow
extension to true steady-state operation. Our work includes efforts to improve the
basic of launch structures so that they are most etfectively able to provide drive for
plasma currents.

The theoretical effort is directed toward applications that improve the U.S. tokamak
initiatives (the ITER effort, the U.8. New luitiatives effort, and the Advanced Reactor
Innovation and Evaluation Study) and that enhance the U.S. and world programs in the
stellarator field.

Atomic Physics ¢ The development of data bases and theoretical models for atomic
physics and fusion plasma diagnostics has been undertaken in the Physics Division. Within
the past several years a powerful new source of multiply-charged ions has contributed 90%
of the available ionization cross-sectional data base for fusion-relevant ions and should
continue to support fruitful research for many years. [n a separate prograru a very promising
laser-based diagnostic for fusion alpha particles was installed on the Advanced Toroidal
Facility (ATF) and has completed the proof-of-principle test.

Small Tokamak Program ¢ A Small Tokamak Program was established in 1990 to
explore the possibilities of using small and small-R fa tokamaks for testing technologies
critical to fusion energy development. The program contains three major research activities:

¢ Development of low-aspect-ratio tokamak concepts. Ideas from ORNL have led to
experimental tests of such devices at several sites and to collaborations—most
notably at the Culham Laboratory in England, the Instituto De Pesquisas Espacias
in Brazil, and the A. F. loffe Physico-Technical Institute in the Commonwealth of

Independent States (CIS) (formerly the U.8.S.R.).
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Figure 5.1
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¢ Design of a small steady-state tckamak (TST) to test divertors. Such divertor
solutions are needed by steady-state tokamaks such as [TER and the Tokamak
Physics Experiment (see Fig. 5.1). A preliminary proposal to design and build such
a T8T is complete.

e Design of a small steady-state neutron tokamak (TSNT) to test fusion blankets.
Success of the preceding efforts and the Q ~ 1 operation in the JET and the TFI'R
would provide the technical basis for a TSNT to produce a D-T necutron wallload of
W, ~ 1MW/m’. This would be adequate for testing fusion technologies including the
blankets. A physics and engineering concept for a TSNT is being developed.
Advanced Torpidal Facility e The niain focus of the Confinement Systems subprogram
at ORNL has been the ATF experiment, the world’s largest stellarator (a type of toroidal
plasmaconfinementdevice). ATF has the flexibility to study various maguetic configurations
and to make unique contributions to the understanding of toroidal confinement. The ATF
program featurcs collaborations with researchers from other institutions in the United
States, Japan, Spain, Russia, Ukraine, and Germany. Key contributions to understanding
have been made in a number of areas: access to the second region of stability, scaling of
the plasma-driven (bootstrap) curreat, plasma-edge turbulence and associated transport,
effects of magnetic field perturbations and electric fields, and global transport scaling.
Recent experiments fiave focused on transport modulation experimerits and fluctuation
measurements to explore anomalous transport mechanisms underlying the global behavior
of the cnergy confinement time. Figure 5.2 shows density fluctuation measurements
obtained throughout the plasma volume aind the mechanisms thought to be responsible.
Microwave scattering measurernents conducted in collaboraiion with the General Physics
Institute (Moscow) suggest the presence of trapped-particle effects like those expected for
the dissipative trapped-electron mode instability. The density fluctuation amplitude is
larger on the small-major-radius side of the torus where the helically trapped particles are
expected to be well confined. Plasma operation near the marginal stability condition for
such instabilities could account for the persistence of flat and hollow density profiles in
stellarator experiments.

ATF ceased operation in November 1992 to allow repair of damaged segments in
one of the two helical windings. Pending DOE approval, ATF could restart at the end of 1993.
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Radial profile of
Collaborative Programs » With the hiatus in ATF operation there is an increased — density
flucivation

emphasis on collaborations with other iastitutions. These programs include work on
transport studies, divertors, and fucling and heating on DII-D at the General Atomics
company and the Plasma-Burning Experiment (PBX-M) and the THFTR at the Princeton
Plasma Physics Laboratory (PPPL). These new programs extend existing collaborations on
the Tokamak Experiment for Technically Oriented Research ((Germany), Tore Supra
(France), and JET (European Economic Commuaoity); on technigues for understanding and
controlling the plasmaboundary; on pellet fueling; and on ion-cyelotron heating and current
drive. One example, a result of the ORNL divertor coliaboration on DIII-D, is shown in
Fig. 5.3. The figure depicts the pressures under the divertor baffle region and in the private
flux region as functioas of the injected neutral beam heating power. The achieved pressures
are very high, indicating efficient particle removal with the pumped divertor. A common
feature of many of these programs is the application of successful ORNL techrology
developments, such as the jon-cvelotron range of frequency antennas and pellet injectors,
onto majorconfinement devices as the basis of integrated programsinvolving theoretical,
experimental, and developniental personnel. Two noteworthy exaraples are deseribed
below.

Fast Wave Current Drive Program » Lxperiments are currently under way on the
DIE-D tokamak at General Atomics (San Diego, California) to demonstrate fast wave
current drive under reactor-relevant conditions using a four-clement antenna array
designed and built by ORNL. Planning and implementation of the experiments is a
collaborative effort between the Fusion Energy Division and General Atomics. Fast wave
current drive involves driving an electron current in a tokamak plasma by launching a
directional spectrum of rf waves, which subsequently deposit their energy in the tail of the
electron energy distribution, by means of a phased array of antennas. If the present
experiments bear out the theoretical analysis, fast wave current drive is expected to be the
most economical means of sustaining the plasma current in a tokamak fusion reactor.

levels in ATF as
measured by a
heavy ion beam
probe (HIBF),
microwave
reflectometer,
and a fast
reciprocsiing
Langmulr probe
FRLP

Scientific and Technical Programs 1| 51



Figure 5.3
Prossura-sealing
studins in th
D Advanced

Civerlor Frogram

20
T |
jbaﬂle
O H-MODE, INWARD SWEEP
® H-MODE, OUTWARD SWEEP
00 OHMIC, INWARD SWEEP |
15 B L-MODE, OUTWARD SWEEP
— ¢ F7’priv o)
S
E
&J 10 - O ]
D
A3
s ¢ o
o B P
O
5 b N
o
0 T, S . °
0 5 10 15 26

Pinj (MW)

The array is designed for 2MW of if power, which should, under optimum conditions,
result in about 230 kA of fast wave curreat drive, representing 25 to 50% of the total current
in the tokamak. The efficiency of current drive depends on both antenna and plasma factors.
Unless the antenna can launch ihe desired wave specirum and maintain this spectrum stably
against modest changes in the plasma, the efficiency will be unacceptable. For this project
it was necessary to conduct exteasive development to optimize the antenna spectrum and
to develop the necessary algorithms for phasing and impedance matching the antenna
elenients, which are all fed from a single rf transmitter. The plasma current is maintained
at a constant value, so any current driven by fast waves is seen as a reduction in the voltage
in the circuit maintaining the plasma current. Preliminary results are consistent with the
predictions.

The time history of several plasima parameters is shown in Fig. 5.4. The top graph
shows the applied eleetron cyclotron heating power (used to boost the electron temperature
in the plasma) and the fast wave curreni drive power. Major divisions oa the horizontal axis
are 100 ms apart. The bottorm irace shows the central electron temperature as determined
by Thomson scattering. The middle trace shows the loop voltage. The horizontal lines at the
three time slices indicated by solid vertical lines denote the expected levels of loop voltage
inn the absence of any fast wave current drive. At the first time slice, no rf power is present,
and the expected loop voltage exactly matches the measured value. In the other two time
slices, the first during the electron cyclotron heating pulsc and the second after the electron
cyclotron heating power was turned off, the measured loop voltage is 100 mV lower than
expected, indicating the presence of plasma current driven by the fast waves.

Tritiusn Peliet infector for TFTR ® The witium pellet injector for the TFTR shown in
Fig. 5.5 is being constructed at ORNL to provide a eryogenic tritium pellet fueling capability
for the TFTR D-T phase scheduled to begin in July 1993 at PPPL. The existing TFTR
deuterium pellet injector, which was built at ORNL and commiissioned on TFTR in 1986, is
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being modified to provide a four-shot, tritium-compatible, “pipe-gun” configuration with
three upgraded single-stage pneumatic guns and a two-stage light gas gun driver. The pipe
gun concepi has been qualified by ORNL for tricium operation by the tritium proof-of-
principle (TPOP) injector experiments conducted on the Tritium Systems Test Assembly
(TSTA) at Los Alamos National Laboratory (LANL). In these experimients, tritium and
D-T pellets were accelerated to speeds near 1.5 km/s. The tritium pellet injector is
designed for pellet sizes in the range from 3.4 to 4.0 mm in diameter in arbitrarily
prograramable firing scquences at speeds up to about 1.5 kny/s for the three single-stage
drivers and 2.5 to 3 km/s for the two-stage driver. The injector was delivered to PPPL in
March 1992. Use of the TPI on TFTR will permit access to both a regime suitable for initial
alpha particle physics studies and a regime suitable for studies of particle and energy
confinement in high-density D-T plasmas. The project is divided into two phases: Phase |
activities allow the deuterium fueling capability to be used during 1992 operations, while
the Phase 11 activities incorporate systems required for tritium operation and include an
extended period of testing at the TFTR site, ending with the formation and acceleration of
tritium pellets in 1993,

Materials Program » The Fusion Energy Materials Program has three major points
of focus: (1) development of reactor structural materials, (2) development of first-wall and
high-heat-flux materials, and (3) development of ceramies for elecirical applications.
Within the Oifice of Fusion Energy, these efforts are supported by the neutron interactive
materials and the plasma interactive niaterials programs. The ORNL cffort supports U.S.
participation in the ITER as well as the ultimate objective of making fusion an economically
competitive and environmentally attractive energy source.

In the structural materials program, the primary emphasis remains on qualification
of austenitic stainless steels for ITER and the development of low-activation ferritic steels,
vanadium allovs, structural cerariics, aiid ceramic composites (SiC/SiC).

Austenitie steels are the leading candidate for structural applications in ITER
because of their advaneed siate of development and commercial practice. In a collaborative
program with the Japan Atomic Energy Research lnstitute, we are investigating the effects
of fusion reactor radiation damage levels on the engineering properties of these alloys.
Central to this effort is the irradiation of these alloys in the HFIR with tailoring of the neutron
specirum to produce damage levels (transmutation-produced helium and displacements
per atom) equivalent to those produced in a fusion reactor spectrum. These experiments
are providing data and understanding of radiation resporsise at temperatures and damage
levels that are precisely those required for the ITER engineering design activities {i.e., 60
to 400°C, up to 30 displacements per atom).

Development of low- or rediced-activation materials is eritical to achieving fusion’s
potential as a safe and environmentally attractive energy source. Development of low-
activation ferritic stecls requires that metallurgically important clements such as nickel,
molybdenum, niobium, and nitrogen be removed or reduced to relatively low levels and that
potential impurity clemenis be conirelled to acceptable levels. To develop low-activatioi
martensitic sicels, tungsten is being used as a substitute for molybdenum, and niobium is
replaced by tantalum and vanadium. The development activities are focused on the most
critical or limiting property of this class of alloys—the radiation-induced shifi in ductile-to-
brittle transition tewaperature and reduction of fracture toughness. The vanadium alloys
that are being considered for fusion have attractive activarion characieristics, so compositional
maodification is not required to achieve this goal. The focus of our research on vanadium
alloys is chemical compatibility with proposed fiision coolants and the effects of irradiation
on fracture toughness. From the viewpoint of induced activation, SiC is the ultimate fusion
structural material. Monolithic SiC is not considered because of its fracture properties. SiC/
SiC composites cffer an approach to improved fracture toughness. Our understanding of the
performance of these materials in an irradiation environment is extremely limited. The
focus of our present research is to explore the effects of irradiation on properties so as to
provide a basis for accurately assessing the potential of Si(¥SiC composites as fsion
structural materials and to begin efforts to tailor these materials for the fusion environment.

The effecis of irradiation on the dielectrie propertics of ceramiic insulators are of
critical importance in the successful design and operation of numerous systems in a fusion
reactor {c.g., if heating, plasma diagnostics). Our initial experimental work (initiated in
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1991) has been directed at in-situ measurements of the loss tangent during ionizing and
ionizing-plus-displacive irradiation. Results to date show an increase in loss tangent of
nearly two orders of magnitude at a displacement rate of 1 X 10-7 displacements per atom
per second. A change of this magnitude will impact materials selection and design of f
heating systems for ITER. Measurement of in-situ properties will be expanded to investigate
radiation-enhanced dielectric breakdown and the effects of irradiation on structural
evolution and mechanical properties.

Graphite and carbon-carbon research activities are part of the plasma interaetive
and high-heat-flux materials programs. Graphite and carbon-carbon composite materials
are selected for these applications because their low Z number minimizes radiative heat
losses for the plasma. However, their application requires graphite and carbon-carbon
composites with extremely good thermal shock, erosion, and neutron damage resistance.
Optimum thermal shock resistance is assumed to be offered by appropriately designed
carbon-carboa composites (i.e., selected fibers, matrices, and architectures). Current work
is directed toward the optimization of these materials for neutron-damage resistance.

Advanced Systems Program ® The Advanced Systems Program has continued to
focus on the definition and design of the next major tokamak project. Two conceptual design
efforts, the Burning Plasma Experiment at Princeton (BPX) and the ITER have provided the
basis for planning on both a national and an international scale.

After more than 4 years of preparation, the BPX project was cancelled early in
FY 1992. ORNL had responsibility for five major systems and was involved in physics,
engineering, and technology development. The DOE has appointed a national task force to
define a new project to replace BEX at a much lower cost (~$400 million). ORNL is
participating in the national effort to define the mission and features of the new project,
called the Tokamak Physics Experiment.

On the international scale, the cooperative effort by the European Community,
Japan, the CIS, and the United States to design a fusion test reactor (ITER) will continue
with the iaitiation in 1992 of 6-vear engineering design activities. Between 1988 and 1990,
ORNL was a major contributor to the conceptual design activities that defined the ITER
concept. The Laboratory will contribute to ITER throughout the engineering design
activities with contributions in physics and engineering design and R&D in fueling, rf
heating, matedals, and remote handling.

Several new programs in the advanced systems arca have the potential for
significant future involvernent of ORNL, a Fusion Neutron Source Facility and a Fusion Pilot
Plant Project. Plans by DOE and other countries indicate the need for a Fusion Neutron
Source Facility. A recent study at ORNL considered an accelerator-based, beam target
system for production of the fusion neutron spectrum. It was concluded that ORNL could
provide important contributions to a national or international program to design, build, and
operate a fusion neutron test facility. The Oak Ridge Reservation could provide an attractive
site for a fusion neutron research facility. In FY 1992, GRNL is coordinating a national effort
to develop a new concept that could lead to an international project to design, build, and
operate such a facility,

The Pilot Plant Project has been proposed by Fusion Power Associates, ORNL, the
Massachusetts Institute of Technology, and others as a demonstration of the production of
high-grade heat in a fusion power plant configuration at the lowest possible capital cost. The
advanced systems program staff have provided engineering design and systems analysis
support to help define a small tokamak device to accomplish these objectives. Site studies
indicate that the Poplar Creek Peninsula located near the K-23 Site would be an ideal
location for both the Neutron Source and the pilot plant projects. Preliminary design studies
will continue into FY 1993.

KA —High-Energy Physics

The High-Energy Physics Program is anticipated to grow in the future as a result of
activity related to the national SSC Program. In addition to existing activity in radiation-
shielding design, a significant increase in effort associated with the joint experimental High-
Energy Physics Program among ORNL, UT, and other Southern Association of High-Energy
Physics (SAHEP) universities (in particular, Duke; the University of Virginia, and the
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University of Mississippi) is expected. The current high-energy physics R&D activities will
continue to grow as the result of the strengthening of the in-house High-Energy Physics
Group and of the collaborative rescarch initiated through the recently established Cak
Ridge Detector Center (ORDQC). (See “Continuing Initiative-—1I ligh-Energy Physics Research
Program and the Oak Ridge Detector Center.”)

Com i 3

High-Energy Physics Resedfch ngram and the Oak
Ridge Detector Center

Successful use of the SSC for high-energy
physics investigations will require design and
construction of a new generation of detector systems
in paralle] with the design and construction of the
SSC. Preliminary R&D has been initiated for this
purpose through both DOE and the SSC Project.
The two large detector systems will be major
development tasks that will cost several hundred
million dollars. The task of building these detectors
will not only involve targeting particular areas of
high-energy physics and planning an associated
research program, but it will also require a broad
multidisciplinary approach to solve the various
materials, engineering, data acquisition and analysis,
and physics problems associated with the detectors.
Close coordination among the ORNL science
programs and Energy Systems’ central engineering
organization will be required.

The collaborations that started several vears
ago between southern universities and ORNL have
continued and are guided by SAHEP. SAHEP is
chartered under ORAU and has a membership
exceeding 135 universities and other organizations,
including ORNL. In addition, close ties are
maintained with SURA. The creation of SAHEP was
driven in part by the SSC Project and by a true desire
to increase the high-energy physics base in the
Southeast. The SAHEP organization acknowledged
the strategic location and facilities of ORNL and
recognized the importance of having ORNL play one
of the focusing roles in the region. At present, several
close collaborations have been established between
ORNL and SAHEP members. These projects arc
detailed in this subsection as our involvement with
the detector collaborations are discussed.

ORNL has a strong involvement with the
Solenoidal Detector Collaboration (SDC) and the
Gamma, Flectron, and Muon (GEM) Collaboration.
These groups are expected to produce the two large
general purpose detectors that will be ready to
investigate the “new physics at 40 TeVand 10-'° m
when the accelerator is operational in the late
1990s. The prime responsibilities that ORNL has

assumed for the SDC collaboration include the design,
engineering, and construction of the outer and
intermediate central tracking chambers as well as
the system integration of the entire central tracker,
including inner, outer, andintermediate. The SAHEP
members that are closely associated with this research
include Duke University and Florida State University.
In the GEM collaboration, ORNL plays a leadership
role in calorimetry. Although the final choice of
calorimetry technology has not been made, ORNL is
in a favorable position to contribute in a major way
to the design, engineering, and construction of the
GEM calorimeters regardless of which technology
option is chosen. The SAHEP members associated
with GEM include the University of Mississippi and
UT. In addition to the large SDC and GEM, ORNL is
strongly coupled to the Super Fixed Target (SFT) B
Physies Facility for the SSC that is headed by the
University of Virginia, another SAHEP member. The
SFT needs support in the area of fast radiation-
hardened electronics and in the development and
design of electronic chips.

Tocoordinate all of our 8SC-related activities,
the Oak Ridge Detector Center (ORDC) was formed
almost 3 vears ago. The purpose of the ORDC is

twofold: to serve as the focal point for all seience and
engineering divisions involved in SSC-related
research and to provide an organization interface
with outside collaborators in the area of SSC detector
R&D. The goals of the center are (1) to establish the
Southeast as a major force in high-cnergy physics;
(2) to enhance cooperation for joint detector R&D
among ORNL, universities, and private industries;
{3) to build a technology base for the engineering,
designing, constructing, and testing of major
components of SSC-stvle detectors (Fig. 5.6); and
(4) to conduet detcctor R&D for other physics
programs such as the Relativistic Heavy lon Collider
and the ANS. The rescarch areas currently monitored
by ORDC include detector simulation; radiation
damage; and electrical, mechanical, and materials
engineering. The funding for these research projects
is currently coming cither directly or indirectly
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from the DOE SSC Laboratory and is anticipated to
increase.

Because of our close connection with several
of the SAHEP universities (i.e., Duke University, the
University of Mississippi, UTK, and the University of
Virginia), a pilot program of joint appointments is
being sought. These appointments will be similar to
the current jointappointments now existing between
UTK and ORNL. In addition to providing a technical
interface with the national and international
high-energy community, these appointments will

provide additional expertise in matching detector
R&D toexperimental requirements and inproviding
a continuing involvement of the Laboratory in the
data-taking and data-analysis phase of the SSC
Program.

The nature and extent of our involvement in
the SSC are still evolving as the SSC Program gains
momentum nationally. ORNL will continue to
explore and to define the appropriate role of the
Laboratory in this important national initiative.
Because of ORNL's diverse multidisciplinary research
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program, the Laboratory is well positioned to make i Program. The magnitude of the anticipated growth
major contributions tonumerousaspectsof the SSC | isindicated by the projected new funding (Table 5.2).

-0 L

Table 5.2
Budget projections by fiscal year for the High-Energy
Physics Research Program and the Oak Ridge
Detector Center®
(8 in millions—BA)

1982 1984 19%5 183€ 1997 1998

Operating expense 2.
Capital equipment 2.

L U

3.5 3.5 3.5 3.5 3.5
3.5 3.5 3.5 3.5 3.5

“Funds are being sought from the Office of Energy Rescarch under Program KA,

High-Energy Physics.

KB —Nuclear Phyvsics

The Nuclear Physics Program emphasizes basic nuclear physics research, both
experimental and theoretical, and operation of two user facilities: HHIRF and the Oak
Ridge Electron Linear Accelerator (ORELA). Research is carried out at these two
facilities by both in-house staff and visiting scientists from around the world. Experiments
carried out at the HHIRF and ORELA include measurements with particle beams
ranging in mass from neutrons to uranium ions and in energy from kiloelectron volts to
gigaelectron volts.

KB02—Heavy-lon Physics Task ® Fiscal years 1992 through 1994 will be exciting
and challenging for theIlIHIRF as it undertakes a modification that will cnable it to provide
radioactive ion beams (RIBs). (See “Continuing Initiative-~Radioactive Beams/Recoil Mass
Spectrometer/Gammasphere.”) The importance of this type of initiative was recently
acknowledged in the long-range plan of the Nuclear Science Advisory Committee where it
was stated that “a facility producing beams of radioactiveions . . .is of high scientific interest
and technically feasible. It would allow the siudy of nuclear structure and astrophysical
reactions very far from the line stable nuclei and could provide new possibilities of reaching
long sought island of stability of super heavy nuclei.”

The transition to an RIB facility will began toward the end of FY 1992 with the
termination of operation of the Holifield as a national user facility. This concludes a
remarkably successful decade in which the Holifield accelerator has provided 38,000 hours
of ion beams for research to a large segment of the physics community. The following
statistics illustrate the size of the operation. During the peak 3 vears of 1987, 1988, and
1989, 316 researchers carried out research programs at the Ilolifield Facility. They
represented 87 institutions from 24 states and 18 countries. The users included 127
students, 88 of which were candidates for the Ph.D. degree. In FY 1991 the Holifield had
127 outside users.

During the 2 1/2 years beginning July 1992, the Holifield accelerator system will be
modified to produce RIBs with funds of 2.8 million being provided by DOE. This cost is
modest and the time for implementation is short because the required two accelerators are
already in place. (No other U.S. facility has such a fortunate juxtaposition). Light-ion beams
from the Oak Ridge Isosynchronous Cyclotron (ORIC) will be used to bombard a thick
target to produce nuclear reactions leading to radioactive products that will be ionized, mass
separated, and then accelerated by a 25-MeV tandem. lons with atomic mass up to 80 will
be produced with energies sufficient to undertake programs in nuclear structure and
astrophysics. The transition to an RIB facility will be completed at the beginning of FY 1995,
and operation as a national user facility will be resumed.

'Wuelei, Nucleons, and Quarks: Nuclear Science in the 1990's, A Long Range Plan by the
DOE/NSF Nuclear Science Advisory Committee, 11.S. Dept. of Energy and the National Science
Foundation, December 1989.
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To capitalize fully on the potential provided by RIBs, several other tasks are being
undertaken in parallel to the RIB project. Chief among these will be the procurement and
commissioning of the Recoil Mass Spectrometer (RMS). A new target room will be
constructed to house the RMS as well as a large array of germanium gamma-ray detectors,
known as the Gammasphere, now under construction at Lawrence Berkeley Laboratory
(LBL). The RMS, with a projected cost of $2.2 million, is jointly funded by DOE, ORNL,
ORAU, INEL, Vanderbilt University, the state of Tennessce, UT, and several other
universities. This device has unmatched capabilities for observing very weakly produced
isotopic species and thus is an excellent tool for observing the RIB-induced reaction
channels leading to proton-rich nuclei extremely far from the valley of beta stability.

The low- and medium-energy research program includes a broad range of studies
using heavy ion beams from accelerator facilities around the world. Research is carried out
in three broad categories—nuclear structure, nuclear reaction spectroscopy, and nuclear
collision dynamics; these areas overlap considerably. Research in nuclear structure is
concerned primarily with the structure of nuclei at high spin and involves study of high-spin-
state spectroscopy, nuclear lifetirues, chaotic behavior in rapidly rotating nuclei, and nuclei
far from stability. These areas of study will be greatly enbanced by the development of
accelerated radioactive beams at ORNL. Giant resonances in both “cold” and “hot” nuclei
are the primary area of study in the reaction spectroscopy ficld. Areas of study include
nonstatistical effects in the giant dipole resonance (GDR) in the same compound nucleus
formed via different reactions, loss of GDR strength with increasing nuclear temperature,
and nuclear temperatare effects in the GDR width. Nuclear-collision-dynamics research
studies the details of the interaction between nuclei when they collide at energies from
below the Coulomb barrier to several hundred million electron volts. These studies involve
measurements on such topics as subbarrier fusion, projectile fragmentation, and orbiting
reactions.

Eachofthese three areas of research is carried out primarily by using major rescarch
equipment developed by the research staff. Nuclear structure research uses close-packed
arrays of Comptou-suppressed germanium detectors. Reaction spectroscopy studies utilize
a newly commissioned large array of BaF, scintillation detectors that are designed for use
with photons of energy up to 300 MeV. This array, the largest of its type in the United States,
has been used in 23 experiments since it becamie operational in 1990. Much of the study of
reaction dynamics is carried out uging a multiclement heavy -ion, light -ion detector system
that can detect coincident reaction products over a very wide range of mass and energy.

At higher energies heavy ion reactions are studied with ultrarelativistic projectiles
of 200 GeV per nucleon at the Super Proton Synchrotron located at the CERN European
Laboratory for Particle Physics, Geneva, Switzerland. The primary purpose is to study the
production and characteristics of the quark-gluon plasma that may be formed in reactions
between nuclei at these energies. ORNL plays a major role in the CERN-based WA80
collaboration as well asin the succeeding experiment, WA93. In both experiments emphasis
is placed on photon measurements. Because of their noninteracting properties, photons
constitute one of the best probes of early reaction phases. ORNL has built the calorimeters
of WAS0 and continues to operate them. Plans call for a major ORNL contribution to the
photon-detection capabilities of WA93 in the form of readout electronics.

If quark-gluon plasma is formed at the near-threshold energies of the Conseil
Européen pour Recherche Nucléaire (CERN ) Super Proton Synchrotron, it willbe abaryon-
rich plasma. Energies available at the Relativistic Heavy lon Collider (RHIC) under
construction at Brookhaven National Laboratory, however, are expected to lead to a
relatively baryon-free plasma dominated by created particles. ORNL has a leadership role
on one of the two major detectors, the Photon Electron New Heavy lon Experiment
(PHENIX), under consideration for the RHIC. This detector emphasizes measurements of
electrons, muons, and photons. Because of their penetration properties, the leptons are
considered to be excellent probes of the quark-gluon plasma. A certain fraction of muon and
electron pairs results from the decay of vector mesons, the properties of which are likely to
be a good signal of creation of dense matter and of deconfinement. ORNL is in charge of a
major R&D activity, the BNL-based RD-10 experiment, in support of the measurement
capability of PHENIX. A technical proposal is being prepared for PHENIX.
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Radicactive Bea

A continuing initiative for the HHIRF is the
development of the capability for producing and
aceelerating radioactive ion beams. This initiative
seizes onanewscientific opportunity for the HINIRF
and accommodates to changes in the plans for
Gammasphere. Overall it builds on the previous
initiative for Gammasphere and the long-range plan
to provide a world-class center for nuclear structure
physics and nuclear astrophysics at the HHIRF
(Fig. 5.7).

Two events have altered significantly the
Gammasphere initiative: first, the threatened loss
of DOE funding for operaiion of the HHIRF, and
second, the DOE decision that Gammasphere will
be moved beiween laboratories. A conscquence
of the latter is that the presence of Gammasphere
will not ensure the longevity of any facility. Because
of this, and because of the existing unceriainty
about the future of the HHIRF, an agreemeni was
reached that the assembly and initial operation of

Yammasphere will be at LBL. After 18 monihs of
operation, a mandated move of Gammasphere

et

ms/Recoil Mass
Spectrometer/Gammasphere

will occur. During this same period, the
development of a radioactive ion beam capability
at the HITIRF will be supported. This is a significant
new initiative in the nuclear physics community
and one on which ORNL is well positioned to
capitalize. The president’s budget for FY 1993
contains funding for this project. The importance of
this is that radioactive beams would give the HHIRF
a truly umnique capability (worldwide) and would
constitute a strong rationale for longevity of the
facility.

Atthe HHIRF the combination of the existing
ORIC and a 25-MV tandem accelerator provides the
opportunity for producing a large variety of low-
energy, proton-rich, radicactive heavy-ion beams at
modest cost. An intense light-ion beam from ORIC
will produce radioactive isotopes (via fusion reactions
in thick targets) that would then be prepared for
rezceeleration in the tandem accclerator. Because
both accelerators exist at the HillRF, as does an
appropriately shiclded target room for the Isotope
Separator on Line source, the HHIRF offers a quick,
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cost-efficient method for producing radioactive
beams. The use of the HHIRF tandem accelerator
(designed to accept low-energy, negatively charged
heavy ions) as the postaccelerator of such a facility
allows heavy-ion beams up to mass 80 to be provided.
More than 200 new proton-rich compound systems
can be produced using stable targets and the beams
initially expected from the facility. Many of these are
of special interest for studies in nuclear physics and
astrophysics.

successful in the development of a radioactive ion
beam capability. The acquisition of the new RMS
(intended to complement Gammasphere) will
continue, and it will become a crucial experimental
device to exploit the radioactive beam capability.
We feel confident that the radioactive beam
capability, along with the presence of the RMS, will
make the HHIRF a very attractive site for
Giammasphereat the time of the first move. Table 5.3
presents budget projections.

The Gammasphere initiativeis thus deferred.
The first priority is to ensure that the HHIRF is

Table 5.3

Budget projections by fiscal year for development of radioactive

ion beam capability at the Holifield Heavy
Ion Research Facility”
(8 in millions—BA)

1992 1893 1994 1995 1996 19957 1998
Operating expense 3.3 3.0 3.3 4.0 4.0 4.0 4.0
Capital equipment 0.5 0.2 0.2 0.3 0.4 0.4 0.5
ATP? funds 0.6 0.8 1.0 0 0 0 0

“Funds are being sought from the Office of Energy Research under Program KB, Nuclear Physics.

bAccelerator Improvement Project.

KB03—Nuclear Theory Program ® The Nuclear Theory Program centers on studies
of nuclear reactions and structure at low and high energies. Major parts of this research are
as follows: (1) pair production from relativistic heavy-ion collisions, (2) string and parton
niodels of ultrarelativistic heavy-ion collisions and hadronization, (3) quark models of
mesonic structure, (4) models of low-energy direct reactions and collective motion,
(5) relativistic models of nuclear structure, and (6) mean-field models of low-energy
nuclear reactions and structure.

Incollaboration with UT and Vanderbilt University, the Center for Computationally
Intensive Physics has been established in the Physics Division to carry out interdisciplinary
research in nuclear, particle, and atomic physics. The activities of the center focus on those
aspects of the program that can greatly benefit from the application of high-performance
computing. A Cooperative Scientist appointment (jointly with UT) has been made to
support the activities of this center, and efforts are umder way to seek new funding.

KBO4A—l ow-Energy Nuclear Physics Program ¢ The Low-Enersy Nuclear Physics
Program supports several tasks, including operation and research at the ORELA, a unique
pulsed-geutron-source accelerator facility for measurements by time-of-flightspectrometry
of neutron cross sections and related quantities over the entire range of 0.001 eV to about
80 MeV. Funding is also provided for related activities including the evaluation of neuiron
cross sections for the national Evaluated Nuclear Data Base as well as nuclear model
development.

This program provides results important to basic physics as well as the bulk of the
niclear data used for applied purposes in the United States. Current basic physics work has
provided the first nonzero value for the polarizability of the neutron, unique data on high-
temperature superconductors around their critical temperatures, and work is under way
tostudy the neutron-electron interaction. Measurements of neutron transmission, differential
elastic scattering, total inelastic, capture, fission, and neutron and gamma-ray emission
cross sections are done to meet needs of engineers and scientists who need nuclear
information in their work.
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This program also supports a vigorous effort to study the details of giant multipole
resonance excitation and decay. These studics make use of accelerator facilities at the
Grand Accélératcur National d’lons Lourds in France, the Indiana University Cyclotron,
and the Texas A&M University superconducting cyclotron. Recent efforts have involved
studies of isovector giant resonances through Coulomb excitation using medinm-energy
heavy ions and photon decay of the resonances. Of particular interest is the use of such
techniques to search for the excitation of multiphoton giant resonances.

HKC—Basic Energy Sclences

The Basic Energy Sciences (BES) Program supports a broad spectrum of research
in the physical sciences. The two largest subprograms are Materials Sciences (KC02) and
Chemical Sciences (KC03). Presidential initiatives central to this program are the now-
formed Advanced Materials and Processing Program (in KG02) and the upcoming iniiative
in Advanced Manufacturing (in KC04). Several key issues facing these subprograms include
a decision on shutdown or restart of the Bulk Shielding Reactor, development of the ANS
(sec “Summary of Major Initiatives”), revival of the TIFIR-based neutron-scattering and
irradiation programs, increased cfficiency and effectivencss in user intcractions, and
technology transfer.

HCD2—Materials Sciences ® The Materials Sciences Program supports fundamerntal
materials R&D including ncutron scattering; synihesis and characterization of new
materials; high-temperature materials; ceramic processing; superconductivity; ion-beam,
laser, and plasma processing; and theoretical studies for advanced energy-related materials.
The Materials Sciences Program also supports a number of user facilities including the
Surface Modification and Characterization/Collaborative Research Center (SMAC/CRC),
the Shared Research Equipment (SHaRE) Program, the National Center for Small-Angle
Scattering Research, and the Neutron Scattering Facility at the {IFIR. These facilities had
243 suest users in FY 1991, Two of the Laboratory’s initiatives are in the materials sciences:
the ANS and the MS&E Complex. KC02 funding is expected to increase sharply during the
conceptual design phase of the ANS, although the core program is expected to experience
no growth during this period.

HCO2Z B i—The BES Melalurgy and Coramsics Frograms # This program provides the
scientifie foundation and fundamenial framework required for the development of advanced
materials and innovative processes. The tasks include synthesis, processing, fabricarion,
characterization, and the development of models and mechanistic undersianding. Research
in synthesis and processing science includes the development of fabricaiion and joining
techiniques for advanced intermetallic alloys, ceramiics, and compesite structures. Important
to all of the tasks is the application and development of advanced characterization
technigues ineluding analytical electron microscopy, X-ray diffraction, atom probe field ion
microscopy, mechanical properties microprobe, and ion beam tectiniques. A strong first-
principles theory effort underpins all aspeets of the program. Interactions with seientists
from industry, universities, and other national facilities are important to the research. The

Si1aRE Program and the Oak Ridge Synchrotron Organization for Advanced Research
(ORSOAR) Program are supported through both ORAU and ORNL. The SHaRE Program
provides access to our advanced analytical microscopes, the Van de Graaff aceelerator
facility, and the nanoindenter. The ORSOAR Program supports an X-ray station at the
National Synchroiron Light Source.

Programmartically, there will be continued emphasis on synthesis and processing as
part of the BES Center of £xeellence in Synihesis and Processing. The proposed ORNL
Advanced Materials and Processing Program will expand research on densificaiion of
ceramics and intermetallics, welding sciciice, and atomic size effects in alloy fabrication.
Additional support for the Radiation Effects Task allowed enhancement of neutron
irradiation research. Efforts to revitalize our neutron radiation effects studies will continue.
In other areas, the developmeni and construction of both the Multielement Imaging Atom
Probe and the High Temperature Mechanical Properties Microprobe are scheduled for
completion during FY 1992. The atom probe will allow three-dimensional mapping of the
position and elemental identification of the atomic constituents of conducting materials. A
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new joint initiative is proposed by staff in the Metals and Ceramics and Solid State
divisions for application of the mechanical properties microprobe to extremely hard,
thin films of boron nitrides and oxides grown with electron-cyclotron resonance plasma
processing techniques.

The ongoing assessment of the program, a result of continuing flat budgets and
escalating costs, has led to the dissolution of the Structure and Properties of Surfaces and
Interfaces Task. The nanoindentation research has been merged with the Microcopy and
Microanalysis Task. Investigations of the effects of ion implantation on ceramics will be
continued, at areduced level, in the Radiation Effects Task. These changes will consolidate
related research tasks and strengthen the remaining program.

Future program initiativesinclude investigation of the role of stresses, transformations,
and fracture in weldments; the CAMA,; establishment of a first-principles theory effort in
ceramics; the X-ray microprobe; and enhancement of postdoctoral, guest scientist, and
graduate student appointments to equal the number of fuli-time-equivalent (FTE) research
staff supported by the program. The CAMA is an integral requirement for the successful
application of many advanced characterization techniques. Included in this proposal are
both the upgrade of instrumentation and a building designed for the specific requirements
of modern analytical equipment. The X-ray microprobe would be sited at the Advanced
Photon Source at ANL. Tt would allow unprecedentedly low levels of detection for structural
and chemical characterization and identification.

KCO2 02—The Solid State Physics Program The Solid State Physics Program spans
basic and applied research. Existing expertise will be directed to continuing and new basic
research for the Advanced Materials and Processing Program. Applied researchis under way
in a CRADA with Eveready Battery Company on “Development of a Lithium Microbattery
Packaging Technology,” and two others are in the approval process. Unique facilities at
ORNL are utilized to investigate a variety of research problems in condensed matter physics
and materials science. The intense neutron beams available at HFIR are used for studies in
the Interatomic Interactions in Condensed Systems and Structure and Dynamics of Energy-
Related Materials Programs. The Small-Angle X-Ray Scattering Program supports these
activities. Materials prepared by a number of researchers, both at ORNL and elsewhere, are
investigated at these user facilities. The extensive ion beam facilities of SMAC/CRC are used
to characterize and alter the near-surface region of a wide variety of materials, The lon Beam
Analysis and Ion Implantation Program utilizes these facilities, as do collaborators from
several ORNL divisions and numerous universities and industries.

The Semiconductor Physics and Photovoltaic Materials Program is concerned with
the processing and investigation of multilayer semiconductor and superconductor films and
with the preparation of high-efficiency solar cells. The Properties of Advanced Ceramics
Program studies single-phase and composite electrolyte and electronic ceramic materials
in thin-film and bulk forms. The Synthesis and Properties of Novel Materials Program
prepares and characterizes a variety of research specimens for study within the Solid State
Division and throughout the KC02 Program. The Surface Physics Program investigates the
atomistic structure of surfaces of metals and alloys and measures their electronic and
vibronic properties. The Structural Properties of Materials—X-Ray Diffraction and the
Electron Microscopy of Materials Programs—use a variety of sophisticated techniques to
characterize materials associated with all the solid state physics programs. Superconductivity
research is centered in the Physical Properties of Superconductors and the Superconductors
with High Critical Temperatures Programs, but much research on this subject is performed
in many groups in several divisions at ORNL. The principal task of the Theory of Condensed
Matter Program is to ensure a firm theoretical basis for the experimental programs.

In 1991, high-power (85-MW) operation of the HFIR was resumed, and reactor
availability has steadily improved over the past year. The neutron-scattering user program
is recovering rapidly and is approaching historical levels from prior to the shutdown.
Instrument upgrades achieved during the shutdown and new initiatives in colloidal systems
and neutron reflectometry are coatributing to an increased vitality of the Neutron
Scattering Program. The proposed guide hall and new instrumentation are essential to this
program and to preparations for ANS. Significant progress continues to be achieved in the
theory and application of Z-contrast electron microscopy, and a new 300-kV scanning
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transmission electron microscope (STEM) is scheduled for delivery in CY 1992. This
instrument will be the highest resolution electron microscope in the world. Progress in high-
temperature superconductivity continues to be outstanding with a coordinated effort of
about ten research groups and new results in synthesis and processing, critical current
behavior, superconducting superlattices, and theory. New initiatives in the Synthesis and
Properties of Novel Ceramic Nanocomposite Macromolecular Thin Films and Structures of
Anisotropic Colloidal Materials programs are under way.

Anew 2% initiative on atomistic mechanisms in interface science has been approved
for FY 1994. This program is intended to develop a new approach to interface science with
far-reaching scientific and technological implications for advanced electronic,
superconducting, ceramic, and intermetallic materials. Based on the unique capability of
Z-contrast electron microscopy to reveal the atomic scale structurc and chemistry of
interfaces, the program seeks to close the synthesis, characterization, and modeling loop for
a broad class of interface-controlled materials. This program will benefit from the new high-
resolution STEM, which will provide unprecedented images of interface and growth
phenomena, and from a new theoretical effort in massively parallel dynaraical simulation
of surfaces and interfaces using the ORNL Paragon supercompiiter.

Research, instrumentation, and user-program-related preparations for the ANS
project will be given a high priority. Superconductor research will emphasize continued use
of unique materials preparation and characterization capabilities to investigate fundamental
issues in critical currents and quantium behavior. Unique capabilities in high- (MeV) and
low- (tens of ¢V) energy implantation, laser ablation, superscnic molecular beams, plasma
processing, and nanophase materials preparation will form thie basis for a new research
thrust on the synthesis, processing, and fabrication of advanced materials. Progress in the
development and application of submicrovolt-resolution X-ray diffraction and high-resolution
surface spectroscopies will continue.

KC02 03The Materials Chemistry Program « This program involves chemical
synthetic approaches to advanced inorganic materials and emphasizes composition, purity,
and morphology. Tailored inorganic and organometallic precursor compounds and polymers
are being developed whose thermal or plasma-enhanced decomposition leads to nonoxide
ceramics in thin film or fibrous forms. The discovery of novel synthetic approaches to
transition metal nitride whiskers has generated a more general interest in morphostatic
specific gas-solid reactions. lon-implantation preparative techniques, photoacoustic
spectroscopic characterization, and ¢lectrochemical behavior are being combined in
fundamental studies of electrocatalysis by mixed-oxide overlayers on metals.

A dual focus exists in the area of nucleation, growth, and transport properties, the
first being the development of an understanding of the nucleation and growth of precipitation
processes of ceramic precussors. The second involves the development of reactors and
reactions that will lead to the reproducible production of pure and mixed ceramic
precursors. Because the transport properties of the species involved in these processes have
theoretical and process importance, an effort is continuing for the measurementof diffusion
coefficients and viscosities.

Oxide supercondunetors are being investigated in tlie program on thermodynamics
and kinetics of energy-related materials. One principal efiort is the determination of, and
chemical thermodynamic modeling of, the oxygen nonstoichiometry of several of the
superconductors. These siudies are typically done over a wider range of paramicters than
those usually reported and provide informiation that is used by others for interpretation of
characteristics such as crystal chemistry and electronic properties. Other efforts include
determination of the conditions for stability of superconduciing phases and the kinetics of
synthesis processes. Such information can be used to control manufacturing processes.
Close cooperation with similar efforts at ORNL and elsewhere is maintained to enhance the
impact of the program.

Understanding the relationships among molecular structure, processing
conditions, and performance propertics of modern organic polymeric materials poses a
unique challenge to structural chemists. Techniques being applied include neutron and
X-ray scattering from both semicrystalline fibers and largely amorphous polymers and
model compounds, neutron spectroscopy, thermal analysis, solid-state NMR spectroscopy,
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scanning-tunneling and atomic-force microscopy, and molecular dynamics simulations.
Used in combination, these are revealing often unexpected microstructural and dynamic
features, particularly in the semirigid parts of polymer systems.

A new initiative is testing a new theory of polymer interactions for nanoscale
polymer blends; small-angle neutron scattering is the key experimental tool. This program
benefits from the presence of an ORNL-UTK Distinguished Scientist.

¥KCO03-—Chemical Sciences ® The Chemical Sciences Program supports the HFIR;
the Radiochemical Enginecring Development Center (REDC); and programs in atomic
physics, basic chemistry, and chemical engineering.

The Atomic Physics Program at ORNL encompasses both experimental and
theoretical investigations of a broad class of phenomena occurring when multiply-charged
heavy ions interact with gases, solids, free and bound electrons, photons, and other iouns.
Within the Atomic Physics Program, ORNL currently operates the EN Tandem Accelerator,
a user faecility that provides a wide variety of light ions and multiply-charged heavy ions at
energies up to several million electron volts per nucleon. Experiments requiring higher
beam energies are conducted at the HHIRF. Members of the atomic physics group are also
collaborating on a new series of atomic studies with ultrarelativistic heavy ions at CERN.
At the other end of the energy spectrum, experiments of cross sections for inelastic
collisions of multicharged ions with neutral atoms and molecules are carried out at the
lowest attainable coergies and are currently condueted using the ORNL ECR ion source.
These studies emphasize characterizing the energy and angular distribution of ejected
electrons. Proposed also is a new program to study details of ion-surface interactions. The
electron-cyclotron resonance source and the HIIIRF provide beams for merged-beam
experiments. The merged-beams apparatus and the techniques currently being developed
are applicable to the study of icn-atom chemical reactions involving unstable or reactive
atomic species. An upgrade of the RCR source that will provide significantly improved
performance for this facility has been funded (Table 5.4).

Table 5.4
Budget projections by fiscal year for the
electron-cyclotron resonunce source
upgrade capital equipment
(¥ in thousands—BA)

1991 1992 1993

Total funding 400 100 0

The atomie theory group has been significantly enhanced by the addition of an
ORNL-UTK Distinguished Scientist. Areas of emphasis during this period will include
applications of numerical technigues to atomic physics in the areas of low-energy ion-atom
scattering, strong-field atomic physics, and chemical physics. Other initiatives include
relativistic and quantum electrodynamics effects in atoms and investigations of the
Coulomb three- and four-body problems. The KC03 Atomic Physics Program is also
participating in the proposed Center for Computationally Intensive Physics described inthe
KBO03 discussion.

Neutrons from the HFIR are vital to many research projects in the Material Sciences,
Chemical Sciences, Magnetic Fusion, and Biological Sciences programs at ORNL and for
users and collaborators from many universities, national laboratories, and industries in the
United States and abroad. One of the prime purposes of the HFIR is to make research
quantities of 2°Cf and other transuranium isotopes. The HFIR is unigue in that it offers a
combination of high flux with a mixed thermalAfission neutron spectrum, low irradiation
temperatures, and flux tailoring: The facility is invaluable for neutron scattering, isotope
production, and material-damage studies related to the Magnetic Fusion Program and to the
design of other advanced reactor concepts such as the ANS.
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Transuranium-element isotopes produced at the Radiochemical Engineering
Development Center (REDC) are used throughout the world for basic physics and chemistry
studies of the transuranium elements. They are also used in R&D programs relating to
environmental effects, biological effects, and waste isolation. Basic chemistry studies of the
actinides and transactinides emphasize the elements (curium and above) that are uniguely
produced at the HFIR and the REDC or from HFIR products. The goal is the elucidation of
the systematic trends in behavior of the characteristic 5f electrons progressing across these
heaviest elements in the periodic table. Experimental approaches to define the chemical
and solid state properties of these elements and their compounds include structural studies
at high pressures and temperatures, characterization of unusual oxidation states in high-
temperature vapors and nonaqueous solutions, and magnetic and heavy-fermion behavior
atlow temperatures. Solution properties are studied as an adjunct to the effective separation
of the HFIR products. Fundamental mechanisms related to separations are studied by low-
temperature matrix spectroscopy and other methods; emphasis is placed on exploiting
photochemistry and coordination chemistry for separations purposes. State-of-the-art
relativistic quantum mechanics calculations are carried out to complement experimental
studies. Participation has begun in a multilaboratory initiative to establish a beamline at the
LBL Advaneced Light Source dedicated to actinide science; ORNL interest is focused on
electronic characterization of gas-phase actinide species.

Part of the Analytical Chemistry Program moved in FY 1989 to the recently built
Organic Chemistry Mass Spectrometry Laboratory at the Oak Ridge X-10 site. An Inorganic
Chemistry Mass Spectrometry Laboratory is currently being constructed. Approximately
$1 million in BES funds will be spent for new equipment for these two laboratories. This new
facility will provide opportunities for collaborative research not previously available when
much of the operation was housed at the Oak Ridge Y-12 Plant.

ORNL conducts fundamental research in various analytical concepis and
methodologies:

¢ the use of lasers in advancing spectrochemical analysis,
resonance-ionization mass spectrometry,
glow-discharge mass spectrometry,
gas-phase ion chemistry using mass spectrometry,
ion-trap mass spectrometry,
positron spectroscopy, and
heavy-ion-induced X-ray satellite emission.
We have shown that, by levitating microdroplets in an ion-trap spectrometer, it is
possible to detect a few molecules of fluorescent compounds by laser-based fluorescence
spectrometry. We projectan ultimate detection limit approaching one molecule of Rhodamine-
6 G at a signal-to-noise ratio of 3.

Aunique array of complementary experimental and modeling techniques is applied
to study thermodynamics of interactions and reactions in highly nonideal aqueous solutions
of electrolytes at high temperatures and pressures. The systems studied are selected for their
fundamental significance and for their relevance to energy-related technologies including
steam generation, nuclear and chemical waste disposal, the extraction of heat and mineral
resources, and hydrothermal geochemistry.

Research in surface science/heterogeneous catalysis gives special emphasis to
questions of surface structure and reactions involving sulfur-containing species on clean
metals and surface alloys that serve as models for commercial hydrodesulfurization
catalysts. The use of several ultrahigh-vacuum surface-structure approaches (including low-
energy ion scattering) and surface-reaction approaches is being expanded by incorporation
of synchrotron-based approaches to characterize nolecular adsorbates.

An area of continuing emphasis will be obtaining new molecular-fevel knowledge
concerning the organic chemical structure and reactivity of coals. These studies highlight
the application of solid state NMR techniques to chemically modified coals and the use of
surface-immobilized compounds to simulate diffusional restrictions during thermal and
catalytic processing of coal. The information derived from these fundamental studies will
contribute to the development of novel processes for the use of coal as a source of liquid fuels
and chemicals.
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Research on the kinetics of enzyme-catalyzed processes will concentrate on the
fundamental physicochemical aspects of the conversion of light energy into chemical
energy using artificial photosynthetic systems and the mechanisms associated with enzyme
solubilization of cellulose and lignin. This research is directed at synthesizing a simplified
photosystem capable of producing fuel from renewable resources and understanding the
biomolecular optoelectronic properties of metallized photosynthetic membranes.

Chemical and physical principles underlying the design of more effective multiphase
separation processes are being defined. The concept of molecular recognition is being
appliedin the design, synthesis, and evaluation of novel ligands for separating closely related
metal ions by solvent extraction. Incorporation of complexing ability, charge-neutralizing
ability, and organophilicity into single multifunctional extraction agents is currently
stressed.

A major thrust in physical mass transport enhancement in fluid-fluid systems is the
exploration of external field application. Emphasis is placed on elucidating, dispersion,
coalescence, and stability phenomena in situations where high-flux fields are applied.

Additional initiatives lie in the areas of using high-gradient magnetic fields for
macromolecular separations and in electro-enhanced vapor-liquid separations. Areas for
future investigation include microwave enhancement of reaction/separation systems and
geometric and external field effects in sorption, chromatography, and other solid-liquid
processes. Fundamental, experimental, and theoretical studies of interactions of solvents,
solutes, and surfaces relate macroscopic properties of solutions tointermolecularinteractions
and molecular correlation functions for challenging and important systems such as those
characteristic of extraction by, and adsorption from, supereritical solutions. Such studies
use methods such asdistribution function theories, fluctuation theory, molecular simulations,
and neutron scattering.

Many of the existing components of the KCO3 basic chemistry program are well
postured to contribute fundamental long-range chemical information relevant to the
growing national emphasis on environmental remediation and protection and associated
waste-related R&D, especially for aqueous systems. A program is under way to study the
photochemical reactions and associated photophysics of aromatic molecules in atypical
media such as aqueous solutions and sorbent solids. In addition to elucidating fundamental
questions of photoreactivity in anisotropic environments, this work should contribute to
understanding the transformation of hazardous materials in natural settings exposed to
sunlight.

Continuing Initiative

Development of Melton Valley as a Strategic Resource
for Nuclear and Radiochemical Technology

This initiative proposes toachieve significant
synergistic advantages by integrating existing,
planned, and new process facilities in Melton Valley
into a focused major center that will support DOE’s
long-term nuclear and radiochemical R&D activities
(Table 5.5).

New facilities developing in Melton Valley
include the ANS; the Waste Handling and Packaging
Plant; the Low-Level Liquid Waste Collection and
Transfer System; and various radioactive and
hazardous waste examination, storage, and disposal
facilities. Existing and anticipated missions for the
REDC, also located in Melton Valley, and for other
parts of ORNL, include heavy-element production
and purification; radioactive waste management

R&D), fuel-cycle and fission-product research, and
support of some of DOE’s weapons activities.
CGareful planning and development of a
comprehensive center would optimize the value of
large capital investments already planned in Melton
Valley and would minimize the additional
investments needed (o sustain the radiochemical
processing capabilities needed within DOE to support
programmatic work. ORNL perceives this as a critical
national need. Success in creating the proposed
center would ensure continued capability to support
DOE-ER missions at the HFIR/ANS. The REDC
would provide extensive capabilities for R&D in
supportof DOE Office of Environmental Restoration
and Waste Management (DOE-EM) decontamination
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Table 5.5
Budget projections by fiscal vear for the developiment
of Melton Valley as a strategic resource for nuclear
and radiochemical technelogy”
(8 in thousands-—BA)

1993 1984

1995 1926 1997 1888

Total funding 500 500

1000 1000 2000 2000

“Funds are being sought from the Oifice of Energy Research under Program KC,
Basic Energy Sciences, and from the Assistant Scerctary for Nuclear Energy under
Program AF, Nuclear Energy Research and Development.

and decommissioning (D&D) needs and,

resolution of other radioactive waste-related
problems, would ensure the continued capability to
perform DOE Office of Defense Programs missions
currently under way and anticipated for the REDC,
would provide enhanced educational opportunities
to the next generation of seientists and engineers in
radiochemistry and radiochemical processing, aad

Fﬁ?ﬁ AW,

Jenter for Excellence in Rese

A Center for Excellence in Research
Reactors (CERR) has been proposed to DOE-ER
and DOE-NE. The CERR will be an information
gathering, processing, and disiributing activity
structured as an adjunct to existing research
activities and reactor operations. A data base will
be created to encompass research programs and
reactor facilities throughout the United States.
The CERR will conceptually serve as a bridging
mechanism between the broad community of
rescarchers who use research reactors and the
research reactor operators. In addition, thie CERR
will serve as a catalyst for increasing mutually
beneficial interactions within ihe rescarch reactor
operators’ community. The following are three
synergistic objectives of the CERR:

¢ To increase usage of research reactors by
idenrifving innovative uses of these facilities
andinforming prespective user communities
of opportunities available to them at these
reactors. [t will also promote modifications
and/or additions to research reactors to
improve the usefulness to the user
romaiunities.

e To provide technical support to research

reactor users by creating and maintaining a

would posture ORNL to support a resurgence of
nuclear cnergy R&D within DOE. Develepment and
expansior of nuelear and radiochemical capabilitics
within Melton Valley could also permit the eventual
location of all of ORNL’s hazardous facilities within
that valley and away from the ceniral Bethel Valley
location.

tive

arch Reactors

data base on user-oriented features. It will
also imaintain software systems and will
involve techiical personnel who could
perform sonie technical analyses for the
users and provide specialist contacts on
specific issues.

e To foster excellence in research reactor
operations by stimulating exchanges of “good
practices” and “lessons learned” ameng the
reactor operators and by encouraging
operators to participate in “common
element” activities. Asan example, the CERR
will support research groups in interactions
with existing operaticnal groups (such as the
Associationr for Excellence in Reactor
Operations) that are focused on promoting
excellence in all aspects of operations.
These objectives can be accomplished by a

relatively modest eifort (two FTE staff members per
vear) to compile and to provide user-oriented
information about research reactor facilities and to
stimulate mutually beneficial activities within the
research reactor community. The CERR concept
will build on strengths in existing research reactor
activities at ORNL, other DOE sites, and non-DOE
facilities and will strive to bring positive benefits to
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both the research reactor user community and the
research reactor operations comnunity.

Research reactors have been a vital part of
the early development of many fields of nuclear
science and engineering, and those same reactors
were essential to the development of nuclear energy
throughout the world. Nearly 100 research reactors
were bailtin the United States during the 1950s and
19608, but more than half of these already have been
shut down. Many others may be ¢losed in the near
furure because of decreased use during the last
decade, inadequate funding for modernization, and
more rigorous operating requirements. The
continued rapid loss of research reactor facilities
could seriously impact futare research programs in
numerous technical disciplines.

Traditional uses for research reactors are
expected to continue (for example, neutron
radiography, activation analysis, medical isotope
production, biomedical irradiations, materials
studies, and commercial product preparations). In
addition, much more exciting work is yet to be done
including, for example, research in advanced
ceramics and high-temperature superconductors.
Furthermore, the uses of reactors in experimental
research could increase significantly if an effort is
made to identify potential users and to inform them
of the current availability of the reactor facilities.
The decline of interest in nuclear power reactor
technology during the 1970s, the permanent closure
of many research reactors during the 1970s and
1980s, the shutdown of ORNL and other DOE
reactors for exhaustive reviews in the late 1980s,
aad the announced shutdown of others to occur in
the early 1990s—all of these factors have left
researchers seeking facilities that can provide the
propercombination of radiation fields, sample space,
temperatures, and other parameters for their
experunents.

The continued decline in the number of
research reactors in this country and the growing
need for such facilities in the future present a real
national dilemma. One of the factors contributing to
this dilemma has been the lack of any institation
having the purpose or the resources to identify the
existing and projected needs of the user comnumnity
for research reactor facilities and to develop an
integrated strategy ensuring that these needs could
be met. Many researchers do not have a reliable
sonrce of information about reactor facilities, and
because of the Laboratory’s reputation in reactor-
based research, they often call ORNL personnef for
help inlocating a reactor that is appropriate for their
experiments.

The organization of a CERR is a positive step
toward reestablishing U.S. leadership in nuclear tech-
nology. Specific activities of this program will include

* determining existing and projected user
needs for research reactor facilities;

e collecting, analyzing, evaluating, and
maintaining dataon existing research reactor
facilities relative to current and projected
user needs;

* developing a unified strategy for establishing
and maintaining a viable network of research
reactor facilities;

» establishing and maintaining a regional
center at ORNL to meet possible needs of the
user community and to stimulate new and
expanded use of research reactors (similar
centers may be established inother regions);
and

o cgtablishing and maintaining a regional
center at ORNL to promote excellence in
all aspects of ORNL research reactor
operations.

A CERR should encompass all 1U.S. research
reactors at both universities and nationallaboratories
and should involve individuals from throanghout the
entire nuclear technology community including
representatives of industrial users.

ORNL is especially well suited to initiate a
CERRbecause of (1) the existing strong commiitiment
to excellence in operation of research reactors,
(2) an established history of providing technical
support for reactor users, and (3) the presence
within ORNL and the vicinity of a diverse community
of research reactor users. This unique combination
of conditions does not exist at any other DOE site.
The successful implementation of a CERR will prove
very bencficial to the research conununity in that
access to research reactors will be enhanced and
more cost-effective. The reactor operators will benefit
from increased utilization of facilities and from cost-
effective improvements in operating standards. The
CERR will greatly expand educaticnal opportunities
for students and for professional staff members of
national laboratories, private companies, and
governmental agencies and will provide an effective
channel for transferring technology from
sovernment-sponsoredresearch programs to private
industries.

The proposed program will require sigonificant
initial effort. Our aim is accomplishment of the first
three objectives within the program’s first year.
Beginning in the second year other regional centers
could be established as institutional entities whose
purpose would be to further increase
comnunications and interactions with the user
community. The CERR will have no provision for
any operational responsibilities for the reactors; the
full responsibility for operating each reactor in
compliance with respective orders or regulations
must remain with the owners/operators. The CERR
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will stimulate increased usage of the reactors and
help make the facilitics more user friendly. Table 5.6
provides budget projections for the ORNL CERR.

They are also included in the ORNL April 1992

budget submission summarized in the “Resource

Projections” section (Table 10.5).

Table 5.6
Budget projections by fiscal year for ORNL’s
Center for Excellence in Research Reactors®
(¥ in thousands—mBA)

1993 1994

1995 1996 1997 1998

Total funding 0 393

411 430 450 470

“Funds are being sought from the Office of Energy Research under Program KC,
Basic Energy Sciences, and from the Assistant Secretary of Nuclear Energy under
Program AF, Nuclear Energy Research and Development.

Mow lnitiadive

Retention of the Pool Critical Assembly

A proposal has been made to DOE to retain
use of the Pool Critical Assembly (PCA) so thatit can
beusedin supportof training and education activities
for a broad range of users, including UT, Louisiana
State University, Mississippi State University, ORAU,
and DOE, in support of its mathematics and science
education initiatives.

From 1957 until 1985, PCA provided hands-
on educational experiences to nuclear and military
professionals. The PCA’s simple, basic structure
lends itself to easy comprehension of fundamental
reactor principles from an education or training
perspective. The following training expericnces are
possible at PCA:

¢ hands-on core assembly;
* hands-on reactor startups and shutdowns;
* reactivity determinations;

e spatial dependence measurements of
neutron absorber worth, neutron
importance, and power density;

e neutron speciral measurements; and

e neutron activation analysis.

A PCA restart plan will be utilized and will
contain a work breakdown structure that will detail
all tasks required for restart. Funding has been
requested to relocate, restart, and operate PCA in
support of the mathematics and science education
initiatives advocated by DOE in SEN-23-90. The
PCA will also be utilized to train DOE Reactor
Operations professionals, nuclear industry
personnel, and nuclear-engineering students. Restart
activities will require fundingin Y 1994 and FY 1995
(Table 5.7). After restart in FY 1996, operations will
require about £300,000 annually, part of which will
be provided by the HFIR training scction.

Table 5.7
Budget projections by fiscal! year for ORNL's
Retention of the Pool Critical Assembly*
(8 in thousands—DBA)

1993 1994

1595 1996 19887 1998

Total funding 0 550

682 417 330 340

“Funds are being sought from the Office of Energy Rescarch under Program
KC, Basic Energy Sciences, and from the Assistant Secretary of Nuclear Energy
under Program AF, Nuclear Energy Rescarch and Devcelopment.
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Itis proposed to relocate the PCA to Building
7930 of the REDC at ORNL. The fuel and core
assembly will occupy an 8- by 12-ft area in the north
end of an existing californium storage pool. A 1200 ft?
annex will be required to house training facilities,
work areas, and the PCA control room. Funding for
the control room annex will be requested utilizing

GPP monies. The PCA will become a part of the
REDC Gomnplex; however, REDC will not provide
auy funding, and a fair share of utility usage and pool
demineralization costs will be paid by PCA.

PCA-enhanced trainipg programs will
provide benetits of increased professional capahilities
for students as well as for nuclear specialists.

KCO4-—Engineering and Geosciences ® The major cffort supported by the engineering
component of the Engineering and Geosciences Program is the Center for Engineering
Systems Advanced Research (CESAR). One new engineering initiative is a proposed study
of advanced bioprocessing systems for energy production and conservation. An initiative is
in preparation that will focus on the elucidation of the theory of interactions for multibody
problems in external fields. The cffort will center on nonlinear approaches and will
emphasize the application of parallel computation in these systems. This will be the
centerpiece of a eollaboration between ORNL and the University of California at Berkeley.

The CESAR Project will continue autonomous mobile robot research {the Hostile
Environment Robotic Machine Intelligence Experiment Series (HERMIES)] using the small
HERMIES-1IB test bed and the recently constructed HERMIES-III, which has sigaificant
manipulation capabilities. Funding is expected to increase slightly during the reporting
period. New areas of eruphasis include the combined use of sensor-guided manipulators and
platform mobility and the control and allocation of hetercgeneous resources (e 8., multiple
cooperating autonomous robots). A collaborative venture with the French Atomic Energy
Association will javolve a performance comparison of algorithms, software, and hardware
used in computer simulations and oo mobile robots. The collaborative research environment
and facilities at CESAR continue to attract faculty and students from universities in the
United States and overseas (e.g., Belgium, Japan, and South Korea).

The recent DOE emphasis on waste R&D research includes the role that artificial
intelligence and robotics might play in this multidisciplinary effort. CESAR is uniquely
positioned to contribute to this initiative because of its focus since 1984 on the R&D of
robotic intelligent machines for operation in hazardous, unstructured environments.
Existing relationships with the decontamination and decommissioning effort at the Oak
Ridge K-2§ Site and ongoing collaboration with the robotics technology development and
integration effort for environmental restoration and waste management show that the long-
term CESAR commitment to basic R&D in intelligent machines results in the ability to react
and to contribute quickly to the solution of pressing applied problems. Under the Space
Defense Technologies and Robotics and Intelligent Systems programs, ORNIL staff will
provide program coordination and technical leadership for the robotics element of 2 DOE
space effort.

The Geosciences Program concentrates on the fundamental geochemical processes
that control elemental and isotopic distributions in the earth’s crust. Special facilities for
study of high-temperature aqueous and magmatic systems are used to study metal-ion
complexing by carboxylates, mineral solubilities and erystallization, stable isotope exchange
with minerals, and the thermodynamies of the carbon-hydrogen-oxygen system at extreme
conditions. Experimental data are used to model the evolution of natural systems pertinent
to BOE geothermal and hydrocarbon energy programs. New acoustic imaging methods for
subsurface and magmatic environments are being developed. A unique ion-microprobe

sapability to conduct isotope distribution studies is being applied to mineral assemblages.

KC05—Advanced Energy Projects ¢ T'he Advanced Energy Projects Program supports
exploratory research in materials and chemical science at moderate levels, typically for
3 years’ duration. laitiatives include projects in electric-field-driven ceramic precursor
reactors, the development of oxide particulates for use in evacuated insulating panels, the
elucidation of enzyme hydrolysis mechanisms waste-paper conversion to chemicals, and
novel composite coatings for high-temperature friction and wear control.

KCO7—Applied Mathematical Sciences * The Applied Mathematical Sciences

Program supports research in parallel-processing algorithms and the development of

Scientific and Technical Programs 1| 5




528 1l

applied mathematical, statistical, and computational methods for analyses of physical
processes. These research activities are supported by an Advanced Computing Laboratory
that provides research computers with a variety of architectures in various stages of
development. Parallel computers currently in the Advanced Computing Laboratory include
an Intel Beta, an InteliPSC/2, an nCUBE/4, a Sequent Balance 8000, a Cogent multiprocessor
workstation, and an Intel iPSC/860 supercomputer. The latter item has 128 processors and
a peak rating of 7.6 gigaflops.

The following will continue to be major research areas: sparse matrix computations,
performance characterization, basic matrix computations, design and analysis of
computational experiments, and the analysis and numerical solution of partial differential
equations. Pervasive in this research is the requirement for parallel processing and related
software tools to meet the computationally intensive needs of today’s computer models. A
continuing initiative for ORNL that is heavily dependent upon the KCO7 Program is the
Grand Challenges in Computational Science. (See “Center for Computational Science” in
Sect. 4.)

Groundwater modeling is one of the grand challenges selected by DOE because of
its importance in evaluating groundwater-contamination and groundwater-remediation
strategies. New groundwater codes will be developed on parallel computers that allow
greater complexity in processes as well as scale. By examining site-specific problems,
different simplifying assumptions can be tested and different remediation strategies can be
evaluated. These are important steps in saving time and cost for groundwater cleanup by
picking effective modeling and remediation techniques. The expertise developed in the
Applied Mathematical Sciences Program will be one of the key foundations for developing
this initiative. The second Grand Challenge problem that is already in place is in the First
Principles Simulation of Materials Properties. The goal is to allow existing quantum and
statistical mechanics codes currently restricted to tens of atorms to be scaled up to thousands
of atoms. This scaling will requirc the use of sophisticated numerical techniques that scale
up as the cube of the number of atoms.

CHAMMP, the new DOE initiative in KPOS Atmospheric and Climate Research
Division, will benefit from the basic program in KC07 and will drive some of its future
research activities. The initiative requires new parallel-computing research in numerical
methods; software tools; software engineering; statistical analyses; and data storage,
retrieval, and visualization. ORNL’s researchers in the KCO7 and KPOS5 programs will work
closely together to draw upon required expertise.

Kir--Energy Resparch Analvses

ORNL supports the DOE-ER in technical and economic assessments of alternative
energy sources for selected sectors of the U.S. economy. The funding level varies according
to the specific needs of DOE but is expected to remain relatively stable. During FY 1992,
ORNL provided support for the Office of the Secretary of Energy Advisory Board and the
Office of Energy Research in technical review of DOE research programs. Future techuical
and analytic support for assessments of programs will be provided as requested. ORNL
anticipates providing support for analysis of global climate change issues and new analyses
in support of the reauthorized National Acidic Precipitation Assessment Program.

b

UG Rulinrograms: Energy Labovalories Facililies

Boappoert

The DOE Multiprogram Energy Laboratories Facilities Support Program provides
funding for general-purpose, line-item construction projects at ORNL. General-purpose
facilities include facilities such as office, laboratory, and shop buildings housing administrative
and Laboratory-wide support functions, utility systems, and roads that relate to many
programs. Line-item construction projects are those with a total estimated cost of
$1.2 million or more.
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ORNL has a large backlog of facilities deficiencies for which a number of corrective
construction projects are proposed. See the “Site and Facilities” section (Table 9.2) for a
more complete description of ORNL's facilities needs along with a complete list of proposed
line-item construction projects that include those being submitted to this program.

KP-—Biplogical and Environmmental Research

Goals of the KP Program are (1) to study the interaction of energy-related physical
and chemical agents with living organisms and the environment including their transport,
chemical transformations, adverse health effects, and ultimate consequences to humans
and the environment; (2) to contribute to DOE’s Nuclear Medicine Program and other
beneficial applications programs; and (3) to transfer research findings and technological
developments outside ORNL. Research areas in biology include mammalian genetics,
molecular genetics, protein engineering, cell biology, carcinogenesis, macromolecular
structure, mutagenesis, and risk assessment. Environmental science research covers
biogeochemistry, environinental biotechnology, slobal environmental chemistry, ecosystem
studies, geosciences, hydrology, environmental assessment, theoretical ecology, and
Jandscape ecology. Health and safety research encompasses human health analysis,
epidemiology, health assessments, radiation and chemical physics, dosimetry, nuclear
medicine, and instrumentation development for sensitive detection and monitoring of
chemicals. In addition, two unique user facilities are supported by the KP Program: the Qak
Ridge National Environmental Research Park and the BRE. Users of these facilities include
staff members of national laboratories and industries, and students and staff members from
uaiversities.

The ORNL KP Program is one of the broadest multidisciplinary life sciences
research programs in the nation and covers a diverse range of both basic and applied studies.
Overall, the KP Program at ORNL is expected to experience growth in global change
research, subsurface sciences, molecular and mammalian genetics, human genome research,
strictural biology, and human health effects studies in this planning cycle.

KPO1—Analytical Technology-Dosimetry Research and Measurement Science ® One
of the important tasks of this activity is the development of radiation exposure-dose
relationships through modeling the biokinetics of radionuclides within the body and
modeling the deposition of ionizing energy within radiosensitive tissues from these
radionuclides and from radiation externally incident upon the body. Such exposure-dose
relationships compose the cornerstone of radiation protection and serve an important role
in the evaluation of medical diagnostic procedures involving use of radiopharmaceuticals
and X-ray machines.

Development of models describing the biokinetics of radionuclides in persons other
than a hypothetical young adult male has required a substantial departure from the
traditional empirical approach of “curve fitting” of data from a limited number of exposed
individuals. As far as is practical, the models currently being developed explicitly depict the
tissues and physiological processes controlling the movement or retention of radionuclides
in the body. The advantages of a physiologically realistic approach are that it allows
(1) incorporation of basic physiological information into the model, (2) realistic treatment
of decay products formed in the body, (3) meaningful extrapolation of data from laboratory
animals to humans, (4) meaningful analogies between an element of interest and
physiologically similar elements, and (5) a linkage between excretion of a radioactive
element and movement among body tissues and blood. Biokinetic models, along with
age-specific dosimetric models, developed by this work are featured in the first report of the
International Commission on Radiclogical Protection (ICRP) that tabulates data on the
organ dose per unit intake for individuals of various ages. Extensive participation by ORNL
staff on committees and task groups of the National Council on Radiation Protection and
Measurements, the Medical Internal Radiation Dose Committee of the Society of Nuclear
Medicine, and the ICRP provide recognition of the scientific expertise in this program.
Another effort under this activity involves multidisciplinary research targeted toward three
major areas: (1) cost-effective chemical and biological screening techniques, (2) biological
and chemicalsensors, and (3) basic technical advances of emerging monitoring technologies.
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A continuous monitor for formaldehyde in indoor air has been developed. The device is
inexpensive because sensors placed throughout a building are multiplexed through optical
fibers to a single light source and detector. Individual sensors measure the color produced
when formaldehyde reacts with a chemically selective reagent. Formaldehyde can be
detected at levels below OSHA-regulated concentrations, and there is no interference from
different aldehydes or other common chemicals found in the indeor environment.

We have initiated the development of the second-generation fluoroimmunosensor
(FIS). The previous FIS devices were developed for “one-shot” measurements, while the
second-generation FIS devices are designed to be regenerable. By combining FIS technology
with a capillary reagent delivery system, we have constructed microseale sensors that are
capable of performing a variety of heterogeneous FIS procedures repetitively, remotely, and
in situ (Fig. 5.8). These procedures include adding a solid- or liquid-phase antibody, adding
sccondary reagents (e.g., the labeled “second” antibody when performing sandwich assayvs),
and rinsing to remove unbound impurities. In addition to delivering reagents, the sensor has
the capability of sampling analytes through a membrane via either diffusion or aspiration.
The latter mode of sampling could be very beneficial in the eventual use of the sensor for
the measurement of large
molecules.

Other instrumentation
development is directed toward a
portable luminscope for low-cost
field screening of polychlorinated
biphenyls (PCBs) and a dosimeter
for continuous monitoring of
chemical warfare agents.

ORNL researchers have
international recognition in
ncutron dosimetry. Annual
international personnel ncutron
dosimetry intercomparsion studies
at the Radijation Calibration
Laboratory (RADCAL)areamajor
focus of technology transfer.
RADCAL has been outfitted with
radioisotopic sources and an X-
ray machine configured to deliver
o5 tave developed an chcise a_ioses at spcs:ifiod location:ﬂ.
ondl 4o fetact sttomets The major emphasis of researchis
o, an R&D 100 on persennel radiation dosimetry,

i but RADCAL is also involved with
nuclear accident dosimetry,
radiobiology research, national
dosimeter performance test
programs, teaching and training
activities, and dosimeter intercomparison studies expanded to include beta, gamma, and
X-irradiation as well as neutrons.

A broad-based research program in the HASRD is directed toward increasing our
knowledge of detrimental effects of all types of energy production. Included in this program
areresezrch on chemieal, biological, and physical agents associated with energy technologies;
development. of advanced measurcment techiniques; and development of appropriate
assessment and risk-analysis methodologies needed to make balanced estimates of current
and future cnergy strategies. Using software developed by the Geographic Data Section of
the Computing and Telecommunications Division, researchers can examine images of
organs of interest to define their shape, size, location, and density. These data are used in
radiation traasport calculations using Monte Carlo methods to compute the deposition of
jonizing energy in radiosensitive organs and tissues of the body from medical and
environmerital radiation exposures.

and the Uriverslly of Tenness
neensor ihat can be 2
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KPO2-—Environmental Research ® The goal of the KPO2 Program is to increase our
understanding of the trangport, transformation, and effects of energy-related contaminants
in the environment. To gain a greater appreciation of the fundamental biological, chemical,
and physical processes governing the transport and effects of materials in the environment,
linkages among the atmosphere, the terrestrial biosphere, and fresh water systems are
emphasized. Basic studies in radon dynamics focus on subsurface source and transport
mechanisms.

Environmental Biogeochemistry ® 'The ORNL atmospheric research project
concentrates on quantifying several aspects of atmosphere/biosphere exchange that are
critical in understanding and predicting the effects of global change. These include wet and
dry removal processes and surface emission rates of both natural and pollutant constituents
important to tropospheric chemistry and biogeochemical cyeling. Major emphasis is placed
on determining the interactions of these materials with forest canopies, particularly in
complex terrain. New issues in the planning stage include testing and application of
throughfall methods for quantifying terrain and canopy controls on deposition in mountain
forests and developing and testing methods and models of mercury vapor interactions with
land and water surfaces. This work supports DOE tasks in the arcas of dry deposition,
precipitation scavenging, deposition modeling, landscape scaling, biogenic emissions, and
biogeochemical cycles.

Transport studies involve the measurement of naturally occurring radionuclides
("Be, **S, and #°Pb), anthropogenic radionuclides (*7Cs, #Pu, and *Pu), and stable
isotopes (°CL BN, “H, °H, and O) to trace and quantify the dispersal and fate of energy-
related materials, as well as fixed carbon, in watershed, estuarine, and ocean-margin
systems. The watershed research is focused on identifying groundwater and surface water
sources and on quantifying the extent to which atmospherically derived substances such
as sulfur and lead biogeochemically interact with drainage-basin soils and vegetation during
runoff or snowmelt. The marine research is focused on using biogeochemical tracers to
quantify the exchange of materials between the land and sea, between continental shelf and
slope, and between sediments and water column. Planning and scientific exchange between
the Institute of Energy Problems and Chemical Physics and the Institute of Oceanology of
the Russian Academy of Sciences and QORNL has been under way since 1991 to develop a
joint research program to investigate biological and hiogeochemical effects of increased
ultraviolet radiation on marine ecosystems. ORNL-led studies within the program framework
include assays for DNA damage in phytoplankton' that can be attributed directly to
ultraviolet B (UV-B) radiation as well as changes in biogeochemical cycling as traced using
radioisotopic tracers and stable isotopes. This program will use ship support from the
Russian Academy of Sciences in 1992 and 1993 and is designed to take advantage of the
complementary and unigue skills of ecach organization involved. This research is important
for three reasons: (1) for developing predictive capabilities to assess (over large spatial and
temporal scales) the net movement and biogeochemical fate of substances associated with
energy-development and waste-disposal activities, (2) for determining their potential
effects on terrestrial and marine ecosystems, and (3) for evaluating rates of transfer and
eyeling of carbon between various reservoirs that may be influenced by global change.

Radon * The subsurface source, transport, and entry of radon-bearing soil gas into
residences is a critical component of environrpental radon dynamics. HASRD continues to
study relevant mechanisms pertaining to houses and geology in the southern Appalachians
with funding from OHER. These studies are designed to gain insight into climatic, seasonal,
and sparial fluctuations of indeor radon concentrations. These studies are important to
efferts to identify efficiently those structures in most need of remedial action. As a
conserquence of these and earlier studies, ORNL staff have developed widely recognized
expertise in the mitigation of elevated radon levels in housing and administrative buildings.
In the past 2 years, staff members have been invited by the Air Foree and the Navy to teain
their personnel in these principles at sites ranging from Guam in the Pacific to Bermuda in
the Atlantic. Other agencies, including DOE, bave expressed interest in our findings and
expertise.

Ecosystem Funciion and Response » Euvironmental Sciences Division research for

OHER {ocuses on bingeochemical cycling at the watershed scale; Walker Branch Watershed
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is a central research facility. Research also addresses atmospheric-deposition inputs,
subsurface hydrologic transport, element cycles, and effects in streams. Qur research on the
physiological ecology of terrestrial vegetation is an integral component of the Walker Branch
Watershed Project. The scientific goals of the Walker Branch Watershed Project directly
coincide with the type of research identified by OIIER as being a critical national R&D need.
In particular, one of OHER’s miissions is to understand the physical, chemical, biological,
and geological processes that directly and indirectly control the flux of energy-related
contaminants from their sources through the environment to sensitive receptors or long-
term sinks. The Walker Branch research focus is on the spatial and temporal variations in
mechanisms that regulate the storage, transformation, and transport of critical ecosystem
resources such as carbon, nitrogen, and phosphorus (Fig. 5.9). A Major new initiative is a

large-scale rainfall-manipulation experiment to investigate the effects of climate change on
critical ecosystem processes in deciduous forests. Ressarch on vegetation response to air
pollution stress (particularly O, SO,, NO,, and acid deposition) has achieved national
prominence. Our research efforts encompass the role of terrestrial-aquatic linkages in the
processing of atmospheric pollutants and changes in stratospheric ozone and the effects of
UV-B on bictic resources in terrestrial and aquatic systems. As is the case in most
technology-related pollution problems, an interdisciplinary approach is required for
planning and conducting the appropriate research.

National Environmental Research Park o The Oak Ridge National Environmental
Research Park is directed to include networking with the other five DOE parks through the
ParkNet System. Park goals focus on

e jntegration andsynthesis of existing dataacross parks, including site-characterization
data collected as part of the Environmental Restoration Program;

coordination of activities among parks;

on-site data managementanddataorganization (including establishment of computer

data bases of historic data) and coordination with the Oak Kidge Reservation

Environmental Information Systems DOE waste-management activities;

+ activities prometing the parks as a coordinated network of cooperating research
sites; and

e ParkNet leadership in the disciplines of landscape ecology, remote imagery
applications, and species diversity.
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In January 1989 the Oak Ridge Research Park was formally chartered as a
component of the Southern Appalachian Man and Biosphere Reserve. Park activity provides
special leadership in the region on biodiversity, climate change, environmental education,
and acid deposition. As directed by DOE, no research or data collection is funded by the Oak
Ridge Research Park. The ¥FY 1991 DOE budget for the park was $125,000; this supported
an individual to respond to ParkNet inquiries, to sponsor remote imagery workshops, to
organize files on existing environmental data, to travel to Research Park meetings, and
administratively to manage and monitor activities on the 5008 ha. As is noted in Sect. 7,
“Contributions to Economic Competitiveness,” (Guest Research and User Facility programs),
ecological and environmental health visitors conducted thousands of user days of
environmental research, monitoring, and restoration activities in the park during FY 1990.
Extensive and assorted data on the park can provide a rich resource if automation and
retrieval is prioritized and focused on key issues. Alternative sources of funding have been
under consideration to develop and to actuate a central plan consistent with Research Park
objectives. Climate change, environmental restoration, environmental risk, and sustainable
systems are some alternatives under consideration. Very recent activities that have been
conducted at the park but not funded by the park include administration of wildlife
management (deer hunts, turkey and osprey restoration, and pest management), wetlands
surveys (Fig. 5.10), herbarium development, and rare plant surveys and management. More
theoretically based research funded by DOE, Electric Power Research Institute (EPRI), and

EPA support has addressed nutrient dynamics and ion chemistry studies on the Walker:

Branch Watershed, stream biological diversity
evaluations, high school honors summer
research projects, studies of greenhouse gas
effects on tree growth, and workshops on data
sharing with the other biosphere components
of the Southern Appalachian Man and
Biosphere. Other studies have evaluated forest
fragmentation and recovery, forest responses
to drought, stream fauna population dynamics,
and effects of geomorphology on potential
contaminant subsurface transport. Test wells
are monitored throughout the site. In addition,
various forms of remote imagery have been
integrated with ground data using Geographic
Information System technology for portions of
the park.

Theoretical Ecology ® Research efforts
will increase on quantification of regional
landscape patterns and the processes affecting,
ecosystems at large spatial scales. Our
theoretical research has explored some basic
properties of scaled systems with a view toward
taking advantage of the scaled structure in
predicting system dynamics.

Theoretical and modeling studies are
desigaed to develop methods for measuring
ecological patterns of natural and managed
landscapes, relating these patterns to processes,
and estimating how these patterns will change
as aresult of broad-scale disturbances. A major
challenge of this work will be the careful
development of statistical approaches to the
analysis of spatial patterns. New emphasis will be placed on testing and on validation of
theory and models through the use of field and remote-sensing data available from the
Research Parks and through collaboration with other agencies {e.g., the National Park
Service and the EPA’s Environmental Monitoring and Assessment Program).

Figure 5.10
Lamry Pounds
and Rebecoa
Cook classify
plant species
growing n &
weltland on the
Oak Ridge
Reservalion. As
part of an
ongoing project,
they will use this
tmformation
shong with soil
samples and
hydrologic dais
o identity the
boundsies of
wetiands so that
activitias
planned on the
reservation can
be directed away
from these
federatly
protecied sreas.
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Advanced Photonics for Environmental Needs

Fucled by the growing global concern over
environmental insults, a critical need has developed
for the next generation of instruimentarion to have a
high degree of sensitivity, seleetivity, and portability.
These needs arise in quantitative studies of waste
gencration, transport, and remediation, as well as
global atmospherie problems such as the world
energy balance {greenhouse effect), the ¢zone
depletion problem, and the study of airborne
pollutants. Forinstance, the DOK's new Atmospheric
Radiation Mcasurenmicnt Program will require state-
of-the-art remote-sensing, instriimentation. Photorics
instrumentation, particularly instrurentation
involving novel lasers and newly discovered physical
principles, is capable of providing “single-atoni
sensitivity” and isotopic, atomic, or molecular
selecetivity. Furthermore, photonies devices are
becoming more compact, ficld-hardened, and in the
cascoflasers, capable of remote application. Table 5.8
summarizes budget projections for this initiative.

ORNL’s Health and Safety Rescarch
Division is a leader in developing and using laser

technology to study fundamental chemical and
physical processes. Responding to the needs of both
environmental scientists and waste cleanup
specialists, many of these new techniques can be
focnsed on applied measurements. As examples,
two oiigoing instrumentation development programs
arcdirectly linked to needs of ESD. Gne has involved
adevice to measure UV-B penetration in leaves; the
other, a sensitive optical mass spectrometer for
measurement of organics in forest canopies. A third
proposed device for laser remote scnsing of
atmospheric species would address the measuremeiit
of greenhouse gases. This initiative s
interdisciplinary (chemistry, physics, and
cavironmental science) as well as interdivisional in
its contribution to solving urgent national
problems. This activity is part of a larger
Laboratory-wide Photonics Initiative being
developed by sceveral ORNL research divisions
under the auspices of the recently formed ORNL
Advanced Photonics Working Group.

Table 5.8
Budget projections by fiscil year for Advanced Photonics
for Environmental Needs Iniiiative"
(8 in millions-—-BA)

1553

1954

1894 1887

1885

Total funding 0.7

0.8

1.0 1.2

“Funding is being sought from the Office of Energy Research under Program KP,

Biological and Environmental Rescarch.

s

Recent years have brought a revolution in
microscopy through tlic introduction of electron
scanning-tunneling microscopes (STMs), atomic
force microscopes (AFMs), and photon scanning-
tunneling microscopes (PSTMs). The PSTM is also
capable of performing high-resolution optical
spectroscopy and can carry out chemical mapping
with spatial resolution previously unattainable. The
STM has produced topographical mapping on an
unprecedented scale (Fig. 5.11). The STM has

58 1

Mawy Tai¥f

=

Biological Imaging and Analysis Center

produced topographical images of DNA and its basc
pairs on conducting substrates, while the AFM has
performed similarly for samples on mica (Fig. 5.12).
Several hybrid versions of these instrumeiits are on
the horizon, and significant breakthroughs in
biological imaging and analysis can be expected.
ORNL has made pioneering contributions
to this field, including the invention of the PSTM.
Future research will include development of
methodologics forabroad range of biological samples
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Figure 5.11
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and development of hybrid instruments for chemical | chemical mapping of biclogical samples using the
mapping. Also targeted for investigation is the use of : PSTM. Table 5.9 summarizes budget projections for

combined infrared and optical spectroscopy for [ this initiative.

Table 5.9
Budget projections by fiscal year for the
Biological Imaging and Analysis Center*
(% in millions—BA)

1993 1994 1995 1996 1997 1998

Total funding 0.9 1.0 1.1 1.2 1.2 1.2

“Funding is being sought from the Office of Energy Research under Program Kp,
Biological and Environmental Research.
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Subsurface Science Research

We will continue our work in the areas of
hydrology, geochemistry, modeling, and colloid
chemistry in support of DOE programs in site-
directed subsurface transport of hazardous
substances and subsurface microbiology.
Additionally, we will increase efforts related to
heterogeneity of the geological, hydrological, and
microbial components of the subsurface
environment and will initiate efforts related to the
origin or transportof microbes in the deep subsurface.
Research in subsurface sciences is directed toward
defining, understanding, and predicting the
movementof energy-related contaminants in humid
regions with highly organic natural waters. In direct
response to the accelerated efforts on the part of
DOE to address the characterization and eventual
cleanup of contaminated facilities, this work is
expected to grow significantly because it will

represcnt an essential element in the waste R&D
plans (Table 5.10). At present, activities at ORNL
consist of laboratory and field studies that are
integrated with the development and application of
hydrologic and chemical transport models. These
studies involve research on the role of colloids and
microbial populations in affecting subsurface
transformation of energy byproducts (including
mixed wastes), modeling of the spatial heterogeneity
of soils, and research on the thermodynamic and
kinetic parameters important to contaminant
migration at DOE sites. These, as well as new
initiatives that are responsive to DOE’s waste R&D
plans, will continue and will provide a unique and
sound foundation for understanding subsurface
contaminant migration in a humid environment
(Figs. 5.13 and 5. 14).

Table 5.10
Budget projections by fiscal year for the
Subsurface Science Research Initiative®
(8 in millions—BA)

1993 1994

1995 1996 1997 1998

Operating expense 5.7
Capital equipment 0.8

7.0 7.3 75 80
1.0 1.0 1.0 1.0

*Funding is being sought under Program KP, Biological and Environmental

Research.
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Waste R&D-—Basic Science ® Although some of DOE’s contaminated sites can be
cleaned up with existing technologies, in many other cases our level of understanding of the
complex systems associated with the remediation of past disposal sites and the transport
behavior of contaminants is poorly developed. Foresight in identifying tuture needs as well
as a relatively long-term commitment toward research directed at basic science issues
related to environmental restoration are required; goals of this effort are laid out in terms
of several decades rather than a few years. Leadership in this area of basic R&D must evolve
rapidly and must integrate multidisciplinary science into a focused program that strives to
develop the fundamental basis of knowledge that will be required to allow the DOE efforts
at restoration to be successful in a cost-effective and environmentally safe fashion. Basic
R&D support today will help ensure timely, cost-effective methodologies for tomorrow.

The basic R&D challenge is to address the following broad objectives that are
representative of the foundation of a sophisticated understanding of long-term needs for
environmental restoration:

¢ an understanding of the biological, physical, and chemical factors that control the
movement and chemical transformations of radioactive, hazardous, and mixed
wastes in subsurface and surface water systems;

¢ the development of methods for the accurate prediction of contaminant movement
in the environment (Groundwater Transport in Environmental Modeling and
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Remediation has been selected as one of two grand challenges in the High

Performance Computing and Communications Program at ORNL);

¢ the development of new remediation technologies (i.e., physical, chemical, and
biological) for environmental restoration;

* implementation of a consistent approach in assessing (1) the impact of remediation
on human and environmental health and (2) the health and environmental risks
associated with historic, current, and planned disposal operations; and

¢ utilization of methodologies in performance assessments and postremediation
monitoring.

These broad objectives will demand a wide variety of technical disciplines as well
as a highly interactive operational structure. For example, significant emphasis must be
placed on developing (1) analysis capabilities including those related to geochemistry and
hydrology as well as to risk analysis and (2) fundamental data bases that can support the
analytical models. The interactive relationships between wastes of different types and
natural processes of varying nature must be studied. Emphasis must be placed on microbial
transformations that can be utilized in remediation as well as on other biological parameters
that can effectively serve as risk and performance assessment evaluators. Inherent in this
work will be the need for enhanced computational capability and the use of artificial
intelligence and expert systems as means for aiding restoration decisions. The identification
of basic research issues of importance to the waste R&D effort will change as technologies
develop and as new problems are encountered.

KP03, KPO4—Health Effects and General Life Sciences ® Common themes within
these activities are interactions of animals, cells, and molecules with their respective
environments. In the analytical technology area, physical properties of materials of
biological or environmental importance, mechanisms that govern transport and chemical
transformations of pollutants, and the details of direct interactions of harmful agents with
biological materials are studied through a variety of theoretical and experimental techniques.
The efforts encompass interactions at the atomic, molecular, and macroscopic levels in
solids, liquids, and gases; on surfaces; and at solid-liquid interfaces. Special emphasis given
to interactions in liquids includes Monte Carlo modeling of radiation effects on biological
molecules in irradiated matter. Strong emphasis is given to development of techniques that
provide advanced instrumentation for characterizing and sensitively detecting a wide range
of chemical species and related biomarkers of health effects. Included in this effort are
unique applications of laser optical techniques, ultraviolet and soft X-ray spectroscopic
techniques, electron-beam microlithography, electron microscopy, scanning tunneling
microscopy, mass spectrometiy, and picosecond laser techniques. ORNL’s new program for
experimental studies of picosccond processes in liquids, gases, and molecular clusters
concentrates on studies of structure and dynamics relevant to energy deposition.
Programmatic areas of emphasis include mammalian genetics, protein engineering, and cell
biology.

Mammalian Genetics ® Mammalian genetic research is utilizing existing mutarional
resources, as well as generating special new ones, for investigations into the DNA structure
of certain genomic loci and regions, for correlating such structure with developmental
processes, and for building bridges between the mouse and human genomes (Fig. 5.15). A
recently initiated program in targeted mutagenesis is expected to add to the capabilities for
functional analysis of genes.

Molecular and advanced cytogenetic techniques are used for analyzing the nature
of agent-induced and insertional mutations-—advancing the understanding of mechanisms
of mutagenesis. The developmental pathology of selected mutants is investigated in depth,
especially where such mutants provide models for human genetie disorders. In addition, the
program is a national resource for studying genetic risk from environmental mutagens and
for determining the sensitivities and biolegical properties of diverse types of reproductive
cells.
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Among recent accomplishments of the mammalian genetics program are the
following:

e human DNA clones implicated in a pair of important human genetic discases
(Prader-Willi and Angelman) have been found to map within a genomic region of
mouse Chromosome 7 that has been molecularly characterized in detail at ORNL,
thus providing the opportunity to investigate basic mechanisms involved in these
diseases;

e an insertional mutation has been generated and characterized that will provide an
important animal model for human polycystic kidney disease (Fig. 5.16);

Flgure 5.15
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¢ evidence has been obtained suggesting that interruption of the finely tuned program
of very early gene expression in the conceptus could be the mechanism responsible
for the high frequencies of congenital malformations that follow exposures of very
early embryos to certain chemicals; and
» several chiemicals have been found that are mutagenic only in females.
Closelyaligned with mammalian studies, molecular genetics willinclude investigations
of genomic structure, regulation of gene expression, and structure and function of gene
products. Researchers at ORNL have the capability to visualize higher-order chromatin
structure and the three-dimensional structure of nucleosomes (the core particle of
chromatin) by using X-ray and neutron diffractometry and special techniques in electron
microscope tomography developed at ORNL. Cloning of segments of the eukaryotic genome
and their subsequent sequencing are providing new insights about the nature of regulatory
clements of DNA and the propensity of small regions of DNA to undergo spontaneous
mutations.
Protein Engineering  Protein engineering (site-directed mutagenesis) represents
the use of recombinant DNA technology to alter the structure of proteins systematically by
replacement, addition, or deletion of amino acids in targeted regions. In the scant 10 years
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since its inception, protein engineering has emerged as the most powerful tool for probing
structure-function relationships and has opened exciting new vistas for optimizing properties
of proteins for medical, industrial, and agricultural applications.

In terms of breadth and integration of many activities in molecular genetics and
biochemistry, ORNL’s program in protein engineering is unique among DOE laboratories.
Current efforts center on several functionally diverse proteins: ribulose bisphosphate
carboxylase/oxygenase (Rubisco), the CO_-fixing enzyme and a determinant of biomass
yield; EGF, a polypeptide hormone that stimulates cellular growth and differentiation; and
O6-methylguanine-DNA methyltransferase (Ada), a protein that repairs mutagenic lesions
in DNA caused by alkylating agents. With respect to Rubisco, there are two compelling
reasons for carrying out site-directed mutagenesis: (1) despite the absolute dependence
(direct for plant and indirect for animals) of all higher life forms on the enzyme, many
mechanistic questions remain unanswered; and (2) if the enzyme’s oxygenase activity
(detrimental to net CO, fixation) could be reduced, major increases in plant productivity
might be achieved.

Several extracellular protein factors are capable of stimulating the growth of cells
and the expression of specific genes believed to be involved in the entrance of mammalian
cells into, and progression through, the cell cycle. One of the most highly studied among
these is EGF, a 6-kDa single polypeptide chain having three internal disulfide bonds that
initiate its action through high-affinity ligand binding to the specific cell-surface EGF
receptor. In response to EGF, the receptor undergoes autophosphorylation on tyrosine
resicues by its intrinsic protein kinase activity; this, in tur, phosphorylates exogenous
substrates, which triggers a cascade of biochemical events, including increased glycolysis
and protein synthesis and increased transcription of specific genes that ultimately lead to
a stimulation of DNA replication and cell division. Some aspects of the function of EGF can
be addressed by site-directed mutagenesis of the human gene that we have synthesized and
cloned in E. coli.

The ubiquitous and unique Ada protein is responsible for the repair of Q6-
alkylguanine, a promutagenic and procarcinogenic lesion in DNA produced by many
alkylating mutagens including N-alkylnitrosamines. This protein, in a suicide reaction,
reacts stoichiometrically and irreversibly such that alkyl groups from DNA are transferred
to cysteinyl sulthydryl groups of the protein itself. The molecular basis for the multiple and
disparate functions of the Ada protein are being studied by site-directed mutagenesis of both
the structural and regulatory regions of its gene (already cloned and sequenced). Additional
gene products under close serutiny include enzymes involved in transeription of DNA and
membrane-transport proteins responsive to environmental insults.

Recent accomplishments illustrating progress made in the protein-engineering
program are as follows:

¢ The elucidation of the three-dimensional structure of Rubisco by Brandén and
colleagues in Sweden validated our approaches to addressing structure-function
issues by mutagenesis even in the absence of crystallographic data. These issues
include identity of active-site residues, function of active-site residues, active-site
location in oligomeric enzymes, and determinants of substrate specificity. Innovative
chemical-rescue methods have been applied to questions of substrate specificity.

* Both agonists and antagonists of human EGF have been designed. The agonists may
be super growth promoters having clinical application in wound healing; the
antagonists offer potential as antitumor agents.

* By having cloned the DNA for human O6-methylgnanine-DNA methyltransferase,
the hypothesis that this repair protein (through gene amplification) is responsible
for resistance of tumors to chemotherapeutic agents was verified.

Cell Biology ® Several projects support or interface directly with those programs
already described. The initiation events that convert normal cells to potential cancer cells
are an essential stage in carcinogenesis but do not determine whether an overt cancer
develops; host factors play a responsible role. Therefore, studies of the factors that influence
whether an initiated cell progresses to a tumor or is suppressed in the expression of its
cancerous potential, are central to the problem of carcinogenesis in general and
radiation-induced cancer in particular. Thus studies continue on the mechanisms of cell-
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cell interaction and the involvement of such factors as transforming growth factor f in
control of neoplastic growth.

Various transgenic mouse lines, including those with interleukin-3 gene inserts,
have been established for studying genetic factors associated with carcinegenesis influenced
by environmental factors including radiations. A special emphiasis in this program is placed
on chemical carcinogens such as the commereial solvent tetrachloroethylenc that appear
to be negative in short-term tests for mutagenicity.

Cells destined for specific differentiated funections can frequently be studied to
advantage in clonal lines in culture. Such cells initially proliferate and then ccase growth
when they diiferentiate. The requirements of the differentiated cells diverge from those of
growing cells, and the changeover can be explored in the coordinated shifts in gene
expression. Cultured kidney cells are providing a clear and illuminating model system of the
genetic controls on glucose metabolism in the renal proximal tubule. EGF variants derived
in the Protein Engincering Program are providing important insights to these regulatory
mechanismis.

The cryopreservation of eells and embryos (the long-term goal is eryopreservation
of multicellular organs) already has a very large and well-demonstrated value as an applied
biological technigue. Its further development depends on the continuing elucidation of the
basic mechanisms in cell freezing; such studies are in progress. An important recest
advance has been the recognition of the role of cell compression withiri ice channels formed
during the freezing process.

kil

i niiative
ORNIL Genome Program

The Laboratory is strongly committed toan + cmploy artificial intelligence and ncural

integrated effort to analyze the human genomic.
Study of the mouse genome and the development of
advanced sequencing and mapping techuniques are
two principle thrusts of the ORNL program.

The analysis of the mouse genome and the
interaction with stdies on the human genome will
proceed as follows:

+ utilizing recently added capabilities for long-
range DNA mapping. develop a molecular
map for an eniire mousce cliromosome
(Chromosome 7);

¢ map human ¢DNAs in Chromosome 7,
and elsewhere in the mouse genome,
to increase the information on human-
mouse homologics;

* by means of our newly added capabiiity in
targeted mutagenesis, determine the funetion
of some of the mapped human ¢DNAs;

® pursie intensive structure/function studies
in genomic regions for which deletion
complexes have been gencrated;

¢ study the feasibility of inducing deletion
complexes throughout the genome;

e create molecularly tagged mutations
throughout the murine genome by insertional
mutagenesis, using both pronuclear-injection
and embryonic-stem-cell techniques;

& use mutagenesis techniques of all sorts to
create models of important human genetic
disorders;

& establish a national data base for transgenic
mouse mutarnts; and

network technigues to identify important

DNA sequence patterns.

New methods thatwill increase the rate and
accuracy for sequencing and mapping, as well as
uaique informatics for patiern recognition in new
sequence data, are being developed in parallel with
the generation and molecular analysis of new
sermline mutations in thie mouse. The major
objective is to explore the structural and functiona!
characteristics of the mammalian genorie using
experimerital olecular genetics. Because many
parallels exist between the human and mouse in
anatomy and physiology, mutations in the mouse
are powerful tools for analysis of the structure and
function of the human genome.

New genome-mapping and sequencing
technologies needed to provide rapid analyses for
use in conjunction with analyses of the mammalian
genomes fall into three categories:

+ Kor conventional gel electrophoresis,
methods are being developed to increase the
rate of sequence analysis 10- to 100-fold by
replacing radioisotopes with stable isotopes
and the use of resonance ionization
spectroscopy to detect DNA labeled with
theseisotopes. This employs state-of-the-art
organometallic chemistry to synthesize the
labels and new modification of resenance
jonization spectroscopy to deteet them.

e To eliminate the gel electrophoresis step,
other methods are under developiment, somme
of which may increase the rate of sequence
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analysis even further: one is sequencing by
hybridization; others involve various mass
spectroscopic methods of analyzing directly
the DNA fragments that are usually subjected
to electrophoresis (Fig. 5.17).

* Py employing new detection techniques,
sensitive and rapid DNA analysis can occur
including single molecule detection of
luminescence species; mass spectroscopic
detection methods; and synchronous
luminescence, phasphorescence, andenhanced
Raman detection techniques.

Some of these procedures may also be
adapted for genome mapping and for analysis of gel
blots of DNA. The analysis of the mammalian genomes

0.035

near a surface onto which DNA molecules have been
applied; they have the potential for performing genome
mapping and sequencing functions.

TheHuman Genome Management Information
Systern was placed at ORNL to provide the DOE and
National Institutes of Health (NI} human genome
programs with a communication network throughout
the international community that is engaged in human
genome research. The Human Genome News and the
DOE Human Cienome Program Report are published at
regular intervals from this office.

Found throughout the Laboratory and in local
industry, facilities that support these main components
include
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should be expedited when some of these techniques
are available.

Unique computer-based sequence analysis
methods for identification of biologically important
regions in newly sequenced DNA arebeing developed
based on neural network, artificial intelligence, and
parallel computational techniques. Au expertsystem
is under construction for rapid and reliable
localization of gene components such as exons,
introns, and gene control elements and the automated
assembly of these components to describe whole
genes. Notonly is a portion of this system being used
currently at ORNL to localize genes in mouse studies,
but more than 200 other laboratories have submitted
sequence data to be searched for important human
disease genes.

Biological imaging, which involves the use of a
novel class of microscopes, has been identified as a cost-
effective, high-volume technique for studying DNA.
These microscopes work by scanning a tiny probe very

" 10000
DALTONS

15000

* a250,000-mouse colony organized for genetic

studies;

a transgenic mouse facility;

anNIH-supported database for transgenicmice;

the ORNL Advanced Computing Laboratory;
resonance ionization spectrometry
laboratories;

synthetic chemistry laboratories;

s a laboratory equipped with two DNA
synthesizers;

* high-resolution mass spectrometry
laboratories;

e analytical chemistry facilities that include
high-resolution FT-MS, FT-NMR, FT-IR, and
ultrasensitive laser luminescence capability;

s facilities for sensitive detection of labeled
DNA fragments by mass spectrometry;

» facilities for sensitive detection by
enhanced Raman, luminescence, and
phosphorescence; and

Scientific and Technical Programs | 543



e a cryobiology facility to preserve embryos : Chemistry, Health and Safety Research,

that contain valuable mouse mutations. . Instrumentation and Controls, and Engincering
A number of divisions of the Laboratory are : Physics and Mathematics. Table 5.11 lists the budget
currently interacting to develop this multifaceted : projections.

program, including Biology, Chemistry, Analytical

Table 5.11
Budget projections by fiscal year for
Genome Mapping and Sequencing”
(8 in millions-~BA)

1983 1994 1995 1996 1997 1998

Operating expense 4.2 6.5 6.8 7.1 7.4 7.7
Capital equipment 0.4 0.3 0 0 0 0

sFunding is being sought from the Office of Energy Research under Program
KP, Biological and Environmental Research.

KPO5—Carbon Dioxide Research ¢ In the area of global environmental concerns,
ORNL has become a center of expertise in developing global biogeochemical models,
implementing data and information systems, fostering the application of high-performance
computing to atmospheric gencral circulation models, conducting field and laboratory
research on CO, effects on vegetation, and developing unique instrumentation packages for
global applications. These activities arc the foundation for the ORNL Center for Global
Environmental Studies. This Laboratory-wide program involves staff members from many
ORNL divisions as well as outside collaborators.

Resource Analysis ® As part of the Resource Analysis Initiative, ORNL's ESD is
supporting the studies that DOE’s Carbon Dioxide Research Program is conducting on the
effects of increasing CO, and changing climate on natural and societal resources. Measures
that society might take in response to those effects are also being examined. The major tasks
managed by ESD include assembling and ensuring the quality of data bases used in these
studies, evaluating the potential effects of CO,, climate change, and rising sea level on
environmental resources, and developing methodologies for using climate model output in
effects studies.

Global Carbon Cycie ® The main objective of the Global Carbon Cycle Research
Program is to develop a scientific basis for predicfing changes in atmospheric CO,
concentrations in response to continued releases of CO, by fossil-fuel combustion. Future
activities will encompass more research that focuses on terrestrial and oceanic carbon
dynamics, global carbon-cyele modeling, and the potential for positive feedback to alter our
current understanding of the carbon cycle dramatically. Research will be concentrated on
multidimensional models of the global carbon cycle; this will yield various estimates of
atmospheric CO, when given different levels of fossil-fuel use and other variables relating to
biogeochemical dynamics. Integration of the research with other collaborators is necessary
todevelop the information and models needed to provide accurate projections of CO, buildup
in the atmosphere (from both natural and human sources) during the next century.

Carbon Dioxide Information Analysis Genter « The objective of CDIAC is compilation,
evaluation, and distribution of CO,-related information in support of the program. In the
coming years the center’s research activities will reflect the new directions of the program.
The center’s activities will include research in all aspects of the CO, issue.

Computer Rardware, Advanced Mathemalics, and Model Physics » The objective of
the CHAMMP Program is to develop an advanced climate mode! that utilizes the hardware
and software capabilities of massively parallel computers and incorporates the best numerical
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approaches for atmospheric and oceanic dynamics, together with the most accurate
representation of cloud feedbacks, chemical processes, and terrestrial systems. In the near
term CHAMMP will achieve improved general circulation model performance by taking
advantage of parallel super computers such as those that are available in the Center for
Computational Science. ORNL scientists are working in collaboration with staff members
from ANL and NCAR to provide parallel implementatious of the community climate model
and to improve key numerical algorithms for parallel computation. ORNL scientists are
keenly interested in the CHAMMP projects that will couple atmospheric, oceanice, and
terrestrial models together. With these models new understanding of the CO, problem may
be gained.

Carbon Dioxide Effects ® The responses of temperate forests to enrichment of the
atmosphere with CO, are uaknown. Supporting DOE Direct Effects research, ORNL
scientists have shown that growth of tree seedlings increases as the O, concentration rises,
but the testing of hypotheses about the long-term responses of forest ecosystems to CO,
enrichment requires longer-term experiments with a focus on physiological and ecological
processes. Future research will improve knowledge of critical mechanisms governing
ecosystem responses to atmospheric CO,; this will lead to a more realistic assessment of
the role of terrestrial CO, responses in global carbon cycle research than is currently
available.

Atmospheric Radiation Measurement ¢ The objective of the ARM Program is to
provide an experimental test-bed for studying important atmospheric effects, particularly
cloud and radiative processes, and for testing parameterizations of these processes for use
in atmospheric models. ESD staff are assisting DOE in the development of the ARM Data
Archive at ORNL, capable of handling the massive amounts of data anticipated over the
10 year lifetime of the program; the first ARM field site was occupied in the sumumer of
1992.

Continuing Initiative

Center for Global Environmental Studies

Many of the decisions that will determine
our direction in the next millennium hinge on
issues that are complex, interwoven, and global in
scale: greenhouse gases, climate change, ozone
breakdown, deforestation and desertification,
resource depletion, and the spread of pollution.
These and other global environmental issues must
now be explored far more seriously—far more
comprehensively—than ever before.

ORNL’s Center for Global Environmental
Studies, established in 1989, provides a unique,
interdisciplinary base for such explorations. The
center has three main goals:

* improving the understanding of the global-
scale workings of environments in air, on
land, and in water;

¢ developing capabilities to anticipate the
long-term, large-scale cffects that human
actions have on the biosphere; and

¢ identifying appropriate options for
technological and societal responses.

In March 1992, the Center for Global
Environmental Studies was elevated to a Laboratory-
wide program, which recognizes ORNL’s continuing
interest in and commitment to understanding of
environmental issues.

Like the U.8. Global Research Program, the
crosscutting national initiative to which the ORNL
center corresponds, the Center for Global
Environmental Studies takes a new view of the
kinds of research needed in this formidable but
exciting field. The center’s work is based on the
unique capabilities of ORNL that set it apart from
traditional institutional approaches to large-scale
research and analyses. Our approach to these global
issues is threefold:

¢ The scope of the processes and problems we
are exploring is far greater—both in scale
and in time—than traditional research
projects are equipped to handle. Problems
such as ozone depletion, the greenhouse
effect, and global change are no respecters
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of national borders: they affect the entire
planetary commons. Our understandings
and responses, therefore, must be equally
broad. Similarly, processes such as climate
change and dwindling biodiversity may
become clearly evident only when viewed
over decades or even centuries. We must,
therefore, envision and develop programs
that can serve as foundations on which to
build for many years.

® Collaboration—both among traditionally
competitive institutions and across
disciplinary boundary lines—is absolutely
essential for any meaningful understandings
toemerge. The globe’s environment responds
totheinteractions of many different systems,
factors, and processes: air circulation, ocean
currents, land-use changes, economic
incentives for development (orits converse),
the migrations of smokestack industries,
national energy practices and policies, and
even political turmoil. Narrow, discipline-
bound approaches can give us only detailed
analyses ofindividual aspects of the biosphere
(individual trees). But what we need now is
an overarching view of the global
environmerital forest.

* Policy—economically and politically
practical policy—must be one of the prime
drivers of global environmental research.
We must consider notonly whatis happening
in {(and to) the biosphere, and not merely
what should (ideally) be done about it, but
also what can be done—given the economic,
technological, and political constraints within
which actions must be taken.

These, then, are the principles that guide
the center's organization and work: a large-scale,
long-term view; a commitment to collaboration
both among institutions and among disciplines; and
a continual eye to realistic policy.

Areas of Focus e In keeping with the center’s
large-scale view, the central and unifying framework
for our work is global systems analysis: developing
increasingly sophisticated models that reflect the
dynamic interactions of numerous subsystemis—-
global vegetation; human cultures and behaviors;
and earth systems such as atmospheric chemistry,
ocean composition and circulation, and the links
between air, land, and sea. Our long-term goal is to
develop models that reflect the interplay of
demographics, land-use patterns, economics,
ecological relationships, and other factors that
influence the globe’s environmerit.

Complementing our central focus on global
systems, four areas of more specific concentration
are

¢ Measurementscience and instrumentation—

better monitoring of the state of the
cnvironment and its changes. ORNL has a
long history of excellence ininstrumentation
in high-energy physics, health physics,
pollution monitoring, nuclear reactor
technology, and nuclear and chemical waste.
We are now directing this expertise toward
instrumentation for atmospheric, terrestrial,
and aquatic research. Areas of strength that
can immediately benefit the center include
laser-based instrumentation (expected to
play an increasingly vital role in global-
change research); mass spectrometry and
isotopic analysis; remote sensing and fiber
optics, key technologies for climate studies;
and automation, miniaturization, and
portability. Logical applications of this
expertise include laser-based devices to
measure trace gases, temperature, and
pressure; low-cost, air-dropped packages for
reading atmospheric or ocean conditions;
andinstruments for studying cloud formation
and atmospheric properties in support of the
ARM Program.

Data systems—the key to making sense of
the global environmernt, now and for decades
to come. The amount of data collected in the
course of global cnvironmental research is
already staggering, and it will grow explosively
as newer, more sophisticated instrumeits
and monitoring projects emerge. For
example, in a few years NASA’s Earth-
Ohserving System will begin transmitting
encugh datatofillall the books in the Library
of Congress—every three weeks. In addition
to handling massive quantities of data,
information systems must present the data
in a user-friendly form, one that will also
ensure the usability of information over
decades because the import of some data
may not become clear for many vears.
Large-scale cnvironmental studies—projects
that examine the environment from a longer
perspective than traditional ecological
rescarch. Global-scale studies cannot be
based on mere extrapolations of traditional
detailed studies; many of the subtle ecological
processes on which traditional research
thrives are less meaningful for these purposes
than aggregate processes that are invisible at
close range. The ORNL center is developing
tools and techniques for understanding how
to scale up research to the global scale that is
now needed.

Policy, energy, and human-systems
analysis--the recognition that humankind
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is inextricably linked with the physical
systems of the earth. In the past two centuries
ourspecies has emerged as a major—perhaps
the primary-—agent of global environmental
change. Therefore, questions of human
activity and policy (including the effects of
technology, energy conversion, land use,
population growth, and political and cultural
patterns) must play a key role in global
environmental studies. The Center for Global
Environmental Studies is bringing together
anthropologists, economists, political
scientists, sociologists, planners, geographers,
climatologists, and ecologists to examine the
decision processes involved in global
management of risks and resources. Building
on extensive work already under way at
ORNL and elsewhere, we are developing the
theoretical underpinnings of a practical
approach to the problems of decision making
involving many players and complex
technical issues. Ultimately, this approach
will produce a blend of theory and practice
that erases the line that for so long has
separated the “thinkers” from the “doers.”
The policy issue work is supported through
PE and is coordinated by that office. Over the
past several fiscal years KPOS funds have
supported research and assessments in
resource analysis (see discussion of KPO3—
Carbon Dioxide Research) to translate the
results from global carbon models and
atmospheric circulation models into
meaningful results for policy analysis. This
work has experienced declining budgets and
will essentially be phased out in FY 1992. At
present, there is no WFO funding for policy
assessments of global climate change.

Key Projects and Goals o A brief sampling of
current and planned work by the Center for Global
Environmental Studies will help convey the breadth
of its research and vision.

Current Research

¢ Development of integrated land-use models.
Our studies of tropical deforestationin Brazil,
sub-Saharan Africa, and Southeast Asia are
contributing to the development of models
that integrate the sociceconomic and
biophysical aspects of land-use change. For
example, because most of the Brazilian
deforestation results from road building and
agricultural clearing, the problem and its
solution involve nearly every element in the
global-change picture: land use, politics,
environmental systems, and socioeconomic
activity. For this reason, our work involves

close interdisciplinary collaboration among
experts in geography, ecology,
transportation, economics, and other fields.
Refined modeling of the global carbon eycle.
Carbon dioxide is the greatest single
contributor to the greenhouse effect;
therefore, a clearer picture of the sources,
sinks, and fluxes of carbon throughout the
globe is essential in facing the greenhouse
effect and the climate changes it may bring.
ORNI’s Global Carbon Cycle Modeling
Group has developed, and has access to,
many carbon-cycle models. After exercising
these existing models rigorously, we are
now begiuning to develop new models that
reflect various “feedbacks” within the carbon
eycle and are bringing a unifying theme to
the development of fully integrated carbon-
cycle models.

Information analysis centers. One goal of
this initiative is to create massive data bases
on worldwide climate. These data bases
would allow us to determine whether global
warming has actually occurred. Qur selection
as the ARM user facility and data archive will
provide a sound basis to begin this research.
Development of other areas such as biomass
data and human-systems data will solidify
our role in this arena. Another goal is the
development of visualization systems for
data-intensive studies. ORNL’s CDIAC is a
powerful data-management center with
proven expertise in global environmental
studies; it represents a valuable “head start”
in our new center's data-systems initiative.
We are also collaborating in an initiative to
establish a Center for Human Dimensions
and Global Change Data.

CHAMMP Initiative. Atmospheric-
circulation models pose some of the most
complex, computer-intensive problems in
scientific research today. ORNL computer
scientists and mathematicians are
harnessing the world’s fastest parallel
computers for this challenge. With these
computers it will be possible to simulate
more complex interactions with more detail
than previous models and to give a broader
and more comprehensive view of our earth
system,

International development and global
environment. The impacts of both climate
change and climate-change policies will fall
heavily on developing countries. At present,
our work in this area includes identifying
vulnerable regions; determining the effects
of existing aid programs on global
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environmental change; analyzing the impacts
of change on current development plans;
and finding new opportuaities to enhance
development and, at the same time, pursue
environmental goals. Energy efficiency,
institution building, and techuology transfer
for developing countries are high priorities
for this ORNL activity.

¢ Improved radiation-measurement
instruments for the ARM Program. Drawing
on ORNL’s proven expertise, we are
developing advanced new instrumentation
that will provide better data on global
radiation and heat fluxes-—data that will
allow development of more accurate
atmospheric models.

e UV-B research agenda. Because much of
ozone depletion is due to various energy
technologies, and because other adverse
effects of fossil fuel derived pollutants may
beamplified by ultraviolet light, the suggested
change in UV-B radiation is clearly linked to
the developmentof anational energy strategy.
We believe that a comprehensive analysis of
the technical issues associated with UV-B
radiation will help resolve many of the
uncertainties dealing with measurement
sciences and instrumentation needs and will
bring a focus to the full spectrum of issues
surrounding UV-B measurements and the
effects of potential UV-B increases on
biological systems. Through a Critical Issues
Workshop, we will begin to develop a
comprehensive research agenda for resolving
these issues.

¢ Policy-driven impact analysis. We are in the
first stages of developing an integrated
approach to analyzing impacts of global
environmental change. Current approaches
are generally restricted to projecting short-
term changes in resources (such as surface
water on coastlines) onto current
socioeconomic and geographical conditions.
The results of such projections are of very
limited use to policymakers. Our alternative
approach willbe aninterdisciplinary analysis,
one whose starting point will be the real-
world problems policymakers face in a given
region and time; the analysis will allow for
technological and demographic changes and
willindicate how significantly climate-change
impacts would affect decisions. Our ultimate
aim is to devise personal computer-based
decision-support systems for federal, state,
and local decision makers.

e A global vegetation model. Building on our
current study of the global carbon cycle, we
plan to extend the vegetation model to
encompass the entire globe. The expanded
effort (estimated to take 10 to 20 years) will
represent a major new contribution to global
modeling.

¢ Development of improved data-storage
techniques. As the ARM Program and other
data-intensive programs mature, new waysof
archiving and accessing information will be
needed—ways that preserve the usefulness
of prior data while anticipating even greater
future data-handling needs. Our strength in
information analysis and management,
together with ORNL’s growing expertise in
scientific computing, gives us a solid basis
for developing better data-storage techniques
and systems.

o Predictive models for water resources. Water
resource problems will surface asadominant
global issue if the effects of global change
begin to manifest themselves. While problems
in the developed nations will be severe,
water-related issues in developing countries
will have significant economic and
environmental ramifications , especially as
the cffectsinfluence energy-related activitics.
Using large scale assessment technigues and
tools developed for assessment of global
effects on other resources, we are developing
a major new initiative in water resources
directed towards the needs of developing
countries, Our approach will be to develop
predictive models that will help decision
makers understand freshwater ecology,
hydrology, and water resource management
in the context of global change.

Summary ® The range and depth of ORNL’s
scientific expertise uniquely qualify the Laboratory
to take up the challenges of the Global Change
Program. By cstablishing the Center for Global
Environmental Studies, ORNL is drawing on its
proven expertise and worldwide scientific
connections while also laying the foundation for
expanded, focused research into the problems of
global change.

The Centerior Global Environmental Studies
is dedicated to an earth system-centered,
interdisciplinary approach to scientific research. It
views human interaction with the environment—
through population distribution, land use,
technology, energy conversion, and other
processes—as one of the driving forces of global
environmental change. The center stands in a unique
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position to serve the needs of federal agencies and { balanced biosphere we call home. Table 5.12 lists
international efforts and to make a significant | budget projections.
contribution to our understanding of the delicately

Table 5.12
Budget projections® by fiscal year for
the Center for Global Environmental Studies®
(8 in millions—BA)

1993 1994 1995 1996 1997 1998

Operating expense 15 17 18 18 18 18
Capital equipment 2.0 3.0 1.0 0.5 0.5 0.5

“Projections include university subcontracts. About 80% of funding would come
from DOE; the remaining 20% from non-DOE funding.

*Funding is being sought from the Office of Energy Research under Program KP,
Biological and Environmental Research.

KP0O6—Medical Applications

Nuclear Medicine ® Research conducted in the Nuclear Medicine Program continues
to receive international recognition and focuses on the design and development of new,
improved tissue-specific radiopharmaccuticals for diagnosis and therapy (Fig. 5.18). Agents
developed in this program are being studied for both preclinical and clinical evaluation with
more than 20
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radiojodinated
receptor-specific
antagouists that
bind to cerebral
receptors
involved in neurotransmission. The goal is to measure by external imaging techniques
changes in receptor density or activity that occur in many diseases. Agents under
development include new, improved analogues that bind to the cholinergic-muscarinic
receptors and the synthesis of new analogues for binding to the serotonergic receptors that
are involved in mood disorders. In conjunction with these and other agents, new, improved
radiolabeling techniques are being developed for introduction of radioiodine into molecules
sensitive to the usual methods of radiviodination. Recently, a new radioiodinated agent has
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been developed for the evaluation of gastrointestinal disorders involving pancreatic discase
by a simple urine test. Clinical studies have been initiated with this agent, and the results
of initial testing in normal volunteers look very promising.

The ORNL HFIR is an important resource for the preparation of high-specific-
activity radionuclides required for radiopharmaceutical research and as parents for the
development of radionuclide generator systems being developed in this program. The
development of radionuclide-processing technology and generator research continue to be
major areas of productive research. The first large-scale clinical prototypes of the tungsten-
188/rhenium-188 generator developed in this program have been prepared, their performance
has been evaluated, and they have been successtully used to radiolabe! antibodies that show
tumor specificity in animal studics. Approval has been obtained for the initiation of the first
patient studies in conjunction with the Center for Molecular Medicine and Immunology in
Newark, New Jersey. Another new generator developed is the osmium-194/iridium-194
system to provide the iridium-194 for therapeutic applications.

Another area of research involves the development of various new therapeuiic
ageuts, including modified nucleosides for the potential diagnosis and therapy of tumors. A
varicty of new analogues have been synthesized and are currently in various stages of animal
and in vitro testing. New radiolabeled maleimide agents, which bind to antibodies and other
proteins by reaction with free sulfhydryl groups, are also being developed and tested.

In addition to these successful areas of research, a variety of invention disclosures,
patents, and licenses have been consummated. The medical cooperative programs represent
an effective mechanism for further evaluation of agents developed in this program through
collaboration with programs featuring special expertise in cardiology, oncology, and other
areas,

Molecular Immunology » The proteins on the surface of cells are tissne-specific and
may be altered in kind and amount in the carcinogenic process. Monoclonal antibodies have
been developed that recognize epitopes on a glycoprotein (thrombomodulin), which is
expressed exclusively by lung endothelial cclls. This apparently unique glycoprotein
provides opportunities for the use of the monoclonal antibodies for imaging both the
vasculature and tumors. Liposomes can be targeted with these monoclonal antibodics with
the possibility of targeting chemotherapeutic agents. The potential for these applications
will be exploited in the light of basic studies of the surface proteins in normal and cancer cells.

gL e 1]

Research in support of the SSC is being performed on nuclear collision models and
detector physics performance, mechanical engincering, and electrical engineering. Work in
support of the SSC is expected to increase rapidly. (See the section on the Oak Ridge
Detector Center and the High-Energy Physics Program.)

The ORNL-obligated portion of the KT and KV programs supports the administration
and conduct of both university-level and precollege mathematics and science education
activities. University programs include DOE’s Science and Engineering Research Semester
(SERS), the Great Lakes Colleges Association/Associated Colleges of the Midwest Science
Scmester, and a range of other studeni-faculty research participation and internship
appointments, including visits to ORNL by mincrity educational institution (MEI) faculty.
The KT and KV programs, designed to encourage college and university faculty and student
involvement in DOE missions, provided opportunities for more than 500 academic
participants at ORNL during FY 1992,

In the area of precollege science edueation, the KT and KV programs help support

» ORNL’s core precollege program, the Ecological and Physical Sciences Study Center,
which offers some 40 different half day study units for class-size groups and last year
served 24,000 East Tennessee siudents from kindergarten tirough 12th grade;
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¢ initiatives with UT toestablish the Academy for Teachers of Science and Mathematics
and to provide an alternative path for degreed professionals in technical disciplines

to prepare for teaching careers;

¢ administration of DOE’s national Teacher Research Associates Program, which
provides full-summer appointments at ORNL for more than 50 secondary teachers

annually;

¢ a regional mathematics and science camp to encourage young women of middle-
school-age to pursue further studies in these fields; and

e two special summer programs that provide intensive 2-week hands-on learning
experiences under the direction of ORNL technical staff members—the DOE High
School Honors Workshop in Environmental Sciences and the Appalachian Regional
Commiission Summer Science Honors Academy for student-teacher teams.

Continuing Initiative

Education Technology

The particulars continue to be debated, but
on the subject of American education, U.S. citizens
and their leaders agree on two points: the precollege
system is in decline, and dramatic measures are
essential if the nation is to retain its position as a
world power. The indicators of weakness are
discouragingly familiar: low test scores incomparison
with our international competitors, an industrial
work force that increasingly requires remedial
education, and-—among countless others—high
school dropout rates that exceed 50% among certain
minority populations. Alarmed by these danger
signals, the president and all 50 governors have
established a single platform on which to rebuild the
U.S. education system by the year 2000. Teacher
groups are developing national standards for
curriculum, teaching, and assessment. In the vital
fields of science and mathematics, ORNL works
with various universities, school systems, and federal
agencies to provide innovative programs for some
24 thousand precollege students and teachers every
year.

As the debate escalates and as more and
more issues work their way onto the reform agenda,
one key factor remains largely overlooked: the
American classroom has not kept pace with the
technological transformation of our society. The
explosion in computer technology, in particular,
has fundamentally altered the American workplace,
Virtually nobusiness orindustry remains untouched.
Yet computers continue to play a minor,
supplementary role in a passive educational process
that relies almost entirely on books and lectures for
the transfer of knowledge.

Since the Industrial Revolution, mass
education has required dependence on indirect
experience—directexperience abstracted intobooks
or other static media. Frustrating even for many of

the brightest students, this approach has finaliy
been pushed beyond its capabilities. Today there
are alternatives. The technology of the Information
Age offers unprecedented opportunities for
stimulating the learning process. High-performance
computers, together with high-speed computer
networks, can deliver interactive images, text, and
other enriching material from a limitless number of
remote locations. They also are capable of creating
and mass distributing “virtual realities” that
participants can see, feel, and interact with in an
astoundingly lifelike emulation of direct experience.

The Educational Technology Initiative is a
bold plan to revolutionize education in the United
States by exploiting this computer technology. It
encompasses both short-term objectives thatemploy
current technology and long-term objectives that
will harness emerging technologies for the classroom
of tomorrow. Short-term projects were selected on
the basis of their potential for establishing a
foundation for the long-term objectives as well as for
their inherent value as learning tools. Examples
include

® the Oak Ridge Educational Network
(OREN) funded by DOE to develop and
demonstrate a model for internet
connectivity for kindergarten through grade
12 along with software development and
analysis to enable teachers and students to
locate and use the internet more effectively
and at low cost;

* the on-ine Smithsonian, a partnership for
exploring methods of storing and accessing
information on one or two broad topics such as
native American history or dinosaurs;

¢ Demonstration Virtual Reality Teaching Units,
portable means for experiencing geography and
history; and
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¢ regionalworkshops,involving teachersandschool
administrators in the development of these
products for the school systems.

While the long-term objectives will require
extensive R&D of hardware, software, and learning
paradigms, several ideas are on the drawing board.
Examples include

¢ the Information Store (providing access to
computer-based resources);

» furnishing virtual reality capability to the
kindergarten through grade 12 classrooms;
and

* a holographic animation as a teacher’s
assistant or mentor.

The Education Technology Initiative will be
developed, implemented, and financed through a
consortium headed by ORNL that includes UTK,
Vanderbilt University, Tennessee State University,
the Tennessee State Department of Education, the
Tennessee Valley Authority (TVA), and several
industrial partners. A steering committee selected
from these organizations will provide management
oversight. The work will be performed by

e The Center for Educational Technology
Innovation This center will be housed with
the Center for Computational Science being
formed at ORNL and will share its facilities
and resources. Support staff will be drawn
from within ORNL and other parts of Energy
Systems as well as from other partners in the
initiative. An early task will be the installation
of prototypic high-performance computers
and a very high speed network for evaluating
virtual reality traffic, interactive video, and
data-base traffic to schools selected as initial
program targets.

¢ The Education Technology Institute (ETI).
Coordinated by the ORNL Office of Science
Education and External Relations (SEER),
ETI will be a joint venture initially involving
UT, Vanderbilt University, and Tennessee
State University to explore the best ways to
use this technology to promote learning. It
will focus on curriculum development,
training to use the technology, research into
learning and presentation methods using

advanced technology, and the development
and staffing of regional training programs for
deploying the technology.

¢ TheClassroom Experimental Projects Office
This office, corrdinated by SEER, will work
in conjunction with school systems through
the Tennessee State Department of Education
to provide training materials, release time for
training, and in-service institutes focusing
on using the technology and curricula in the
classroom. It will be responsible for selecting
target and control test schools and
implementing the test curricula in those
institutions. The Tennessee State Department
of Education will provide the major support—
assisting with the administrative and logistical
details of actually using the new materials in
classrooms.

e The Tennessee Valley Authority/Private
Sector. Experienced in planning,
demounstrating, and evaluating educational
technologies, TVA will provide technical
assistance in hardware, software, school
system, and statewide interfacing. A number
of telecommunications and computer
companies have also expressed interest in
providing financial and research assistance.
Targeted at kindergarten through grade 8,

this initiative is designed to serve as a catalyst for
stimutlating change in schools nationwide. Unique in
approach and scope, it blends high-performance
computers, high-speed networks, and high-
technology advances such as virtual reality. It draws
strength from a partnership involving government,
industry, and higher education. And perhaps most
important, it emphasizes learning through direct,
interactive experience—possible on a large scale for
the first time since before the Industrial Revolution.
If the United States is to fulfill its aspirations
for education, we must work fast to extend the
technology of the Information Age beyond the nation’s
offices and factories and into the classroom. If we
seize the initiative now, the infrastructure will be in
place in time to take full advantage of next-generation
technologies as they emerge (Table 5.13).

Table 5.13
Budget projections by fiscal year for the Educational Technology Initiative”
(8 in millions—BA)

1993 19384 1995 1996 1887 1998
Operating expense 5.0 6.0 7.0 7.2 7.4 7.5
Capital equipment?® 4.0 4.0 3.0 2.0 2.0 2.0

“Funding is being sought from the Office of Energy Research under Program KT, University and Science Education.

*Corporate partner capital donations could reduce the capital requirements substantially. In addition, a
conservative estimate has been made of the amount of capital required to provide networked individual virtual reality

experience in the kindergarten through grade 12 classrooms for this prototype.
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ORNL will continue its strong focus on programs that increase opportunities in
science, engineering, and mathematics for underrepresented groups, including women,
minorities, and people with disabilities. Interactions with historically black and other
minority institutions are carried out under a formal DOE/ORNL memorandum of
understanding with the University of Puerto Rico; through the Science and Technology
Alliance, a historic partnership that joins ORNL and two other national laboratories (1os
Alamos and Sandia) with three minority institutions (the Ana G. Méndez University System
in Puerto Rico, NewMexico Highlands University, and North Carolina A&T State University);
and with other university and industry associates, the latter including Martin Marietta
Corporation, through joint efforts with the 17-member DOE-sponsored historically black
colleges and universities/minority educational institutions Environmental Restoration and
Waste Management Consortium; and under programs with individual institutions and
researchers. In addition, formal DOE and/or ORNL. memoranda of understanding are in
place with three minority universities—Clark Atlanta, Southern, and Tuskegee—with
Wesleyan College in Macon, Georgia, the world’s first institution chartered to grant
baccalaureate degrees for women, and with the National Autonomous University of Mexico.

Ki)—Laboratory Technology Transfer

The KU program has been established to help bridge the gap between R&D and
commereialization through CRADAs. A CRADA is a joint R&D mechanism that allows
ORNL to enter into cost-sharing arrangements with industry to allow joint research among
the working-level scientists and engineers.

Assistant Secretary for Nuclear Energy

The Assistant Secretary for Nuclear Energy is the major sponsor of applied nuclear
at ORNL (Table 5.14). Programs funded through this office are multidisciplinary and include
nuclear energy R&D, naval reactors, isotope production and distribution, nuclear safety,
new production reactors, and defense programs.

Table 5.14

Assistant Secretary for Nuclear Energy major program summary
(B in millions—BA)*®

Budget and v FISCAL YEAR
repOrting Maior program ..............................................................
code 1991 1992 1993 1994
AF Nuclear Energy R&D 328 24.6 51.1 50.2
AJ Naval Reactors 0 0.1 0.1 0.1
CD Uranium Enrichment 0.6 0.5 0.5 0.5
KK Policy and Management— 2.9 2.2 31 3.1
Nuclear Energy
ST Isotopes 3.0 7.9 14.0 14.0
Subtotal 39.3 35.3 68.8 67.9
CD Uranium Enrichment 2.5 0 0 0

(from Energy Systems
central organizations)

Total 41.8 35.3 45.6 47.0
Percentage of total 7.9 5.8 5.2 4.5
Laboratory funding

*Figures include operating BA, capital equipment, and construction, if any.
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Consolidated Fuel Reprocessing Program ® The Consolidated Fuel Reprocessing
Program (CFRP) focuses primarily on a broad 5-year collaboration with Japan’s Power
Reactor and Nuclear Fuel Development Corporation (PNC). Begun in FY 1988, this
collaboration supports PNC’s effort to develop and to demonstrate technology for reprocessing
breeder fuel. PNG and DOE are each contributing 85 million per year to the base R&D
program; however, in FY 1992 DOE and PNC have reduced contributions to 83 million per
vear. DOE has elected not to pursue Phase II, which was to be an additional 5 years
composed of new R&D arecas coupled with completion of several activities initiated in
Phase 1. Current plans call for a 1-year extension of Phase I to complete the Chemical
Systems Test Solvent Extraction Test Program. In addition, specific hardware is being
designed and built in the United States both for the development program here and for the
demonstration project in Japan. To date, Japan has fully committed 85.9 million for this
hardware. An example of the developed hardware is shown in Fig. 5.19: the remotely
maintained, continuous rotary
dissolver developed and demon-
strated in the United States.
Because of the uncertainty in
obtaining the export licenses for
specific equipment orginally
planned to be build in the United
States, DOEhas elected notto enter
into agreements with PNC for the
fabrication of the laser disassemibly
system nor for the centrifugal
contactors as originally planned
for the Recycle Equipment Test

Facility (RETF).
The program of colla-
boration with PNC in LMR

reprocessing has focused its R&D
activities to support PNC efforts for
design, construction, and operation
of the RETF in Japan. A follow-on
phase was being sought since the
operation of the RETF in the late nineties would provide return of demonstrated technology
from Japan to the United States (based on RETF operating cxperience) to help maintain U.S.
capability and expertise in this technology area.

The benefits are complementary for both Japan and the United States. PNC is
gaining access to much of the breeder-reprocessing technology for oxide fuels that the
United States has chosen not to use in the near term. At the same time, because of this
program, the United States expects to maintain the core of expertise at ORNL and to seck
out additional uses for certain U.S.-developed technologies. In particular, the remote
maintenance developments in the CFRP have provided the expertise and motivation for
several robotics-related programs at ORNL that are now carried out in several divisions,
including a new initiative in the Environmental Restoration and Waste Management
Robotics Program that utilizes the technology developed in the CFRP.

The prime areas of interest in the R&D collaboration are (1) centrifugal contactors
for solvent extraction; (2) the head-end hardware systems for fuel-clement disassembly
with lasers, shearing, and continuous dissolution; and (3) overall support to facility
maintenanee concepts. Other technical exchanges that are rapidly winding down because
of limited funding continue at present in (1) a rad-hardening of signal-transmission systems
in France and (2) a “hot” demonstration of centrifugal contactors in the UK. Dounreay fast-
breeder reprocessing plant. The R&D for the rad-hardening program was completed in
FY 1990. The program is expected to continue with design and data reviews through
FY 1993 in order for the United States to obtain operational data from the
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demonstration at Marcoule. The U.S. contactors for the Dounreay demonstration were
provided in FY 1989. Most of the remainder of the program (to be carried out over the next
5 years) will be completed by the U.K. staff; ORNL participation will consist only of review
and short-term visits for obtaining operating data.

Transfer of technology to a U.S. firm for the Advanced Servomanipulator has been
accomplished, but commercial availability awaits the identification of a specific use. Initial
use could be in the ORNL Waste-Handling and Packaging Plant; opportunities are also
possible in other U.S. waste management programs and in facilities in Japan and Germany.
Broader use of centrifugal contactors is being sought in other DOF facilities and industry for
reprocessing and other specialty recovery and process applications. Contactors have been
provided to DOE sites at the Oak Ridge Y-12 Plant and at the Idaho Chemical Processing
Plant, Idaho Falls, Idaho. We hope that these activities will lead to opportunities to support
future DOE fuel-cycle facilities as such needs become better known.

Commercial Reactor Programs ® Improved safety, performance, and availability for
light-water reactors (LWRs) is an important national need. Responsibility for the evolution
of LWR designs is primarily in the hands of industry although DOE still funds design
certification and review tasks. ORNL's involvement in LWR development is primarily in the
role of design reviews, cost studies, and development of specialized technologies such as
passive design features and improved controls systems.

The DOE Liquid Metal Reactor (LMR) Program is shifting emphasis from breeding
fissile fuel to actinide recycle. ORNL supports both the reactor design and fuel cycle
development portions of the LMR Program. ORNL support to DOE Headquarters (DOE-T1Q)
for this new actinide recyele initiative includes development and assessment of program
plans and recommendations concerning chemical, engineering, and licensing issues. DOE-
HQ anticipates that this program will grow substantially in the near future and expects ORNL
experience and capabilities to make significant contributions. In the LMR Program ORNL’s
tasks include advanced controls development, materials development and testing, reliability
data base management, robotics, and design review and analysis tasks. Several of the tasks
have been cosponsored in recent years by organizations in Japan.

The national MHTGR Program continues on the path outlined in earlier institutional
plans, although the funding profiles have never reached the levels requested by the program.
The cost-reduction studies by vendor and utility organizations have been completed. They
suggest that a larger plant than the reference 350-MW(t) module is required to compete
economically. The larger plant [450 MW(t)] has yet to be designed. If the program moves in
the direction of the 450-MW(t) plant, there may be some changes to the technology needs
to support design. This remains to be seen. Currently there is no financial support for any
450-MW(t) design effort. ORNL’s role in the program continues to be technology development
in the arcas of fuel development, fission product behavior, graphite and metals testing, safety
studies, and shielding methods validation. ORNL expects to continue involvement in
technology development for the MHTGR until final design is complete and a final safety
analysis report has been reviewed by the NRC. The date when this will occur depends on the
level of DOE funding for design and technology development and on whether a first order
is placed. Current estimates for completion of technology development are 1997 to 2000.

Radioisotope Thermoelectric Generator Production ® ORNL continues technical
support for the development and fabrication of isotopic-powered and fission reactor power
systems. For space missions and terrestrial applications that use heat generated by isotopic
power devices, the primary emphasis is on development of improved materials. Activities
include the production of iridium alloy clad vent sets to contain heat-generating radioisotopes
and carbon-bonded carbon-fiber thermal insulators capable of effective operation at
1300°C. Production of these materials began in FY 1990 and is anticipated to continue
through 1993 in support of NASA’s Comet Rendezvous Asteroid Flyby (CRAF) and Cassini
missions. In January 1992 DOE announced that the GRAF mission had been canceled
because of budget shortfalls. The consequences of the decision on RTG manufacturing
continue to be evaluated.

SP-100 Program ® Under this program ORNL expects to continue in its role in the
developrment and characterization of high-temperature materials and components for
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fission reactor concepts providing electrical power in the hundreds-of-kilowatt range. In the
ground engineering systems phase of the SP-100 Project, ORNL continues to have a
significant role in the testing and evaluation of high-temperature materials. In addition,
work was initiated in FY 1988 to characterize materials for nuclear shield fabrication and
the optimization of a diverse high-temperature sensor. Prototypes of the temperature sensor
and the nuclear shield will be fabricated for subsequent testing in the nuclear assembly test
to be performed at Hanford, Washington, in the late 1990s. A new development in this
program ocecurred in late CY 1991 when the Strategic Defense Initiative Organization
(SDIO) withdrew their funding from the SP-100 Program. SDIO and the Air Ferce are
concerned that the SP-100 Program is costing too much, taking too long, and is not
addressing their mission profiles. SDIO and the Air Force feel that the United States should
discontinue work on thermoelectric energy conversion and focus instead on the thermionic
concept developed by the Soviets. The SDIO and Air Force concerns and point of view have
escalated to the Office of Management and Budget, and the future of the SP-100 Program is
uncertain.

Office of New Production Reactors ¢ This program was first described as a new
initiative in the FY 1990-1995 Institutional Plan. During FY 1989 ORNL and the other
nationallaboratories assisted the Office of New Production Reactors (DGE-NP) in development
of 5-year technology development plans [later renamed Engineering Development Plans
(EDPs)]. In FY 1990 ORNL perfermed work in areas specified in the EDP, while the design
organizations produced two conceptual designs for the HIWR (one was selected to go forward
into preliminary design) and one for the MHTGR. During fourth quarter FY 1990, DOE,
ORNL, and the design organizations refined the EDP to incorporate information developed
during the conceptual design phase.

In FY 1991 work proceeded according to the EDPs (as amended). Responsibility for
management of much of the EDP work performed at ORNL was transferred for the most part
from DOE-HQ to the field. HWR technology development is managed through the Savannah
River DOE office and MHTGR work is managed through the Idaho Falls DOE office (DOE-
ID). Selected EDP areas are still managed by DOE-NP from Washington. The decentralization
in management is driven by the knowledge that the field offices will be responsible for
oversight of preliminary and final design, supervision of construction, and operation of the
plants once they are built. The technical experience needed to perform these tasks is to be
developed through oversight of the technology development and design tasks over the next
few years.

In early FY 1992 much of the technology work described in the EDPs was
suspended. Work continues only on areas where there is significant technical risk. The
pace of work on preliminary design for both concepts has been cut back to about 25%
of the FY 1991 pace. A technology down select was scheduled (to accompany the EIS
record of decision) in December 1991 but has vow been delayed to August 1993. The
Administration continues to evaluate future tritium needs in light of the weapons
dismantlement program. Options are being reexamined for production of tritium with
accelerators. The future of this program is highly uncertain. ORNL will likely continue
at about the current rate through FY 1993. Support beyond that is impossible to predict.

As part of the NPR Program, ORNL developed a unique fracture mechanices testing
capability for assessing crack growth in large flawed structures subjected to dynamic (fatigue
and impact) loadings, such as those imposed during seismic events. The ductile austenitic
stainless steel pipe began the test with a premachined through-wall crack located in the
center of a circumferential butt weld. The test has demonstrated that while predictable
fatigue crack growth occurs, tearing crack growth during the imapacts is very small.

The facility has thus yielded data that will allow enhanced safety in DOE's NPR/HWR
design without the artificial, costly, and unrealistic constraints imposed by the usual
requirement to design for an “instantaneous” double-ended guillotine break in the primary
coolant piping. The data provide a convincing demonstration that crack growth involves a
finite amount of time and that a double-ended guillotine break is unrealistic. Similar testing
may greatly reduce the severity of accident scenarios for other designs. Other flawed
compouents could be tested as well.
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Continuing Initiative
Modular High-Temperature Gas-Cooled Reactor
Technology Development (Direct Cycle)

One of several unique features of the HTGR
is the ability to produce very high temperature
working fluid. Coolant outlet temperatures for other
reactors in commercial service (LWRs and LMRs)
are limited by permissible service conditions for the
metallic components in the core and the higher
thermal efficiencies in electricity production, and
numerous high-temperature advanced applications
beyond electricity production. The all-ceramic core
HTGR can produce coolant outlet temperatures in
the 750°C range with currently available fuels and
materials technology. Improved fuel designs and

REACTOR

PRECOOLER

heat transport system materials selections can raise
this to 950°C. Developments such as insulating
coatings for metallic components and structural
ceramics could push this well above 1000°C. For
comparison, current LWR and LMR outlet
temperatures are in the ranges of 300 and 500°C,
respectively.

Development of the HTGR for commercial
steam-cycle application is nearly complete. The
modular design  MHTGR offers safety and
investment protection features not available in any
other fission reactor concept (Fig. 5.20). However,

Figure 5.20
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ceonomic compromises are required to obtain these
attractive features. The MHTGR core has a very low
power density compared with LWR and LMR designs
(6 W/ce compared with 80 W/ee for LWRs and 300
W/ee for LMRs). The low -power -density, high- heat-
capacity MIITGR core can easily dissipate decay
heat without requiring active safety systems or
operator action. While economies are associated
with modular construction and elimination of
redundant, active safety systems, the overal MHTGR
capital cost had been estimated to be 20 to 30% more
than coal plants of the same size. Current program
emphasis is to identify design changes that can
reduce costs to a level that will make the MHTGR
economically competitive.

The increased safety available with gas-
cooled reactorsisattractive to utilities, to regulators,
andto the public. However, both the nuclearindustry
and the regulatory community agree that currently
operating LWRs are suificiently safe. Neither utilities
nor the public is willing to pay more for increased
safety margins when the existing product (LWRs) is
judged to be adequately safe. Power producers might
be willing to pay a premium for increased investment
protection, but the large premium currently
caleulated is judged to be too large. The bottom line
is that MHTGR power costs must be reduced to the
LWR level before there will be a market.

If the helium oudet temperature can be
increased from 700 to 830°C, the MHTGR can be

designed to operate in the DC mode. In this mode,
hot helium coolant gas for the core is used to drive
a turbine directly instead of being sent to a heat
exchanger to produce steam, which is used to drive
a turbine. The energy conversion area (ECA) for a
steam cycle MIITGR represents about half of the
estimated capital cost. Simplification of the ECA by
replacing the steam cycle componenis (steam
senerator, feedwater pumps, feedwater heaters) with
a DC balance-of-plant is expected to halve the cost
of the ECA, reducing the total plant cost by about
25%. The capital cost reduction, coupled with the
higher thermal efficiency (50% for the DC, 37% for
the steam cycle), should make the MUTGR-DC cost
competitive with LWRs and with fossil plants.

ORNL is now completing a 2-year study on
the MHTGR-DC. The purpose of this study is to
select the most promising of the many possible
design alternatives and to develop defensible cost
estimates that can be compared with the alternatives
for electricity production (LWR, MHTGR steam
cycle, and coal).

The prospeets for near-term DOE funding
for this concept now appear doubtful. Funding has
been dramatically reduced for both the MHTGR-NP
and the MIITGR-NE concepts compared with the
profiles discussed a year ago (Table 5.15). There is
simply no money available to support advanced
MHTGR concepts when the baseline steam cycle
program is minimally funded.

Table 5.15
Budget projections by fiscal year for the Modulor
High-Temperature Gas-Cooled Reactor
(direct cyele) Initiative®
(8 in millions—BA)

18993 19384

18885 1836 19397 19988

Total funding 1.0 0.5

i3 20 3.0 3.0

“Funding is being sought under Program AF, Nuclear Encrgy Research and
Developiment, from the Assistant Secretary of Nuclear Energy, and under Program
NP, New Production Reactors, from the Office of New Production Reactors.

ﬁmﬂﬁamﬁmg Initistive
Center for Excellence in Research Reactors (See Office
of Energy Research Programs.)
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Mew initiative

Retention of Pool Critical Assembly (See Office of
Energy Research Programs.)

Continuing lniliative

Actinide Recycle

DOE has recently redirected the focus of its
LMR programs toward actinide management and
away from breeding. If long half-life actinides can be
removed from spent LWR fuel and recycled in a fast
reactor, the burden on the spent fuel repository will
be reduced. Further, management of the residual
short half-life fission products will require a shorter
period of institutional care. ORNL has a broad
experience in many areas to offer to the emerging
DOE actinide recycle program:

* fuel cycle analysis,

* equipment design,

reprocessing flowsheet development and
evaluation,

waste form testing and evaluation,
robotics,

NEPA analysis, and

proliferation analysis.

Table 5.16 outlines the projected budget for
the Actinide Recycle Initiative.

Table 5.16
Budget projections by fiscal year for
Actinide Recycle Initiative®
(8 in millions—BA)

1993 1994

1995 1996 1997 1998

Total funding 2.0 1.5

1.5 1.5 1.5 1.5

2Funding is being sought under Program AF, Nuclear Energy Research and
Development, from the Assistant Secretary for Nuclear Energy.

Continuing Initiative

Nuclear Propulsion for Space Exploration Initiative

A new Bush administrative space initiative
was announced in July 1989. The SEI focuses on
colonization of the moon and a manned expedition
to Mars. Success of the SEI will most probably
depend uponuse of nuclear propulsion. An extensive
SEI planning effort has been in progress during the
last 2 years, supported primarily with Laboratory
and industrial internal R&D funds. Unfortunately,
none of the sponsoring agencies (DOE, DOD, and
NASA) has appropriated funds to support either the
planning orimplementation of the planning. Budget
projections for the Oak Ridge Space Program for
FY 1993-1998 are shown in Table 5.17.

If the Congress commits to an SE{ program,
it will be a major effort. The preliminary budget
estimate for the nuclear propulsion element alone,
from FY 1991 through FY 2006, was $4 billion. The
broad objectives of SEl include space stations, manned
colonies on the moon, and travel to Mars by 2019,
The near-term focus of SEI will be technology
development:

¢ search for new, innovative approaches and
technology;

» investment in high leverage, innovative
technologies with potential tomakeamajorimpact
on cost, schedule, and/or performance; and
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Table 5.17
Budget projections by fiscal vear for the
QCak Ridge Space Program®
(8 in millions—BA)

1993 1884

1995

1996 1887 15388

Total funding 0.8 2.0

$.0

8.0 10.6 120

sFunding is being sought from the Assistant Sceretary for Nuclear Energy and other

DOE sources, from NASA, and from DOD.

mission, concept, and systems analysis
studies.
Preliminary planning efforts have focused

on eight technology areas:

space transportation,
in-space operations,
surface operations,
human support,

¢ toidentify areas where ORNL can contribute

to SEI by revicwing past work on nuclear
propulsion for space applications and
approaches being discussed for the future;

+ to inventory facilities, equipment, and

personnel assets in those areas;

¢ to develop specific proposals (scope,

schedule, and cost estimates) for deployment

lunar and Mars science,

information systems,

automation, and :

nuclear propulsion. .
ORNL'’s major interest is nuclear propulsion.

The focus of nuclear propulsion technology
development will be nuclear thermal rocket o
propulsion capable of long life and multiple starts

and nuclear electric propulsion.

ORNL’s approach to SEI planning will be

of assets to provide data and to demonstrate
feasibility to support the first phase of SEI
nuclear propulsion development;

to contribuie io development of task plans
for technical areas listed in SEI program
plan; and

to enhance perception within the technical
community regarding ORNL’s expertise and
credentials by organizing and hosting
technical workshops.

3 5 » 6 0 o o

Al—Naval Reaclors
Radiation Shielding Information Center ® The perforinance of radiation protection,

transport, shielding, and related studies for Nuclear Energy (NE) programs requires
specialized information, computational tools, and a suitable cross-section data base. The
Radiation Shielding Information Center (RSIC) provides these by serving as a focal point in
the community for technology exchange, making available latest developmients incomputing
and other techinology, data libraries, and biblicgraphic information. The technology base is
continually improved through contributions from the user community of new technology
or improvements made to existing tocls. Special data needs addressed by RSIC are
generating, validating, and upgrading specific data libraries needed by the shielding
community, including persouns working on problems essential to NE programs.

Specific activities of RSIC inciude operating a compuier-based information system
and answering inquiries on radiation analysis; collecting, testing, packaging, and distributing
computer codes and evaluated and processed nuclear data libraries; collaborating in work
on standards and in the generation of needed multigroup cross sections; leading American
Nuclear Society (ANS)-6, Radiation Protection and Shielding Standards Subcommitiee; and
holding sertinars and workshops.

The addition of literature to the RSIC collection will e continued, and revised
bibliographies and additional abstracts will be issued. Publication of the RSIC Newpsletier,
which keeps RSIC in continuous contact with its user community, will continue.

The value of the computer code and data exchange service has been established,
giving rise to a continual increase in requests, which is not expected to saturate soon.
Acquisition of information, codes, and data will continue in all areas. Efforts will be made
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to improve continuously methods for information dissemination and for evaluation through
feedback. Updated bibliographies and additional computer code and data abstracts will be
issued.

Work will continue as practicable in the long-term effort to compile basic transport
and milestone data. Work on standards in collaboration with the American Nuclear Society
will continue. RSIC will continue to support the National Nuclear Data Center, the Cross
Section Energy Working Group, and all other efforts to make available more and better cross
sections and provide adequate benchmarks for verification of computational techniques
and data.

KKO5—Policy and Management Support for DOE’s
Office of Nuciear Energy

DOE Standards Program in Support of the Office of Nuclear Energy # Since the late
1960s, ORNL has led in the management and overall conduct of the DOE (then the Atomic
Energy Commission) standards development efforts. In this position, ORNL has been
responsible for establishing the program procedures and guidance for all participating DOE
and DOE coatractor organizations to implement DOE’s standards policy as outlined in
Order 1300.2, Department of Energy Standards Program. Order 1300.2 is currently under
revision and will be issued in 1992. The updated order will reaffirm the department’s long-
standing policy touse existing national/international standards or develop new departmental
standards for its facilities, programs, and projects. ORNL responsibilities for the DORE
Standards Program are being expanded

» to function as the DOE lead standardization organization serving as the focal point
within the department for registering new and ongoing standards development
activities and carrying out technical/administrative program management;

s i0 develop new program procedures and a DOFE standards program manual for all
involved organizations to follow to implemeat the DOE standards policy;

o 1o develop a DOE standards index, identifying the various types of standards
(international, nongovernment, federal, DOE, and program-specific) used or available
for use by DOE and DOE coutractor organizations and departinental and contractor
personnel involved in standards development activities;

s (o develop and conduct training (initial and ongoing) for DOE and DOK contractor
personriel on the new DOE Standards Program procedures; and

¢ to provide technical support for a DOE standards committee to arbitrate standards
development/application issues that affect more than one department secretarial
office.

DOE Performance indicator Program in Support of the Office of Nuclear Energy »
ORNL assisted DOE in 1991 in establishing a DOE-wide system for trending and analyzing
operational data to help assess and support progress in improving performance and to
strengthen line management control of operations relating to ES&H activities. DOE, in a
manner similar to the commercial nuclear industry, considers that facilities with good
performance, as measured by an overall set of perforrnance indicators, are generally
recognized as well-managed facilities. The department’s objective is to collect data on key
performance indicators and to have line management analyze and trend the data. ORNI,
assisted in developing the methodology for presenting and analyzing the data; provided
training on the program to all DOE sites, DOE headquarters, and contractors; and prepared
summary-level reports. ORNL currently compiles and prepares quarterly summary reports
based on similar quarterly reports received from the DOE program senior officials and
performs special analyses of this data as requested.

ST—Isotope Production and Distribution Program

The rission of the Isotope Production and: Distribution Program at ORNL is to
supply enriched stable isotopes, selected radioisotopes, and related technical services for
use in research, medical, and industrial applications. The production of radioisotopes and
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enriched stable isotopes continues to be a significant and highly valued program that uses
the unique capabilities and facilities located at ORNL. Radioisotopes for many uses including
medical research are produced in the HFIR; enriched stable isotopes are produced in the
Calutron Facility. The mission also includes the development and evaluation of methods for
isotope production and separation. Various stable isotope enrichment projects are evaluated
for production in the gas centrifuge facilities at the K-25 Site. Specialized technical services
such as preparation of high-purity isotopes and unique chemical and physical forms are also
performed. Although the program was partially funded by the Office of Energy Research
prior to 1990, it has operated since then under a “revolving fund” arrangement that is
supposed to be self-supporting. The program has taken numerous actions to implement the
revolving fund and, because foreign competition has reduced sales, to keep the program costs
within available funds. These actions include conversions of isotope loans to leases,
reprocessing of returned material, placing the Calutron Facility and the Isotope Research
Materials Laboratory in standby, and reassigning program staff. Table 5.18 shows the recent

Table 5.18
Summary of Isotope Production and Distribution
Program funding performance

(8 in thousands)
FISCAL YEAR
1990 1991 1992« 1982
Funding 10,739 7,042 3,200 4,630
Expenses 10,305 6,875 2,975 4,630
Revenues 12,558 4,624 2,552 6,740

“Actual costs for October 1991 through February 1992,
*Projections for March through September 1992.

funding experience of the program. Revenucs have come primarily from sales of radioisotopes
and from the inventory of enriched stable isotopes. ORNL’s ability to operate within the
program’s funding constraints has been possible because managers and staff of other
programs have been flexible and cooperative, allowing us to support temporary staff to meet
program obligations without maintaining a full staff at program expense. ORNL will
continue to try to carry out missions associated with this program but may experience
difficulty in meeting production schedules within the current funding constraints.

Office of Nuclear Safety

M&S--Muclear Safely

The purpose of this task is to assist the Office of Nuclear Safety in the analysis of
operational data from DOE facilities (Table 5.19).This information will be obtained
generally from reports submitted pursuant to DOE Order 5000.3A or other formal reporting
requirements. The Nuclear Operations Analysis Center at ORNL will conduct engineering
evaluations of events; participate in audits of the reporting requirements; prepare reports
on events analysis, cause, and corrective action evaluations; event categorization; and
trends and patterns analyses. The center conducts other operational information reviews
related to specific facilities or groups of facilities.
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Table 5.19
Office of Nuclear Safety major program summary
(8 in millions—BA)"

Budget and FISCAL YEAR
reporting Major program ...
code 1991 1992 1993 1994
NS Nuclear Safety 01 0.2 0.3 0.3
Percentage of total <0.1 <0.1 <0.1 <0.1

Laboratory funding

“Figures include operating BA, capital equipment, and construction, if any.

Office of New Production Reactors

The ORNL NPR Program (Table 5.20) is focused into four primary areas:

e materials and structures development in support of the NPR HWR;

¢ materials developmentin graphite, in-reactor metals and ceramics, vessel materials,
and heat transport system (primarily steam generator) materials for the NPR
MHTGR;

e confirmatory development in fuels, fission product transport, reactor physics and
reactor vessel fluence shielding for the NPR MHTGR under funding from, and
technical direction by, the NPR Department at EG&G Idaho, Inc.; and

+ confirmatory cost analysis and evaluations to support all tritium-production options,
including the accelerator.

The urgency for new production capacity continues to lessen because of major world
events such as the breakup of the Soviet Union and the agreements to reduce nuclear
stockpiles. The NPR Program EIS has now been folded into the weapons complex
reconfiguration program EIS, which is to be completed in August 1993. This represents a
delay of at least 2 years.

Table 5.20
Office of New Production Reactors major program summary
(8 in millions—BA)*

Budget and FISCAL YEAR®
reporting Major program L,
code 1991 1992 1993 1994
NP New Production Reactors 10.1 10.4 1.0 0.6
Percentage of total 1.9 1.7 0.1 <0.1
Laboratory funding

*Figures include operating BA, capital equipment, construction, and proposed construction but not the funds
by reconciling transfer from DOE-ID to EG&G Idaho.
*Out-year numbers assume a favorable MHTGR decision at record of decision.
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Efforts that support the record of decision include

¢ preparation of cost studies;

¢ demonstration testing of HWR primary system piping to show that the double-endod
guillotine break is not a credible design basis accident for HWR plant conditions—
simplifying the design of HIWR emergency core cocling systems and making the
safety case for categorizing core damage events as beyond design basis;

e identification of alternate coke sources for long-term graphite supply including
(1) a joint cffort with Great Lakes Carbon to qualify nuclear grade H-451 from
alternate coke sources, (2) support for the DOE grant to the University of West
Virginia to develop a domestic source of coal tar-based nuclear graphite using clean
coking technology and minimizing sole reliance on petroleum coke sources, and
(3) jointefforts with other graphite vendors to identify alternate materials equivalent
to H-451;

* joint-testing programs with ABB Combustion Engineering to establish the corrosion
resistance of the candidate Alloy 800 material for the NP-MIITGR steam generatos;
and

s irradiation testing of MIITGR fue! to identify the cause of previously observed failures
of coated-particle fuel and to demonsirate that low in-pile failure rate of coated fuel
particles can be achieved with U.S.-fabricated fuel.

To better support the NPR Program, ORNL has formed an NPR project office within
the Metals and Ceramics Division and has assigned or detailed all project personnel working
full time on NP'R developiizent activities to the project office. In addition, a full-tine quality
assurznce manager has been assigned to support the project director. An NPR Records
Management System has been created to provide controlled, indexed, and protected
retrievable storage of NPR quality assurance records generated by the project.

Assistant Secretary for Defense Progroms

Programs sponsored by the Assistani Sceretary for Defense Prograins include
Weapons Activitics, Safeguards and Security, Materials Production, and Defense Waste and
Transportation Management (Table 5.21).

Tabla 5,23
Assistant Secretary for Defense Programs majov program suntiiary
(8 in millions--BA)"

Budget and FiSCAL YZAR
reporting Major pregram
code B B
GB Weapons Activities 0.0 0.2 0.5 0.5
GD Nuclear Safeguards and 0.6 0.4 0.5 0.5
Security

GE Materials Production 69 107 143 125

Total 7.5 11.32 153 135
Pcrcentage of total 1.4 19 1.7 1.3

Laboratory funding

“Figures include operating BA, capital equipment, and construction, if any.

GB-—-Weapons Activilies

BOE Emergency Managemsent © ORNL will provide assistance as needed in reviewing,
revising, and implementing the DOE Emergency Management System. Specific tasks may
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include assistance in the following:
+ developing DOE orders and guidance,
» developing criteria for readiness assurance,
*» developingeriteriafora coordinated exercise program and reviewing implementation
of those criteria,
* training emergency management teams,
* participating in appraisals of emergency management and evaluations of exercises,
and
* assisting in exercise development and sceenario review.
This work will contribute to an improved emergency management system and a
more consistent and effective exercise program.

GD--Nuclear Safeguards and Security
GDO601-—Detection of High Explosives by Mass Spectrometry/Mass Spectrometry «

High-sensitivity/high-specificity detection of the vapors of high explosivesis being approached
by the combination of atmospheric sampling glow discharge ionization coupled with
tandem mass spectrometry. The quadrupole ion trap is being developed as the tandem mass
spectrometer. Work leading to the present state of the art has demonstrated this technology
to be capable of detecting explosives vapors at concentrations as low as a few parts per
trillion with essentially no false alarms. Efforts over the next 3 years are focused on
improvements in the glow discharge source; new techniques for ion injection; engineering
to ruggedize and automate the detector; and coupling with sampling/preconcentration
systems to address the screening of personnel and items such as packages and vehicles.

GE-—-Materials Production

This program includes the Mark 42 Processing Prograni, the 252Cf Industrial Sales/
Loan Program, and the #*U Storage and Distribution Program. The Mark 42 Processing
Program involves the recovery and purification of transuranium element isotopes (***Pu,
PAm, and ***Cm) from Mark 42 targets that were previously irradiated at the Savannah
River Site and disassembled at Pacific Northwest Laboratory. The transuranium element
isotope products will be used in weapons diagnostics studies at LANL and Lawrence
Livermore National Laboratory. One Mark 42 target will be processed each year in the
REDC at ORNL, and the program is expected to continue for about 10 years. Preparations
for processing were made in 1989 and 1990, and processing began in 1991.

The 2Cf Industrial Sales/Loan Program is carried out to supply 22Cf to fabricate
neutron sources for medical, research, and industrial uses. This work is done in the
Californium Facility in the REDC, Building 7930.

Shielded, safeguarded storage and some distribution of U continue in the
Radiochemical Development Facility (Building 3019) at ORNL. Equipment for processing
23] has been in standby since 1989, Plans are being developed to improve the condition of
the aging facility to ensure safe, long-termstorage and distribution of 2*Uand safe, long-term
standby of the processing equipment. Preparations continue to provide for the safe storage
in Building 3019 of mixed (plutonium and uranium) oxide scrap that was generated at the
Nugclear Fuel Services Plutoniam Faeility in Erwin, Tennessee. The receipt of this material
is anticipated in 1992

Assistant Secretury for Conseroation and
Renewable Enerdy

ORNL conducts research and provides field management on a wide range of
programs for the Assistant Secretary for Conservation and Renewable Energy (Table 5.22).
Ultimate goals are to increase energy efficiency and the use of renewable resources. This
will help increase our industrial competitiveness and to reduce our dependence on oil
imports, the cost of energy to consumers, and the environmental impact of energy
production and conversion activities.
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Table 5.22
Assistant Secretary for Conservation and Renewable Energy
major program summary
(8 in millions—BA)*

Budget and FISCAL YEAR
reporting Major program e,
code 1891 19%2 13533 1994
AK Electric Energy Systems 75 101 115 129
AL Energy Storage Systems 1.2 0.8 0.2 0.0
AM Geothermal Energy 4.7 0.4 0.4 0.4
CE Hydropower 0.2 0.3 0.3 0.3
EB Solar Energy 4.6 4.6 6.1 0.4
EC Buildings Sector 144 120 133 179
ED Industrial Sector 1.9 89 123 134
EE Transportation 2006 249 304 378
EF Technical and Financial 2.0 2.4 1.0 1.0
Assistance

EG Multi-Scetor 6.1 0 0 0
EK Utility Sector 0 1.1 0.9 0.9

Total £3.2 &5.5 764 91.0

Percentage of total
Laboratory funding—BA 11.6 108 8.6 8.7

“Fi

gures include operating BA, capital equipment, and construction, if any.

Particular effort is made to ensure that the research is responsive to industry needs
and that research results are made known to industry in a form that will encourage
immediate use, The use of CRADAs, starting in FY 1991, has markedly increased our ability
to work with industry. Operation of two Conservation Program user facilities, the H'TML
and the Roof Research Center, has also been a key element in interactions with industry.

In FY 1992 the transportation sector is receiving greatly increased eniphasis at both
the DOE and ORNL levels. The DOE/CE budget request for FY 1993 includes an increase
of 47% for transportation sector programs. ORNL funding in trausportation (Program EE)
increased by 16% from FY 1991 to FY 1992 and is projected to increase by an additional 29%
in FY 1993. These projections do notinclude new initiatives on electric hybrid vehicles that
are now under discussion with automotive companies. This and other transportation
initiatives may result in substantial increases in fuiure years.

Noteworthy changes in expected funding levels of other programs are the following.
Program ED is expected to have substantial increases in Continuous Fiber Ceramic
Composites and Alternate Feedstocks for Chemicals. Program EX will decrease because of
the termination of District Heating, Cooling, and Cogencration; and Program AL will end
with the termination of Thermal Energy Storage. The budget request for Program EB
indicates an increase, but this is uncertain because of the proposed transfer of the biomass
feedstock research to the U.S. Department of Agriculture (USDA).

A&¥.-Flectvic Energy Sysitems

The discovery of ceramic superconductors that can operate at temperatires as high
as 77 Koffers the potential for many applications of superconductivity that were previously
thought impractical. The ORNL Superconductivity Technology Program seeks to develop,
with industry, the technology base for development of electric power applications. To
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expedite and encourage projects with industry, DOE established a novel set of business
arrangements known as Pilot Center Cooperative Agreements. Provisions regarding ownership
of intellectual property are flexible, safeguards of proprietary data are available, and a
simplified model agreement is followed. These arrangements have stimulated intense
industrial interest. Twenty-three cooperative agreements had been signed by the end of
FY 1991. Ina number of these projects, ORNL is working with industry to develop processes
for converting powder precursors into high-performance superconductors (Fig. 5.21).
Several cooperative agreements involving magnet design and testing are under way or in
final negotiation. A prototype magnetic refrigerator stage that could provide 50-W cooling
at 35 K is being developed in a cooperative agreement with Astronautics Corporation of
America.

The ORNL Power Systems Technology Program coutinues to develop and implement
transmission and distribution technologies for electric utility systems (Fig. 5.22). The effort
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focuses on technologies to decrease system losses, to increase power-handling capability,
and to ensure reliable operation. Reliability is being improved by analyzing the effects of
geomagnetic disturbance, electromagnetic pulse, electromagnetic interference, lightning,
and problems of surges and power quality. Production, detection, and mitigation of S,F
from SF, gas insulators is being studied in a CRADA.

ORNL is working with the Office of Energy Management to develop and conduct a
program on electrie and magnetic field effects. This program is expanding as DOE fills the
lead agency role in the new National Electromagnetic Field Effects Program. The expanded
program will include communications and engineering elements in addition to an enhanced
science research element.

In future years the funding for high-temperature superconductivity (aformer ORNL
initiative) is expected to increase. New initiatives are being developed in areas of real-time
power control, high-voltage direct current transmissions, and distributed generation. Power
Systems Technology and Electric and Magnetic Field Effects are also expected to have
increased funding during FY 1993 and FY 1994.

10

AL —Energy Storage Systems

For 12 years, ORNL has conducted a program to develop thermal energy storage
technologies for industries and buildings. These technologies are used to store energy in the
form of sensible or latent heat and to release this heat at a later time to meet a heating or
cooling need.

At present, the program consists of four cost-shared, subcontracted research
projects todevelop systems for storing heatin wallboard, water heaters, off-peak refrigeration,
and high-temperature industrial processes. The program will be closed out in FY 1993.

AM—GCestherimia! Syslems

ORNL participates in two areas of the Geothermal Program. In the first, we are
providing technical and analytical support to the DOE Geothermal Division for the
preparation of an EIS for the Hawaii Geothermal Project. The project consists of testing the
geothermal resource on theisland of Hawaii, demonstration of the deep-water cable between
Hawaii and Maui, and construction of commercial geothermal power production facilities
on Hawaii.

The second project consists of a continuing series of studies that provide input data
for models of chemical reactions in geothermal systems. Some important consequences of
such reactions include reservoir plugging, scaling of heat transfer surfaces, and excessive
corrosion.

The first project is expected to be completed in FY 1993, whereas the second will
continue during the planning period.

CE--Hydropower

This project provides research aud other technical assistance to DOE-H(Q) and DOE-
ID on environmental aspects of the Hydroelectric Systems Program. In FY 1992 the first
volume of the Environmental Mitigation Study was completed, providing an objective basis
for identifying environmental research priorities and for selection of mitigation practices.
The second volume will be completed in FY 1993 and will focus on fish-passage issues at
dams. Hydropower funding is expected to continue at about the present level.

ER-—%Solar Energy

The Biofuels Feedstock Development Program provides field management for a
national program of research on terrestrial energy crops, supporting research and analysis
at ORNL, and technical assistance to DOE’s Biofuels Systems Division. The program goal is
to develop technologies for producing large quantities of low-cost, high-quality biomass
feedstocks.
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The program is closely coordinated with biofuels conversion research at the
National Renewable Energy Laboratory. Production questions at the technical research
level are being addressed in a complementary manner for both herbaceous and woody crops.
The linkages between feedstock quality and conversion technologies are specifically
considered in the genetic development of species as energy feedstocks.

Significant recent research accomplishments include the following. Successful
development of tissue-culture techniques for more than 60 genotypes of silver maple has
enabled provenance trials using tissue-cultured plantlets. Farm-scale models, regional
evaluations, and national-scale analysis efforts are providing better information for forecasting
locations and types of land potentially available for biomass production. Atmospheric
carbon mitigation benefits gained from use of biofuels and biomass electricity were
determined. Figure 5.23 shows an example of the “carbon balance” for a wood-to-ethanol
plant.
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Research during the planning period is expected to make steady progress toward the
ultimate goal of economic and environmentally sound biofuel feedstock production.
Specific milestones include final reports from herbaceous screening studies in the Great
Plains and reports on the results of environmental monitoring in energy crop field trials in
FY 1993. Selection of preferred switchgrass varieties for the north-central region and
completion of the genetic map of a hybrid poplar (the first for aforest tree) will be completed
in 1994.

ORNL proposes substantial increases in funding for biofuels feedstock in future
years in order to meet National Energy Strategy goals for fuels from biomass. At the same
time we are working with DOE-HQ in an effort to transfer responsibility for biofuels research
to the USDA. If the interagency transfer is successful, the content and size of the ORNL
program may change during the planning horizon.

An evaluation of the Regional Biomass Energy Program began in FY 1992 and is
expected to continue through FY 1994. Other small projects in Program EB are being
completed during FY 1992.

EC—Buildings Sector
ORNL is responsible for field management in four program areas: Building

Thermal Envelope Systems and Materials (BTESM), Existing Buildings Research,
Building Equipment Research, and Buildings Technology Transfer. The BTESM project
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seeks to identify cost-effective improvements in the design of walls, roofs, foundations,
and component materials. FY 1992 saw the publication of Moisture Control Handbook for
New, Low-Rise Residential Construction, containing a number of viable solutions to
moisture problems. Follow-up studies are in progress to define more clearly the relationships
among climate, design, and building operation so that cost-effective methods for controlling
moisture levels can be specified.

A shortened and revised version of the Buildings Foundation Design Handbook
was completed and published in 1991. Itis estimated that full compliance with cost-effective
foundation insulation would save an additional 0.2 quads/ycar for new buildings. In order
to encourage more widespread compliance, an integrated experimental validation effort on
slab and basement designs will be started in FY 1992.

Work is continuing on alternative blowing agents to replace CFCs in closed-cell
foam insulation. Principal future activities include development of a technical data base for
use in a proposed American Society for Testing and Materials test procedure on cellular
plastic foam materials. Also, an assessment will be made to determine the typical level of
performance in commercially available wall systems as well as in novel systems.

The Roof Research Center continuces to be used on important collaborative projects
with industry such as the degradation of thermal performance of loose-filled attic insulation
because of convective heat transfer in the insulation. The Roof Research User Manual and
Strategic Plan will be updated during FY 1992,

A major thrust of the Advanced Materials project is the development of powder
evacuated panels (PEPs). These insulation panels are evacuated to reduce heat flow and
contain high-thermal-resistance powder to provide structural support without introducing
thermal bridges. In FY 1991 a CRADA was initiated with the Appliance Research
Consortium to determine the lifetime of PEPs. Additional work was done on determining
PEP performance as a function of pressure and powder type. Future research will
concentrate on development of cost-effective powders and barrier materials that also yield
high performance.

The goal of the Existing Buildings Program is to improve the effectiveness of
conservation retrofits by increasing the understanding of how retrofit measures actually
affect energy efficiency. Projects areidentified and carried out by competitive procurements.
Participants include state weatherization agencies, utilities, city governments, and the
Alliance to Save Energy. Figure 5.24 shows building retrofit measures being evaluated in
different parts of the United States.

Building Equipment Research seeks to conserve energy by developing improved
heat pumps for heating and cooling buildings. Both electrically driven and heat-actuated
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heat pumps are included. A major goal is to facilitate and expedite U.S. industry’s transition
from CFCs to acceptable, atmospherically safe alternatives that provide equal or better
energy efficiency. Research activities for electrically driven systems include testing of CFC
alternatives and refrigerant mixtures. Several advanced concepts of heat-actuated heat
pumps are under development by industrial subcontractors for both residential and
commercial applications. The new cycles under development operate with 30 to 50% higher
efficiency than the double-effect chillers commercially available today. During the first half
of FY 1993 we expect to complete residential generator-absorber heat exchange absorption
heat pump engineering test units and to begin the transition from rescarch to
commercialization of the technology.

The purpose of the Buildings Technology Transfer Program is to foster the adoption
of energy-efficient and renewable buildings technologies developed by DOE and also those
developed by the private sector. A specific activity is a cooperative project with the National
Association of Home Builders Research Center to identify emerging technologies useful to
the home-building industry. Other technology transfer activities include coordination with
organizations such as the Conservation and Renewable Energy Inquiry and Referral Service
and the Office of Scientific and Technical Information.

Moderate increases in budget levels of the buildings program are expected during the
planning period.

ED—Iindustrial Energy Conservation

ORNL performs applied R&D on four projects for the Advanced Industrial Concepts
(AIC) Division. The AIC Materials project develops new and improved materials and
manufacturing technologies in collaboration with industry. Some of the tasks being
addressed are the following. High-temperature ordered intermetallic alloys are being
developed with high strength, duetility, and corrosion resistance. Metal-bonded composites
are being developed for use at temperatures between those of metal alloys and ceramics.
Advanced catalyst materials are being developed to improve combustion processes and to
minimize emissions. Microwave technology is being applied to produce materials with
unique properties. Surface modification of polymers is also being explored to obtain superior
properties. Recent significant achievements include development of a weldable Ni Al and
the initiation of a CRADA with General Motors on development of Ni Al heat-resistant
furnace assemblies. As a result of earlier developments, patent hcemcb were signed in
FY 1992 for the use of a variable-frequency microwave source and production of TiB,
reinforced with continuous-filament ceramic fibers. An R&D 100 award was received for a
metal purification method using magnetohydrodynamics.

Asecond AIC projectis Advanced Bioprocessing Concepts. Fluidized-bed bioreactors
with immobilized cells are being studied for both three-phase and four-phase operation,
including an extraction phase to combine fermentation and separation. This development
will ultimately improve the economics of producing various organic chemicals. Technical
feasibility was demonstrated in FY 1991 for lactic acid. Gas-phase bioreactors are also being
examined with an emphasis on immobilized biocatalysts.

Additional AIC projects are the development of microemulsions as low-emission
alternative transportation fuels and thermal science research to investigate advanced
concepts such as superconducting magnetocaloric energy conversion and heat-pipe heat
transfer. A proposed project for FY 1993 is the use of electric fields to enhance industrial
chemical processing.

ORNL is performing R&D on three projects for the Industrial Energy Efficiency
Division. The Continuous Fiber Ceramic Composite project focuses on the development of
the primary processing methods for fabrication of this important class of materials. Two
tasks have been assigned to ORNL. Under Assessment and Support, ORNL assisted DOE in
developing the program plan in FY 1990 and continues to provide technical assistance in
evaluation of projects and in interactions with industry. The second task, Supporting
Technologies, consists of R&D on the more basic or generic elements of (1) composite
design, (2) materials characterization, (3) test method development, and (4) database and
life prediction. This research will provide the scientific foundation for successful process
development and scaleup.
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A continuing project for the Industrial Energy Efficiency Division is Materials for
Advanced Industrial Heat Exchangers. This project provides materials technology support
to DOE and its coentractors for advanced heat exchangers made of metal alloys or ceramics.
The cost, performance, and reliability of the heat exchanger must meet high standards
under operating conditions that are typically extremely corrosive. In the Chemical Heat
Pump project, ORNL has assisted DOE in selecting two promising technologies forindustrial
demonstration. The emphasis in FY 1992 and the following years will be the development
and implementation of a program plan for a “Zero Emission Boiler,” which is a heat pump
that can replace boilers and not produce air emissions.

A new program for the Improved Energy Productivity Division in FY 1992 is
Alternative Feedstocks for Chemicals and Petroleum Refining Industries. This program is
part of a bioprocessing initiative with participation by four national laboratories. During the
initial planning and assessment phase, ORNL will be responsible for evaluation of advanced
techniques for feed preparation, bioconversion, and downstream processing,

Two smaller FWPs in Program ED provide analytical support for the Office of the
Assistant Secretary for Conservation and Renewable Energy.

The programs on Continuous Fiber Ceramic Composites and Alternative Feedstocks
for Chemicals and Petroleum Refining are scheduled for increased funding levels in future
years. The other research programs in Industrial Technologies are expected to have
relatively stable funding. In addition, several new initiatives are under discussion for
possible future funding, including waste minimization technologies and stationary gas
turbines.

EE - Transporiation

R&D to improve transportation efficiency and to develop alternative fuels is
critically important for meeting National Energy Strategy goals on energy security,
cconomiic efficiency, and environmental quality. ORNL now participates in DOE programs
on transportation materials, propulsion technology, alternative fuels, transportation data,
and policy analysis. ORNL has designated transportation as one of eight Laboratory
initiatives, indicating that high priority is given to increasing the scope of programs in this
area. (See Sect. 4, “Summary of Major Initiatives.”)

Recent discussions with the major U.S. automotive companies have indicated a
strong desire by these companies to work cooperatively with ORNL and the other national
laboratories on advanced technologies, including hybrid vehicles. By February 1992 one
CRADA was signed with General Motors, and a number of other CRADAs were under
discussion. Itis an ORNL goal to translate these discussions into a comprehensive set of R&D
programs to assist the automotive industry in becoming more competitive, increasing the
fuel efficiency of vehicles, and utilizing domestic energy resources.

Our major current project for the DOE Office of Advanced Transportation Materials
is the Ceramic Technology Project. This project is developing the industrial teclinology base
for reliable, cost-effective components in advanced automobile and truck (diesel and gas
turbine) engines. The energy-savings potential of ceramics is based primarily on higher
operating temperatures and secondarily on reduced friction, weight, and inertia. The major
part of the work is done through cost-shared subcoritracts to the ceramics industry. The
project is proceeding toward a set of performance, reliability, and cost goals defined by a
multiyear plan. The materials technology is being developed in close coordination with
ongoing DOE and industry engine development programs. Since 1983, many of the
performance objectives for advanced ceramics have been met, and the emphasis has shifted
to cost reductions. Detailed plans for our efforts in this area are given in an FY 1991
addendum to the program plan. A major element will be the establishment of a Ceramic
Manufacturability Center in the I'TML. A first CRADA for joint work by industry, ORNL, and
the Y-12 Site on ceramic machining was signed in March 1992.

A second project in Advanced Transportation Materials is Tribology, with the goal
of understanding and reducing friction and wear of materials such as ceramics, carbon-
based materials, and composites. Tests during the next year will be concentrated on carbon-
graphite and silicon nitride.
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Three additional projects in Advanced Materials are under consideration: Material
Solutions for Alternative-Fueled Engines, Lightweight Materials for Automotive Applications,
and Electrochemical Propulsion Materials. Needs assessments are under way in all three
areas, with strong input from relevant industrial institutions. Draft multiyear plans are
scheduled for completion early in FY 1993.

The HTML houses laboratories and special equipment to support the Office of
Transportation Technologies, other DOE offices, universities, and industry in advanced
materials research. Six user centers are operated within the HTML with funding designated
for this purpose. At the end of 5 years of operation, in July 1992, we estimate that there will
be agreements in place with 95 industrial institutions and 80 universities. A new activity in
FY 1992 is the HTML Fellowship Program. Its mission is education and technology transfer,
accomplished through use of graduate, postdoctoral, industrial, and university faculty
fellowships. The activity emphasizes research conducted by the fellows in the HTML but
also includes assignment of HTML research scientists in industrial laboratories. Two new
user centers are scheduled for start up in FY 1994: Materials Environmental and Tribology.

For the Office of Alternative Fuels, ORNL provides technical support and R&D on
the Alternative Fuels Utilization project. Tasks include work with industry on emissions,
ignition, and combustion in heavy-duty alternative-fueled diesel engines.

There are two current ORNL projects for the Office of Propulsion Systems. The
Vehicle Thermal Environmental Control project has the objective of identifying pollution-
free space-conditioning systems that are at the same time cost-effective and energy
conserving. The project will likely progress from systems evaluation to engineering
development activities. The Automotive Propulsion Technology project complements our
work on alternative fuels utilization by examining and testing concepts for advanced
engines.

ORNL supports the Office of the Deputy Assistant Secretary for Transportation
Technologies with analyses of motor vehicle data and energy use. The results are published
in a biannual report, the Transportation Data Book. We also perform selected studies on
energy policy issues as related to fuel economy and clean air considerations.

Funding for ongoing EE projects will remain relatively level in most areas with
steady, moderate funding increases for the HTML user centers, ceramic manufacturability
under the Ceramic Technology project, and Automotive Propulsion Technology. As noted
previously, new projects in advanced materials and cooperative R&D with the automotive
industry may result in large funding increases in future years.

EF—Technical and Financial Assistance

ORNL provides evaluation and technical support for a number of programs in the
DOE Office of Technical and Financial Assistance. The major current effort is the evaluation
of the Weatherization Assistance Program. Data are being collected and analyzed on a
nationally representative sample of program participants and matched control groups. This
evaluation will end in 1994.

Assessments are also under way on two information programs: the Conservation
and Renewable Energy Inquiry and Referral Service and the National Appropriate Technology
Assistance Service. During FY 1992 plans will be developed for evaluating the State Energy
Conservation Program. ORNL is conducting an ongoing analysis of the process of innovation
in the Energy-Related Inventions Program. Finally, ORNL supplies technical information
for the International Energy Agency Center for Analysis and Dissemination of Demonstrated
Energy Technologies and for the Weatherization Assistance Program.

Additional studies in these areas will likely be undertaken as the current work is
completed.

EX—Utility Seclor

In Integrated Resource Planning, the goal is to develop and disseminate improved
methods that utilities, public utility commissions, and others can use to plan and acquire
energy resources. Specific ORNL tasks include preparation of handbooks, development of
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an expert systerm on evaluation, rev

iew of utility programs, and analysis of planning issues.

Funding will continue at the present level.
The District Heating, Cooling, and Cogeneration Program seeks to advance the

application of these cnergy-efficient

technologies in the United States. ORNL hasundestaken

several tasks in the program, including program planning, conducting workshops, and
software development. FY 1993 will be the final year for the program.

AHDE- - Policy and Management—CRE

ORNL provides analytical support to the DOE/CE Office of Planning and Assessment
inplauning guidance, review and analysis of alternative strategies for achieving Conservation
and Renewable Energy objectives, and management inforration system development and

implementation.

oo
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Better Energy Technologie.é for the Developing World

The energy choices made by developing
nations (including those of Eastern Europe) will
have growing cnvironmental and economic
ramifications for the United States. Clearly, as the
economic gap between developing andindustrialized
nations narrows, an increasing share of the world’s
primary cnergy use will go to meet the nceds of
developing countries. This means at least three

things to the United States: (1) Resulting energy use
by devceloping nations (including fossil fuel
consumption) is likely to contribute significantly to
the global buildup of greenhouse and ozone-depleting
gases in the atmosphere. (2) CO, emissions by
developing nations (including China) may exceed
those by industrialized nations in the first decade of
the next century (Fig. 5.25). Energy use by developing
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nations is also likely to contribute to rising pressures
on world oil markets. (3) Developing nations will be
an expanding market for energy technologies during
a time when the United States is trying to improve its
competitiveness in the world economy.

Energy technology R&D canbe animportant
part of the U.S. response to all three of these
challenges. In particular, more energy-efficient
technologies that are economical, hiomass energy
development, and improvements in environmental
measurement and control capabilities willbe needed.
These technologies should be engineered to meet
the particular circumstances of each developing
country so that adoption rates can be maximized
and the U.S. share of energy technology markets
improved. DOE and other federal agencies have
already begun to explore these opportunities. The
interagency Committee on Renewable Energy
Commerce and Trade (CORECT), chaired byaDOE
official, is working to facilitate worldwide use of U.S.
renewable energy and energy-efficiency technologies.

Since 1982 ORNL hasbeeninvolvedin energy
technology and policy assessments in developing
countries. These assessments have been supported
largely by the U.S. Agency for International
Development (AID), but support has come from
DOE as well. This experience has extended to 21
countries in Asia, Africa, Latin America, and the
Near East, and it has embraced fossil technologies,
biomass and other renewable resources, and energy
efficiency improvements. As a consequence, ORNL
represents a unique combination of broad-based
developing country experience; broad-based energy
technology R&D expertise and facilities; and informed
perspectives on such issues as global climate change,
technology transfer, and public-private sector
collaboration.

With this background, ORNL s role in what is
emerging as amajor national initiative will be focused
on technology R&D), that is, ways to meet the energy
needs for economic growth in developing countries
while reducing stress on the global environment and
world oil market—and improving the U.S. trade
balance-—through technology development,
improvement, and adaptation.

The ORNL initiative in broad outline consists
of four major activities. These are

e Nation- and region-specific R&D agendas. In

consultation with DOE, ORNL will select a

limited number of key nations or regions

and, in close collaboration with sister R&D

institutions in those areas, will assess needs

for energy technology improvements or
adaptations to meet their needs. Nations or
regions will be selected on the basis of their
importance (1) to global warming (e.g., the

(I8, China,India, and Brazil); (2) as potential
markets for U.S. energy technologies (e.g.,
Eastern Europe and Southeast Asia); and
(3) in meeting development needs (e.g., the
Sahel) or U.S. policy objectives (¢.g., Eastern
BEurope and Central America). Based on the
assessments, R&D agendas willbe developed
and pursued in cooperation with the U.S.
private sector and indigenous counterparts.
This step will be followed by efforts to
encourage the demonstration and use of
improved technologies and efforts to transfer
the new options to other countries or
areas.

o Selected technology-specific R&D agendas.
In some cases ORNL is prepared to combine
its developing country experience with DOE
program priorities to identify energy
technology R&D directions that are likely to
meet the needs of a number of developing
areas. Some candidate technologies include
biomass production and conversion; heating,
ventilation, and air conditioning (FVAC)
equipment for buildings; environmental
diagnosticand control systems; technologies
for electricity distribution; and power
electronics. In such cases R&D initiatives at
ORNL will serve as catalysts for DOE
programs and as sources of ideas for the U.S.
private sector. For example, two promising
opportunities are biomass plantations in
China and gas-fired, ground-coupled heat
pumps in the CIS. As external financial
support grows, the Laboratory will involve
the private sector as a full partner in the R&D
process (much like ORNL has done in
buildings energy conservation R&D).

¢ Support for foreign national and regional
energy efficiency efforts. ORNL willcontinue
to assist DOE in international programs that
promote energy efficiency and expansion of
trade opportunities for U.S. industries. These
include CORECT, which increased its scope
in FY 1991 to include a wider range of
countries and energy-efficiency technologies,
the Program to Support Eastern European
Democracies, which has established centers
in several East European countries to assist
the transfer of American energy-efficiency
technologies, and the Asian-Pacific Economic
Council, which has established a U.S.-led
-subcommittee on energy efficiency.

+ Comprehensive energy information system.
ORNL will explore possible opportunities to
create a comprehensive information system
to collect and to disseminate information
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aboutenergy technologies, energy assistance
activities in the developing countries, and
options and purveyors of assistance for the
developing countries. The lack of such an
information system is a major gap in the
current programs of assistance. ORNL’s
extensive experience with technical
information centers should be a major asset
as organizations work together to meet this
need.

We anticipate sponsorship of the ORNL

initiative from the following organizations:

e The DOE Office of Conservation and
Renewable Energy (CE)issupporting ORNL’s
activities with the Center for the Analysis
and Dissemination of Demonstrated Energy
Technologies and with the Asian-Pacific
Economic Council organization.

¢ Support from the AID Office of Energy and
from AID mission and regional offices will
continue for monitoring and evaluation
activities for the Central American Rural
Electrification Support project. In addition,
a similar evaluation effort will begin for the

AID-sponsored Petén Biosphere Reserve
project in Guatemala.

* The EPA is pursuing opportunities to assist
developing countries with environmental
centers. These centers are likely to include
energy-efficiency initiatives.

» Thebackground paperfor the National Energy
Strategy suggests a major DOE role in energy
technology R&D for developing countries. If
aprogram is established to meet this need, it
would become a significant sponsor of ORNL’s
efforts. Principal support is likely to come
first from DOE’s Office of Conservation and
Renewable Energy, but, in time, support
might also come from Nuclear Energy, Fossil
Energy, and International Affairs.
Afullnational program for energy technology

R&D for developing nations might require from
$100 million to £200 million per year. Table 5.23
indicates the budget proposed for the ORNL initiative
in this subject area. For FY 1992-FY 1996, about
£1 million of the total in each year has been included
in the projections for Program EF in the “Resource
Projections” section.
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Tabie 5.23
Combined DOE and Work-for-Others operations budget
projections by fiscal year for Energy Technologies for
Developing Nations Initiative®
(8 in millions—BA)

1993 1994 1985 1996 1897 1598

Non-DOE (AID) 0.8 1.0 1.0 1.0 1.0 1.0
DOE 1.2 3.0 7.0 8.0 9.0 9.0
Total 2.0 4.9 8.0 2.0 10.0 10.0

“Note that these figures are a subset of total financial support for ORNL work in
developing countries and, in the case of Agency for International Development (AID), are
less than the total resources projected from that agency in the near future.

Assizlant Secretary for Fossil Energy

ORNL programs for the Assistant Secretary for Fossil Energy cover the following
areas: coal, clean coal technology, support to the Strategic Petroleum Reserve, and support
to the Naval Petroleum and Qil Shale reserves. The principal focus of ORNL's fossil-cnergy
activities, however, is coal. The coal budget is anticipated to increase in FY 1992 primarily
because of additional efforts in materials, chemical processing and bioprocessing of coal, and

ES&H areas (Table 5.24).

Al 02l

Materials research activities—incliding management with the DOE Oak Ridge Field
Office (DOE-OR) of the Fossil Energy Advanced Research and Technology Development
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Table 5.24

Assistant Secretary for Fossil Energy major program summary
(8 in millions—BA)*

Budget and FISCAL YEAR
reporting Major program e
code 1991 1992 1993 1994
AA Coal 5.9 6.2 59 106
AC Petroleum 0.1 0 0.1 0.1
AZ Innovative Clean Coal 0.5 04 0.6 0.7
Technology
SA Strategic Petroleum 0.3 0.4 0.4 0.4
Reserve
Total 6.8 7.0 7.0 11.8
Percentage of total 1.3 1.2 0.8 1.1

Laboratory funding

°Figures include operating BA, capital equipment, and construction, if any.

Materials Program—comprise the major portion of the coal budget. In addition to ceramic
composites and advanced alloy development, electrolyte systems, development of advanced
coatings and claddings, inorganic membranes, and technology transfer have been integrated
into the materials program.

Fiber-reinforced ceramic composites with improved strength and toughness are
being produced by the forced chemical vapor infiltration and deposition process developed
at ORNL. Ceramic composites have a variety of applications in fossil-energy systems such
as high-temperature heat exchangers and hot-gas cleanup filters. Current work also
emphasizes understanding the nature of the fiber-matrix interface with the aim of improving
the mechanical properties of composites. Ceramic membranes for the separation of gases
in high-temperature and hostile environments are being developed and tested. Other work
is devoted to the microwave sintering of ceramics. This technology will be important in the
fabrication of electrode and electrolyte materials with improved electrical properties for
solid oxide fuel cells.

ORNLis developing advanced austenitic alloys for use in fluidized-bed and pulverized-
coal combustion power plants. The objective of this work is to modify existing alloys that
will satisfy the strength and corrosion-resistance requirements of high-temperature and
high-pressure, second-generation power plants. Intermetallic alloys based on Fe Al are
being developed for applications in which superior oxidation and sulfidation resistance and
strength are required. Improved room-temperature ductility and resistance to hydrogen
embrittlement will continue to be emphasized in the next several years. Current materials
and designs for tubesheets and manifolds for hot-gas filter systems are being examined; the
aim is to recommend a tubesheet material suitable for long-term operation of these systems.

New combustion work will focus on ceramics and high-temperature alloys as well
as on the evaluation of chaotic components of fluidized-bed combustion.

Corrosion research at ORNL centers on studies of the formation and breakdown of
protective oxide scales, particularly in sulfur-containing atmospheres and on the effect of
environment on corrosion of iron aluminides With the use of a special mechanical
properties microprobe, an understanding of the properties of oxide scales is evolving.

ORNIL has a commitment to transfer the technology developed in the Fossil Energy
Materials Program to industry and to others in the fossil energy community. ORNL has three
licenses to produce powder and wrought forms of iron aluminides, and a CRADA is under
discussion. Another significant technology transfer effort is a CRADA with the 3M Company
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for the transfer to industry of a process for fabricating full-size ceramic composites utilizing
technology developed at ORNL.

In the ES&H area, technical and analytical support is being provided to the
Morgantown Energy Technology Center by evaluating environimental concerns related to
coal research and development projects and by preparing NEPA assessments of the
projects. Future work may involve performing field studies to collect environmental data
for use in upcoming assessments.

R&D for coal processing at ORNL involves biological conversion toliquids and gases,
biological beneficiation of coal and coal-derived liquids, and the evaluation of coal-derived
liquids produced from mild
gasification processes.
Advanced bioreactor systems
are being developed for coal
processing, and the use of
biological catalysts in
nonaqueous media is being
studied. It has now beenshown
that as much as 24% of some
types of coal can be liquified/
solubilized by modified
enzymes in organic solvents in
small fluidized-bed reactors, as
is shown in Fig. 5.26.

AC—Patroleuin

Technical and analytical support will be provided to DOE for the Oil Research
Program. An important compenent of ORNL'’s involvement is the environmental support
in preparing a programmatic NEPA assessment of the program. The goal of the Oil Research
Program is to maximize the economic producibility of domestic oil resources by implementing
aresearch, development, and demonstration plan in collaboration with state governments,
industry, and academia.

AZ--lnnovative Ciean Coz! Technolegy

Work on the Clean Coal Technology Program (CCTP) includes support in the areas
of environment and materials. The CCTP is jointly funded by DOE and industrial
organizations. Four solicitations have been completed by DOE, and a fifth solicitation for
the CCTPis planned for future years. An important part of ORNL’s involvement in the CCTP
is environmental technical support to DOE in the preparation of NEPA assessments of site-
specific projects. Materials failure analyses (critical to the success of clean coal techuologies)
continue to be conducted for the Pittsburgh Energy Technology Center. Work related to the
CCTP is expected to remain at the present strong level of effort over the next S years.

Sa—Strategic Pelroleum Raserve

ORNL is performing work for the Strategic Petroleum Reserve Program with
assistance to the Strategic Petroleum Reserve in the assessment of alternative methods of
financing oil acquisition and in the development of models for planning the capacity and

management of the SPR. SPR support activities are expected to remain level in the next
5 years.

Assistant Secretary for Environment, Safety, and
Health

ORNL work for the Assistant Secretary for Environment, Safety, and Health
includes development of environmental policy assessment methodologies and models;
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application of these to analyze proposed and existing environmental legislation and
regulations; development of environmental-compliance guidance; planning and assessment
of technologies for dealing with radiological emergencies; participation on DOE Tiger
Teams; and training of DOE and contractor staffin compliance with environmental laws and
regulations. Table 5.25 presents summary budget information for this program area.

Table 5.25
Assistant Secretary for Environment, Safety, and Health
major program summary
(8 in millions—BA)"

Budget and FISCAL YEAR
reporting Majorprogram ..
code 1991 1992 1993 1994
HA Enviromental Research 7.5 7.1 7.5 7.6
and Development
HR Epidemiologic Activities 0.2 0 0 0
HS Office of Security 0.1 0.1 0.1 0.1
Evaluations
Total 7.8 7.2 7.6 7.7
Percentage of total 14 1.2 0.9 0.7
Laboratory funding

“Figures include operating BA and capital equipment, if any.

HAD 1 —Environmental Safety and Health

The Laboratory continues to provide technical support to all offices under the
Deputy Assistant Secretary for the Environment. Activities include regulatory analysis,
analysis of environmental impacts of energy development, technical input to policy analysis,
technical guidance on compliance with environmental regulations, and training.

Environmental Guidance and Compliance ¢ ORNL will continue to provide extensive
technical support to the Office of Environmental Guidance. Long-standing work for this
office encompasses a variety of regulatory activities including the tracking and analysis of
regulations and the development and dissemination of regulatory information and guidance.
In FY 1990 in response to Secretary Watking' ten-point initiative for improving DOE's
environmental performance record, ORNL provided substantial new support for training in
environmental laws and regulations. The development and implementation of training
courses in environmental regulation for DOE and DOE contractors will continue. ORNL also
provides technical support to the Office of Environmental Guidance in matters concerning
standards and procedures development, calculational model validations risk assessment,
and radiation protection requirements. With regard to procedures development, ORNL
currently is developing a radiological survey procedures manual, which provides detailed
specifications for measurement and assessment of radiological environmental pollutants.
The manual will serve as the basis for radiological surveys at DOE and contractor facilities.
ORNL staff are also providing support to DOE’s Risk-Based Standards Working Group, which
is developing guidance on health and environmental risk assessments performed at DOE
facilities.

NEPA Oversight » ORNL continues to provide technical support to the Office of NEPA
Oversight. Technical support includes assistance with the development of guidance for
compliance with NEPA, preparation of related background information, review of NEPA
documents, and assistance at DOE-HQ. A major initiative related to the new DOE rule on
the NEPA compliance (10 CFR 1021) is assistance with the revision of the Office of NEPA
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Oversight’s NEPA Compliance Guide. In FY 1993, ORNLI. has been tasked to develop audit
protocols to assess compliance with NEPA at DOE facilities nationwide.

Environmental Audit » ORNL expertise in environmental and health risk analysis is
available to help prioritize actions required to comply with environmental regulations,
Federal Facility Agreements, and consent crders.

Safety Policy and Standards ® ORNL has developed the capability for conducting
large-scale hydrogeological and environmental characterization activities that are essential
to addressing the contamination problems that oceur on many of the DOE sites. An
increasing interaction with regulatory agencies is creating the need for a uniform, efficient,
and well-organized approach to development and initiation of site-wide characterization
studies. ORNL will plan to serve as the coordinating center for characterization of selected
DOE sites throughout the country—drawing heavily on the experience developed in work
done on the Oak Ridge Reservation, which is hydrogeologically the most complex of any of
the sites.

ORNL support to the Office of Environmental Audit in completion of their
environmental survey terminated in 'Y 1990. ORNL technical support in site-prioritization
efforts, environmental audits, and emergency-response R&D is available.

ORNL ES&HC Staff, supported by HASRD staff, have coordinated the initial
DOE-wide Safety and Health Five-Year Planning Process for the Assistant Sceretary for
Environment, Safety and Health and now continue in coordinating the process
refinement and functional implementations.

Neutron Dosimetry Using Bubble Technology ® There is a need for improved neutron
dosimetry at all DOE facilities. Development and utilization of superheated drop (bubble)
technology is one of the most exciting and promising advances in neutron dosimetry in the
past two decades. The Dosimetry Applications Research (DOSAR) group has combined the
threshold detection features of bubble dosimeters with traditional board response of
thermoluminescentalbedo dosimeters to develop a Combination Area Neutron Specirometer
(CANS) and a Personnel Neutron Dosimeter/Spectrometer (PENDOS). Because the resulting
unfolding analysis techniques are simple, this combination rapidly yields the neutron dose
as well as the neutron energy spectrum. As thesc are developed and the technology is
transferred to industry, they should form the core of a new generation of small, accurate,
low-cost neutron personnel dosimeters and spectrometers.

Nuclear Accident Dosimetry Performance Tast Program ¢ DOE facilities with the
potential for a nuclear criticality accident are required to have nuclear accident dosimetry
capabilities and to ensure that they will function properly. Annual Nuelear Accident
Dosimetry Intercomparison Studies conducted at the Health Physics Research Reactor
(IIPRR) met training, educational, and performance testing needs until the shutdown of the
HPRR in 1987. Since then, nio such testing and training have occurred. The DOSAR group
isattempting to organize a Nuclear Accident Dosimetry Applications Test Program using the
fast pulse reactor at the Army Pulse Radiation Facility in Aberdeen, Maryland. The proposed
program is essential to provide for the proper testing, education, and training throughout
DOE.

Center for Risk Management

Continuing 19

The Center for Risk Management is housed
in the Health and Safety Research Division. A major
mission of this center is to focus the Laboratory’s
resources even more strongly on evaluating risks to
human health and on prioritizing and solving
environmental problems related to energy
production and consumption. Environmental

restoration is a principal concern; however, many
healih and environmental problems of major national
or international significance fall within the scope of
the center. Otherexamples of currentinterestinclude
radionuclides and toxic chemicals, acid deposition,
and climate change as well as policy and management
mechanisms to reduce their adverse impacts.
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The center willdraw on the expertise of basic
researchers within the ORNL divisions and will
emphasize the integration of science into decision
making. Examples of activities to be actively pursued
by the center include environmental fate/transport
modeling, human and environmental toxicology,
epidemiology, applied ecology, environmental
monitoring, data base development, risk/benefit,
and policy analysis. In addition to developing methods
and performing assessments, the center will provide
technical assistance to sponsors responsible for
performing or interpreting risk assessments and for
managing societal risks.

The Center for Risk Management will
(1) increase communication among scientists
working in different divisions and programs; (2)
ensure that risk assessments and analyses performed
for all sponsors meet the highest possible standards

of technical excellence; (3) provide a common
focus for marketing a Laboratory-level initiative in
risk assessment, analysis, and management; (4)
ensure the prior application of technical, social,
and political inputinto our assessments; (5) promote
training and educational initiatives aimed at
professionals in the field and the public; and (6)
establish Martin Marietta Energy Systems, Inc., as
a national leader in this very important risk
assessment area. The staff of the fourenvironmental,
life, and social sciences divisions are among the
world’s leaders in applying the concept of risk
assessment to today's critical environmental
problems. The establishment of this center will
significantly enhance outside recognition of ORNL’s
leadership in this field. Table 5.26 lists budget
projections for the Center for Risk Management.

Table 5.26
Budget projections by fiscal year for the Center
for Risk Management*
(# in millions—BA)

1993 1994

1995 1996 1997 1998

Operating expense  12.0  20.0

200 200 20.0 200

“Funding is being sought from the Assistant Secretary for Environment, Safety,
and Health under Program HA, Environmental Research and Development, the
Assistant Secretary for Environmental Restoration and Waste Management under

Program EM, and from other sources.

Continving Iritiative

Health Physics Instrumentation Center of Excellence

Recentattention to ES&H issues hasrevealed
that an acute national need currently exists for
improved health physics radiation monitoring
instrumentation and radiation calibration facilities.
Designed tomeet thisneed, this new initiative involves
cooperation throughout Energy Systems and the
organization and development of a center known as
Associated Laboratories for Excellence in Radiation
Technology (ALERT).

The purpose for ALERT centers on
instruments, detectors, and other devices used for
radiation measurements in health physics programs.
It will emphasize R&D related to such devices, an
area that has been severely neglected in recent vears.
Other central functions of ALERT will be calibration
and performance testing of various health physics
devices. This will, as a matter of course, also involve
evaluation, maintenance, and quality assurance
testing activities. The sharing of research advances,
calibration information, and performance testing

information with the scientific and technical
community by technology transfer activities will be
an integral part of ALERT.

The management of ALERT will be centered
in the HASRD at ORNL because of the emphasis on
health physics R&D activities. In addition to HASRD
researchers, health physics instrumentation experts
from the Instrumentation and Controls Division will
function as a vital part of the rescarch team. The
combined radiation calibration facilitics of Energy
Systems will form the nucleus of the experimental
portion of ALERT. Specifically, ALERT will make
available the Radiation Standards and Calibration
Laboratory in the Office of Environmental and
Nealth Protection at ORNL, HASRD’s Radiation
Calibration Laboratory, the Radiation Calibration
Laboratory at Portsmouth Gaseous Diffusion Plant,
and miscellaneous radiation sources and facilities at
Paducah Gaseous Diffusion Plant, the Y-12 Plant,
and the ORNL site. Instrument maintenance and
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testing functions will alsc be shared among the
various Encrgy Systems plants; the major work is
expected to be performed at ORNL and Portsmouth
Gascous Diffusion Plant.

ALERT is expected to become certified by
NIST as a Secondary Standards Calibration Facility
for lonizing Radiation and also to becomie a national

test facility for health physics instrumentation
performance. In summary, ALERT is expected to
meet Energy Systems calibration needs, the R&D
needs of the health physics community, and national
needs associated with performance test programs
and NIST standards activities. Table 3.27 presents
a summary of budget projections for this initiative.

Table 5.27
Budget projections by fiscal year for the Health Physics
Instrumentation Center for Excellence Initiative*
(% in millions—BA)

1883 1954 19985 13396 1887 1958

Total funding 1.9 21 1.7 1.7 1.6 1.6

“Funding is being sought from the Assistant S8ecretary for Environment,
Safety, and Health under Program HA, Environmental Research and
Development.

HR—Epideminlogic Kot

ORNL. provides technical support to epidemiological activities conducted for the
Assistant Secretary for Environment, Safety, and Health. Under IIRO1 03, support regarding
ES&lI is provided in the arca of conducting epidemiologic research activities, including the
Radiation Effects Research Foundation. Under HRO1 35, support is provided to K-25 Site
worker safety studies. The HR-funded activiiies at ORNL were previously funded through
Biological and Environmental Research in OHER and other DOE offices.

TG o £ & - srea e B
AP OF Becur ey &

ORNL provides support to various activities associated with the development and
maintenance of state-of-the-ari analytical methods used in the review of safety analysis
reports for packagings. These methods include computer codes and other advanced
assessment tools.

Office of Civilian Radioactive Waste Management

ORNL’s work for the DOE Office of Civilian Radioactive Waste Management
(OCRWM) is conducted under Program DB. ORNL’s DB activities currently involve the
geologic repository (DBOL), transport and systems eungineering (DB04), and program
management and technical support (DB03). The work is declining in scope during FY 1992
as the new OCRWM management and operating (M&() contractor transitions into these
activities. Beginning in FY 1993, it is expected that very little of the DB activities will remain
at ORNL. Table 5.28 shows the OCRWM budget summary as developed using projected
funding for FY 1993 and beyond.

582 1| Oak Ridge National Laboratory Institutional Plan FY 1993~FY 1998



Table 5.28
Office of Civilian Radiouctive Waste Management major program summary
(8 in millions—BA)*

Budget and FISCAL YEAR
reporting Major program
code 1991 1992 1993 1994
DB Nuclear Waste Fund 8.6 0.5 1.6 1.2
Percentage of total 1.6 <0.1 0.2 0.2
Laboratory funding

“Figures include operating BA, capital equipment, and construction, if any.

DE-~Nuclear Wasle Fund

The repository component of the GCRWM Program, which supports the ongoing
geotechnical activities in support of the Yucea Mountain Project, was significantly reduced
after FY 1989; further reductions occurred in FY 1990 and FY 1991. Activities in this area,
which are generally funded at a low level, may continue beyond FY 1992.

The transportation and systems engineering component of the program supports two
activities at ORNL. The first, Transportation Operations Project Office (TOPO), provides
support to the Transportation Branch at QCRWM. TOPO’s current work focuses on technical
support for institutional activities, transportation economic and systems analyses,
transportation operations/support systems development, and transportation program
management. Significaut activities include the development of an assessment of trends in the
rail industry; developing a strategy for emergency response; assessing the capabilities of
facilities to accept casks transported by different modes; developing, documenting, and
maintaining the ability to project transportation routes; continuing the development of site-
specific services planning documents, which are the first step in ensuring proper operational
interfacing of the transportation system with facilities; assisting the OCRWMM&Q contractor
in assessing the impacts of delivery commitment schedules as they are submitted by utilities
to DOE; completing the development of a transportation system description and a functional
analysis; supporting DOE in its observations of ongoing spent nuclear fuel cask handling
activities; assessing feasible startup rates for the OCRWM Transportation System; defining
contingencies for starting up transportation using existing systems; and completing
assessments of issues related to the standard disposal contract. All transportation-related
activities at ORNL are projected to terminate at the end of FY 1992,

The second activity, the systems-engineering component, is embodied in completing
the verification and documentation of the waste stream analysis capability; issuing the
second revision of the Waste Characteristics Data Base; initiating the improved applications
for the ORIGEN2 code used for projecting radicnuclide inventories; and modeling the
impacts of diserete events on the operations of OCRWM facilities. These activities support
OCRWM's ability to perform design and trade-off studies for establishing an integrated and
efficient high-level nuclear waste management system. Some of these activitics may
continue at ORNL beyond FY 1992, specifically in finishing the improved applications of
ORIGENZ and possibly some technical support in the characteristics data base area.

The technical support area includes a jointly funded activity where the Integrated
Data Base is maintained, providing a comprehensive, top-level perspective on the wastes that
must be handled by DOE in the future. The Integrated Data Base contains DOE’s official spent
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fuel and radioactive waste inventories and projections through 2020. This is an area where
support is expected to remain stable beyond FY 1992.

Assistant Secretary for Environimental Restoration
and Waste Management

ORNL programs for the Office of Environmental Restoration and Waste Management
(EM)are primarily in the areas of environmental restoration, waste management, technology
development, and quality assurance/quality control. ORNL receives funding in all of these
categories, with the bulk of the funding being supplied through the Energy Systems central
organization in FY 1992 and beyond (see Table 5.29).

Table 5.29

Office of Environmental Restoration and Waste Management

MAJOr Program SUnmary
(8 in millions—BA)*

Budget and FISCAL YEAR
reporting Major PrOgYam e
code 1991 1892 1833 1994_
EW Environmental Restoration 9.3 4.5 0 0
and Waste Management—
Defense
EX Environmental Restoration 5.7 13.0 0 0
and Waste Management—
Nondefense
Landlord 9.1 7.7° 7.0
Subtotal 24.1 25.2 7.0 0
DOE funding from Energy Systems Central Organizations
EW Environmenta! Restoration 43.0 959 1287 1175
and Waste Managemernt—
Defense
EX Environmental Restoration 21.2 205 906 1214
and Waste Management—
Nondefense
Subtotal €4.2 116.4 213.3 238.9
Total 88.3 141.6 226.3 238.9

Percentage of total

Laberatory funding

163 233 256 228

“Figures include operating BA, capital equipment, and construction.

*Includes funding for general field-work proposals for Occupational Safety and Health Administration
and other safety activities.
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Environmenial Restoration

An integral part of the Environmental Restoration (ER) Program is the Facility D&D.
Functions coversurveillance and maintenance (S&M) of surplus radioactively contaminated
facilities and D&D of the contaminated facilities. S&M and D&D activities are funded directly
by Energy Systems ER Division. (See “Environmental Restoration and Waste Management
Activities” in Sect. 6.)

The Isotope Facility Shutdown Program began as a result of significant descoping of
the Isotope Production and Distribution Program at ORNL, leaving numerous production
facilities to be shut down. Included in this task is the preparation of an ORNL facilities
shutdown plan, which outlines activities, costs, and schedules for modifying the facilities
and associated documentation to allow acceptance into the Surplus Facilities Management
Program (SFMP). This task implements the shutdown plan, which includes facilities
surveillanee, inventory reduction, executing facility modifications, and preparation of
appropriate documentation to support all activities to allow acceptance by the SFMP.

Major activities in remedial action programs (RAPs) involve conducting radiological
surveys on private properties uear inactive mill tailings sites [Uranttum Mill Tailings
Remedial Action Project (UMTRAP)] and at facilities formerly used under contract with the
Atomic Energy Conumission {Formerly Utilized Sites Remedial Action Project (FUSRAP)).
Identification, characterization, and verification of the current radiological status of sites
involved in DOE’s RAPs are performed to provide a basis for the reduction of health impacts
of fuel-cycle activities. To perform its activities in a cost-etfective manner, ORNL maintains
an office in Grand Junction, Colorado, at the request of DOE. Advancement of state-of-the-
artequipment and methodologies is an integral part of this work. The ORNL Grand Junction
facility isleading the effort in identifying and recommending inclusion of various properties
in the vicinity of 24 inactive uranium mill sites in UMTRAP. Additionally, the Grand
Junction facility is respounsible for verifying the adequacy of remedial action taken at those
sites in excess of relevant EPA criteria and DOE guidelines in UMTRAP and the western sites
in SEMP. ORNL survey efforts were reduced sharply in UMTRAP in FY 1991 because of
completion of most of the inclusion surveys.

The Oak Ridge ORNL-based group, which has functions equivalent to those of the
ORNL group at the Grand Junction facility, performs identification, designation, and
verification activities at the radiologically contaminated sites in the FUSRAP and eastern
SFMP sites. FUSRAP funding is expected to remainlevel through 1995, SFMP funding, on
the other hand, is expected to iucrease significantly as the amount of decommissioning
efforts at federal facilities increases. The SEMP and the Defense Decontamination and
Decommissioning projects provide (1) maintenance and surveillance to ensure the safety
of DOE facilities awaiting decommissioning, (2) planning for the orderly decommissioning
of facilities, and (3) implementation of a program to accomplish disposition of all facilities.
QORNL will provide verification that these facilities are decontaminated within established
DOE guidelines.

If DOE wishes to decontaminate its formerly used buildings and to release them for
unrestricted use, there will be a need for well-documented clearance criteria. One necessary
aspect of those needed criteria is definition of the relationship between residual surface
contamination and absorbed dose resulting from skin absorption, ingestion, or inhalation
of dusts or vapors arising from the surfaces. Staff from HASRD have expertise in the areas
of radiological surveying and indoor air quality. These capabilities are being used to make
measurements and to refine models that can be used for this purpose.

The Energy Systems Groundwater Program Office (GWPO) was established in 1991
to promote consistency among groundwater activities at the five DOE facilities operated by
Energy Systems and to act as a focal point for technical and programmatic interactions with
the public and state and federal regulatory organizations. It functions through a program
manager and five groundwater protection program coordinators. Each coordinator is
responsible for oversight of all groundwater activities at their facility and for facilitating
integration of requirements of the compliance and environmental restoration groundwater
programs. The Oak Ridge Hydrology Support Program provides technical support to the
GWPO and the coordinators to assist in gaining technical consistency and defensibility
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across all the site programs and to facilitate sharing of lessons learned. This effort is expected
to grow in 1993 to include at least one technical support staff member for each of the five
sites, enhanced support for data management, and expanded work in grouundwater
modeling, which will also draw upon new supercomputer capabilities coming to ORNL.

YWaste Managemeant

The mission of Waste Management (WM) is to fully manage wastes for the purpose
of protecting human health and safety and the environment. While implementing this
mission, ORNL must minimize future generation of wastes, and WM operations must be
conducted in a technically sound, economical, publicly acceptable, compliant, and safe
manner. This mission is carried out through comprehensive planning; coordination of
waste reduction; upgrading or construction of new facilities; and collection, treatment,
storage, certification, and disposal of wastes. Radioactive (low-level as well as transuranic),
hazardous, mixed radioactive and hazardous, medical/infectious, and solid sanitary/
industrial wastes are managed. Waste forms include gases, liquids, sludges, and solids. WM
operates 34 facilities at the Laboratory and provides ongoing operations and upgrades of
ORNL WM facilities needed to support the programmatic missions of DOE. Additionally, it
manages wastes produced by pioneering radiochemical operations and research that
supported the early mission of Defense Programs and its DOE predecessors. (See
“Environmental Restoration and Waste Management Activities” in Sect. 6.)

Technology Develepmant

The DOE Office of Technology Development (OTD) is charged with developing and
demonstrating new technologies for dealing with DOE’s environmental restoration and
waste management problems (Fig. 5.27). At Encrgy Systems, the Office of Waste R&D
Programs manages a diverse OTD
program to address DOE’s
environmental and waste
management problems. The
program involves (1) developing
new technologies as well as
demonstrating or modifying
existing techniques to ensure
application of the most cost-
cffective and technologically
advanced remediation and waste
management methods and
(2) developing energy-cfficient
waste-minimizaticn technologies.
This work is currently being
conducted at ORNL, the Y-12 Plant,
and the K-25 Site. The techuologies
being developed are shared among
the DOE sites and with the private
sector for use in solving similar
environmental problems.

This multifaceted program
can be partitioned into eight components, cach of which is defined as follows:

» Transportation—dara base evaluations and site verifications to develop an
understanding of site-specific needs; systems engineering to evaluate methods of
achicving transportation requirements for a rcasonable number of applications,
including hazardous and mixed waste remediation efforts; risk assessment and
regulatory support to define the requirenmients systematically for on-site and off-
site transport of hazardous and mixed waste; and base technology development
to evaluate the effect of hazardous substances on packaging components.
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® Bioremediation—microorganisms that can fix, degrade, detoxify, or accumulate
select organic species (tetrachloroethylene, trichloroethylene, or PCBs) and
inorganic species (uranium, strontium, cesium, lead, cadmium, or copper) in situ
or in process.

¢ Characterization—modeling of hydrologic systems; advanced field measurement
and sensing methods; improved systems for data collection, analysis, management,
and display; instrumentation to monitor contaminant behavior and response to
remediation strategies using improved, less costly, analytical means in situ and in
real time; and field-oriented methods that allow both site and contaminant
characterization with minimal cost, health, and safety impact.

* D&D—decontamination and decommissioning of metals and conerete to assist in
the decommissioning of formerly utilized facilities and in the replacement of several
major facilities in the Defense Programs Reconfiguration.

o Technology Transfer—facilitates the transfer of technologies that could potentially
improve program and operational effectiveness, reduce costs, and save time among
federal agencies, industry, academia, and the international community.

¢ Robotics-—robotic systems and remote technology that can enhance environmental
restoration and waste managementoperations by removing workers from radioactive,
hazardous, and mixed waste, increasing speed and productivity of characterization
and remediation, and reducing life-cycle costs.

¢ Treatability—inorganic membrane technology for in situ remediation of chromic
acids, heavy metals, volatile and other organics in landfills; in situ immobilization,
thermal treatment and/or advanced oxidation for the treatment of soils contaminated
with volatile organic compounds and low levels of radioactive substances; and in situ
vitrification to destroy instantly many hazardous components and to immobilize
the remainder in a glass or slag matrix.

* Waste minimization—action that minimizes the volume or toxicity of waste by
recycling, recovery and reuse of materials, source substitution, and process
modification to reduce the production of radioactive, hazardous, and mixed wastes
at the generation point.

Although these technologies are, to some extent, currently developed, much more
refinement and advancement are necessary to allow them to be cost-effective for the
increasingly more challenging waste problems. Significant industrial involvement is
expected, especially during the demonstration phase of the technologies; this will require
an efficient transfer of new technologies for application both to and from the DOE facilities.

In an effort to increase the number of qualified scientists and engineers, this
program sponsors joint research projects with universities and minority institittions to
encourage students to study in fields applicable to environmental restoration and waste
management.

Significant recent accomplishments include the pilot scale demonstration of in situ
vitrification of a trench containing radivactive materials; demonstration of direct sampling
ion trap mass spectrometry (real-time measurements of trichloroethylene and
perchloroethylene) at the Savannah River Integrated Demonstration Site; remote site
charactedization using a U.8. Army Soldier Robot Interface Project test bed; and remote
surface mapping of waste in Fernald silos. Also, a CRADA with the General Eleotric
Company was established to share funding and rescarch results in the area of bioremediation
of PCBs.

Quality Assurance and Quality Control

The Environmental Compliance Division (EM-22) in the EM Office of Quality
Assurance and Quality Control (EM-20) at DOE headquarters is responsible for developing
and coordinating written guidance to assist EM-wide program offices in implementing DOE
policies and standards regarding federal, state, and local environmental requirements
pertaining to the treatment, storage, and disposal of waste; corrective actions; and cleanup
of inactive facilities and sites; determining the need for and implementing appropriate EM-
wide training in specific technical and policy-related areas; providing independent review
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of environmental compliance documents [including NEPA documents, primary
Comprehensive Response, Compensation, and Liability Act (CERCLA) documents, and
documents prepared in response to Resource Conservation and Recovery Act (RCRA)
compliance agreements and consent orders] developed for EM activitics; and providing
independent oversight and appraisal of environmental compliance within EM. The ORNL
ESD has acquired extensive techinical expertise in these areas and will assist EM-22 in its
EM-wide document review, gnidance, training, and auditing functions. A high-priority
activity in this area is development of guidance for efficiently integrating CERCLA, NEPA,
and RCRA dociunentation and requirements for EM activities.

Isetopes Faciliies Shitdown Program

On December 11, 1989, DOE directed DOE-OR to prepare the ORNL isotopes
production and distribution facilities for safe shutdown. The Isotopes Facilities Shutdown
Program was created to manage the activities required to place the facilities in a radiclogically
and industrially safe condition such that they could be accepted into DOE’s Environmental
Restoration Program. ORNL prepared and DOE approved a plan that identifies the activities
and funding requirements o accomplish the program objectives ?

The goal of the program is, by the end of FY 1994, to place all 17 facilitics in the
program in a condition such that (1) all stored radioactive materials, high-level wastes, and
contaminated liquid waste have been removed; (2) the structures and radiaticn-monitoring
systems are in a physical condition adeguate to centain and to monitor any radioactive
contaminationin accordance with DOE Order 53480.1; (3) security systems and procedures
are adequate to prevernt unauthorized entry; and(4) all hazardous chemicals have been
removed.

This program was initially funded through DOE’s Office of Environmenial
Restoration and Waste Management (EM) and is managed by Nuclear Energy (NE). The
program budget was 9.1 million in FY 1991, and $9.6 million in FY 1992. The budger
estimates for FY 1993 and 1994 are in the range of $20 million to $25 million for each
year. The level and source of funding for FY 1993 and FY 1994 are uncertain at this time.

Major accomplishments in FY 1992 include (1) completion of an environmenial
assessment of all planned shutdown activities, (2) a detailed review and cost estimate of all
shutdown tasks, and (3) consolidaiion of all surplus radioisotopes into one Isotope Facilities
Shutdown Program facility.

EX-T0—Yesl Yalley Transfer Carl Contie! Sysltem

This proposal is for a memorandum of understanding only; West Valley Nuclear
Services (WVNS) will be submitting the total formal budget request. This work supports the
West Valley Demonstration Project Vitrification Facility, which is a DOE-funded facility to
demonsirate the solidification of high-level radioactive waste.

ORNL is providing engineering assistance to WVNS on the control system for the
Vitrification Facility Transfer Cart Project. Specifically, ORNL’s effort includes controls,
signal transmission, and electrical equipment related to the Transfer Cart. ORNL has
previously developed similar technology for (1) radiation-hardened, wireless signal
transmission in metal-lined facilities and (2) remotely conirolled, battery-operated vehicles
in remote environments. The engineering activities proposed to be performed by ORNL for
WVNS are broken into three phases: Title I Design (completed), Title I Design, and
Title 11 Engincering Support.

Energy Information Administration

The purpose of this program work s to provide the Energy Information Administration
(EIA) a coordinated approach and a center of respensibility at ORNL by which EIA’s
objectives and technical needs may be met (Table 5.30).

2ORNL Isotopes Facilities Shutdown Program Plan, GRNL/TM-11689, Martin Marietta

Energy Systems, Oak Ridge Natl. Lab., October 1990.

Oak Ridge National Laboratory Institutional Plan FY 1993-FY 1998



Table 5.30
National Energy Information System major program summary
(8 in millions—BA)®

Budget and FISCAL YEAR
reporting Major program e
code 1991 1992 1993 1994
TA Collection, Production, 0.9 0.8 0.8 09
and Analysis
Percentage of total 0.2 0.1 0.1 0.1
Laboratory funding

“Figures include operating BA and capital equipment, if any.

ORNL proposes to continue supporting EIA through (1) economic analysis in
support of issue analysis and in support of EIA’s ongoing energy-modeling activity;
(2) analysis and evaluation of EIA’s quality assurance activities, particularly through expert
reviews, and (3) technical analyses including engineering studies. In addition, ORNL will
apprise BIA of newly developing areas of expertise:

* energy-environmental economic modeling,
information systems development,
creative file structures and maintenance,
artificial intelligence and expert systems,
the development of an international energy data base through the ORNL~AID
Program, and
e a growing number of analyses of technological change.
Funding for future years is expected to be stable in real dollars.

Federal Energy Regulatory Comimnission

® o O 9

Final environmental assessments were completed by ORNL researchers on the
potential for camulative impacts associated with the hydroelectric development in the
Skagit River Basin and in the Nooksack River Basin. Future work will include EISs for each
of the two river basins and several site-specific environmental assessments for selected
hydroelectric projects in California and Colorado.

Other DOE Programs and Installations

ORNL continues to provide support to other DOE offices and installations,
including the Assistant Secretary for Management and Administration; the Office of Policy,
Planning, and Analysis; other DOE contractors and operational offices; and other Energy
Systems sites. (Table 5.31).

{Oiffice of Administration and Human Resource
Managementi

ORNL is conducting energy management studies in Laboratory facilities to identify
retrofit projects to achieve the energy-consumption and efficiency goals established by
DOE and reflected in ORNL’s 10-year energy management plan. The following tasks are
included: Chilled-Water Free Cooling Project; HVAC control system; Building 4500-8
Project; proposed HVAC Control Projects for Buildings 4500-N, 4501/4503, 4508, 5300, and
3500, and studies to improve lighting efficiency and HVAC controls in ORNL facilities.
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Table 5.31
Other DOE programs and installations
(8 in millions—BA)“

FISCAL YEAR

1991 1992 1883 1994

Office of Administration and Human 1.4 0.1 0.2 0.2
Resource Management

Office of Policy, Planning, 2.1 2.5 2.4 2.7
and Analysis

Federal Energy Regulatory Commission 0.6 2.1 2.4 1.6

Assistant Sceretary for International 0.1 0.1 0.3 0.3
Affairs and Energy Emergencies

DOE contractors and operations 22.6 21.2 32.7 31.3
offices

“Figures include operating BA, capital equipment, and construction, if any.

WB-—In-House Energy Management ® ORNL has developed a comprehensive
Energy Management Program to achicve goals cstablished in its 10-year cnergy
management plan. This program is comprised of 11 elements that collectively contribute
to the achievement of the energy conservation goals. These elements integrate cnergy
conservation activities specific to the Laboratory’s buildings, processes, vehicles, and
equipmeit. For example, retrofit projects include projects identified through completed
surveys and studies that improve building and process operation cnergy efficiency.

To administer the energy consexvation effort, ORNL has established an in-house
Energy Management Steering Committee that includes senior-level management.

Currently, several studics are ongoing at ORNL. Through these studies an
cvaluation will be made to determine if any energy conservation retrofit projects can be
economically justified. Six retrofit projects have been identified from recent studies and
are now funded. These projects will upgrade the inefficicnt IIVAC control system in
several buildings and provide a centralized computer-based utility-metering system as
well as a chilled water free-cooling heat exchanger for the central chilled water system.

Wi—Strategic Faciiities Ulilization Program » The Strategic Facilities Utilization
Program (SFUP) is a DOE-sponsored program to upgrade or demolish abandoned and
unusable facilities. Since SFUP’s inception in FY 1987, ORNL has completed several
demolitions, with eight additional projects awaiting NEPA approvals. All SFUP work is
not demolition. One project relocated a prefaby bus stop, and a current project is restoring
the Bethel Valley Church for use as a historical landmark in ORNL’s 50th vear
celebration. The SFUP ended in FY 1991, but the program closecut has been extended
into Y 1992-1993 to complete documentation and testing. The end of SFUP has left the
Laboratory with a large number of potential projects that were identified from SFUP.
These structures and facilities now head up our continuing strategic facilities list.

Work for the Office of Domestic and Interational Policy (EP) will include
research on transportation, energy efficiency, infrastructure costs associated with
alternative fuels, alternative fuels supply issues and effects on energy security, consumer
chioice and demand issues for alternative fuels, and automobile and light-truck fuel-
economy standards. Research will continue on the effects of clean fuels and reformulated
gasoline on the energy industry, consumers, and the environment. ORNL will also
perform research and analyses in support of EP’s role in developing the National Energy
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Strategy. ORNL anticipates continuing work in support of EP’s support role to the
Council on Environmental Quality in the development of a national strategy and plan
for reporting long-term environmental trends. Additional support is provided in the area
of regulatory analyses for hydropower development and environmental compliance
issues.

For 17 years ORNL has supported the DOE Office of Environmental Analysis
(OEA) in the development of energy resource assessment models and in the provision
of background research for various energy and environmental policy issues. This
support will continue with increased attention to environmental analyses in support of
the National Energy Strategy process. The OEA is funding a variety of projects including
a flue-gas desulfurization information system, development of a residual generating
model for the National Energy Modeling System, analysis papers to support OEA’s role
in the National Energy Strategy process, studies of international developments in global
climate change, a study of the relationships between automotive fuel economy and
hydrocarbon emniissions, research on estimating the physical and ecological effects of
climate change, research on the economic valuation of energy-related environmental
impacts, and studies of the impacts of euvironmental policies on electric utilities. A
major effort is in progress to analyze fuel cycles and to provide estimates of (1) the
physical impacts on environmental resources, including human health and safety and
(2) costs and resulting potential effects on market prices for major fuels.

ORNL also provides support to the Office of Electricity/Coal/Nuclear/Rencwable
Pelicy on hydropower issues. In FY 1992 a feasibility study was completed on a
hydropower environmental mitigation information analysis system. If DOE decides to
continue support for this concept, additional, long-term funding may be rececived.

Other DOE Organizations

ORNL performs numerous small tasks, frequently on an ad hoc basis, for a
number of other organizations within DOE, including the Assistant Secretary for
International Affairs and Energy Emergencies, the Economie Regulatory Administration,
the Federal Energy Regulatory Commission, DOE-OR, and others. These activities are
distributed among the various Laboratory programs and together make up about 5% of
the total Laboratory funding.

Aprogram began in FY 1989 for the Office of Operational Safety, Transportation,
and Facility Safety Division. This task provides evaluations, reviews, technical analyses,
and development support in transportation areas related to hazardous materials,
including regulatory compliance evaluations and appraisals; evaluation of exemption
applications; safety analysis reports; proposed regulations, standards, and orders;
formulation of safety-related requirements; and preparation of supporting documentation.
The program includes support for the actual performance of compliance appraisals,
safety-related program evaluations, and evaluation of regulatory-related activities. This
program is expected to experience moderate growth through FY 1991 and then remain
stable.

For the past several years, ORNL’s Energy Division has conducted state-of-the-
art program evaluation research for Bonneville Power Administration’s Office of Energy
Resources. This research has focused primarily on the performance of residential
energy retrofit programs. Bonneville has operated a Residential Weatherization Program
since 1981. ORNL's evaluation research has ceatered on the energy saved by this
program over time. Recent research has expanded into issues concerning the energy
efficiency of new residential buildings, compliance with Bonneville’s Model Conservation
Standards, the fuel choices of customers, and integrated resource planning. The Energy
Division will also extend its leadership in the fields of artificial intelligence and power
systems by developing a system to monitor Bouneville’s substation equipment in real
time to support reliability-centered maintenance.

Staff from the HASRD have many ongoing projects involving the development or
demonstration of field-portable techniques for detecting organic chemical components
at or near hazardous waste sites. Derivative ultraviolet absorption spectroscopy using
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fiber-optic cables has been demonstrated to detect benzene, gasoline, and other
contaminants in groundwater with a very rapid response (<1 min) using rugged,
lightweight instruments. Spectrochemical techniques are expected to be equally successtul
in the detection of trace amounts of chlorinated hydrocarbons in soil and groundwatcr.
Underground storage tanks could be safely evaluated by robotic controls as laser light is
directed via optic cables into the tank interior. The Raman spectroscopic response froiii
the layered materials in the tank could be directed back up the same cable to the
operator, allowing the tank to be assessed with minimal change of human exposure to
potentially carcinogenie, toxic, or radicactive compounds.

DOE'’s Office of Arms Control is supporting efforts to develop rapid, portabice
methods for detection of airborne chemical agents. Staff in the HASRD have been
applying the technique of surface-ecnhanced Raman spectroscopy to this problem.
Laboratory work has revealed the technique to be both rapid and sensitive. Ficld tests
will be necded to see if there is sufficient selectivity under real world conditions.

Other Energy Systems Sites

Y-12 Plant managers continue to need new or better field screening tools in the
assessment of environmental restoration needs at the plant. Staff from HASRD field-test
newly developed analytical techniques at Y-12 sites. In addition, they provide Y-12 with
a rapid-response, field-portable, analytical capability to address the unforescen needs of
the plant.

In addition , as noted previously, the Energy Systems GWPO and the Oak Ridge
Hydrology Support Program are managed through ORNL's ESD. The GWPO was
established to promote consistency among groundwater activities at five DOE facilities
operated by Energy Systems.

Other ORNL Programs
Reactor Operations

Operation, maintenance, and support of ORNL’s rcsearch reactors so that they
fulfill their intended isotope production, rescarch, and training funictions safely, reliably,
and efficiently are the responsibility of Reactor Operations. This work is carried out by
the Research Reactors Division with 11 other ORNL divisions and organizations that
either conduct reactor-based rescarch or support reactor operations. DOE programimatic
funding support is received from ER, and oversight is provided by NE.

ORNL management is committed to maintaining a proactive approach in
operating the research reactors. This approach includes securing all resources necessary
to ensure safe, efficient, reliable operation; top-management support; and a continued
pursuit of excellence. The philosophy of Total Quality Management (TQM) — as well as
the requirements of ES&H; Institute of Nuclear Power Operations guidance; and
compliance with DOE, OSHA, EPA, and DOT reguwlations — will continue to be
emphasized.

ORNL's operating research reactors include a Category A reactor, the HFIR, and
a Category B reactor, the Tower Shielding Reactor II (TSR-11).

Use of HFIR will continue for

e production of transplutonium isotopes,

* neutron-scattering studies for materials science,

* production of high-specific-activity radioisotopes (for medicine, industry, and
research),

¢ materials irradiation (including testing of fiel for the ANS Project),

e pas-cooled reactor fuel studies, and

* peutron activation analysis.
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HFIR personnel celebrated the successful completion of the reactor’s 300th run
in September 1991, and the operating record since the return to full power (85 MW) has
been notable. Recognizing that excellence can only be achieved through coatinuous
improvement, enhanced methods, processes, and procedures are initiated regularly.

Tmproving relations with users is being emphasized by establishing a reputation
of reliability, projecting and adhering to forward-looking, 3-month operating schedules,
utilizing the HFIR Users Committee to resolve competing demands, enhancing user
indoctrination and training, and monitoring user satisfaction.

Both near- and long-term spent-fuel disposition solutions are also receiving
priority attention. In the vear term, total in-pool storage will be increased from 22 to
24 spaces. Efforts for the long term include obtaining approval of a new spent fuel cask
safety analysis report for packaging, initiating
fabrication of the new cask, and obtaining an alternate
shipping container for a one-time action to dispose of
old spent cores (Fig. 5.28).

Another importast initiative, for which DOE
recently approved a technical specification change, is
the reactivity measurement of new fuel at HFIR.

In addition, several specific steps are being
takan to improve operational performance at HFIR.
Low-level contamination occurrences will be reduced
through cleanup of pool europium and through work
practice upgrades. Upgrades are planned for technical
specifications, procedures, and tool decontamination
practices; actions also are being taken to reduce the
maintenance backlog.

At TSR-U, the Japanese/American Shielding
Program of Experimental Research (JASPER) will
continue with Phase VI, Special Materials. Anexcellent
performance record has been achieved in support of
JABPER; however, TSR-T1 may be shut down following
completion sof the JASPER program at the end of
FY 1992 because of insufficient specific programmatic
need and a lack of firm financial conunitment. Options
and cost estimates have been presented to DOE for
(1) continued operation, (2) standby, or (3) proceeding
promiptly to shut down.

Other ORNL reactors include the Oak Ridge
Research Reactor, the HPRR, and the BSR.

The OQak Ridge Research Reactor is shut down
and defueled, and plans call for its transfer to the DOE
Office of Environmental Restoration and Waste Management early in FY 1993.

A request has been submitted to DOE for approval of the shutdown plan for
HPRR, which has also been defueled. DOE has also been asked to apply for its acceptance
into the environmental restoration program. Recommendations will be made to DOE for
disposition of the reactor core and equipment.

The Bulk Shielding Reactor is also to be shut down because funding is insufficient
to support its operation. The shutdown plan, which will call for decommissioning in
several years, is being prepared and will be submitted to DOE for approval.

fn addition, two reactor facilities are in standby status: the Critical Experiments
Facility (CEF), and the PCA. With approval of the alternate method for measuring fresh
fuel at HIFIR before fuel loading, the CEF will no longer be required. A shutdown plan will
be prepared for DOE approval. A proposal has been made to DOE to retain use of the PCA
in support of training and education activities for a broad range of users, including the
University of Tennessee, Louisiana State University, Mississippi State University, ORAU
and DOY, in support of its mathematics and science education initiatives.

Figure 5.28

Workers
dressed in
soniansination-
zone clothing
are shown
removing speni
fuel during a
recent
defusling of
HFIR.
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Increased support and involvement in the development and construction of the
ANS, which will ultimately replace HFIR, will be a significant mission for Reactor
Operations.

Two programmatic initiatives are being proposed: the CERR and Retention of the
PCA. The CERR, which will help ensure that access to irradiation facilities in nuclear
reactors is readily available to meet national rescarch, development, and educational
needs, is a continuing initiative, and retention of the PCA is a new initiative.

Several goals for Reactor Operations that are not specific to particular reactors
have been identified:

* maintaining a high state of morale and esprit;

e emphasizing improvemernt of DOE Order 5000.3A reporting performance through
staffing, critiques for all unusual occurrence reports and appropriate ofi-normal
ocecurrence reports, implementing trending data feedback, and suggesting use of the
same reporting criteria by all contractors;

¢ implementing achievable “pursuit of excellence” initiatives while stabilizing operating
cost growth;

= taking lcadership roles in the Association for Excellence in Reactor Operations
Council and Working Groups;

¢ conducting the second follow-on Comprehensive Safety Assessment and Upgrade
Program self-assessment in FY 1993;

¢ coordinating external audits, evaluations, reviews, and assessments to minimize
their impact on operating and support staff;

e working to improve relationships with DOE-OR sponsors, Assistant Secretary for
Nuclear Energy organization, and the Office of Energy Research to an excellent state,
as viewed by these customers;

* improving productivity of people who are assigned to or are members of the
organization;

¢ empowering people;

* being leaders in implementing DOE training program accreditation;

¢ implementing a TQM program integrated with the existing Performance Indicators
Program; and

» upgrading the formal Sclf-Assessment Program.

A more detailed strategy for the future has been published.? In short, the aim of
the Reactor Operations organization is to earn a reputation for being DOE’s best reactor
M&O contractor.

Robolics and lntellizeni Sy

The Roboties and Intelligent Systems Program (RISP) serves as the focal point
at ORNL for R&D in remote systems, robotics, teleoperation, and related aspects of
intelligent machines. The program is interdisciplinary in nature and uses the expertise
of scientists and engineers from several research and support divisions of ORNL. RISP
conducts research for DOE, DOD, NASA, and other sponsors.

RISP addresses R&D goals for extending human senses and dexterity into
unstructured hostile environments. The goals are to develop systems that minimize
human risk by allowing effective remote operations in hazardous environments while
minimizing human errors and enhancing overall system efficiency thirough automation
of routine or repetitive rasks. The research includes developing an appropriate combination
of teleoperation and autonomous operation to achieve the necessary level of task
performance while maintaining robust human-machine interaction. The programs
cover activities in basic R&D as well as development and full-scale demonstrations of
system prototypes, including remote operations and maintenance.

‘Research Reactors Division Strategic Plan, FY 19921996, ORNI/RRD/INT-82, Martin
Marietta Encrgy Systems, Inc., Oak Ridge Natl. Lab., December 1991.
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RISP performs R&D for five major DOE programs. Research into intelligent
machines is performed for DOE’s Office of Basic Fnergy Sciences Engineering Research
Program. Development of robotic systems and techniques to perform surveillanee and
manipulation functions within a nuclear power plant is pursued for DOE’s Office of
Nuclear Energy. RISP performus remote equipment design for the TFTR and remote
system R&D support for the ITER, a planned cooperative effort among the United States,
the CIS, the European Community, and Japan. A major new program for the DOE Office
of Environmental Restoration and Waste Management involves national planning and
initial technology demonstration of robotics technology for support of the national
restoration efforts. Key areas of focus for ORNL include underground storage tanks,
buried-waste retrieval, D&D, waste facilities operation, and waste management.

A new activity for TY 1992-1993 will be in robotic development for activities in
support of the DOE office in space.

Under the auspices of the U.S. Army Human Engineering Laboratory, RISP
personnel are contributing to the Robotics Test Bed Program, an element of the Office
of the Secretary of Defense Unmanned Ground Vehicles Master Plan Program, which is
assessing opportunities for new robotic combat functions. A U.S. Army Laboratory
Command-sponsored Advanced Concepts Technology Program is examining efficient
use of combined mobility and manipulation systems. Finally, the Future Armor Rearm
System Program is examining automatic ammunition resupply systems for the next
generation of the M1 tank. The loading system will provide full nuclear, chemical, and
biological contamination protection for soldiers. This project is sponsored by the U.S.
Army Program Manager Oftice for Ammunition Logistics (PM-AMMOLOG). Other
programs for PM-AMMOLOG include the Field Artillery Ammunition Processing System,
Ammunition Identification Technology, and the Small Emplacement Excavator Project.
A new project for FY 1992 will support the NASA Goddard Satellite Servicing Tool
Project.

RISP builds upon ORNL’s strengths in remote technology, teleoperations,
robotics, and autonomous machine research. Program activities that cut across the
entire spectrum of related technologies are under way for DOE, DOD, and NASA
sponsors. Because research for these agencies often employs similar technologies,
significant cost savings can be realized through integration of resources at the working
level. The integration of teleoperations and autonomous machines will continue to
evolve, and RISP should be a major contributor to that process.

Scientific and Technical Information Centers and
Data Bases at ORNL

ORNL hosts a unique combination of technical proficiency, computer
programming and processing capability, and information science expertise. With these
resources, ORNL has established one of the most extensive and autheritative complexes
of scientific data and information analysis centers in the United States. Today, ORNL has
more than 200 textual and/or numeric data bases covering various technical disciplines
in support of DOE and WFO (1on-DOE federal and state agencies).

The development of many of the technical data bases at ORNL follows a sinzilar
pattern. A specificscope is defined; comprehensive literature collection, data evaluation,
and processing are done; guality assurance by an external review panel is frequently
sought; and finally, access to the user is made available through modem or direct
connection. Brief descriptions of some selected information centers and data bases
follow.

Radiation Shielding Information Center * RSIC was established in 1962 at ORNL.
Founded to serve as an Information Analysis Center, RSIC follows guidelines and goals
suggested by the Weinberg Panel of the President’s Science Advisory Committee, which
recognized the important role that these analysis centers could serve in meeting the
technical information needs of modern society in the face of the “information explosion.”
The center provides in-depth coverage of the radiation transport field and is able to serve
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the needs of a variety of disciplines on an international basis. RSIC staff members
collect, organize, evaluate, and disseminate technieal information about shielding and
proteciion from the radiation associated with fission and fusion reactors, weapons, outer
space, accelerators, medical facilities, and nuclecar waste management. The center
continues to be a leader in recegnizing the role that computer codes and computer-
readable data pley in any technical discipline and has always treated such as a valid
tectuiical information. As a result, the RSIC collections are a valuable resource of
radiation traasport computing technology. Staff members are on call to answer queries
about radiation transport problems and to recommend solution strategies that draw on
the technical resources available from the center. RSIC has multiagency funding from
DOE (AT—~Magnetic Fusion, AF---Nuclear Energy R&D, AJ--Naval Reactors, DB
Nuclear Waste Fuad, GB—Weapons Activity, Environmental Restoration and Waste
Management, GE—Materials Production, and EW); the NRC; and the Defense Nuclear
Agency.

Garbon Dioxide Information Analysis Center ¢ CDIAC, an issuc-oriented center,
supports the iieeds of CO, researcliinto potentially related environmental consequences
such as the “greenhouse effect.” Its data holdings include such diverse information as
tree-ring chronologies, surface air temperature anomalies, atmospheric CO,
concentrations, and CO, emissions ecstimates from fossil-fuel burning. Its user
constituency comprises basic researchers generating and vsing raw data; those doing
integrated assessments needing multidisciplinary, often derived data; and decision
makers needing concise summaries of complex information.

An example of a data package produced by CDIAC is the Carboin Dioxide
Emissions Data Base developed at Oak Ridge. Annual global and country CO, emissions
and per capita emission rates from fossil-fuel burning and cement production are
provided. This well-documented dita set is the basis for projecting future atmospheric
CO, concentrations and is used as input for global climate modeling. The newsletter
CDIAC Communications reaches more than 7000 researchers and decision makers in
145 countries. CDIAC’s new scries, Trends, provides concise presentations of data and
descriptive material concerning cmiissions and atmospheric concentrations of sreenhouse
gases as well as long-term global and 11.8. temperatire data. CDIAC is sponsored by
DOE’s Global Change Rescarch Prograra.

Toxicelegy iInformation Respense femter » The Toxicology Information Response
Center (TIRC) was cstablished in 1971 to serve as an international center for toxicology
and related information. TIRC provides information on individual chemicals, chemical
classes, and a wide variety of toxicology-related topics for ihe scientific, administrative,
and public ccmmunities. As an information analysis cenier, TIRC synthcsizes
comprchensive literature packages according to a user’s specific request. Formats
include, but are not limited to, custom searches of computerized data bases, manual
literature searches, annotated and/or keyworded bibliographies, or written summaries
of the literature. TIRC is sponsored by the National Library of Medicine.

ORNL Exvironmenta! Restoration Data Management Systems © The ORNL
Environmental Restoration Data Management System was established in 1985 to
support compliance with state and federal regulations mandating corrective actions at
sites contaminated with radioactive and/or hazardous wastes. The Numeric Data Base
serves as a ceniral repository for technical data gencrated by the program and other
applicable studies. Such data are used to evalnate the condition of the environment as
it relates to ORNL’s past waste management practices and to jusiify decisions regarding
corrective action. The categories of techinical data include well-construction parameters,
groundwater hydrology and quality, geology, soils/sedimernts, surface watey hydrology
and quality, meteorology, biological monitoring, and waste inventory. Based on the data
management experience gained for ORNL ERP, ORNL has assumed a key role in
developing a consolidated data basc for environimental data associated with environmeanial
restoration activities at all Energy Systems facilities.

Oak Ridge Environmenial Information Systeme The Oak Ridge Environmental
Information System (OREIS) is being developed to meet the data management/access
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requirements for environmental data as specified in the Federal Facility Agreement
(FFA) and the Tennessee Oversight Agreement. The FFA, a tripartite agreement
between DOE, EPA, and the state of Tennessee, requires DOE to maintain oune
consolidated data base for environmental data generated by environmental programs
(Restoration, Comipliance, and Surveillance) at DOE facilities on the Oak Ridge
Reservation. The major goals of OREIS are to counsolidate data of know quality, to
maintain the integrity of the data base, and to provide a wide variety of users access to
the data. The types of data to be incorporated into OREIS include measurement data
from the following environmental disciplines: groundwater, surface water, sediment,
soils, air, and biota. OREIS will also contain extensive descriptive and gualifier metadata
to help define data quality and to enable end users to analyze the appropriateness of
using the data for additional purposes. Another important aspect of the measurements
is their spatial context; OREIS will provide a comprehensive library of map data and GIS
tools to analyze and display spatial relationships of the data.

Remedial Action Program Information Center ¢ The Remedial Action Program
Information Center (RAPI() was established at ORNL in 1979 to serve the techuical
information needs of DOE’s RAPs; these include SFMP, FUSRAP, and UMTRAP. RAPIC
developed and maintains the Nuclear Facility Decommissioning and Site Remedial
Actions Data Base, a comprehensive, centralized source of information concerning the
scientific, technological, regulatory, and socioeconomic aspects of decommissioning
radioactively contaminated facilities and associated site remedial actions. The data base
currently contains 7000 records. Ten volumes of a bibliography have been published.*
In addition to the bibliographic data base, RAPIC developed and maintains the Remedial
Action Contacts Data Base, which contains the names, addresses, telephone numbers,
technical areas of interest, and program involvement for 1100 individuals involved in
contaminated site remediation. RAPIG publishes an annual directory from this data
base. RAPIC staff members are available to respond to all requests for technical
assistance received from DOE Remedial Action Program staff and contractors.

Environmental Mutagen information Cemter ¢ The Environmental Mutagen
Information Center (EMIC) was started in 1969. for the purpose of collecting and
analyzing experimental data from papers reporting on the evaluation of chemical agents
for genotoxicity. As of September 1991, EMIC has indexed more than 78,000 papers
reporting on more than 22,000 chemicals.

In 1979 the EPA Genetic Toxicology Program was started using EMIC’s collected
data file as the basis for its continuing review of short-term tests for genetic toxicology.
These data were subjected to strict guidelines for data acceptability, and all evaluations
were subjected to review by appropriate panels of experts. The resulting Gene-Tox Data
Base contains peer-reviewed evaluations on more than 4600 chemicals evaluated in one
or more of 73 short-term bioassays for genotoxicity. This data base provides information
allowing correlation between chemical structure and genetic activity.

Information from the EMIC file and the Gene-Tox Data Base is incorporated into
considerations for regulatory action and is included in the publications of the International
Agency for Research on Cancer. EMIC is sponsored by the EPA and the National Institute
of Environmental Health Sciences through the National Library of Medicine; Gene-Tox
is sponsored by the EPA.

Chemical Unit Record Estimates » To develop guidelines and limits for controlling
chemical substances by a valid scientific approach, various offices within the EPA gather
and evaluate information and prepare assessment reports. In 1988 the design and
implementation of a comprehensive data base, the Chemical Unit Record Estimates
(CURE) Data Base, was begun by the EPA’s Office of Health and Environmental
Assessment (OHEA) and ORNL to communicate this information within the agency and
to facilitate the chemical regulatory process.

‘Nuclear Facility Decommissioning and Site Remedial Actions, ORNIL/EIS-154, Vols. 1-10,
Martin Marietta Energy Systems, Oak Ridge Natl. Lab., 1980-1989.
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The statf of the Biomedical and Environmental Information Analysis Program has
compiled and verified data from a wide range of OIIEA documents. CURE is currently
compriscd of five subfiles: a chemical dictionary, a bibliography file, an experimental
data file, a central summary file, and a comment file. The chemical file currently lists
1900 chemicals, all of which have been classified according to the structural eategories
developed in the EPA Gene-Tox Program. This unique data base will now provide a basis
for structural activity to span both genetic toxicology, low dose toxicology, and
carcinogenicity. To provide technically sound and uscr-friendly services to a large range
of EPA personnel, the three grades of disseminating vehicles currently being tested at
ORNL are

e CURE-PC. This is a stand-alone read-only desktop version of the CURE data base
having on-screen menus and prompts with options for direct printing or downloading
to a disk for further formatting. Because of space constraints, CURE-PC excludes
information from the Health Effects Assessment Summary Tables (HHEAST) and the
OHEA ADIdocumentation tables. CURE-PC requires no special software or hookups;,
however, it needs a hard drive with 13 megabytes available to load, and searches by
chemica! name, synonym or name {ragaient, CAS registry number, or document
identifiers. CURE-PC includes CURESYN, an excellent easy-to-use desktop resource
for document preparation and other applications, and can also be used to find CAS
numbers, synonyms, or EPA document information. The last npdate was in August
1991. A specialized three-megabyie PC version, HEAST-PC, containing information
from IIEAST and CURESYN for the HEAST compounds, has also becn developed. Tt

ras last updated on May 15, 1991,

e (CURE-Friendly. This is an interactive system with on-sereen menus and prompis
allowing the searching of the complete CURE database on the Environmental
Criteria and Assessment Office in Cineinaati (ECGAO-CIN) IBM mainframe computer.
This system performs scarches by target organ, cancer type, and many other
parameters in addition to the search terms for CURE-PC. A variety of output formats
arcavailable. This is an excelient easy-to-use resource for document preparation and
other applications.

s CURE Central INQUIRE. This is the complete CURE data base on the ECAO-CINIBM
computer. This is an interactive system capable of searching for more thaa 250 data
elements siich as chemicaland docuraentidentifiers, risk estimates, and experimental
data parameters. It requires no individual software and uses INQUIRE user language.
The output formats are determined by the user. This is an excellent resource for
modeling, data associations, or the generation of specialized formats. It was also used
to generate the new HEAST.

Human Genome Manazement lnformalion System * The IIGMIS was inaugurated
in March 1989 and has completed a very successful vear. The HGMIS was established to
serve as a primary information resource for DOE’s Human Genome Program. As part of
its work, HIGMIS has produced a quarterly newsletter, established an information data
base, and prepared two reports. Onc of these reports reviews the instrumeniation
currently used and that proposed for use in the DNA sequencing effori; the other
publication is DOE’s program report for 1990-91. The work of the IIGMIS has provided
DOFE’s OlIER with one of its first opportunities to draw attention to its role in the cverall
effort within the United States to map and sequence the human genome. As a result of
its successful work with DOE, the National Center for Human Genome Research
(NCHGR) at the NI has joined DOE in szpport of HGMIS to produce a joint DOE/NCIGR
bimonthly newsletter. The first issue of this joint publication was distributed in April
1990 and is called The Human Gencme News. A communication resource, Radon
Research Notes, in support of the DOE Office of Health and Environmenial Research,
Radon Rescarch Program, began in 1990.

Information Management ® The Information Management area has developed
desktop publishing techniques for several cutreach applications including preparing
newsletters, composing course manuals, developing a drinking water regulations poster,
preparing and updating reference books on legislation, and composing questionnaires.
A PC-based expert system, called NERC (for “NEPA Environmental Review and
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Corapliance”) is under development for the Environmental Monitoring and Compliance
Section of the ORNL Environmental and Health Protection Office. NERC is used in
preparing documentation of compliance with NEPA requirements and other applicable
federal, state, DOE, and ORNL ES&H standards. Additional expert systems include
(1) Air Permit Regulations and (2) Determination of RCRA/CERCLA (Comprehensive
Environmental Response, Compensation, and Liability Act) Compliance.

Additional areas of interest include the development of a knowledge-based
expert system that assists the Y-12 Plant in an internal assessment of environmental
regulatory issues; determination of the root cause of an occurrence; performance of
environmental surveillance data mapping; and application of hypertext/expert systems
for accessing large amounts of diverse information. Furthermore, the Information
Management Technology group will initiate effective communication activities for the
education of students, the general public, and scientists in research areas of national
significance regarding scientific initiatives, such as the Human Genome Program, Radon
Program, and the legal and scientific issues originating from regulatory actions and/or
mandates. A series of educational materials will be investigated that consist of exhibits,
posters, and a multimedia approach including PC-based instruction packages.

ork for Others

Currently, the work undertaken for other federal agencies and organizations
outside of DOE and the NRC accounts for about 20% of the Laboratory’s total budget. The
responsibility for work done on behalf of the NRC remains under ORNL's NRC Programs
Office. In addition, WFO accounts for an increasing proportion of the Laboratory’s R&D
effort (Table 5.32). Tu light of these developments, the Laboratory is continuing to place
emphasis on management and coordination of WFO. A considerable improvementin the
overall WFO effort at ORNL has been achieved.

Table 5.32
Work for Others Program resource summary
(% in millions—BA)*®

1991 1992 1983 199%4

Federal Organizations :
Nuclear Regulatory Commission 18.5 20.7 20.0 20.0
Department of Defense 53.3 343 43.0 50.5
National Aeronautics and Space Administration 55 5.9 5.0 13.0
Department of Health and Human Services 5.2 4.9 6.7 6.8
Environmental Protection Agency 2.4 1.2 2.9 3.1
National Science Foundation 11 0.8 0.2 0.2
Federal Emergency Management Agency 25 3.5 4.2 34
Agency for International Development 0.8 0.7 0.8 0.8
Other federal agencies 5.0 (1.6)b 3.9 3.3

Nonfederal Organizations

Electric Power Research Institute 2.7 1.1 2.0 1.8
Other nonfedera! organizations 5.8 24 2.5 1.1
Total 102.8 73.9 91.2 104.0

“Figures include operating BA and capital equipment, if any.
bParentheses contain negative amounts, indicating a budegetary deobligation. Without the deobligation of
$6 million, the amount of BA would have been $4.4 million.
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During FY 1991 the WFO Program at ORNL established a steering committee
composed of middle management staff from all parts of the Laboratory. The purpose of
this committee is threefold: first, to provide for a communications link between upper
management and the research staff performing the work for non-DGE agencies; second,
to develop solutions to WFO problems that may arise either at the DOE level or from
within the Laboratory; and third, to develop and facilitate the growth and expansion of
the WFO Program to better complement the Laboratory’s DOE missions.

In this latter capacity the committee has been reviewing ten candidate ideas for
so-called “big bear” projects. The “big bear” project is defined as involving interdisciplinary
research cutting across several divisions and generally scoped at more than $10 million
per year.

Of the ten ideas proposed five have been selected for further consideration.
These are

* Bioprocessing Technology Development, Demonstration, Test and Evaluation
Center. This candidate “big bear” projectinvolves the establishment of abioprocessing
technology facility consisting of a variety of unit operations that would allow for
pilot-scale demonstrations and evaluation of proposed technologies and process
flow sheets. This center would provide both federal agencies and industry with the
ability to scale up from bench models to potential commercial applications.

¢ Industrial and Municipal Waste Management System. This concept involves
performing applied R&D to developing a totally new system and infrastructure to
handle both municipal and industrial waste by advanced separation and processing
technologies.

¢ Intelligent Vehicle/Highway System. This proposed project involves developing a
new technology to deal with the ever-increasing congestion on the nation’s highways
by applying both artificial intelligence techniques and new microprocessing
technologies.

e Joint Marshall Space Flight Center—-ORNL Project for Earth Resources/Remote
Sensing Research. This initiative proposes to explore ways for developing joint R&D
activities that complement the missions of both organizations. Curreutly, we are
pursuing a joint effort to enable the use of NASA’s 30 years of earth resources data
to begin understanding global change issues.

o Meeting Energy, Environment, and Other Technology-Related Needs of Developing
Countries. This proposal is a complement to an existing Laboratory initiative to
assist developing countries as well as former Eastern Bloc nations in dealing with
their energy and environmental problems.

In the coming fiscal year, the Laboratory expects to pursue aggressively the
development of one or more of these five ideas. It is anticipated that this process will
continue in the following vears and be driven by the changing research needs at the
national level.

Federal Organizations

ORNL funding from non-DOE sponsors is expected to hold at present levels or
to increase in the coming years. The following is an agency-by-agency description of the
proposed work.

Muclesr Regulslory Cominission

Current ORNL efforts for the NRC reflect the commission’s priorities, public
attitudes requiring a high degree of confidence in the safety of nuclear power, and the
maturing of the current generation of U.S. nuclear reactors and certification of the next
generation of reactors. Completion of the more than 100 nuclear plants ordered in the
1960s and 1970s, coupled with the upcoming expirations of operating licenses for many
of these plants, has shifted NRC research emphasis toward structural and component
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safety issues, structural aging research, reactor operational data analysis, advanced
instrumentation and diagnostics, accident sequence analysis, and license extension
requirements. The NRC is also looking toward the future by beginning work to certify
activities for several advanced nuclear reactor designs. ORNL funding from the NRC has
increased significantly during the past 3 years and is expected to remain stable or to
increase slightly over the next several years. Some of the budgetary increases are
occurring through ORNL projects that provide a technical basis for the NRC design
certification for advanced reactors such as advanced light-water, liquid metal-cooled,
high-temperature gas-cooled, Canadian Deuteriurn-Uranium Reactor (CANDU), and
passively safe reactor designs. Environmental and waste management issues remain
important and offer potential for additional research involvements.

ORNL performs work primarily for four offices within NRC: the Office of Nuclear
Regulatory Research (RES), the Office for Analysis and Evaluation of Operational Data
(AEOD), the Office of Nuclear Reactor Regulation (NRR), and the Office of Nuclear
Material Safety Safeguards (NMSS). RES, the major sponsor of ORNL activities, conducts
comprehensive research programs that lead to regulatory guidelines and standards
issued by the commission. NRR is charged with implementing regulations dealing with
licensing and inspection of the commercial nuclear power industry. These regulations
make strong use of the knowledge obtained from research programs. AEOD collects,
analyzes, and evaluates operational safety data to identify areas requiring NRC or
industry action. NMSS is charged with overseeing public health and safety licensing
activities in the nonreactor nuclear arena.

Nuclear Regulatory Research ¢ During the next several years, the NRC will
continue to give priority to research in the areas investigating long-term behavior of
reactor pressure vessels and those relating to extension of the operating licenses of
existing power plants beyond their original 40-year period. Research into the aging
characteristics of plant components has contributed new technologies for nonintrusive
evaluation of nuclear plant piping and valves (Fig. 5.29). Technology transfer for some
of these developments is ocecurring through licenses
granted to private-sector companies. Another research
effort at ORNL is developing both a structural aging
handbook and a materials property data base for
concrete structures in U.S. nuclear power plants.

Research on fission prodizct behavior for LWRs
under severe accident conditions has decreased
somewhat, but important research at ORNL continues
to help resolve regulatory issues in this area. Recent
ORNL work has provided a basis for possible
modifications of the portions of the NRC Regulatory
Guides 1.3 and 1.4 that deal with jodine chemical
forms in containment. Effortsin this areamay continue
at a modest level for several years.

Other research initiatives at ORNL con trlbute
to the NR(’s Severe Accident Research Plan (SARP).
These efforts include work on boiling water reactor
(BWR) core-melt progression and in-vessel strategies
for addressing potential severe accident conditions.
ORNL staff collaborate with Sandia National Laboratory
and INEL on improving and extending the applicability
of the MELCOR Code for LWRs to scenarios for severe
accidents in BWRs. Other severe accident code
development work supports NRC cooperative research
agreements with Germany (CORA-BWR experiments)
and with seven other foreign nations to develop and
validate computer codes for modeling fission product
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behavior and core-melt progression under severe accident conditions (Cooperative
Severe Accident Research Partners).

The NRC continues to place high priority on research to ensure the integrity of
reactor pressurc vessels in commercial nuclear power plantis. ORNL is the lead
laboratory for this work, which includes the Heavy-Section Steel Technology Program,
the Heavy-Section Steel Irradiation Program, and the Surveillance Data Base, Analysis,
and Standardization (SAS) Program.

The HSST Program investigates issues concerned with validating safety margins
relative to prevention of reactor vessel fracture under all feasible loading conditions.
Large-scale fracture experiments and advanced analyses are being performed to
investigate shallow flaws and localized thermally induced constraints associated with
emergency core-cooling scenarios. Pressure vessel investigations have expanded during
FY 1992 to include supplemental pressure vessel safety research for advanced LWR
designs.

The Heavy-Section Steel Irradiation Program is cxtending the basic
understanding of physical mechanisms associated with radiation-induced damage
(embrittlement) in pressure vessel steels. Radiation experiments are also performed
to verify the applicability of damage models to prototypically thick steel sections. One
aspect of the program is a study of the degree to which degraded steel properties
recover when thick sections of irradiated steel are annealed at relatively high temperatures
for sustained periods of time. R&D activities relating to reactor pressure vessel integrity,
particularly the fracture mechanics and irradiation embrittlement studies, are
important to the NRC and to the nation’s nuclear industry (Figs. 5.30 and 5.31).

Programs at
GREL; angd Alex
",

The SAS Program maintains for the NRC the national operational surveillance
data base for commercial reactors. These data are used to develop improved correlations
that are used by NRC to predict the state of embrittlement for vessels in operating
reactors. These results have direct applications in license renewal and life-extension
assessments, which will continue to be major NRC concerns. Increased attention is being
given to determining the compatibility of foreign data with the U.S. data base and to the
possibility of their combined use.

ORNL has assisted the NRC with the development of a generic environmental
impact statement appropriate for license renewal rulemaking. It has been listed in the

5102 I Oak Ridge National Laboratory Institutional Plan FY 1993-FY 1998



Flgure 5.31
Tim Theiss
Gefl), of ihe
Enginesring
Techwnology
Division, polnts
oul to
Commnissioner
Rogers and
NRLT staff
mgsnbers Jack
Bearborough
and Lail Marcus
some impoeriand
foatures of
pressure yesse!
stee] specimens
tested by
DRNLs Heawvy-
Section Sieel
Technoiogy
Program.

Federal Register for public comment. ORNL will assess the comments and will assist the
NRC in the resolution process.

The NRC is sponsoring safety research to support certification of advanced
reactors such as HTGRs, LMRs, and CANDU-3. ORNL provides support on thermal
hydraulics code validation, assessment of severe accident evaluation, instrumentation
and controls methodologies, and pressure vessel studies. As the NRC extends its
considerations of the advanced reactor designs, ORNL’s support efforts are expected to
increase. For example, new projects that began in this area during FY 1992 include
assessments of advanced digital instrumentation and control systems, material studies,
and severe-accident analyses.

Additional ORNL projects for the RES that were started in FY 1992 are in the
areas of human factors research and evaluation, engineering systems assessments, and
review of radioactive transport specification packages.

For more than 30 years, the journal Nuclear Safety, coordinated by ORNL staff
and jointly published by NRC and DOE, has been recognized for its outstanding
contributions to the provision of safety information to the nuclear industry. Publication
support for the journal is expected to continue.

Analysis and Evaluation of Operational Data ¢ AEOD’s mission within the NRC is
to serve as focal point for the continuing independent assessment of operational
performance of nuclear power plants. The several projects sponsored by AEOD at ORNL
emphasize the collection, review, analysis, and evaluation of plant safety performance
data. The pioneering Accident Sequence Precursor Project identifies nuclear power
plant events considered precursors to potential severe core-damage accidents and uses
risk assessment methodologies to determine the quantitative significance of events.

Among active projects for AEOD, ORNL is (1) providing support to assist in the
resolution of operational performance issues, (2) benchmarking the operating record of
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individual power plants for diagnostic assessments, (3) trending events, (4) providing
on-call assistance, and (5) responding to inquiries from NRC staff.

ORNL operates and maintains the NRC’s official data base on reportable
operational events at commercial power plants—the Sequence Coding and Search
System (SCSS). Used by NRC to construct event sequences, the SCSS is a highly
structured system that supports detailed searches of operational occurrences. Other
data systems are maintained at ORNL on (1) foreign reactor events, (2) international
incident reports, and (3) power plant performance indicator data and appropriate
statistical models developed for the interpretation of these data. ORNL provides
extensive support to the AEOD through NRC’s Performance Indicator Program by
evaluating events as to their cause, monitoring changes in plant performance, and
indicating corrective actions needed to prevent plants from developing serious problems.
In a new effort, ORNL is assisting AEOD in the development of a quarterly publication,
Power Reactors: Events and Issues, which will highlight case studies and evaluations
performed by AEOD to provide feedback on “lessons learned” from these events for the
nuclear industry.

Nuclear Reactor Regulation ¢ Using expertise developed in RES programs, ORNL
provides technical consultation and assistance to NRR. On-call assistance is currently
provided in the interpretation of nonintrusive plant component evaluation data, in
analyses of fuel stability, in the review of licensing documentation, in evaluations of BWR
stability phenomena, and in failure modes and effects analysis. A significant effort also
involves investigations of the thermal-hydraulic stability phenomena of BWR cores or
fuel assemblies. ORNL has emphasized its capabilities to NRR, and NRR has increased
in scope and funding of work at ORNL to include analyses of potential accident sequence
precursor events occurring during low-power or shutdown operation, evaluations of
materials irradiation test data, and water chemistry standardization for nuclear power
plants.

ORNL provides technical assistance in updating NRC’s health physics positions
on inspection, enforcement, and licensing issues. The Health Physics Positions Database
isused both by Headquarters and Regional staff to ensure uniformity in licensing actions.

Economic analyses and reviews of safety-related systems are also being conducted
to support the NRR’s advanced reactor design certification efforts. Further increases in
NRR work is expected during the next few years to assist NRC’s advanced reactor design
review and nuclear plant license extension activities.

Nuclear Material Safety and Safeguards ® The NMSS sponsors several projects at
ORNL, including computer programming and documentation of criticality safety,
shielding and thermal analyses of nuclear fuel facilities and package designs, licensing
of enrichment facilities, and review of terminated radioactive materials-handling facility
license files. These activities are continuing through and beyond FY 1992. Other recently
initiated NMSS projects provide technical support in reviewing the design, construction,
operation, and performance of low-level waste facilities and assist in developing a
national profile on commercially generated low-level radioactive mixed waste. These
efforts continue in FY 1992 and beyond.

Two new projects have been initiated for the NMSS. The first project provides
technical assistance for assessing the effectiveness of the Low-Enriched Uranium
Reform Rule and its implementation in maintaining the commission’s desired level of
safeguards for users of nonstrategic special nuclear materials. The second project
involves reviewing terminated license files to determine whether the sites and licensees
were demonstrated to meet present criteria for release of the site, based on public
health and safety considerations, and whether the information provided by the licensee
was sufficient to determine releasability. Funding for NMSS work is expected to remain
relatively stable or to increase over the planning period.

Giher Offices
The Laboratory provides technical assistance in inventory verification, analysis

of special nuclear materials samples, preparation of site-specific material standards, and
review of environmental assessments and operating procedural changes. ORNL staff
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members also provide consultation and on-call assistance to the NRC Advisory Commiittee
on Reactor Safeguards and the Advisory Committee on Nuclear Waste.

U.S. Department of Defense

ORNL carries out R&D for the major DOD services—U.S. Army, Navy, Marines,
and Air Force—as well as for joint agencies such as the Defense Nuclear Agency, the
Defense Advanced Research Project Agency (DARPA), SDIO, and the U.S. Transportation
Command (USTRANSCOM). Several projects, such as MODIL and the Seawolf project,
are managed by non-ORNL Energy Systems organizations, and all projects are considered
part of an Energy Systems centralized organization.

Army ® ORNL research for the Army includes programs in materials science and
technology, optics, instrumentation and control systems, robotics and intelligent
systems, man-machine interface technology, transportation systems, operations research,
and environmental analysis. In addition to the Army-funded projects, ORNL also has an
Army optics development program funded by the U.S. Army Strategic Defense Command.
The program involves mirrors, baffles, and windows for broadband type sensors.

ORNL’s program with the U.S. Army Research Laboratory (ARL) has expanded
significantly and now involves the transfer of DOE technologies to several ARL agencies.
These programs focus on ORNL’s unique capabilities in advanced materials and
robotics, and they also include basic and applied science. ARL has proposed a major
initiative to establish a 5-year collaborative research program with all DOE laboratories
beginning in FY 1993. Oak Ridge staff have helped provide the leadership in planning the
cooperative program with the Army.

Work will continue on the major research initiative concerning the aging of
materials used in Army munitions stockpiles. This project is under the aegis of the
Armament, Chemical and Munitions Command. Also, work will continue in advanced
materials R&D—taking particular advantage of ORNL’s well-recognized expertise in
composites, ceramics, carbon/carbon bonding, intermetallics, and related technologies.
Research will begin on mathematical and computational modeling of crack propagation
in materials. These projects are designed for the development of advanced armor and
shielding as well as lighter-weight components for increased mobility of weapon systems
and vehicles. Advanced shielding materials and processing concepts (microwave sintering
ceramics for armor) will be evaluated for DARPA, the Tank Automotive Command, the
Ballistics Research Laboratory, and other agencies. In addition, work continues on
advanced materials for reentry vehicles and space applications for the Space Development
Command.

Other recently launched initiatives that are continuing to expand deal with
advanced instrumentation and robotics and intelligent systems technology, including
advanced robotics concepts for ARL and related prototypic applications for the Army’s
Human Engineering Laboratory, Ft. Belvoir Research and Development Center, and
other related agencies. The use of tomography and other technologies to detect
underground tunnels and features will be expanded. New programs in laser and
communications technology for the battlefield are also planned. Stand-off detection of
agents also will be studied.

ORNL continues to support major environmental assessments. ORNL is assisting
the Army’s program manager for chemical demilitarization to prepare site-specific EISs
for the on-site disposal of chemical agents and munitions stored at eight continental U.S.
locations and one non-U.8. location (i.e., Johnston Island in the Pacific Ocean). ORNL
is assisting the Army in assessing the impacts of destroying the U.S. European stockpile
of chemical munitions at the Johnston Island disposal facility. ORNL also is providing
support in the development of emergency response plans for installations that store
chemical agents and munitions. For the DOD Installation Restoration Program ORNL
is assisting the Army’s Toxic and Hazardous Materials Agency on scientific and
regulatory issues and in defining cleanup criteria for hazardous waste sites. The Army
has many waste sites throughout the country that must be remediated according to EPA
policies and guidelines. ORNL scientists are using their knowledge of the EPA’s
regulations and risk assessment strategies to define the necessary cleanup criteria for
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the Army. New instrumentation to support the test and evaluation community will be
started for Test and Evaluation Command. Advanced artillery system concepts and
designs will be evaluated for the Combat Artillery School.

ORNL will cxpand its environmental analyses of the potential impacts of
changing military operations or broader programmatic missions at specific sites. This
work includes developing new environmental measurement and analytic technigues for
laboratory and field applications. Work is also expanding in analytical chemistry and
environmental technology to characterize chemicals (such as military fuels) and their
by-products and to develop biclogical indicators for environmental and health assessments.

R&D for the Army in operations research and transportation systems, energy
conservation, energy sccuvrity, fuels research, and advanced engineering command
continued to expand. Included among these projects were the development of
telecommunications systems prototypes and a modcl for the coordination of routing and
scheduling military convoys over the U.S. highway system. Research to develop regional
economic assessment decision support systems for recruiting and for force structure
analysis for the National Guard Bureau is expected to grow moderately over the planning
period. ORNL is providing analytical techniques to this bureau for force structure and
mobilization planning and related civilian missions.

The Army’s Chemical Research, Development, and Engincering Center is
supporting efforts to refine techniques for the detection of biological and chemical
materials in the air. Staff from HASRD are using various combinations of lasers, optical
fibers, and advanced spectroscopic techniques in support of the Army’s efforts to develop
instruments that can be used on modern battlefields.

For chemical hazard communication, ORNL is providing technical assistance to
the Army Environmental Hygiene Agency to prepare Material Safety Data Sheets for
incorporation into DOD’s llazardous Material Information System. In addition, toxicity
values are developed for hazard assessmerits at Superfund sites.

ATD has performed several “pre-procurement” projects for the Army. Included
in this was a project to demonstrate that motor/generator sets procured by the Army
could meet all design requirements while significanily reducing the total weight if major
portions of the scts were fabricated from commercially available composites.
Demonstration prototypes were tested against the design requirements and then made
available to the vendors as examples of technology to be exploited in future prociurements.

In another Army program the ATD is developing procurement acceptance
procedures for state-of-the-art instrumentation. Typically, the Army develops a
performance specification for the next generation electronic component; however,
because it is a state-of-the-art component, there is no conventional test method to verify
that it meets the performance specification. To overcome this dilemma, the ATD has
developed instrumentation and procedures to be used in “First Article Acceptance
Testing” to verify these state-of-the-art instruments meet the performance specification.

Navy and Marine Corps ® ORNL conducts research for the Navy and Marine Corps
in engineering systems, instrumentation, data systems, reliability and maintenance,
materials R&D, fuel supply and use, diesel testing, human-factors engineering, energy
conservation, and waste disposal.

This research has diverse applications and has contributed significantly to many
Navy and Marine Corps programs located at a variety of Navy laboratories and institutions.
ORNL’s Navy Mobility Fuels Forecasting Systeni has been used o estimate the availability
and quality of Navy fuels for future-year business-as-usual and petroleum supply
disruption scenarios originating in the Persian Gulf and other world regions. The
forecasting system has also becn used to analyze the impacts of democratization of
Eastern Europe and related events. In research cosponsored by the Navy and DOE, the
forecasting system is now being used to evaluate the fuel production effects of the U.S.
Clean Air Act.

ORNL plays an important role in instrumentation and engineering R&D for the
Carderock Division--Naval Surface Warfare Center (CD-NSWC), formerly the David W.
Tavlor Research Center. The CD-NSWC is the Navy’s primary research, development,
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test, and evaluation center for naval vehicles. Two primary areas of interest to the CD-
NSWC( are ship and submarine silencing and methods to design and test high-strength
hulls and components. ORNL assists the CD-NSWC in the design and development of
R&D instrumentation systems for experimental models of proposed submarine designs,
the development of new ship and submarine designs, and support for the current fleet.
In addition to this work, ORNL coutinues to evaluate new technologies for the Navy’s
advanced submarine R&D program, which is planned to support the new emphasis on
DARPA and the Navy.

ORNL provides a variety of design, engineering, and development support for the
Coastal Systems Station (formerly the Naval Coastal Systems Center) in the arcas of
submarine countermeasures, amphibious warfare, naval special warfare, and mines and
mine countermeasures. ORNL is also providing electronics development and human
factors engineering support for the Naval Medical Research Institute in areas related to
divers and diving.

For the Naval Air Systems Command, ORNL research involves the design and
evaluation of advanced part-task trainers for Navy missile systems. Issues related to the
ability to ensure high levels of training effectiveness and the relationship between
trainer fidelity and human performance are key concerns involved with appropriate
mental models, and subsequently, effective trainerinterface design. R&D continues also
on instrumentation and equipment reliability and maintenance that will explore
methods to determine optimal times for preventive maintenance. ORNL research also
involves productive base analysis that addresses the capability of U.S. industry to
produce defense material in a time of war. Research continues on new techniques to
modernize naval systems, especially in the arcas of logistics, mobilization planning and
modeling, command and control, marine telecommunications, environmental
technology, computer-aided instruction, and robotics and intelligent systems.

For the Naval Undersea Warfare Center, formerly the Navy Underwater Systems
Center, ORNL will use quadrupole superconducting magnets to construct a long dipole
field to be used in propulsion experiments at the center. Other projects include
clectronic component design cost-effectiveness, life-cyele analysis, and prototype
development for the Naval Sea Logistics Center, a computer-aided research project for
the Naval Sea Systems Comunand.

ORNL provides technical assistance to the Navy Environmental Health Center
in Norfolk, Virginia, by preparing Material Safety Data Sheets and hazardous material
assessinent reports to support the hazard communication standards of the QOccupational
Safety and Health Act, the Superfund Amendment Reauthorization Act, and the right
to know of the community.

ORNL has conducted several materials R&D programs for the Navy. Ammong them
is a program to fabricate polymer matrix composite pressure hull prototypes for
submersible vehicles.

ORNI, staff are providing technical assistance to the Navy’s Radon Assessment
andMitigation Program. To date, the assistance hasincluded planning, data management,
quality assurance, and quality control for the identification of structures with elevated
radon concentrations at naval facilities worldwide. The key components are screening
and assessment measurements, quick-response verification of possibly high radon
levels, and mitigation training. Mitigation training exercises are being given to Air Foree
personnel as well. In a General Accounting Office review of several federal agency radon
programs, the Navy’s program was well received and has caused other agencies (U.S.
Postal Service, U.8. Department of Housing and Urban Development, DOE) to make
inquiries to the Hazardous Waste RAP about the feasibility of starting similar programs.

Air Force » For the Air Force, ORNL performs research on environmental
systems, advanced materials R&D, advanced fuels research, data systems, waste
management, environmental research and other related activities. A major economic
analysis activity supports the Air Force Civil Engineering Support Agency (AFCESA)
and the Air Forces Major commands. ORNL performs economic analysis and technical
support for evaluating the use of private-sector financing to augment government
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funding to achieve a more rapid delivery of new facilities and services. Other support to
the AFCESA includes the evaluation of Air Force base energy requirements to assess
whether energy requirements can be met cost-cffectively by increased coal consumption,

In support of IRP, ORNL is assisting the Air Force’s toxicology prograim at Wright-
Patterson Air Force Base. An extensive update and revision of the original three-volume
IRP toxicology guide was completed. The resuliing four-volume guide covering 70
organic compounds, incorporated the latest available information on state and federal
regulatory status, health hazard data, analytical technigues, environmental fate, and a
wide range of toxicologic data, including carcinogenicity, genotoxicity, teratogenicity,
and short-term and long-term exposure effects on humans and laboratory species. In
addition, all of the data were incorporated into an on-line, relational data base using the
ORACLE data base management system. The present work involves compilation,
analysis, and presentation of similar information on a series of metals comprising more
than 80 individual compounds ot salts that are of concern to ithe Air Force. This work was
completed in November 1990. Updates to the five-volume toxicology guide will begin in
1993. New information-disseminating technology, such as CD-ROM and laser disk
readers, will be evaluated and implemented.

For several vears, the ATD has been performing R&D in thermoplastic composite
materials and managing the Thermoplastics for Space (TOPS) Program for the Air Foree.
It is anticipated that this work will be expanded to include an Adaptive Structures
Program during this fiscal year.

For the Wright Research and Development Center (WRDC), ORNL is performing
research in multisensor integration algorithuns for hypercube computer architectures.
Hypercube computer architectures offer supercompuier capabilities in a small volume
(whichisideally suited for robots and satellites). This research augments and complements
DOE robotics multisensor integration research being carried out at ORNL. Also for
WRDC, ORNL is working on the development and evaluation of thermoplastic materials
for space applications, the development of design/analysis and fabrication techniques for
thick composites, and the design and evaluation of feil-lined composites for cryogenic
environment applications.

A major environinental R&D activity will continue to support the Air Force
Environmental Impact Analysis Process in which both programmatic and site-specific
analyses of Air Force actions are addressed. ORNL conducts environmental compliance
assessments for various Air Force commands.

In the manufacture of technologically advanced air frames, quality control is
extremely important. Staff from ITIASRD are identifying pertinent spectroscopic properties
of advanced composite materials. The results of this work will be applied by the Air Force
to the development of nondestructive tests that can be used during manufacture.

Military Transportation # One of the most successful WFO programmatic areas
involves the R&D for the DOD transportation agencies. To coordinate this work with our
other rescarch in transportation systerms, ORNL management created a new Center for
Transportation Analysis. The center will blend together conipleinentary work for DOE,
DOT, and the varions defense transportation agencies—linking such WFO sponsors as
the Federal Aviation Adininistration, the Federal lighway Administration (FHWA), the
Military Airlift Command (MAC), the Military Sealift Command (MSC), the Military
Traffic Management Command (MTMC), and USTRANSCOM, among others.

ORNL's Center for Transportation Analysis is a primaiy resource for technical
innovations to improve the utilization of DOD transportation resources. The center’s
staff has won wide recognition throughout the military for their broad range of
contributions to increase the eificiency of both peacetime and wartime moves. Although
most work to date has been in the area of scheduling and transporiation analysis for
USTRANSCOM and its three componenis, MAC, MSC, and MTMC, FY 1990 efforts also
supported transportation resource planning for Joint Staff logistics studies and for
DARPA transportation planning research.

Center staff are now engaged in development of a comprehensive system that will
help manage MAC’s peacetime and wartime transportation missions termed Airlife
Deployment Analysis System. This system was selected as the exclusive airlift plaoning
and scheduling tool for the “Operation Desert Shield/Desert Storm” deployment of U.S.
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military personnel and material to Saudi Arabia. The peacetime portion of the system
will help MAC schedule routine missions to meet shipping demands at minimum cost.
The wartime portion of the system will support deliberate planning and the development
of contingency plans during peacetime as well as time-sensitive planning and operations
support in times of crisis.

Work in FY 1990 for USTRANSCOM resulted in development of a microcomputer-
based system for estimating strategic cargo and personnel flows of an overseas deployment.
The system was used by the command’s emergency operations center during the recent
“Desert Shield” deployment. Earlier work by ORNL, Energy Systems Computing and
Telecommunications Division, and UT personnel resulted in a sophisticated sealift
scheduler for the MSC and a continental U.S. traffic management prototype for the
MTMC. The sealift scheduler is designed so that the same algorithm can be used in the
MSC(C’s large IBM mainframe and USTRANSCOM’s microcomputer-based flow estimator.
The MTMC deployment traffic management prototype is used to analyze transportation
mode assignments and route military traffic to airfields and seaports during an overseas
deployment.

Transportation Center staff are developing a system to assist the MTMC with
analysis of the effectiveness of DOD personal property moves. The system will be a
pioneer of nse of networked workstations and personal computers to implement a
command-wide “corporate” data base. The work is a follow-on to an effort that
implemented a wide-area data communications network between MTMC and shippers
at Army installations throughout the country.

Defense Nuclear Agency » ORNL is performing rescarch for the Defense Nuclear
Agency in support of the Human Respoanse Program. This effort addresses the human
factor in the military nuclear environment through models and data bases that predict
the human response in all nuclear threat situations. The research is carried out through
expert integration of state-of-the-art radiation transport and human respouse data.
ORNL is satisfying the conditions for this program as defined under the DOD Qualified
Research Requirements documents through a multiphased plan that includes definition
and analytic validation of the initial and protracted radiation environments, shielding
calculations for tactical armored vehicles, and an extensive intercomparison between
the existing and newly developed methods to assess radiation impacts on military
vehicles and human beings. The Defense Nuclear Agency also is supporting research at
ORNL to define more accurately the effects of nuclear weapon radiation on the victims
at Hiroshima and Nagasaki. It also supports RSIC to provide information analysis ceater
activities for Defense Nuclear Agency contractors doing radiation transport R&D.

A portable system to weigh vehicles while they are in motion is being developed
under the sponsorship of the Defense Nuclear Agency. A proof-of-principal Weigh-in-
Motion System was developed with DOE funding and used as a demonstration unit for
the Defense Nuclear Agency. The Defense Nuclear Agency has since sponsored further
development of the system to meet their requirements of 1% accuracy over a range of
0.5 to 30 metric tons, The Weigh-in-Motion System is a fiber-optic-based sensor that
extends the ATD's embedded sensor/smart structure technology.

Strategic Defense Initiative Organization ® Work is currently being performed on
neutral particle beams, lightweight power and energy-storage systems, optical
components, survivability and shielding, flywheels, parallel computing and sensor
integration, and lightweight structures made from high-temperature materials. The
level of effort for the coming years will be heavily influenced by the national Strategic
Defense Initiative (8DI) policy set by the Administration.

The 8DI Survivable Optics Manufacturing Operations Development Integration
Laboratory is a major SDI initiative. This program will continue to examine and to
integrate optical technologies into an overall fabrication process and to examine the
broad scope of the manufacturing system as opposed to the singular development of
manufacturing subsystems. It will provide the integrated technology that, ifimplemented
by private industry, would achieve the stated SDI optical component goals.

Two major ongoing programs in SDI are the optics development and shielding
prograrus. Under the direction of the U.S. Army Strategic Defense Command, Huntsville,
Alabama, expertise and facilities available within Energy Systems for mirror and lens
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fabrication, telescope fabrication and snap-together assembly, radiation testing, and
optical characterization are being applicd to the development of radiation-hardened,
passive optical components. These components are of interest to SDI and potentially to
other areas within DOD and NASA. Energy Systems capakbilities are also being applied
to develop shields to protect satellites against high-kinetic-energy partieles, high-energy
lasers, and particle beams as well as natural and man-made radiation. ORNL staff
members are performing an advisory role for the federal government as part of the
technical advisory group on Superconducting Magnetic Energy Storage Project.

Other U.5. Bepartment of Defense Agencies » For DARPA, the Laboratory has
initiated a project on artificial intelligence for transportation planning research. Work
will expand on R&D in advanced parallel compuring for the Worldwide Military
Command and Control Information Systeins Program Office.

Mationz] Asronaiics

Much of the R&D that ORNL pe SA is managed by non-ORNL
Energy Systems organizations. For NASA, ORNL is performing basic rescarch to
produce a conceptual design for cquipment required to levitate and melt niobium in
space. Basic research is required to inerease the efficiency of the rf generator substantially
and to design special water-cooled coils to levitate and to heat metal samples suspended
in space. The modular design concept is proposed to provide hardware that can be
adapted for use by NASA principal investigators who are planning such experiments.

NASA funding is anticipated for ORNL to desigin and to implement major
components of global vegetation dynamic models, to contribute to the formation of
comprehensive carth system models, and o consuli in the design of remote-sensing
satellites from the standpoint of model data requirements and application of vegetation
models to interpret satellite imagery. We anticipate new initiatives addressing impacts
of climate change on natural resources; support of joint research in mathematical,
statistical, and computational methods is expected from NASA's global change program.
ORNL is also working with the TVA and NASA to propose new work that would
investigate the effects of climate change on water resources in the southeastern United
States.

NASA’s recent initiative to put man on the mioon and Mars on a continuing basis
will create an opportunity for ORNL to support the development of reliable space
nuclear power systems for both eleetrical and propulsion applications. Work in this area
is already under way and is expected to grow.

Inother current work for NASA, ORNL is developing advanced high-temiperature
thermal storage technology using metallic phase-change media for advanced solar
dynamic power systems. The effort includes modeling of system thermal performance
and prototype development and tesiing. This work is an extension of therwial energy
storage work being performed for DOE. NASA zalso provides funding for RISP, including
robotic and human-system interface techinology for space missions.

For the NASA-Lewis Researeh Center, ORNL will undertake the conceptual
design of (1) a number of magnet systeris and provide the amount of coniductors and
approximate cost for cach and (2) scaling rules that can be used to estimate other
solenoidal magnets of the type designed. The level of support for this work increased
in FY 1992 and is expected to continue to increase in FY 1993.

A possible new initiative is the development of advanced thernial manageineni
techniques that will be required to meet system performance requirements for space
applications. Gomponents include radiators, heat pumps, and heat pipes. The thermal
rejection components will be fabricated of highly conducting composites to meet mass
restrictions. Advanced heat-actnated low-maintenance heat pumps will be developed to
improve system reliability and to reduce systein mass to the point required for space or
planetary deployment. A continuing initiative, the Nuclear Propulsion for Space
Exploration Initiative, is included in this section under the “Assistani Secretary for
Nuclear Energy” subsection.
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At the request of NASA, ORNL has prepared a proposal to be designated as a
NASA EOSDIS DAAC (EOQS-Earth Observing System; DIS-Data and Information
System; DAAC-Distributed Active Archive Center). ORNL would be the eighth NASA
DAAC, a data center for biogeochemical dynamics. As a DAAC, ORNL would reccive
funding from NASA for the establishment of a center for the acquisition, quality
assurance, documentation, and distribution of land-based data related to biogeochemical
dynamies, including compounds such as CO,, N,O, and O, Development of these data
sets is crucial to U.S. Global Change Research Program and to DOFE’s component in that
program and DOE’s scientific mission. ORNL has long been a leader in the management
and analysis of environmental research data. DOE’s CDIAC has a worldwide reputation
for quality data management of (IO, and related global change variables. The location
of the DAAC at ORNL will also complement DOE’s existing ARM Archive activity,
ensuring a close tie between the two largest single components of the U.S. Global Chaage
Research Program.

V.5, Department of Heaslth and Human Services

The Department of Health and Human Services (DIHS) supports research, in-
literature evaluation, analysis, and database development in carcinogenesis, genetics,
and toxicology. Its funding is expected to remain reasonably constant. The majority of
DHHS funding is from the NI, some funding is from the U.S. Food and Drug
Administration. Various branches of the NIH that support ORNL’s programs are

» the National Cancer Institute (NCI);
the Natioval Center for Toxicological Research;
the Natioval Institute of Environmental Health Sciences (NIEHS);
the National Heart, Lung, and Blood Institute;
the National Center for Human Genome Research (NCHGR);
the National Institute of Child Iealth and Human Developmeat (NICHHD);
the National Institute of General Medical Sciences (NIGMS);
the National Institute on Drug Abuse;
the National Library of Medicine,
the National Toxicology Program;
the Agency for Toxic Substances and Disease Registry (ATSDR); and
the Office of the Inspector General.
ORNI, is providing guidance for the ATSDR oa the performance of health
assessments at hazardous waste sites on the Superfund List. Methodologies are being
developed to predict acute and chronic health effects resulting from exposure to
hazardous chemicals. In addition, ORNL will be providing technical expertise in
updating and evaluating ATSDR’s Tozicological Profiles; recommending chemical
candidates for further testing to {ulfill information gaps in health risk assessmeng;
developing a Geographical Information System for use in evaluating health effects at the
nation’s Superfund sites; evaluating the effectiveness of Toxicological Profiles; and
developing reguiatory information data bases.

The NCI is supporting a study of neoplastic changes in tracheal epithelial cells.
A major change is in the response to the factors that induce cell differentiation: in this
context, the role of TGF-f is being investigated. The response to this growth facter, and
therefore its influence, changes a3 cells progress from preneoplasia to neoplasia. The
NCI also supports the analysis of EGEF/EGFE receptor interactions and their mitogenic
consequences as illuwminated by studies with specifically modified BGF variants.
Environmental exposures usually involve more than nne carcinogen or toxic agent, yet
little is known about the interactions of such agents. The developruent of a flow-through
trachael implant system has made it possible, with NCI funding, to study the effecis on
trachael cells of mixture of agents and sequential exposures at the molecular, cellular,
and tissue levels.

NIEHS supportslarge projects on genetic and developmental effects of chemicals.
The mechanisms of gene-mutation and chromosome-aberration induction in germ cells
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are investigated, and the molecular and cyiogenetic nature of the genetic lesions are
analyzed. Alsostudied are the organismic effects in first-generation offspring of chemically
exposed mice.

The NICIHID supports a project to generate transgenic lines of mice by DNA
injection into fertilized eggs.

The NCHGR supports saturation mutagencsis (using a point-mutation inducer)
within defined segments of the mouse genome for physical/functional mapping. The
NCHGR also supports production of the newsletter, fluman Genome News, in
collaboration with DOE/OIER.

With support from NIEHS, the hypothesis that gene transposition is an important
part of the mechanism of carcinogens induced by environmeiital agents is being tested.
A mouse-model system is being used to investigate whether the mouse chromosomal
long terminal repeats, containing retroviral gene elements, are capable of initiating
genetic transposition fellowing the genotoxic injury of the cell.

The National Institute of Aging, NICHHD, and, indirectly, the National Institute
of Alcoholism and Alcohol Abuse, support projects for the ciyopreservation of embryos
of mice that have distinctive genetic properties.

Continuing studies on the crysiallographic analysis of nucleosome structure,
with the goal of 3-A resolution, is in part supported by NIGMS.

V.5, Environmenia! Frotection Agsncy

ORNL’s EPA program addresses inumerous health, environmental, and econoinic
problems and issues, including the ecological effects of global change, toxic cffects of
pollutants associaied with energy preduction processes and waste disposal, miethods for
environmental monitoring and assessmeit, and assessiment of environimental impacts
of biomass energy iechinologies. Health and environmental risk analysis epidemiological
studies continue to be important comporienis of this work. ORNL is also involved in the
development of biomarkers for assessing exposure and effects of cnvironmental
contaminants. ORNL is continuing its evaluation of the cconomic viability of recycling
solid waste; emphasis is placed on plasties reeveling. In addition, work is under way on
evaluating various economic incentive programs that might be implemented to promote
additional recyeling, source reduction of solid waste, and uvse of bioimass cnergy.

The EPA supports rescarch on the mechanisins that lead to congenital anomalies
following the exposure of very early mouse embrvos to certain chemicals. These
mechanisins may include interference with gene expression in the conceptus.

The EPA is also supporting research at ORNL to evaluate the imipact of municipal
waste incineration on human exposure to pollutants through the terresirial food chain.
ORNL is developing a computerized terrestrial food-chain model to aid in this analysis.
The EPA is supporiing experiments to investigate the high incidence of congeunital
defects produced by exposures of fertilized mouse eggs to certain cheinicals.

Biologically based assessment of the human risk from exposure to hazardous
chiemicals involves a series of judgmental decisions concerning unresclved issues in risk
assessment. ORNL staff members, with EPA and NSF support, are developing biologically
based pharmacokinetic and pharmacodynamic methodologics to evaluate the seiendific
bases of these assumptions. Pharmacokinetic models predict chenical transport an
metabolism across routes of administration, across species, and through temporal
variations in time; pharmacodynamic models relate genctic mutation frequencies and
cell-turnover dynamics to the epidemiology of cancer in animal and human populations.
The NSF is also providing suppoit for this research.

A 3-year, 500,000 joint cooperative research project with the EPA and privaic
industry includes utilizing unique capabilities and facilities for testing building envelope
thermal materials and systems. This work is conducted at the Roof Research Center,
which is a national user facility. Products are being tested to evaluate the effectiveness
in reducing heat gains and losses through low-sloped commercial roofs. New materials
are being identified and tested to replace products produced witli CFCs. CFUs are being
phased out as directed by the Montreal Protocol Agreement to reduce the risk to the
ozone layer. Cooperative projects with the EPA also include a study of advanced
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thermodynamic cycles for refrigerator/freezers using alternate refrigerants and a
laboratory and field study of foam insulation with non-CFC blowing agents.

ORNL scientists are also assisting the EPA with the development and evaluation
of advanced spectroscopic methods for analyzing chemical pollutants.

ORNL scientists are evaluating and analyzing the literature and will prepare a
variety of health and environmental suminary and assessment reports for the EPA:

s chemical hazard information profiles,
reportable-quantity documents for carcinogenicity and chronic toxicity,
health- and envirecnmental-effects documents,
reference dose/concentration profiles for oral and inhalation exposures, and
report on reduced uncertainty in risk assessment methodology development (less
than lifetime risk assessment).
In addition to the above-mentioned types of documents, ORNL is collaborating
with EPA, industry, and universities to prepare in-depth health effect evaluations on
exposure to electromagnetic fields and diesel engine emissions.

Database development activities for the EPA are expected to increase. CURE, an
evaluated database, is under development for the OHEA. CURE will be an on-line
interactive file to be used by EPA scientists and regional offices for performing chemical
risk assessment. In addition, ORNL will continue to develop a peer-reviewed Genetic-
Toxicology Database and Environmental Mutagen and Teratogen [nformation Center
Files that are pertinent to performing chemical hazard assessment and conducting
quantitative structure activity relationship studies. A novel technigue developed in
association with the EPA’s Health Effects Research Laberatory allows for the computer
generation of graphic display of experimental data on single chemicals, groups of
chemicals, and so on. These resources ( toxicity data on more than 22,000 unique
chemicals) are being used for finding patterns among chemiecal and biological data. This
effort represents one of the largest of its kind.

Because of the reauthorization of the National Acid Precipitation Assessment
Program early in FY 1991, acidic deposition research and assessment activities declined
in FY 1992 but are expected to increase slightly by FY 1993. Major emphasis is on the
effects of acidic precipitation on forest and aquatic systems and on ion mobility in seils.
New emphasis will be placed on cost-benefit analyses of Clean Air Act-mandated
emissions controls. Continued support of the EPA’s critical loads research program is
also anticipated.

ORNL will continue its research and analysis support to the EPPA’s Environmental
Monitoring and Assessment Program in the areas of ecological indicators, landseape
pattern analysis, biological markers, environmental risk, and technical integration and
assessment.  Work will also continue on the development of an environmental
assessment sourcebook for the EPA Office of Federal Activities.

EPA support is expected in four important analyses dealing with ecological
impacts resulting from global climate change. The project will take four approaches to
the problem of predicting biospheric response to global change: (1) assemble relevant
databases regarding the increase in trace gases in the atmosphere; (2) perform critical
experiments regarding the direct and indirect effects of pollutants on tree species;
(3) synthesize data, models, and experimental resulis to produce regional predictions
of the direct and indirect effects of global change; and (4) simulate the global response
of vegetation to climatic effects. ORNL anticipates new work with the EPA on the effects
of anthropogenic stressors on habitat and biological diversity research. Habitat
changes in the southeastern United States are the focus of one initiative. Another area
of research is the effects of climate change and land use modifications on tropical
ceosystem {auna.

Research in advanced data systems continues for the EPA’s Office of Planning,
Budget, and Program Management. This research will develop computer-analysis
capabilities that will allow the EPA to better formulate environmental regulatory policy
and to analyze groundwater-contamination problems. Although research on ecological
risk of chemicals declined in FY 1990, an increase in this area is expected in 1992,

In addition, ORNL is participating in the development of the EPA’s new climate
change initiative and will continue to expand its work for the Office of Emergency
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Response and Waste Management o help develop modern compiiterized information
management systems in suppori of RCRA and CERCLA.

ORNL provides technical support to EPA Region [V programs such as restoration
and remediation of sites in the southeastern United States listed on the National
Priorities List. Work is ongoing to evaluate the adequacy of existing emergency-respense
systems in the vicinity of chemical plants. In addition, research in physiological
pharmacokinctic models, which aids in low-dose extrapolation, continucs for the EPA’s
Carcinogen Assessment Group. ORNL is also analyzing environmental issues and
opinions for the Office of the Administrator.

ORNL is expecting somc growth in the overall amount of funding provided by the
NSFin the next several vears, particularly in those arcas where the Laboratory has either
unique capahilities or where the basic research projects are not funded by DOE.
Discussiorns are in progress to assist the NSF in promoting educational training for the
sciences. The NSF has supported an ORNL study on the fundamental aspects of the
techinology for the reliable and reproducible eryopreservation of Drosophila embryos,
the resolution of which will obviate the need for maintenance by continuous transfer of
10,000 mutant stocks worldwide.

ORNL has submitted a proposal to NSF to fund a postdoctoral student to interact
with university users of the Small Angle Neutron Scattering Facility. Although the
proposal has been well received, funds had not vet been awarded as of mid-FY 1992, and
no speeific start date has been established.

Because of its unigue position as a leader in systems aind theoretical ecology,
ORNL plays a strong role in these fields and works closely with various universities. The
NSF recognizes ORNL's leadership in ecosystein research and global terrestrial carbon
eveling and provides support for a study of nuirient eveling, ecosystem mietabolism, and
ccosystem resilience. This project involves development and experimental testing of
models that relate nutrient eveling in stream ecosystems to certain physical and
biological characteristics of sireams in order to predict the response of stream ccosystems
to disturbance. ORNL will continue to ¢xplore its potential cointributions to the planned
inicragency (U.S. Department of Interior-NSF-DOE) Continental Drilling Program.
Another research cffort sponsored by the NSF involves development of a fiber-optic-
based fluoroimmunosensor, an instrument using monoclonal aniibodies and laser-
induced luminescence for the detection of trace levels of biological species in body fluids.
Additional research is expected to include mathematical and statistical methods for data
analysis.

ORNL is providing technical assistanice to the Division of Polar Prograrms in their
effort to evaluate the environmental impacts of U.S. activities implementing minimal-
impact goals in Antarctica. ORNL has prepared a programmatic EiS on the U.S. prograiii
and will continue to support NSF in implementing minimal impact goals and preparing
site- and piroject-specific environmenial impact assessments. Emphasis is being placed
on waste and fuel management, logistic support facilities, sensitive resources, and global
concerns for the pristine Antaretic environment.

DOY and its predecessor agencies have been providing major research support
to the Federal Emergency Management Agency (FEMA) and its predecessor agencies for
more than 33 years. Current ORNL programs for FEMA include a range of research,
development, and technical assistance aciivities in support of national prepareduess for
major emergencies. At FEMA’s request ORNL serves zs an independent center of
expertise in areas ranging from engineering assistance to analysis and assessment.
Engineering work includes assisting in hardening civil defense installations against
electromagnetic pulse effects, development of devices that protect against the effecis of
electromagnetic pnlse, and testing equipment.
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Analysis and assessment activities include building economic models of
preparedness options, assisting with the use of computer graphics, studying human
behavior in emergencies, and working on state-of-the-art assessments on various
programs and issues. These activities will also include the following issues:

* development of a National Infrastructure Information System,
¢ emergency preparedness to hazardous material accidents including those involving
chemical weapons,
impacts of disasters,
postdisaster economic recovery,
data sources for emergency management,
shelter concepts for emergency protection,
civil defense program planning,
evacuation planning for natural and man-made disasters,
public alert/notification system performance,
preparedness for special populations and institutions, and
adequacy of training for emergency workers.

Agency for International Development

ORNL serves as a center of expertise for the Office of Energy and Infrastructure,
Bureauof Research and Development, AID on (1) energy planning and policy development
(EPPD) and (2) renewable energy applications (REAT). ORNL’s activities include
research; analysis; technical assistance; project development, implementation, and
evaluation; and information dissemination. In the area of EPPD, ORNL emphasizes
energy efficiency improvement, environmental management, R&D roles, institution
building, and technology cooperation. In REAT, the Laboratory emphasizes biomass
energy systems and rural/decentralized applications.

Through its relationship with AID’s Office of Energy and Infrastructure, ORNL
also supports programmatic activities in other bureaus, offices, and field missions of
AID. For instance, the Laboratory is currently assisting AID’s Regional Office for Central
American Programs as technical monitor and project evaluator for a large multiyear
rural electrification project.

Besides its continuing relationship with this one office, ORNL provides similar
technical assistance directly to other parts of AID as well. One such commitment is to
carry out analyses and technical assistance on environmental and natural resource
management issues for AID’s field mission in Guatemala.

Many citizens of developing countries use indoor combustion for cooking or
space heating. AID is providing assistance to these countries in the development of fuels
that emit smaller amounts of pollutants to improve indoor air quality in these countries.
Research staff are evaluating the effects of additives on reducing toxic emissions from
traditional Pakistani fuels. In addition, they have trained Pakistani scientists in the
design of these experiments so that further development can occur in Pakistan. Future
work is expected to assist fuel scientists in other developing counties.

1.%. Department of Transportation

ORNL’s Center for Transportation Analysis, which receives funds from DOT,
covers all transportation modes: particular attention is given to highway transportation,
which accounts for more than 73% of the nation’s energy used on travel. ORNL is
assisting FHIWA, and will assist the soon-to-be-established Bureau of Transportation
Statistics, in research areas that include development of freight and passenger demand
models; assessment of data quality and data consistency of highway statistics; development
of data collection methods and advanced data management systems to improve data
integrity and availability; analysis of nationwide surveys to address issues in current or
future national transportation policies; development of methods to statistically link data
sources to study intermodal traffic; and research on intelligent vehicle and highway
systems.
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In response to the FHWA’s 1990 National Transportation Policy, research effort
provided by ORNL is increasing in several areas. First, ORNL is developing procedures
to estimate the private sector’s contribution to the nation’s highway infrastructure.
Second, ORNL is assisting the FHWA to study the relationship between truck accidents,
highway geometric design, and truck performance characteristics. Results from this
study will guide how highways will be designed to accommodate more safely heavier
trucks in the nation’s highway system. Third, ORNL is developing methods to reduce
statistical bias in the 1987 nationwide truck surveys: the Truck Inventory and Use
Survey and the Nationwide Truck Activity and Commodity Survey. The sampling plans
of these surveys will be evaluated to better plan and to implement the next surveys in
1992,

The FHWA’s Highway Traffic Forecasting System has been redesigned by ORNL
to provide improved forecasts of trucking activity nationwide and of the impacts of this
activity (in terms of pavement loadings) on the condition of the nation’s highways.
Related research in highway network design is looking at possible alternative designated
routing options for trucks. Improved routing will allow more economical transporting of
goods across country and will reduce the potential for considerable damage to our
highway system’s infrastructure. More effective highway network design and routing
policies can also benefit DOE because they will provide better options for the shipment
of spent nuclear fuel. ORNL is helping the FHWA to examine future federal network
design options, to ensure national network connectivity, and to anticipate future traffic
growth.

Innovative log-linear modeling of vehicle-miles-of-travel by vehicle types, roadway
class, season, and state provides the FHWA with a means of generating travel forecasts
from large, sparse matrices containing large numbers of zero-valued cells. Research into
the relationship between methods of forecasting vehicle-miles-of -travel and fuel use at
the national level offers insights that are useful to both DOE and FIIWA policy and
planning staffs. ORNL is also increasingly involved in helping the FITWA select and make
the best use of sampling methods for the collection and analysis of truck freight
transportation information.

To support these analytical efforts, and in cooperation with agencies within DOE
and DOD, ORNL has been the leader in the development of an extensive national
highway network database that currently contains roadway lengths, traffic capacities,
and other statistically and operationally useful planning characteristics for about
380,000 miles of highway. Workstation versions of this network data base are being
developed for use in a variety of graphically enhanced highway research applications.

Other continuing work for the FHWA has produced workstation-based simulation
models and associated microcomputer graphics systems to replicate and depict complex
traffic-stream management strategies for congested urban street layouts. In addition,
ORNL will be increasingly involved in providing the FHWA with techuical support on
research projects that study highway safety from the viewpoint of geometric design,
highway systems operation, and hazardous materials transport. Application of expert-
system methodologies to traffic-simulation problems is also emerging as a future
rescarch area.

For a National Highway Network Evaluation and Design Project, ORNL will
generate a number of candidate 2020 national highway networks. Goals such as traveler
mobility, equity, intercity trade, and connectivity for national security reasons will be
translated into network design/selection criteria.

Working with FHWA, ORNL is developing real-time traffic monitoring and
routing models. Real-time traffic analysis is a rapidly growing area of work dealing with
the increasingly important issue of the energy and environmental effects that vehicle
traffic may have on our cities.

ORNL will also support the FHWA’s expanding research on intelligent vehicle and
highway systems. This area of research holds promise for reducing congestion and
highway accidents through advanced electronic traffic monitoring and control systems
together with intelligent vehicles and guideways.

Oak Ridge National Laboratory Institutional Plan FY 1993-FY 1998



In addition, the Federal Aviation Administration is developing a modeling and
analysis facility, the National Airsystem Management Facility, for the development of
advanced systems for airport and airways management. ORNL is well suited to provide
research support to this new facility, and to other operations research and simulation

efforts in the Federal Aviation Administration by virtue of its extensive R&D work for
MAC.

1.5. Depariment of the Interior, Bureau of
Reclamation

A renewed interest in seawater desalination has been demonstrated in current
legislation that will result in an initiative funded in the Bureau of Reclamation beginning
in FY 1992. An ongoing initiative was begun in FY 1991 at ORNL to begin the
fundamental work necessary to support this initiative.

V.5, Department of Commerce

ORNL is providing technical leadership in support of the Coast Watch Change
Analysis Program (G-CAP). G-CAP is sponsored by the Coastal Ocean Program of the
National Oceanic and Atmospheric Administration (NOAA) and administered through
NOAA’s Southeast Fisheries Center, National Marine Fisheries Service (NMFS). ORNL’s
primary responsibility is to conduct R&D on land cover monitoring in the coastal regions
of the United States.

ORNL will provide planning, technical coordination, and implementation of
regional projects designed to employ the C-CAP protocols in coastal regions. Each
project will involve collaboration with a university, state government agency, or other
regional organization. Technology transfer will be a key technical requirement in the
collaborative efforts. Candidate regional projects include Galveston Bay, the Louisiana
Coast, Tampa Bay, the South Carolina Coast, the North Carolina Coast, Chesapeake Bay,
the Rhode Island Coast, the St. Croix Estuary, the Alaska Coast, San Francisco Bay, the

Jolumbia River Estuary, and portions of the Great Lakes. ORNL wil