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Laboratory Director’s
Statement






This Institutional Plan was prepared prior to
my arrival at ORNL. It contains a description of
the programs now under way and those planned
for in the future. It does not reflect any guidance
on my part in terms of content or direction of the
projects and programs. As the new Director of the
Laboratory, I obviously have a strong interest in
the Laboratory’s programs and their success.
ORNL has a long history of outstanding scientific,
technical accomplishments and I will do everything
I can to ensure that this continues into the future.

The past decade has witnessed a growing
awareness of the connection between advances in
science and technology and economic growth. It
has also witnessed the growing concern that the
United States is falling behind in its ability to
compete in certain arenas of technology
development. As a result, there has been an
examination of many activities in our nation to
determine what might be done to improve our
ability to compete on a global scale.
Competitiveness has become a buzz word.

Competitiveness begins at home. This includes
ORNL. We need to continue to identify and
conduct outstanding frontier programs of basic and
applied research and technology development.
Competitiveness means periodic critical review of
these programs to ensure that they are excellent
and consistent with the national needs. In that
regard, ORNL and the other Department of
Energy Laboratories have a vital role to play in
various arenas involving competitiveness.

To enhance our competitive position in
international commercial markets, better working

‘relationships with industrial organizations will

help to transfer knowledge about the Laboratory’s
scientific and technological developments. Our
colleagues from industry can also help the
Laboratory scientists to better understand industry
problems that the Laboratory might help to solve.
This type of synergistic relationship also exists
between universities and the Laboratory. Jointly
sponsored research and other interactions provide
access to unique facilities and invigorating
discussions. Also, to be competitive in the future,
the DOE Laboratories and industries need
sufficient technical staff. Closer ties with schools
and universities can help this situation by



stimulating our youth, including minorities and
women, to consider careers in science and
engineering.

Another technology transfer mechanism
available to bolster our industrial competitiveness
is the Laboratory’s availability to do work for
other institutions. One of the better ways to
transfer technology, as well as ideas, is through
human interactions. With work for others (WFQO)
projects these interactions happen naturally. The
WFO program allows the Laboratory to develop
prototypes of equipment, software, artificial
intelligence and other technologies for industries
and other government agencies. It is also a means
to further develop laboratory-invented technologies
and bring them closer to commercial viability.
These projects require the unique facilities and
interdisciplinary staff of the Laboratory that are
otherwise not commercially obtainable. By
definition, the projects must be consistent with the
DOE mission and follow DOE guidelines. Again,
the competitiveness of both the outside institutions
and the Laboratory is enhanced. These outside
institutions may gain new knowledge, a new
prototype or experience with a new technique.
Through the WFO program, the Laboratory gains
through the expansion of the staff’s experience and
the interactions with the other institutions.

The Laboratory has an important role in the
operation of unique scientific facilities needed to
make progress on the frontier of many scientific

and technical fields ranging from fundamental
physics to the discovery of new engineering
materials. These major facilities provide
opportunities for scientists to pursue avenues of
research that cannot otherwise be followed. The
Advanced Neutron Source, proposed for
construction at ORNL, is one example. The ANS
will provide a new, world class research reactor for
neutron research and isotope production.

Remaining competitive also requires adequate
facilities to house equipment and staff. An ongoing
challenge for the future will be the replacement of
aging structures at all DOE Laboratories. ORNL
is not an exception. In addition, computers have
become an essential part of most scientific
endeavors. It is important to maintain modern
equipment with the computing power necessary for
the large problems surfacing in the physical and
life sciences, as well as the large data bases needed
for many technological fields.

The Laboratories are a key part of the solution
of the critical problems of our times. The
multidisciplinary environment allows a coordinated
approach to the investigation of issues such as
global warming, design of a new generation of
passively safe reactors, industrial and nuclear
waste management, and the development of new
energy sources. ORNL has the staff, the facilities,
and the vision to make a contribution to the
solution of these-and other scientific and technical
challenges.



Laboratory Missions






The Oak Ridge National Laboratory (ORNL)
is one of the U.S. Department of Energy’s
(DOE’s) major multiprogram energy laboratories.
ORNL’s program missions are (1) to conduct
applied research and engineering development in
support of DOE’s programs in fusion, fission,
conservation, fossil, and other energy technologies
and (2) to perform basic scientific research in
selected areas of the physical and life sciences.
Transfer of science and technology is an integral
component of our missions. A complementary
mission is to apply the Laboratory’s resources to
other nationally important tasks when such work
is synergistic with the program missions. Some of
the issues addressed include education,
international competitiveness, hazardous waste
research and development (R&D), and selected
defense technologies. In addition to the R&D
missions, ORNL performs very important service
roles for DOE; these roles include designing,
building, and operating user facilities for the
benefit of university and industrial researchers and
supplying radioactive and stable isotopes that are
not available from private industry.

Scientific and technical efforts in support of the
Laboratory’s missions cover a spectrum of
activities. In fusion, the emphasis is on stellarator
confinement configurations, plasma heating, fueling
systems, superconducting magnets, {irst-wall and
blanket materials, and applied plasma physics. The
ORNL nuclear fission activities support DOE’s
civilian nuclear power program through R&D on
nuclear fuel reprocessing, high-temperature gas-
cooled reactors (HTGRs), instrumentation and

controls, nuclear and chemical wastes, and
materials. The Laboratory’s program on
conservation and renewable energy emphasizes
research on high-temperature materials, electric
power distribution systems, conservation
technologies for buildings and industry, biomass
production, and energy storage. ORNL’s fossil
energy work concentrates primarily on materials
and on innovative research in coal conversion and
utilization. Basic and applied research in the
physical, social, informational, and life sciences
provides the foundation for the technology
development work.

Biological and environmental research
emphasizes the interaction of energy-related
physical and chemical agents with the environment
and with living organisms. Research in the
information field includes work on expert systems,
simulations, and decision research. In the physical
sciences, basic and applied research areas include
high-temperature materials; neutron scattering;
surface physics; aqueous, separations, analytical,
and environmental chemistry; robotics; parallel
computing; and heavy-ion physics.

The role of providing user facilities for
industry and universities encompasses over a dozen
major installations including the Neutron
Scattering Facility (NSF), the National Center for
Small-Angle Scattering Research (NCSASR), the
Holifield Heavy lon Research Facility (HHIRF),
the High Temperature Materials Laboratory
(HTML), the Surface Modification and
Characterization Collaborative Research Center
(SMAC/CRC), the Health Physics Research



Reactor (HPRR), and other important user given to research involvement by students, teachers,
facilities related to energy technologies and the and faculty of all levels.
sciences. In the area of education, emphasis is



Laboratory Strategic
View






The Oak Ridge National Laboratory (ORNL)
“Strategic View” is an expression of long-range
(15-year) goals by the Laboratory’s senior
management. The ORNL staff and management
have always believed that the purpose of the
Laboratory is to serve important national needs.
The intersection of important national needs with
ORNL’s research and development (R&D)
capabilities represents the broad direction we want
to take over the next 15 years.

Some future trends and events are controllable
by the Laboratory. Others are not. The following
discussion of planning assumptions focuses on
those future conditions that are outside our control,
but that influence what we do.

Indications are that two major trends will
converge early in the next decade to present the
nation with a challenge of significant proportions.
First, the current deficiencies of the United States
in international commerce will likely continue and
may even worsen. Second, it is highly probable
that the current trend of rising oil imports, coupled
with Middle-East instabilities, will lead to
heightened concern about energy by the mid-1990s.

The convergence of increased reliance on imported
oil and the inability to compete in international
markets will cause significant stress to the U.S.
economy. Unlike the conditions of the 1970s when
the United States’ positive trade balance for
manufactured goods helped to offset the trade
deficit related to oil, the 1990s will very likely be
characterized by huge deficits in both categories. If
this scenario becomes reality, the social and
political pressures for change will be large. In
particular, the traditional sharp boundaries
between the roles of industry, government, and
universities will become intentionally blurred; if
the United States is to meet the challenge of global
economic competition, the nation must call upon
all of its intellectual resources—universities,
industry, and national laboratories—to work
together toward a common goal.

The U.S. Department of Energy (DOE) and
its energy R&D laboratories will become more
important in the quest to restore a favorable
balance of trade. First, DOE possesses the
country’s largest collection of scientific and
technical talents and research facilities; most
observers believe that the mobilization of these
resources is a key ingredient to the future health of
U.S. industry. Another reason DOE and its energy
laboratories are important is that energy products
and energy technologies are, and will continue to
be, two of the largest components of international
trade. For the United States, oil imports will be
the single largest contributor to the negative
balance of trade.

In another area important to DOE, the issues
related to hazardous chemical and radioactive

11



wastes will increase in importance nationally
throughout this century and beyond. DOE’s
interest in these areas stems from (1) the need to
clean up its own facilities and (2) the responsibility
for safe management of radioactive wastes from the
nuclear fuel cycle. The techniques and technologies
for neutralizing existing waste sites will, for the
first half of the planning period, be the highest
priority objectives of national R&D programs on
wastes. But the high cost of cleanup will lead to
research on processes that produce fewer wastes
and less environmental damage. Results from
R&D work directed toward DOE’s waste
problems will, in many instances, be transferable
to national waste problems.

Concurrent with the worsening energy and
trade trends and the increased emphasis on wastes,
there will be a decline in federal expenditures for
the production and deployment of weapon systems,
including nuclear weapons. The decline in defense
spending will be influenced partly by arms control
agreements with the Soviet Union. Even though
defense spending will decline, funding for R&D on
advanced defensive weapon systems will continue
at a relatively high level.

The consequences of these trends and events
will be a restructuring of national priorities,
including those of DOE and its national laboratory
system. Nuclear weapons production and spending
for that activity will decline. Basic research will
continue at a relatively high level but with a lower
priority. Applied research and engineering
development on energy technologies and other
technologies of importance to the trade issue will
be elevated to the highest priority. Developmental
activities that move a technology toward a
commercial product will not only be permitted but
will be encouraged. More emphasis will be placed
on collaborative R&D involving DOE’s
laboratories and industry. There will be less
concern about maintaining separation of industry
and government and more concern about restoring
the United States to a leading role in international
commerce.

During the next 15 years, ORNL will remain
a DOE-owned, contractor-operated institution. It
is assumed that DOE will continue to depend on
the Laboratory for R&D and other services similar
to those presently provided and that ORNL will
retain its current basic roles and missions.
Although energy will remain the central theme,
major roles will be encouraged by DOE in other
areas, especially in waste R&D and defense
technologies. About 80% of the Laboratory’s effort
will be in support of the missions of DOE and the
Nuclear Regulatory Commission (NRC). Work for
other government agencies and for private industry
will be permitted and will consist of R&D
activities that are important to the nation and that
complement DOE’s programs.

Even though continuity in basic missions is
expected, the Laboratory will, nevertheless,
undergo major changes. One of the driving forces
for change will be the growing role of DOE and
its national laboratory system in helping American
industry to regain a leading position in
international commerce. This role will cause some
R&D activities at ORNL to be carried much
further toward commercial products and processes
than has been true in the 1980s. Much more
thought and effort will be given to moving
technological innovations to the marketplace.
Patents on technologies and exclusive licenses to
industry will be commonplace. Collaborative
research, centered around major user facilities, will
become a very important component of the
Laboratory’s intellectual output.

As the national priorities shift toward civilian
technologies, the character of the Laboratory will



change along the lines suggested in Figs. 1 and 2.
There will be an increase in size, more emphasis
on major technological missions in energy and
other commercially important technologies, and an
increase in waste R&D work. Selected areas of
defense will also be supported when this work is
closely related to the civilian R&D missions. Slight
changes in sponsorship will occur over the
planning period with the most notable shift being
an increase in work for private industry.

As a consequence of the emphasis on
collaborative R&D, guest researchers at ORNL
will continue to increase over the planning period
as shown in Fig. 3. By FY 2004, the number of
guest researchers will approach 4500, more than
double the number (2173) for FY 1987. Much of
the increase in collaboration with outside
researchers will be associated with the expansion
of existing user facilities and the addition of new
facilities. Major new facilities planned over the

Con./Renew. Fossil
13% i
Waste 3% % me
Defense 3% Fission
8%
Other R&D

Basic Resegrscoz 1%

Fiscal Year 1988

next 15 years will include the Advanced Neutron
Source (ANS), the Heavy Ion Storage Ring for
Atomic Physics (HISTRAP), and some important
experimental fusion facilities.

The Laboratory will strive for strong, balanced
programs in all four of the major energy
technology areas—conservation, fusion, fission, and
fossil.

In conservation and renewables R&D, the
long-term goals are to (1) maintain a broad-based
conservation/renewables program, (2) continue the
dual role of in-house research and program
management, and (3) expand interactions with

Fossil
Con./Renew. 12% Fusion 24%
18% N
Waste > Fission
7.5% 15%
Defense
6%

Other R&D
25%

Basic
Research
41%

Fiscal Year 2004

Values are % of total R&D effort in 1988

Fig. 1. Research and development activities (1988-2004).
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ORNL’s major 15-year goals in fusion are to:

® maintain leadership in advanced plasma
technology components,

* establish a strong program in remote technology
for fusion,

¢ lead the world in materials development and
testing for fusion reactors,

* maintain U.S. leadership in stellarators, and

¢ build major fusion facilities in Oak Ridge
including an upgraded Advanced Toroidal
Facility (ATF) and ATF-2.

Planned directions for ORNL in fission energy
R&D include leading roles in modular high-
temperature gas-cooled reactor (MHTGR)
technology, nuclear fuel reprocessing,
improvements to existing light-water reactors
(LWRs), and selected areas of reactor safety

research. The Laboratory will also play a
supporting role for all reactor concepts through its
work on strategic technologies including:

¢ advanced instrumentation, control, and
automation;

* robotics and teleoperations;

* high-temperature materials and structural
design;

® advanced shielding methods and materials;

* fuels and cladding; and

* probabilistic risk analysis.

The planned directions for fossil energy reflect
the Laboratory’s deep-seated, long-term conviction
that fossil energy, especially coal, is one of the
nation’s most important subjects for R&D. Fossil
energy R&D will focus on three important areas:
materials; environment, health, and safety; and



innovative coal processing concepts. Materials

work will include:

* fundamental research on materials erosion and
corrosion;

¢ alloys for high-temperature, advanced steam
cycles;

¢ fiber reinforced ceramics for high-temperature
combustors and hot gas filters;

* ceramic membranes for gas separation; and

¢ materials for advanced fossil technologies
including coal liquefaction and gasification,
combustion, heat engines, and fuel cells.

Work on environment, health, and safety will
include support for clean coal projects and the
development of information systems. Innovative
coal processing concepts will include microbial
liquefaction and gasification.

Space and defense technologies and waste
R&D will become important components of the
Laboratory’s activities within the next 15 years.

Areas of work on space and defense
technologies will be closely related to ORNL’s
civilian R&D roles. Examples of areas for future
emphasis are: space applications of robotics and
teleoperations, engineered materials, space
structures, and survivable space optics.

The planned program in waste R&D is
strongly oriented toward supporting DOE’s
missions in this area. The scope includes both
chemical and radioactive wastes. One area of
emphasis will be on expanding the Waste
Management Technology Center (WMTC).

The Laboratory will maintain vital programs
in both the physical and life sciences over the
planning period. The science programs serve two
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;
* nuclear and atomic physics; and
e the chemical sciences.

The goals of the Laboratory’s materials
program are to achieve world leadership in high-
temperature materials development and to excel in
certaih areas of solid state physics including
surface research, preparation of new materials,
advanced materials processing, and neutron
scattering. One area of emphasis in computations
will continue to be research on parallel processing.
In robotics and intelligent machines, research
topics will include teleoperations and autonomous
systems with man-machine symbiosis as the
ultimate goal. Heavy ion research, including
operation of the Holifield Heavy Ion Research
Facility (HHIRF) as a national user facility, will
continue to be the centerpiece of the nuclear
physics program at the Laboratory. In atomic
physics, the addition of HISTRAP will extend the
research program to frontier energy regions. The
chemical sciences will stress four major areas:

(1) chemistry of and with radioactive materials,
(2) environmental chemistry and waste
technology, (3) materials chemistry, and

(4) separations sciences.

The life sciences—biology and the
environmental sciences—will continue as essential
elements of the Laboratory’s activities throughout
the 15-year strategic planning period. In biology,



the plan is to build on the core areas of:

®* mammalian genetics,
® radiation carcinogenesis, and
® protein engineering.

In addition, it is planned to expand
multidisciplinary research in structural biology and
genome mapping. In the environmental sciences,
the broad goal is to retain the Laboratory’s status
as the nation’s premier ecological-environmental
research center. The environmental sciences
program will cover both energy-related
environmental issues and global science. An
important objective is to study and understand the
interactions of physical and chemical agents with
living organisms, including transport, chemical
evolution, adverse health effects, and ultimate
consequences in humans and their environment.
Important long-term goals in environmental
research include:

* anticipating future environmental problems,

¢ understanding atmosphere-biosphere boundary
interactions and feedbacks,

® improving time-space scaling of nonlinear
environmental systems and regional
extrapolation,

* developing predictive environmental models,

¢ understanding mechanisms of subsurface
transport,

* understanding global environmental systems, and

* quantifying environmental risk and cumulative
effects.

Changes of the magnitude suggested by this
plan will present significant management

challenges to both DOE and ORNL over the next
15 years. Management attention will be required

in several areas including physical facilities,
human resources, and administration.

Central to accomplishing the missions outlined
in this plan is the acquisition of key research
facilities. Senior managers in DOE and ORNL
will need to pay especially close attention to
moving these facilities from plans to reality. The
ANS is of critical importance to a number of the
Laboratory’s research areas including materials,
nuclear physics, biology, and the chemical sciences.
The HISTRAP is the key to maintaining the
HHIRF as a state-of-the-art user facility. An
important part of the Laboratory’s contributions to
DOE’s nuclear missions will be advanced control
R&D centered around the Advanced Control Test
Operation (ACTO) program. Completion of the
Life Sciences Complex is essential to achieving the
biological research objectives of this plan. An
important addition to the Life Sciences Complex is
the Molecular Genetics Laboratory.

One of the highest priority management
objectives is to bring a first-rate computing
environment to the Laboratory’s research staff.
Both equipment and development funding will be
required to bring about a modern distributed
computing system consisting of powerful
workstations and special-purpose central machines
linked by high-bandwidth data networks.

The Laboratory management will need to give
considerable attention to office and laboratory
space, cafeteria facilities, parking space, and other
support facilities. Expansion is required in support
facilities to accommodate an increase of 50 to 100%
in the resident research staff during the next
15 years. Part of this increase will come from
employees, but a larger component will be from
growth in the number of guest researchers.

As education and training activities expand it
becomes important to institutionalize those
activities through formal funding mechanisms and
by the acquisition of programmatic space. This is
especially true in the proliferating area of
precollege programs.



Perhaps the most significant management
challenge of all will be to learn how to help
American industry turn the results of government-
sponsored R&D into commercially important
products. This will require interactions between

the Laboratory and industry on an unprecedented
scale. New institutions and new ways of dealing
with old institutions will be needed. Major reforms
will be required in administrative, legal, and
contractual policies and procedures.



Initiatives






Commercial gas-cooled reactors (Magnox
reactors) were introduced in the United Kingdom
and France in the early 1950s, and several of them
are still operating. Because of the use of an
oxidizing coolant (CO,) and the use of metal-clad
fuel in the core, these reactors operate at relatively
low temperatures.

The high-temperature gas-cooled reactor
(HTGR) concept was introduced in the late 1950s.
This concept is highly advanced when compared to
the Magnox reactors. The HTGR is helium
cooled, and the core contains no metal. The
combination of inert coolant and ceramic core
allows much higher operating temperatures. Three
pilot-scale HTGRs (Dragon in the United
Kingdom, Peach Bottom in the United States, and
the AVR in Germany) and two demonstration-
scale HTGRs (Fort St. Vrain in the United States
and THTR in Germany) have been built and
operated. A poor economic climate in the
mid-1970s and escalating capital costs for nuclear
plants resulted in cancellation of all HTGR orders
by 1977. The HTGR technology-development
program was reduced to a maintenance level and
was kept alive largely because of interest in
Congress.

In recent years, the leadership within the U.S.
nuclear community began to realize that
fundamental changes in design concept were
required if the nuclear enterprise was to continue
beyond the current generation of light-water
reactors (LWRs). HTGR designers refocused their
efforts from the large (3000 to 4000 MW?t) plants
with high efficiency and high fuel use to smaller,
modular plants (Fig. 4). The Modular HTGR
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Fig. 4. Modular high-temperature gas-cooled reactor
steam supply system,

(MHTGR) designs consist of four units, each
350 MWt (138 MWe) headered to two turbines.
The design calls for location in an underground
silo. Annular core configuration and small size
combine to provide passive safety. Even when the
primary circuit is depressurized, the decay heat
from the core can be dissipated through the vessel



to the ground. The core temperature will not rise
above 1600°C, a temperature which the fuel can
survive without significant damage. This feature of
passive safety offers many advantages.

* It avoids the need for emergency evacuation and
sheltering plans.

* [t provides a degree of investment protection; a
plant can restart after an “accident.”

* It eliminates the need for expensive redundant
safety systems; the cost savings that result partly
compensate for higher costs caused by the
smallness of scale.

* The small core of the MHTGR can be housed
in a steel pressure vessel, which can be
fabricated in a factory; reduction of field
fabrication also provides cost benefits.

The Oak Ridge National Laboratory’s
(ORNL’s) role in this new initiative is in the area
of technology development. Responsibility for
MHTGR technology development has been
consolidated, as has design responsibility. The
MHTGR design team has used a “top down”
approach to design, starting with top-level
regulatory and user requirements. Design features
have been linked to top-level requirements through
application of a disciplined functional analysis.
Design selections have been based on available
data and on informed assumptions for MHTGR-
specific conditions where data are not yet available.
It is the purpose of the technology development
program to validate the assumptions and the
design tools. The MHTGR technology
development program includes seven specific
components:

® Fuel performance.  Performance data on
MHTGR-quality fuel (20 times better than
previous HTGR fuel) will be collected by
performing capsule tests in the High-Flux
Isotope Reactor (HFIR) and other test reactors.
HTGR performance models will be modified

with the data from these tests, and then the
performance models will be validated through a
“proof” test.

Fission-product behavior.  The key to the
claim of passive safety lies in demonstrating that
fuel performance and fission-product behavior
have been modeled correctly. HTGR models
will be updated using data from laboratory-scale
experiments. The updated models will then be
validated through a series of tests in a specially
designed fission-product loop in the Siloe
reactor.

Graphite behavior.  The core material,
reflector material, and core support structure are
all graphite. Knowledge of graphite properties,
including statistical variation in properties, is
required for the probabilistic risk analysis
(PRA) that must be submitted as part of the
licensing package.

Metal properties.  The MHTGR design
includes a steel pressure vessel similar to the
vessels used in LWRs. The MHTGR vessel
operating temperatures and neutron environment
are considerably different from those of LWRs.
Therefore, an experimental program to provide
irradiation-effects data is required for licensing
of the MHTGR. Also, materials data for steam
generator design validation are required.

Safety analyses. ~ Validation of the physics
design tools and the thermal hydraulics codes is
required for licensing.

Shielding analyses.  The MHTGR has

several unique shielding problems. The shielding
for gas-cooled reactors must protect the reactor
vessel and core internals from neutrons that
“stream” through control rod drive penetrations.
In contrast, the coolant in water-cooled and
sodium-cooled reactors provides some shielding,
reducing the scope of this problem. Also, the



relatively low-power density MHTGR core,
which is beneficial for passive safety, reduces
space for shielding between the core and the
vessel. Unique design approaches are therefore
required. This task provides a capability for
analysis of shielding options and validation of
the design options selected.

¢ International cooperation. HTGR
development in Japan, Germany, and the
United Kingdom is of interest to the U.S.
program. All national programs can benefit by
pooling data, test facilities, and the experience of
knowledgeable individuals. Fostering the
international cooperation is also the
responsibility of the Technology Development
Program (TDP).

Costs for technology development are estimated
at $75 million. An estimated $25 million more will
be needed for component testing. The TDP plan,
which was completed in 1986, proposed completion
of the technology development work in 6 years.
Recent funding levels have been well below those
required for the G6-year program (Table 1).

Table 1. Budget projection by fiscal year for MHTGR
Technology Development

($ in millions)

1988 1989 1990 1991 1992

6.3 4.9 8.8 12.0 12.0

It will be difficult to establish this new nuclear
option in the United States. But it is important,
and we believe it is realistic, if appropriate
consideration is given to public concerns for safety,
economics, and waste disposal. To carry out the
MHTGR technology development and validation
tasks necessary to support serious consideration,

this promising technology will require a vigorous
new initiative over the next 6 years.

The use of microwave radiation promises to
revolutionize the processing of a wide range of
materials. We have concluded that sintering of
ceramic powders using a novel microwave furnace,
which was invented by an ORNL staff member, is
a particularly important area. Using monies from
the ORNL director’s research and development
(R&D) fund and equipment available from a
fusion energy experiment, an interdisciplinary
team of ORNL scientists built and operated the
furnace during FY 1987. Experiments were
performed to characterize the sintering behavior of
aluminum oxide using 28-GHz radiation as the
energy input. It was discovered that the apparent
activation energy for sintering of alumina in the
28-GHz microwave field was only 170 kJ/mol, as
compared to 575 kJ/mol for conventional heating.
Alumina powder compacts were densified at
temperatures 400°C lower than those required for
comparable densities with conventional heating.

At this time there is no explanation for
lowering the temperature required to densify
alumina using microwave radiation. However, the
implications resulting from the use of microwave
radiation in the ceramics industry are quite clear.
Lower temperatures offer the potential for
avoiding some undesirable chemical effects, such as
thermal decomposition, in the consolidation of
materials that are difficult to sinter. Lower
temperatures also offer the possibility of new
material combinations for applications such as
semiconductor packages. Because of the volumetric,
uniform heating produced by microwaves, more
rapid production cycle times may be possible. This



may also be important for low-thermal- conductivity
assemblies such as advanced fuel cells.

In addition, the ability to selectively heat mixtures
of materials will make possible new

microstructures that are unattainable with
conventional heating.

Our results at both 28 GHz and 2.45 GHz
clearly show that microwave processing could
produce a competitive advantage in ceramic
manufacturing. The literature shows that our
international competitors are working to exploit
microwave technology in many segments of their
materials industries. Some competitors, particularly
France, Canada, and Sweden, have placed such
great emphasis on microwave and radio frequency
(rf) heating (electrotechnologies) that entire
departments of government agencies are devoted to
research, development, and implementation of
these technologies.

To ensure that the United States maintains a
competitive advantage in electrotechnologies in the
near future, ORNL proposes to form an industrial
consortium on the microwave sintering of ceramics.
A major goal of this consortium would be the
transfer of microwave sintering technology to U.S.
industry in a timely manner. Technology transfer
would be expedited by working with industry early
in the R&D cycle rather than after intellectual
property is in the public domain. Initial interest
has been shown by several major ceramic
manufacturers. Researchers from U.S. industry
would initially monitor sponsored research
performed by ORNL staff members. Eventually,
on-site industrial participants would collaborate
with ORNL staff members. Both jointly funded
generic and individually funded proprietary
research would be allowed under the guidelines of
the consortium.

The potential of this technology gained the
interest of programs in fossil energy, defense
programs, and conservation and renewable energy
for FY 1988. It was initially supported under the
ORNL Exploratory Studies Program with

$30 thousand in FY 1986 and an additional
$338 thousand in FY 1987. Funding for
FY 1988 was $1.3 million from various sources
including $700 thousand of direct DOE support
for investigating the densification of alumina,
silicon nitride, high-temperature superconductors,
and lithium hydride.

DOE funding in FY 1989 is providing support
for the near-term R&D program objectives,
concentrating on the development of the following:

* a theory of microwave/materials interactions,
confirmed by experiment, to explain the
mechanisms of coupling, the enhancement of
diffusion, and the roles of defects and interfaces;

* a less expensive source of microwave power in
the 28-GHz range that would make microwave
sintering at higher frequencies more
economically feasible;

* repeatable and reliable heating and insulating
techniques for microwave sintering of new
materials;

* diagnostic tools, instrumentation, and techniques
for the process control of microwave sintering;
and

* a predictive engineering model for microwave
furnace and process design.

This support and projected future needs, both
operating and capital, are indicated in Table 2. In
addition, substantial support from other agencies,
including private industry, is being sought and is
expected.

Table 2. Direct DOE budget projections by fiscal year
for Microwave Sintering

($ in millions)

1988 1989 1990 1991 1992

Operating 0.7 14 34 39 43
Capital 0.0 0.0 1.5 1.5 1.5




A strong, jointly funded Department of Energy
(DOE) and industry research program at ORNL
will allow the United States to stay ahead of our
international competitors in the very rapidly
evolving field of microwave sintering technology.

Bioprocessing is expected to make important
contributions to several aspects of the use of fossil
energy and to enhance the use of these fuels, which
will continue to be our most important source of
energy for the next few decades. Because ORNL
has established a leadership position in
bioprocessing research, an expanded effort on
bioprocessing for fossil energy is most appropriate.
Although the forms of fossil fuels vary considerably
(light oils, heavy oils, tar sands, natural gas,
shales, numerous coals, etc.) and their current and
conventional uses vary considerably (direct
combustion, processing to more valuable liquid and
gaseous fuels, conversions into chemical products,
etc.), there are several similar aspects to potential
bioprocessing. A coordinated program at ORNL
would provide useful interactions between related
studies and would eliminate unnecessary
duplication of effort.

Coal  Preliminary studies have shown that
bioprocessing can be useful in beneficiation of coal
to remove sulfur and other “heteroatoms,” to
liquefy/solubilize coal, to activate the coal for more
effective subsequent liquefaction or gasification,
and to upgrade liquids and gases produced from
coal. The research in each of these areas is
relatively new, and ideas and understanding are
still developing. Because many of these applications
involve organisms and enzymes that are capable of
attacking specific portions of the coal or coal-
derived molecules, advances in each area will
provide insight that can assist in other areas.

The use of bioprocessing in environmental
control technology for coal conversion facilities has
been demonstrated at the pilot-plant level, and
demonstration plants were operated during the last
decade for coal liquefaction and gasification.
Biotreatment of wastewaters has been successful,
and additional applications of bioprocessing to
clean up product liquid spills, to treat solid
residues, and possibly even to remove acid
components from process off-gases may be
developed.

Oil and Gas Recovery and
Processing  Microbial-enhanced oil recovery
(MEOR) is an interesting and promising way to
use bioprocessing to increase the production of oil.
Experimental injection of organisms and nutrients
into oil fields has resulted in increased oil
production. Our understanding of what happens in
MEOR is extremely limited, and our ability to
predict when or how much improvements in oil
yield can be expected via MEOR is poor.

Bioprocessing can also have several other uses
in oil recovery and processing. Microbes can be
used to produce chemicals such as polymers,
surfactants, alcohols, and acids in bioreactors that
are useful in enhanced oil recovery by chemical
flooding. The relative merits of producing these
chemicals in surface facilities and in situ (as in
MEOR) are not known. Bioprocessing may also be
useful in upgrading oil products to remove
heteroatoms or otherwise alter the molecular
structure. Microbial gasification of coals or oils
that would otherwise be difficult to recover may
also be a possibility.

Bioprocessing in oil and gas also has a
potentially important role in environmental
control. Wastewaters, spills, and even off-gases
may be treated by bioprocessing. The floodwaters
produced in oil recovery operations are additional
streams that could benefit from biological
treatment, especially if floodwaters must be reused
or disposed of in more costly controlled wells.



There are numerous similarities between the
bioprocessing opportunities and research needs for
coal, oil, and gas. These are only the most evident
reasons why coordinated research in bioprocessing
can enhance the work in all areas.

Shale Oil Recovery  Although our domestic
supplies of potential oil in shale are large, the cost
and possible environmental impact of shale
development have prevented large-scale
development of this resource. Bioprocessing offers
several potential benefits to improve the outlook
for shale. Biological extraction of oil (either in situ
or in surface facilities) could be less energy
intensive and thus recover more oil per unit of
shale mined. It could also reduce the capital costs
when compared to large thermal recovery facilities.
As with oil production and coal liquefaction,
bioprocessing may be useful in upgrading the
liquid oil products by removal of heteroatoms or by
desirable molecular rearrangements.

The roles of bioprocessing in environmental
control for shale oil production are similar to those
in oil processing and coal liquefaction and include
wastewater treatment, cleanup of spills, and
possibly off-gas cleanup. However, the potential
importance of bioprocessing to treat solid residues
may be even more important in shale oil
production than in the other similar operations.
This is principally because of the larger volume of
solid residue.

Tar Sands  The potential roles of
bioprocessing in extracting useful oils from tar
sands are similar to those discussed for the other
potential liquid fuel sources. These include
possible biological extraction of the heavy oil,
upgrading of the liquid product, and cleanup of
wastewater, off-gas, spills, and solid residue. The
very “heavy” nature of the oils in tar sands makes
the need to alter the molecular structure to form a
lighter oil even more desirable. The importance of
solid residue treatment for tar sand development is

particularly important because of the large
quantities of solids that must be removed from the
ground for surface processing.

The similarity of bioprocessing opportunities
for the various fossil energy sources is evident, and
advances in one area are likely to be helpful in
other areas. Also, some areas of bioprocessing
research in fossil energy will be common to solar
energy applications, conservation programs, and
environmental control technology for hazardous
and radioactive materials. Thus, a coordinated
effort for supporting generic bioprocessing research
should also be considered. This could include the
development of improved bioreactor concepts; the
identification and development of more-efficient
biocatalytic agents (microorganisms, enzymes, and
plant and animal tissues) used with the most-
effective immobilization techniques; study of
efficient bioseparation systems; and the generation
of techniques for system integration and modeling.

An enhanced and coordinated R&D program is
proposed for ORNL that would properly address
the potential benefits of bioprocessing in fossil
energy. The work will be organized and carried
out in a center for bioprocessing research that will
also include a bioprocessing research users facility
available for use by national laboratories,
universities, and industry. A significant emphasis
will be placed on research that is carried out in
cooperation with other energy laboratories,
universities, and industry. To that end, ORNL
will provide overall management of a coordinated
program that will include a significant fraction of
subcontracted research. ORNL would also sponsor
workshops, meetings, and publications to ensure
that all portions of the program benefit from the
accomplishments and to ensure an aggressive
technology transfer effort. Table 3 shows the
proposed budget.



Table 3. Budget request by fiscal year for Bioprocessing in
Support of Fossil Energy Applications

(% in millions)

1989 1990

1991 1992 1993 1994

Operating 1.0 5.0
Capital 0.2 0.5

8.0 9.0 12.0 15.0
0.8 0.9 1.2 1.5

This budget allows for an expanding program
during the first 3 years, followed by a constant
budget adjusted for inflation for 1 year and
moderate increases for the fifth and sixth years.
The latter increases are expected to be needed to
establish technical feasibility of concepts previously
developed.

The U.S. international competitive position
could be strengthened by improving the
productivity of our scientists—enabling
geographically distributed interdisciplinary teams
to more effectively solve computationally intensive
(sometimes called “grand challenge”) problems
using advanced computer architectures.

Advanced computer technology is providing
new computing architectures, larger and faster
computers, and dramatically improved desktop
models at increasingly lower prices. Among these
new architectures are massively parallel computers,
which are beginning to offer the capability to solve
some of the grand-challenge problems. However,
rather heroic measures are often required to obtain
the near-maximum performance promised by these
newer architectures—thus restricting their early
use to a small subset of the researchers who could
potentially benefit. To increase the usefulness of
these computers in scientific research, two classes
of researchers need to be dealt with: (1) the
computer scientist, who will do whatever is

necessary to achieve maximum performance on a
new architecture; and (2) the typical researcher,
who needs much more computing capability to
effectively solve his research problem but cannot
devote the time away from his research to master
each new architecture that offers promise.

Training and education need to be developed to
assist more researchers in learning to use new
architectures to their maximum effectiveness. In
addition, the non-guru researcher could benefit by
the development of a scientifically distributed
computing environment that would provide
mathematical libraries tailored for optimum
performance on massively parallel computers
available transparently to the researcher. The
appropriateness of new architectures for various
classes of scientific problems needs to be
determined; and the formation of interdisciplinary
teams consisting of experts in parallel architectures
and algorithms, along with experts in potential
scientific applications, needs to be encouraged.

Strategies for accomplishing these objectives
include the following:

1. Provide systematic investigations of new
computer architectures and their applicability
to specific scientific problem areas.

2. Provide a center where algorithms are
developed for targeted “global-challenge”
problems using massively parallel computers.

3. Provide verified and tested library functions on
appropriate architectures available for remote
execution through high-bandwidth
communications.



4. Develop training and education methods for
improving the ability of researchers to use the
potential of the new architectures.

5. Develop and implement a user-interface and
high-bandwidth communication methods to
assist interdisciplinary research teams in using
the power of massively parallel computers to
formulate and solve grand-challenge problems.

To carry out these strategies, many diversified
skills are needed. A noteworthy feature of Martin
Marietta Energy Systems, Inc., and the
surrounding area is the availability of a large
population of experts in many of the fields needed.
Expertise will be needed in the following areas:
parallel computing algorithm development;
network hardware and software development;
artificial intelligence; user interfaces; data base
design; security; and user training. The areas
where much of this expertise is located include
Mathematical Sciences, Instrumentation and
Control, Computing and Telecommunications,
robotics, ORNL’s research divisions, Data Systems
Research and Development (DSRD), The
University of Tennessee, and area industries.

A sampling of the numerous grand-challenge
problems identified at ORNL that would be
addressed initially includes the following:

® clectron correlation in high-T, superconductors,

¢ lepton pair production in relativistic heavy ion
collisions,

* theory of ground-state properties of ordered and
disordered alloys and ordering processes in
alloys,

* ab initio investigation of fracture in superlattice
structures,

® visualization in scientific computing, and

® neutronics for the Advanced Neutron Source
(ANS).

Exploratory funds have been used by ORNL
to support innovative work in computations.
DOE-supported work has enabled the development
of a set of basic computational kernels that have
assisted ORNL in becoming a recognized leader in
algorithm development for parallel computers. In
FY 1989, Director’s R&D funds are being used
to initiate development of a multidisciplinary team
to address two of the grand challenges. The
experience gained in this project, along with the
expertise from the many other supportive activities
described, will well prepare ORNL for scaling up
to a resource level appropriate for a Laboratory-
wide impact of enhanced scientific productivity
through advanced computation. The technology
transfer activities and multidisciplinary problems
routinely dealt with by ORNL establish an
environment conducive to addressing the challenges
offered in this initiative. The anticipated budget is
shown in Table 4.

The development of the reactor and associated
facilities for the ANS is an ongoing ORNL

Table 4. Budget projection by fiscal year for the Center for
Computer-Enhanced Scientific Productivity

($ in millions)

1990 1991

1993 1994

4.0 4.5

5.0 5.0




initiative. The ANS will return to the United
States the leadership in neutron research,
especially in neutron scattering research, that was
lost to Europe in the early 1970s when the superb
facility at the Institut Laue Langevin in Grenoble,
France, became operational.

The capabilities of the ANS will greatly exceed
those at any other facility of this type that is
currently in operation or planned. It will consist of
an advanced reactor with capabilities for neutron
scattering work, isotope production capabilities,

and. materials irradiation positions. Neutron
scattering research in the fields of condensed
matter and chemical physics, polymer and colloid
studies, biological research, nuclear physics, and
materials investigations (Fig. 5) is the main
scientific justification for the project, but the ANS
will also include isotope production and materials.
irradiation capabilities as good as, or better than,
the HFIR.

The ANS will be operated as a user facility for
industry, academia, and government. A National

Fig. 5. The Advanced Neutron Source guide hall and cold neutron instruments (CAD drawing). Standing figure (upper

right) is 2 m tall.



Steering Committee for the ANS (NSCANS) has
been providing guidance in user needs and
priorities.

The R&D program and preconceptual design
activities for the ANS have received funding from
Basic Energy Sciences (BES) for the past 2 years.
The reséarch program concentrates on verifying
the feasibility of certain major design features,
including the performance of aluminum-clad
cermet fuels with unprecedented neutron and heat
fluxes. Investigations of technologies that might
further enhance performance and safety beyond the
basic criteria are also under way, including studies
of improved cooling systems, inherent safety
features, and the advantages and penalties of
reduced fuel enrichment.

Current cost estimates include an additional
$35 million in pre-line-item R&D design funds
and $412 million (1988 dollars) in line-item
funding for detailed design and construction. In
addition, $20 million in R&D funds will be
needed during construction to support the design
and safety analysis work (Table 5).

Recent discoveries of new superconducting
materials with high critical temperatures have
generated interests in the scientific community and
offer the widespread potential for significant
applications in numerous energy technologies.
However, a great deal of basic research and
materials development will be required before
these new materials are understood and future
applications realized. The primary goals of ORNL
in this exciting field are to carry out a coordinated
R&D effort to understand the new high-critical-
temperature superconducting oxides, to fabricate
them into films and wires with high critical
currents in the presence of high fields, to identify
viable commercial applications, and to work closely
with U.S. industry to accelerate the commercial
application of these discoveries. The R&D efforts
focus on four major areas: (1) synthesis,

(2) characterization and analysis, (3) thin films
and devices, and (4) high-current conductors.

Table 5. Budget projection, for the planning period, by fiscal year
for the Advanced Neutron Source

(in thousands of constant 1988 dollars)

Fiscal year 1988 1989 1990

1991 1992 1993 1994

Operating 3,673 8,700

funds

Design-only
line-item
capital

Construction

line-item
capital

9,552

4,000 4,000 4,900 4,900

9,500 10,000 14,600

39,512

Total 3,673 8,700

9,552

13,500 14,000 19,500 44,412




In addition to the basic and applied research,
ORNL has several applications assessment projects
under way related to high-T,-superconducting
materials. One of these is a detailed assessment of
the potential energy savings applications of the
newly discovered materials that are
superconducting above liquid nitrogen
temperatures. Other current projects are the
evaluations of three specific applications: electric
motors, power transformers, and magnetic
separation. Some funding also supports the
evaluation of ceramic superconductors for
applications in fossil energy systems.

In FY 1987, redirected funding totaling about
$1.8 million facilitated research at ORNL in this
rapidly progressing area. In FY 1988 about
$4 million in new and redirected funds supported
this research initiative. ORNL has established
close interactions with Los Alamos National
Laboratory (LANL) and Lawrence Berkeley
Laboratory (LBL) and serves as the lead
laboratory for coordinating BES work in this area.
During the spring of 1988, ORNL was named one
of three DOE Superconductivity Pilot Centers
(DOE-SPC). The purpose of these pilot center
projects is to enhance interactions involving the
new high-T_ superconductors between national
laboratories and U.S. industry and to accelerate
the transfer of technology to the private sector by
streamlining the business-legal interface between

DOE and U.S. industry. Funding for the

high-T -superconductor research at ORNL is
expected to grow to about $7 million in

FY 1989, including $2 million to support the
DOE-SPC. Because of the potential for
applications of high-T -superconducting materials,

this research area needs to grow substantially
(Table 6).

An important continuing initiative is to develop
new or improved methods for deoxyribonucleic
acid (DNA) sequencing and analysis. Our
multidisciplinary research capabilities and
experience will allow us to make significant
contributions to both the National Institutes of
Health genome program and DOE’s human
genome initiative.

The objective of this initiative is to explore the
structural and functional characteristics of the
mammalian genome by use of experimental
molecular genetics. Experimental plans include
(1) development of complete molecular maps and
refined functional maps of specific regions of the
mouse genome; (2) analysis of the molecular
structure and effects of heritable, agent-induced
mutations; (3) creation of molecularly tagged

Table 6. Budget projections by fiscal year for research and development

and High-Temperature Superconductivity Pilot Centers

(includes both new and redirected funds; $ in thousands)

Fiscal year 1988 1989 1990 1991 1992 1993 1994
Research and 4,000 4,000 5,000 5,000 5,000 5,000 5,000
Development
Superconductivity 0 2,000 5,000 10,000 10,000 12,000 12,000

Pilot Center (SPC)®

“SPC funds do not include industrial partner costs.



mutations throughout the murine genome by
insertional-mutagenesis techniques; and

(4) application of mutagenesis techniques to
screen for models of important human genetic
disorders that can then be analyzed molecularly.

In parallel with these proposed studies are
ongoing activities designed to provide information
on the mechanisms of induction of point mutations
and chromosome alterations, with particular
attention to the induction and consequences of
nonrandom alterations.

A noteworthy feature of this initiative is the
integration of genetic functional analyses with
molecular mapping. Indeed, molecular
chromosomal mapping of mouse genes will not
stand alone as a sterile catalog; all molecular
information will be correlated with functional
information, including the early events that lead to
mutation-associated abnormal phenotypes.
Structure-function analyses of specific murine
genomic regions will also facilitate characterization
of homologous regions of the human genome.

We plan to complement the biological research
activities by developing new sequencing
technologies with the private sector and
establishing a data management system, possibly
using parallel processing. Refer to Table 7 for
budget projections.

Table 7. Budget projection by fiscal year for
Genome Mapping and Sequencing

($ in millions)

1989 1990 1991 1992

2.6 33 33 3.5

The wealth of heritable mutations of the
mouse, generated by radiation and chemical
mutagenesis and maintained in large breeding
stocks at ORNL, offers many opportunities for this
type of molecular structure-function analysis and is

the single most important asset of this initiative.
The expertise of the staff in aspects of molecular
genetics, transmission genetics, and mutagenesis is
a vital component.

The human genome endeavor will require
major effort in various types of data access and
analysis. The sites for computerization of the
actual sequencing data have been chosen.
However, the overall information management and
dissemination processes for this large,
geographically dispersed program require
meticulous preplanning of information systems.
This will serve two functions: it will avoid
generation of redundant data and proliferation of
separate systems that will not interact with each
other and it will ensure that all current
information needs are met and that future needs
are easily added.

ORNL plans to develop a system of
communication tools to facilitate sharing of data
across the human genome program. Additionally, a
Management Information System (MIS) will be
established in which data elements are defined to
allow easy reporting; that is, anyone given official
access to the system can quickly compile budget,
literature, research in progress, related research,
public relations, or other information into a timely
meaningful report that is tailored to fit individual
needs. From the MIS, research and management
topics will be identified for in-depth analysis and
reporting.

The Heavy-Ion Storage Ring for
Atomic Physics (HISTRAP), a 2-T-m
synchrotron/cooler/storage ring, has been an
ORNL initiative for several years. The study of
multiply charged-ion physics is a major effort at
ORNL, other DOE facilities, and many
universities. Many important aspects of multiply



charged-ion science are not accessible with existing
facilities because of low beam currents, large beam
emittances, or short interaction times. These
limitations can be overcome by the use of a
synchrotron accelerator that can either accelerate
or decelerate heavy-ion beams; provide electron-
beam cooling of the ion beam to decrease beam
emittance and energy spread; and store the
resulting circulating beam for in-ring experiments
with fixed targets or with merged electron, photon,
and ion beams. A committee, appointed by the
National Research Council of the National
Academy of Sciences, has studied the need for such
a facility and has given a strong positive
recommendation to the HISTRAP.
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vacuum ever attained west of the Atlantic—4 x
1072 torr. A prototype broadband, ferrite-loaded
rf cavity was designed and fabricated with
assembly scheduled early in FY 1989. A magnet
measurement system was developed, and a
prototype laminated synchrotron magnet was
designed and fabricated. Assembly and testing are
under way. Prototype diagnostic devices are being
fabricated and tested with pulsed heavy-ion beams,
and a prototype system to control these
synchrotron subsystems will be developed and
purchased. In FY 1989 to 1991, $720 thousand
funding is expected for development of an electron
target for the HHIRF facility that is identical to
that planned for the HISTRAP. Construction of
the HISTRAP is requested for FY 1990 with a
cost estimated at about $15 million (Table 8).

Table 8. Line-item construction budget
by fiscal year for HISTRAP

($ in millions)

1990 1991 1992 1993

1.6 6.9 33 3.1

One of the central issues in the United States
today is the erosion of U.S. global competitiveness
in high-technology goods. As a new study by the
National Research Council [materials science and
engineering (MS&E) study] will show, improved
materials synthesis and processing are central to
the solution of this problem. This study also
suggests that enhanced cooperation between
national laboratories and U.S. industry could have
an immediate effect on U.S. competitiveness. The
need for developing advanced processing techniques

has been recognized in several U.S. technology
assessments including the MS&E study and the
National Materials Advisory Board, Defense
Advanced Research Project Agency (DARPA)
Materials Research Council, Defense Science
Board, Industry (SIA), and National Society
(IEEE) surveys. ORNL has been a world leader
in developing materials-processing techniques since
the early 1940s. The focus of recent efforts has
been on the development of advanced processing
techniques capable of producing new materials
properties and systems. Some of the recently
developed ion-beam-, laser-, and plasma-processing
techniques at ORNL are uniquely important for
future electronic and opto-electronic device
processing and for fabricating artificially structured
materials for use in numerous other fields. ORNL
has proposed to consolidate these R&D activities
into an Advanced Processing Science Center
(APSC) consortium with U.S. industry (Fig. 7).
The goals of APSC are to develop and understand
new processing techniques, to provide access to
these techniques through our established user
facilities, and to interact with U.S. industries
through the consortium to commercialize R&D.
This approach is being pursued through
interactions with the DOE, the U.S. Department
of Defense (DOD), Semiconductor Manufacturing
Technologies (SEMATECH), Semiconductor
Research Corporation, and other national
laboratories.

Existing user facilities and collaborative
research centers would form the nucleus of APSC
and permit immediate start-up for industry to
participate in and benefit from state-of-the-art
R&D without a major investment in equipment or
personnel. APSC and ORNL experience in
technology transfer could be used to create a forum
whereby competing industries could share
technology and intellectual property while still
competing in device and systems manufacturing.
Participation by industry would ensure relevance
between R&D and technology applications.
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Fig. 7. Methodology for establishing an APSC consortium (immediate
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ORNL has already initiated several successful
projects with the semiconductor industry:

* microwave plasma processing, IBM;

* laser photochemical vapor deposition, Dow
Chemical;

® ion-beam deposition, Motorola;

* high-energy ion implantation, Eaton and
Motorola; and

* thin-film deposition and mask development,
Motorola, University of Wisconsin, and
SEMATECH.

Semiconductor R&D at ORNL received about
$2.9 million in FY 1987, and this amount
increased to about $3.4 million in FY 1988. A

similar increase to about $3.8 million is expected
in FY 1989. Although the current activities lack
the benefit of consolidation, the research is
currently conducted in collaboration with more
than 50 scientists from industries and
universities. The estimated level of ORNL
involvement in this program may reach

$10 million to 12 million per year to support
the full-time equivalent (FTE) of about 25 in-
house staff members and 25 U.S.

industrial /academic collaborators. Additional
laboratory facilities may be required, costing about
$10 million (Table 9). Extensions of these
collaborations to other technologies are planned.

Table 9. Budget estimates by fiscal year for establishing an
Advanced Processing Science Center

(includes new and redirected funds; $ in thousands)

Fiscal year 1988 1989 1991 1992 1993 1994
Research and 3,400 3,800 5,000 7,000 10,000 10,000 12,000
Development
Laboratory 0 0 2,000 3,000 3,000 2,000 0

Facilities




Modern automated reactor control systems can
enhance the economic competitiveness of advanced
reactors by increasing operational reliability,
availability, and maintainability; improving safety
by reducing challenges to the plant protection

- systems; and significantly reducing the skilled
operator manpower needed to operate the plant.
Automation is critical to the economic
competitiveness of multimodular plants.

Within the Advanced Control Program, a
dedicated Advanced Control Test Operation
(ACTO) laboratory is needed to support the design
process for automated systems. ACTO will be
capable of providing complete dynamic models of
the entire nuclear plant, operating in real time,
and being coupled to the proposed control system.
The center will employ state-of-the-art computer
technology, software engineering, integrated
human-system development, component data bases,
and artificial intelligence (AI) techniques to test
and qualify advanced control systems. The
laboratory will be comparable to the concept of
engineering simulators and system prototype test
centers being used for similar purposes in
aerospace and military system development.

A space has been cleared and equipment has
been set up in an existing ORNL building that
will be used for the ACTO laboratory. As the
program grows, adjacent laboratory space will be
added as necessary. Ideally, the ACTO laboratory
would be a separate facility dedicated to the
ACTO program. A conceptual design was
completed for such a laboratory to be located at
ORNL. The capital cost to support this new
laboratory will not be proposed for consideration
within this planning period. -

ACTO will become a research, development,
and support center within the Advanced Controls
Program. The center will support the development
of modern control and automation technology, as

well as the transfer of applicable technology from
the space and defense sectors to the nuclear
industry. The program will provide the necessary
systems, tools, facilities, and simulation capabilities
to support national laboratories, universities, small
businesses, DOE contractors, reactor
manufacturers, and utilities in developing and
adopting new technology. This is an example of
high-risk, long-term, high-payoff technology
beyond the planning horizon of industrial decision
making. However, we believe the potential benefits
for the industry and the nation far outweigh its
costs (Table 10).

Table 10. Budget projections by
fiscal year for ACTO

(8 in thousands)

1989 1990 1991 1992 1993

3670 5500 5000 5000 5000

As a result of current concerns over global
warming (i.e., the “greenhouse effect”), ozone
depletion, reduction in biodiversity, deforestation,
and other global-scale environmental issues,
ORNL initiated a planning phase in early
FY 1989 for the establishment of a Center for
Global Environmental Studies. This planning
phase included an analysis of national and
international agency and governmental
involvement, a definition of global environmental
issues, and the development of a strategy for an
ORNL role. The proposed Center for Global
Environmental Studies would be organized around
five major themes, including a central focus of
Global Systems Analysis, supported by research
and analysis in Data and Model Systems,



Measurement Science and Instrumentation, Policy
Analysis and Human Systems, and Large-Scale
Environmental Studies. The proposed Center
would be housed in ORNL’s Environmental
Sciences Division (ESD) and would involve
numerous staff members from other ORNL
divisions and collaborating universities. The
proposed Center would serve as focal point for
ORNL’s existing scientific leadership in
biogeochemical cycling, pollutant effects,
mathematical modeling, information systems,
project management, measurement science, and
policy analysis.

ESD provides technical and administrative
leadership for the Office of Energy Research’s
(OER’s) Carbon Dioxide Research Division
(CDRD) for carbon-cycling research and is
actively involved in assisting the Office of Health
and Environmental Research (OHER) in relating
its ecological process research on the DOE
Environmental Research Parks to global
environmental issues. The initial thrust of this
assistance is the development of the OHER
initiative “Terrestrial Biosphere Response to
Large-Scale Environmental Change,” which forms
the basis for using ecological theory, mathematical
modeling, and empirical studies on the parks in
addressing regional- and global-level issues. The
Laboratory’s Energy Division is supporting the
Office of Environment, Health, and Safety’s
(EH&S’s) Office of Environmental Analysis
(OEA) in developing policy options for mitigating
global warming. Additionally, both Energy
Division and ESD are assisting the Agency for
International Development (AID) in evaluation
and analysis of energy options and environmental
concerns in developing nations, with emphasis on
renewable technologies. ’

ORNL is committed to supporting the
development of a global scientific initiative for
DOE and is assisting in the planning necessary to
identify the unique scientific contribution that
DOE can offer to a national effort and the

development of interinstitutional mechanisms for
coordination with other agencies. Ongoing ORNL
research in several areas will be continued and
expanded with university and other laboratory
collaborators:

* global biogeochemical cycles;
* global data-base networking;
¢ advanced measurement systems;

® modeling of hierarchical-, temporal-, and
spatial-scale interfaces;

* research on the linkages of environmental
processes between atmosphere, land, and surface
waters at the landscape level;

¢ impacts of climate change on regional resources;
and

® policy analysis.

This initiative builds upon research currently
supported at ORNL through the ORNL director’s
R&D fund, the DOE Carbon Dioxide Program,
and the research sponsored by AID and the
National Science Foundation (NSF). The
uniqueness of ORNL’s contribution lies in its
interdisciplinary research approach, experience,
and leadership capability to develop and support
interinstitutional projects to address large-scale and
complex global environmental problems. Refer to
Table 11 for budget projections.

Table 1. Budget projections by fiscal year for
Global Environmental Sciences®

(8 in millions)

1989 1990 1991 1992

5.0 6.0 7.5 9.5

“Includes university subcontracts but not cap-
ital equipment requirements.
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The Oak Ridge National Laboratory’s and environmental sciences areas are supported by
(ORNL’s) major research programs in the basic the Office of Energy Research (OER), the largest
physical sciences, fusion energy, and biomedical single sponsor of research at ORNL (Table 12).

Table 12. Office of Energy Research major program summary

{$ in millions—budget authorization (BA)?]

Budget and Fiscal year

reporting code

Major program

1988 1989 1990 1991
AT Magnetic Fusion® 54.15 47.91 59.79 61.96
HAO02 Biological and 24.41 25.88 26.50 28.50
Environmental Research
KA High-Energy Physics 0.48 0.68 0.80 0.67
KB Nuclear Physics 14.58 14.83 16.52 16.37
KC Basic Energy Sciences 71.40 78.20 9341 105.21
KD Energy Research and 1.08 1.08 0.79 0.78
Analysis
KE University Research 0.44 1.20 1.30 1.30
Support
KG MEL-Facilities Support 35.80 33.97 37.81 40.07
Total 20233 20373 23690 254.86
Percentage of total 42.4 42.4 40.9 40.1
Laboratory
funding—BA

“Includes funded operating BA, capital equipment, and funded/proposed construction as noted in con-
struction tables and Table A.5 in the Appendix.

*Note that the AT-Magnetic Fusion projections include the following levels of landlord General
Plant Projects and Equipment funding:

1988 1989 1990 1991

AT—General Plant Projects and 11.00 1040 1980 20.80
Equipment (included in
figures above)

41



The Fusion Program at ORNL is a major
component of the Office of Fusion Energy’s (OFE)
Magnetic Fusion Program. Two characteristics
make it unique 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 physics,
technology, and systems studies. Work is carried
out in several ORNL divisions, and major
contributions are made by the Engineering,
Computing and Telecommunications, and the Oak
Ridge Y-12 Plant organizations.

The goal of the National Fusion Program is to
determine whether useful energy can be obtained
from the fusion of light elements, mainly the
isotopes of hydrogen [deuterium and tritium
(D-T)]. The physics goal is ambitious because very
high temperatures are required (1 x 108 K or
more). The purpose is to confine the very hot
hydrogen gas (a plasma) using magnetic fields.
Principal characteristics of such plasmas are the
plasma thermal conductivity (a measure of the
insulation of the hot plasma from its surroundings)
and the quantity beta (the ratio of plasma pressure
to magnetic pressure). To produce an ignited
plasma, the insulation must be sufficiently good to
allow energy confinement times of several seconds
at plasma densities of 10" /cm3. Beta values of
about 10% are believed to be necessary for fusion
to be economically viable.

Magnetic fusion also sets many demanding
technology goals for high-field superconducting
magnets, heating and fueling systems, materials,
and lithium blankets to breed tritium. These
components must withstand, or be protected from,
the fierce fusion environment of 14-MeV neutrons.
The achievement of these goals is important for the
world because fusion is an essentially unlimited
source of energy and also has the potential for a
substantially reduced environmental impact when
compared with alternative energy sources. Today’s

research in magnetic fusion addresses several key
issues:

* understanding toroidal confinement, with
particular emphasis on tokamaks operating in
the first stable region, in support of Compact
Ignition Tokamak (CIT) and International
Thermonuclear Experimental Reactor (ITER)
design phases;

* developing magnetic configurations that provide
good insulation at high beta and that have
attractive engineering features;

¢ understanding the physics of plasmas burning
deuterium and tritium;

¢ developing technologies for producing, heating,
fueling, and controlling such plasmas; and

* developing fusion nuclear technologies and
materials for the fusion reactor environment.

Support for the ORNL program comes from
three areas: Applied Plasma Physics (ATO5),
which funds theory, atomic physics, and diagnostic
development; Confinement (AT10), which funds
experiments, the CIT, and some applied plasma
technology; and Development and Technology
(D&T) (AT15), which funds technology, ITER,
and systems studies.

The Applied Plasma Physics subprogram at
ORNL includes theoretical and computational
studies to formulate, validate, and apply theoretical
models of plasma behavior to toroidal confinement
systems. The primary emphasis is on
understanding plasma confinement and its
limitations in both tokamaks and stellarators. The
essential similarities of the two systems simplify
analysis, while the differences can be exploited to
isolate specific physical phenomena. The most
notable difference is instability driven by currents
parallel to the magnetic field. ORNL contributions
include work in the following areas:

® transport driven by instabilities, as assessed by
ORNL stability models;



¢ effect of turbulent- and dc-electric fields;

* tailoring of magnetic fields to reduce particle
drift losses and lower collisional transport;

e fueling and heating techniques to adjust profiles
and control energy and particle losses; and

® dc current drive [radio frequency (rf) beams] for
-tokamaks.

The theoretical effort is directed toward
applications that improve U.S. tokamak initiatives
|CIT, ITER, and Advanced Reactor Innovation
and Evaluation Study (ARIES)]. Low-aspect-ratio
tokamak ideas developed at ORNL have led to
plans for experimental tests of such devices at
several sites, most notably the Culham Laboratory
of the United Kingdom Atomic Energy Authority
(UKAEA). Major collaboration will continue with
the world stellarator program to develop key future
experiments in Japan, Europe, and the Union of
Soviet Socialist Republics (U.S.S.R.). Studies of an
Advanced Toroidal Facility (ATF)-II to test the
physics of an attractive toroidal reactor continue.
The development of data bases and theoretical
models for atomic physics and fusion plasma
diagnostics has been undertaken in the Physics
Division. A powerful new source of multiply
charged ions has, within the past 3 years,
contributed 90% of the available ionization cross-
sectional data base for fusion-relevant ions and
should give many years of fruitful research. In a
separate program, a very promising laser-based
diagnostic for fusion alpha particles is being
installed on ATF for proof-of-principle tests.

The main focus of the Confinement
subprogram at ORNL is the ATF experiment
(Fig. 8), which started operating in 1988. The two
primary helical coils produce a magnetic field of
2 T and have been constructed and assembled
within the required accuracy of +1 mm in
5 m. The ATF has outstanding capabilities: It
has (1) the flexibility to study various magnetic

configurations and to provide a very important
beginning to the understanding of toroidal
confinement and (2) the potential for making
definitive tests of the high-beta, second regime of
stability, which promises improved performance for
tokamaks and stellarators and will allow the study
of electric field effects on plasma transport. The
ATTF coils can achieve steady-state operation,
which will enable the ATF to investigate steady
state physics and technology problems in the
future.

The first phase of ATF operation has been
completed successfully. Base plasmas have been
created using electron cyclotron heating (ECH)
with densities up to 10! m ™3 and central electron
temperatures up to 800 eV. These clean plasmas
are used as targets for neutral beam and ion
cyclotron heating. Central betas up to 1.5% have
been achieved with 1 MW of neutral injection
heating. A problem with magnetic field errors
arising from nonsymmetries in the coil current
leads is being corrected. This correction and the
use of higher powers should improve performance
in 1989.

The Confinement subprogram also sponsors
work on techniques for understanding and
controlling the plasma boundary. This work
includes pumped limiters and divertors, which
remove particles from the edge of the plasma. This
activity will continue its strong collaboration in the
pumped limiter programs on Tokamak
Experiment for Technical Oriented Research
(TEXTOR) (Federal Republic of Germany) and
Tore Supra (France). In addition, a similar major
program using the ATF will be undertaken on
limiters, divertors, edge-plasma diagnostics, and
surface physics.

The D&T subprogram at ORNL continues to
make impressive contributions throughout the
breadth of its work. With the completion of the
Summary Report for the Large Coil Program
(LCP), the Magnetics and Superconductivity
Section personnel have returned to long-term



Fig. 8. The Advanced Toroidal Facility.

conductor development, exploiting the LCP
experience in support of ITER and
superconducting stellarators.

Some magnet design work will be provided in
support of the ARIES project and experimental
expertise will be contributed to selection of the
insulation scheme for the Compact Ignition
Tokamak (CIT) project.

Under the work for others, the Magnetics and
Superconductivity Section will continue to support
the Strategic Defense Initiative-Electric Power

Research Institute (SDI-EPRI) effort on
superconducting magnetic energy storage.
ORNL is a major center for the development
of heating systems for plasmas. In recent years,
this work has been directed at developing systems
for heating with electromagnetic waves. Such
systems are commonly referred to as rf systems.
The ORNL Radio Frequency Test Facility
(RFTF) is a major element in the development
and test of the rf launching structures. Ion
cyclotron frequency heating systems have been



built for the Doublet III-D tokamak at General
Atomics; Tokamak-Fusion Test Reactor (TFTR)
at Princeton Plasma Physics Laboratory; ATF at
ORNL; and Tore Supra in France. ORNL
scientists will participate in rf heating experiments
on these machines. ORNL is responsible for the
CIT rf heating system (Fig. 9) and is building an
antenna system for Alcator C-Mod at the
Massachusetts Institute of Technology (MIT) that

will be prototypical of the CIT system. State-of-
the-art rf components developed at ORNL are
being used at many experiments worldwide, in
addition to the major systems described above.
The future efficacy of the magnetic fusion

process as a contributor to energy needs is largely
dependent on its prospects to become a continuous
or steady state process. The country’s mainline
fusion system approach is the tokamak, which
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Current Strap
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Fig. 9. CIT ion cyclotron resonance heating antenna.



requires noninductive methods of plasma current
drive for continuous burning. ORNL is leading
efforts to establish the viability of two such
approaches: one using variations and advances in
the application and technology for the rf
developments and, second, applying high-energy
(1- to 2-MeV) neutral beams that are accelerated
by rf means.

The principal long-term method of fueling
plasmas is by the injection of high-speed
(>2000 m/s) pellets of solid hydrogen. The
pellet injector program continues to be one of
ORNL’s outstanding contributions to the
advancement of world fusion. ORNL hydrogen
pellet injectors have been used for fueling many
U.S. experiments and are planned for use in many
more. A system has also been supplied to the Joint
European Torus (JET), a project of the European
Economic Community. An injector is also being
built for Tore Supra, a French project. In
mid-1988, the system installed on JET was used
to produce centrally peaked high-density plasmas
for 1on cyclotron range-of-frequency (ICRF)
heating experiments. A factor of 2 to 3
improvement in confinement time was seen. A
factor of 4 improvement in the fusion reaction rate
was also reported. Tritium pellet injectors are
being developed to meet the needs of the CIT.
Concepts are being studied for alternative fueling
schemes, while advanced concepts are under
development for producing significantly higher-
velocity pellets.

It takes many years to develop a production
capability for radically new materials, and in
anticipation of fusion’s ne(sls, such development
has been under way at ORNL since the 1970s.
Substantial advances have been made in the theory
and development of steels to withstand the fusion
neutron environment. A new thrust of the program
is to concentrate on alloys that will have low
induced radioactivity. Promising austenitic steel
compositions with favorable mechanical properties
have been produced [Fig. 10(a) and (4)]. Some of
these alloys will be tested in the newly upgraded

High Flux Isotope Reactor (HFIR). Other
programs involving ceramics and copper have been
initiated, and a multiyear collaboration with the
Japan Atomic Energy Research Institute (JAERI)
is under way.

The advanced systems program has been
organized as a focal point for activities related to
future fusion experiments. The ORNL Fusion
Engineering Design Center (FEDC) is the major
engineering resource for the program. Since its
formation in 1979, the FEDC has played a leading
role in the design of next-generation devices. The
FEDC collaborates extensively with U.S.
industries, national laboratories, and universities
and also plays a major role in the physics,
engineering, and systems studies for ITER. A
project organization has been formed with the
Fusion Energy Division which has substantial
responsibility for the heating, fueling, shielding,
vacuum systems, and remote handling systems for
the CIT project. During the past year, the FEDC
also contributed to the ARIES tokamak reactor
study headed by the University of California at
Los Angeles (UCLA).

The following are longer-term (3- to 15-year)
goals of the ORNL Fusion Program.

® To play a major role in the new U.S. program
initiative to improve the understanding of
toroidal confinement. Key elements of the
contributions will be comparison of ATF
characteristics with those of similar scale
tokamaks and stellarators and coupled theory,
plasma modeling studies, and diagnostic and
plasma technology development.

® To study high-beta, high-temperature, long-
pulse to steady-state plasmas in ATF and use
ATF as a test bed for plasma technology.

® To develop and build ATF-1I—an advanced
toroidal- device based on ATF and the world
tokamak and stellarator programs that will have
a reactor-grade plasma—on a new site in Oak
Ridge.
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* To support spherical torus research in the world
program.

® To continue a broad technology program with
emphasis on heating, current drive, fueling,
materials, and superconductivity.

* To give special emphasis to the new remote
handling programs now under way for TFTR
and CIT.

® To perform major engineering and technology
application roles in support of the CIT.

® To develop a similar role in the ITER program,
including the development of plasma heating
and current drive systems.

* To maintain a strong position for Oak Ridge to
be the site for major D-T burning plasma
facilities in the future.

Goals of the HAO2 program are (1) to study
the interaction of energy-related physical and
chemical agents with living organisms, including
their transport, chemical evolution, adverse health
effects, and ultimate consequences in humans and
their 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,
carcinogenesis, radiation biology, and chemical
interactions and effects. Environmental science
research covers biogeochemistry, environmental
toxicology, global environmental studies, ecosystem
studies, geosciences, hydrology, environmental
assessment, and landscape ecology. Health and
safety research encompasses epidemiology, health
assessments, radiation and chemical physics,
dosimetry, nuclear medicine, and instrumentation

development for sensitive detection and monitoring
of chemicals.

In addition, three unique user facilities are
supported by the HAO2 Program: the Health
Physics Research Reactor (HPRR), the Oak Ridge
Environmental Research Park, and the
Bioprocessing Research Facility (BRF) User
Resource. Users of these facilities include staff of
national laboratories and industry and students
and staff from universities.

The ORNL HAO2 program is one of the most
multidisciplinary Life Sciences Research Programs
in the nation and covers a broad range of both
basic and applied studies. Overall, the HA02
program at ORNL is expected to experience
growth in global sciences, subsurface transport
studies, and radon-related research in this
planning cycle.

Common themes among the research programs
of the Biology Division are interactions of animals,
cells, and molecules with their respective
environments. Investigations focus on genetic and
somatic effects of radiation and chemicals. Goals
include identification and quantification of these
effects, elucidation of pathways by which the
effects are expressed, assessment of risks associated
with radiation and chemical exposures, and
establishment of strategies for extrapolation of risk
data from animals to humans. Concurrent basic
studies in genetics, biochemistry, molecular biology,
and cell biology illuminate normal life processes as
prerequisites to comprehending mutagenic and
carcinogenic effects of environmental agents. The
Biology Division will continue to emphasize three
programmatic areas: mammalian genetics, protein
engineering, and radiation carcinogenesis.

Within mammalian genetics, increasing
reliance will be placed on molecular techniques for
chromosome mapping and for characterization of
mutations. To analyze mutant mouse stocks arising
from exposure to chemicals or radiation, transgenic
mice will be produced by microinjection of foreign
deoxyribonucleic acid (DNA) into fertilized ova.



The mutant loci of transgenic mice, as a
consequence of tagging with exogenous DNA, can
be readily cloned and identified. Finely structured
functional maps of radiation-induced deletion
mutations will be generated by new techniques of
in vivo saturation mutagenesis. Parallel mapping
of selected parts of the mouse genome with
restriction enzymes, together with information on
conserved gene linkages between mouse and man,
will facilitate structural studies of the entire
human genome. The molecular characterization of
DNA damage and repair, together with the
analysis of mutations and chromosome alterations,
Is crucial to the understanding of some of the
mechanisms of induction of mutational events.

Increased emphasis will also be placed on
mouse models for human developmental anomalies
and specific genetic disorders. Risk assessment of
exposure to significant environmental chemicals
will continue. Human cytogenetics will continue to
play a major role in identifying mutagenic
pathways. The use of restriction enzymes to
disrupt chromosomes at specific sites is providing
new insights into mechanisms by which chemicals
and irradiation induce chromosomal aberrations
and mutations.

Closely aligned with mammalian studies,
molecular genetics will include 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
diffractometry and special techniques in electron
microscope tomography developed at ORNL.
Cloning of segments of the eukaryotic genome and
their subsequent sequencing is providing new
insights about the nature of regulatory elements of
DNA and the propensity of small regions of DNA
to undergo spontaneous mutations.

Gene products under close scrutiny include
ribulose bisphosphate carboxylase (a determinant

of biomass yield), epidermal growth factor
(a polypeptide intimately involved in cellular growth

“and differentiation), enzymes involved in

transcription of DNA, enzymes involved in the
repair of chemically damaged DNA, and
membrane transport proteins responsive to
environmental insults.

Protein engineering (site-directed mutagenesis),
an emerging program that is unique among DOE
laboratories, integrates many activities in molecular
genetics and biochemistry. The ability to program
specific mutations into cloned genes will permit
(1) the systematic design of new gene products as
mechanistic probes of protein function and
(2) the tailoring of operons to alter the regulation
of gene expression. Molecular modeling with
three-dimensional computer graphics 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 may ultimately
find broad application in bioprocessing.

Special attention will be given to site-directed
mutagenesis of a methyltransferase that repairs
potentially mutagenic lesions in DNA caused by
alkylating agent. This protein is especially
intriguing because, in contrast to enzymes, it is
required in stoichiometric amounts; furthermore,
its unusual stability presents a rare opportunity for
studying protein folding.

Site-directed mutagenesis will also be used to
establish structure-function relationships of
epidermal growth factor (EGF), a small
polypeptide ubiquitous in mammals that controls
cell growth and differentiation. Current studies
have identified amino acids in loops B and C that
are necessary for recognition of cellular receptors
(Fig. 11). Preliminary indications suggest that
certain amino acid substitutions produce
antagonists of EGF that may prove to inhibit
growth of tumor cells.

Cancer studies continue to combine the



Fig. 11. The amino acid sequence and conformation of human epidermal growth factor. Amino acids at
positions 49-53 are enclosed in broken circles to indicate conformational disorder in contrast to the highly
structured regions of loops, A, B, and C. Asterisks denote amino acids that have been systematically replaced by
site-directed mutagenesis. ORNL studies have shown that residues illustrated in a dot pattern are crucial to
recognition of cell-surface receptors and that replacement of those residues illustrated in a diagonal-line pattern
may produce inhibitors of cell proliferation.

investigations that elucidate mechanisms with those
aimed at the practical problem of risk estimates,
especially for high linear-energy-transfer (LET)
radiation. Molecular genetic techniques are being
used to define the mechanisms of hormonal
regulation of gene expression and the action of
regulatory genes involved in differentiation. The
role of transposable genes in the development of
malignancy and genes that control the neoplastic
expression of the oncogenes will continue to receive
considerable attention.

Radiation is used to determine the role of
specific molecular and chromosomal alterations in
the induction of leukemia. In vivo-in vitro
epithelial cell systems will be applied to the

determination of the role and mechanisms of cell-
to-cell interactions in radiation carcinogenesis.
Studies at different levels of biological organization
are being conducted to characterize the
relationships of radiation quality and cancer
induction and susceptibility and genetic
background, which form a keystone in the
development of methods for extrapolating across
species.

Environmental research is designed to increase
our understanding of the transport and effects of
energy-related contaminants in the environment.
Basic information is developed on mechanisms that
govern ecosystem function, particularly in
biogeochemical cycling studies on forested



landscapes and streams (Walker Branch
watershed). ORNL, in consultation with the Office
of Health and Environmental Research (OHER),
has reoriented and integrated existing OHER
terrestrial and aquatic projects on Walker Branch
watershed to focus on the hypothesis that positive
and negative feedbacks between biotic and abiotic
processes control the structure and productivity of
forested watershed ecosystems (Fig. 12). This focus
is the basis for research on the ecological response

CHEMICAL BUDGET

PRECIPITATION
\\\\\\\\\\
\\\\\ DRY FALLOUT

£ 1

FOLIAR ABSORPTION ¢}

| VEGETATION

ACHING
l [
v"'t"'v

oecouposmoﬂ '
MINERALIZATION

BIOTIC STRUCTURE

to chemical emissions emphasizing both aquatic
and terrestrial environments. By using process
studies with stable elements, radionuclides, and
trace organics (as well as mathematical simulation
models), data and methodologies are developed that
enhance the capability to site and operate energy
systems in a cost-effective and environmentally safe
manner. We will continue our work in the areas of
hydrology, geochemistry, and colloid chemistry in
support of DOE programs in site-directed

WATER BUDGET

PRECIPITATION EVAf 6#”? tt 4

RANSPIRATION
\Q‘\i\\i\\ P
\ig\%\\\ ~

S~ FIXATION -
RELEASE ™, PERCO-
LATION
WEATHERING
$ ™ BEDROCK
SOLUTION
oI N
BEDROCK { SsoLuTio K RFHACTURE FLOW
{ DEEP STREAM FLOW
EEP
y. o — BIOCHEMICAL
SPIRALING

<—DISSOLUTION —

T

BIOTIC UPTAKE

ﬂ-'*’k .,&.AK'J"*QQ EVAPORATION

g4l

} S N ( _EXCHANGE- “
| ‘ DISCHARGE

Fig. 12. ORNL’s Walker Branch Watershed Project is entering the twentieth year of research and is focusing
on linkages between biotic and abiotic systems.



subsurface transport of hazardous substances and
subsurface microbiology. A new initiative on
characterizing groundwater contaminant sources
and transport and related monitoring strategies is
planned (Fig. 13). Research efforts will increase
on quantification of regional landscape patterns
and the processes affecting ecosystems at large
spatial scales.

In the area of global environmental concerns,
ORNL has become a center of expertise in the
investigation of ecological transport and effects of
chemicals in the environment and in the
assessment of hazardous wastes, the global carbon
cycle related to CO,-induced climate change, and
acid deposition issues. These activities serve as the
foundation for the proposed ORNL Center for
Global Environmental Studies, which would be
housed in the Environmental Sciences Division
(ESD) and involve staff from several other ORNL
divisions as well as outside collaborations.
Research on vegetation response to air pollution
stress (particularly Os, 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 attendant UV-B on biotic resources in
terrestrial and aquatic systems. As with most
technology-related pollution problems, an
interdisciplinary approach is required for planning
and conducting the appropriate research. ESD
research for OHER focuses on biogeochemical
cycling at the watershed scale, with Walker
Branch watershed as a central research facility, but
includes atmospheric deposition inputs, subsurface
hydrologic transport, and element cycles and effects
in streams. ORNL serves as an important research
center for OHER in global carbon-cycle modeling
and the study of CO, effects on vegetation. In
addition, ORNL continues to provide support for
the DOE’s Carbon Dioxide Research Division
(CDRD) through program planning, evaluation,
and management.

The scientific goals of the Walker Branch
Watershed Project directly coincide with the type
of research identified by OHER as being a critical
national research and development (R&D) need.
In particular, one of OHER’s missions is to
understand the physical, chemical, biological, and
geological processes that directly and indirectly
control the flux of energy-related contaminants
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