


Cover: A streamer chamber picture showing the
secondary particles produced when a heavy-ion
beam from the Bevalac hits a target. Results from
such experiments are leading to a better understand-
ing of the behavior of nuclear matter (see page 5-
17). The relativistic heavy-ion physics program pio-
neered at the Bevalac will be greatly enhanced by
the proposed Bevalac Upgrade initiative (see page
4-7).
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PREF ACE

The FY 1987-1992 Institutional Plan provides an overview of the
Lawrence Berkeley Laboratory's (LBL's) mission, strategic view, scien-
tific initiatives, research programs, facilities needs, and external interac-
tions.

The Laboratory Strategic View section identifies long-range condi-
tions that can influence the Laboratory, potential research trends, and
several management implications. The Initiatives section identifies
potential new research programs that represent a major long-term
opportunity for the Laboratory and the resources required for their
implementation. The Scientific and Technical Programs section identi-
fies existing programs and summarizes potential changes in activity.
The section on Site and Facilities discusses resources required to sus-
tain and improve the physical plant and its equipment. The Resource
Projections tabulate estimates of required budgetary authority for the
Laboratory's research programs.

The Initiatives and Scientific and Technical Programs sections are
organized to parallel sponsoring Department of Energy (DOE) program
offices. The Laboratory Mission statement reflects the Laboratory's
organization of its research divisions into the General Sciences and
Energy Sciences.

The plan has been developed by the Office for Planning and
Development from materials submitted by the Laboratory's scientific
and support divisions.



David A. Shirley, LBL Director

'1 DIRECTOR'S STATEMENT

The scientific and institutional future of the Lawrence Berkeley
Laboratory, in the context of addressing national needs, is the primary
focus for the Laboratory's planning activities. In the last few years, the
need for long range planning that addresses both scientific programs
and facilities support has been widely accepted and integrated into
both divisional and Laboratory-wide processes. The Institutional Plan
for 1987-1992 is a summary and a status report on these plans.

The environment for LBL and other Department of Energy
national laboratories has become very complex. The need for contin-
ued public and private investments in basic research and technology
development will compete with the need to reduce the large, per-
sistent, cumulative national debt. In addition to providing the scientific
and engineering foundation for DOE mission in energy supply and end
use and national security, the laboratories face broader expectations for
increased interaction with the private sector and for greater contribu-
tions to national economic competitiveness. However, the national
laboratories will continue as resources to attack fundamental problems
that require multidisciplinary teams for the development of facilities,
techniques, and research results and their transfer to American indus-
try.

The Institutional Plan for 1987-1992 presents initiatives that
address LEL's missions in the general sciences and the energy sciences.
The initiatives offer new research programs and facilities that establish
new directions for scientific and technical excellence or maintain long-
standing strengths. The initiatives are at various stages of develop-
ment. Some are new and will require much internal and external
review before there is a good match to the Laboratory, the Department
of Energy, the national scientific scene, and the many other elements
that are considered in choosing new activities. Other proposals are
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well-formed, clearly relevant to the Laboratory's directions and capabil-
ities, and well along in the national review processes that guide the
investment of federal research funds. Most satisfying, of course, are
those initiatives that will be implemented during the period of this
Institutional Plan.

LBL's programs in the energy sciences, including materials science
and chemistry, are receiving encouragement from both government and
industry. The Center for Advanced Materials and the Center for X-Ray
Optics are now well established. The Surface Science and Catalysis
Laboratory will be completed in 1987, and the Advanced Materials
Laboratory is now under construction. A new national user facility,
the 1-2 GeV Synchrotron Radiation Source, will be the centerpiece of
LBL's high-technology initiatives in the 1990s.

Recognition for the Laboratory's forefront research in the chemi-
cal sciences with the award of the 1986 Nobel Prize in Chemistry to
Yuan T. Lee is of special significance to LBL. His outstanding research
in chemical dynamics through the use of crossed molecular beams has
elucidated key electronic phenomena that underlie the energetics of
chemical reactions. This Nobel Prize is the first that arises from LBL's

strengthening mission in the energy sciences. The Laboratory's plans
include further development of the science of reaction dynamics and
support for a Center for Molecular and Structural Dynamics.

LBL is also in a unique position to contribute to education and
training as a result of its strong affiliation with the University of Cali-
fornia system. This includes not only the Berkeley Campus but also
the San Francisco Medical Center Campus and other campuses as well.

National Context for Research Initiatives

Since its inception in 1931 as the Radiation Laboratory, LBL has
distinguished itself through leading scientific programs and facilities.
As research has become more complex and the need for careful alloca-
tion of resources has grown, scientific initiatives must be planned and
implemented under careful national review. The Institutional Plan
provides a coherent Laboratory-wide context for scientific programs
and user facilities, with the major scientific initiatives evolving through
review by national advisory committees.

The major initiative at LBL is the 1-2 GeV Synchrotron Radiation
Source, a national user facility providing ultraviolet and soft x-ray pho-
ton beams of high spectral brilliance, high flux, partial coherence, and
picosecond time structure. The facility would serve a large number of
users from industry, academia, and national laboratories. The scientific
importance of this and other synchrotron radiation sources has been
identified by advisory and review committees of the National Academy
of Sciences and Department of Energy. In addition, the National
Academy of Sciences Report on New Opportunities in Chemistry
(Pimentel Report) calls for new synchrotron radiation sources for a
range of studies in chemical structure and kinetics. Most recently
LBL's Conceptual Design Report for this facility has passed DOE Vali-
dation and Construction Management Reviews.
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For the the nation's heavy-ion nuclear physics program, the pro-
posed upgrade to the Bevalac would provide lOO-fold and greater
increases in beam intensity, greatly improved control systems, and
improvements in operating efficiency. The Bevalac upgrade has been
reviewed by the Nuclear Science Advisory Committee and its Subcom-
mittee on Facility Construction. They have found that the proposed
upgrade effectively addresses important physics questions of very high
scientific merit and that the upgrade is particularly compelling in light
of the pioneering efforts at the Bevalac. The Laboratory is working
with the Office of High Energy and Nuclear Physics to explore imple-
mentation of the Upgrade consistent with long-range nuclear-physics
research plans.

As a part of the national program in high-energy physics, LBL
has begun an Advanced Detector Development Program in support of
a new generation of multi -TeV colliders and has pioneered the
development of a Two-Beam Accelerator. The Two-Beam Accelerator,
which would make possible a multi-TeV electron-positron collider, has
been reviewed by the Advanced Accelerator R&D subpanel of the High
Energy Physics Advisory Panel. LBL is also involved in development
and operation of forefront detectors at Fermilab and the Stanford
Linear Accelerator Center. In addition, the Laboratory continues to
host the Superconducting Super Collider Central Design Group and is
active in the development of Superconducting Super Collider magnet
systems.

The staff of LBL's nuclear medicine programs, begun by John
Lawrence in 1936, has emphasized the use of ion beams for radio-
therapy. Plans for this research call for continuation of radiotherapy
trials and radiobiology experiments with higher-mass ions at the
upgraded Bevalac and transfer of demonstrated techniques to the
private sector along with a research program using lighter ions. The
latter program would be conducted at a clinically based Light Ion
Biomedical Research Accelerator involving a consortium of regional
scientists and physicians.

Biotechnology and bioprocess engineering are emerging as new
directions for LBL life scientists. Biotechnology programs are being
planned in close collaboration with the regional biotechnology industry
and emphasize gene and protein structure and function, gene expres-
sion, and bioprocessing systems. Prospects for LBL's plans are
encouraging in light of DOE's Health and Environmental Research
Advisory Committee's reviews of genome- and biotechnology-related
research. The Office of Health and Environmental Research has given
priority to these scientific areas.

In the geological sciences, national support for fundamental
research in characterizing the subsurface environment is directly con-
nected with DOE's missions in energy supply and national security.
LBL has particular strengths in deep crustal properties, coupled tran-
sport processes, and the behavior of fractured geologic systems. The
Laboratory's plans are directed toward research on the safe disposal of
waste materials and better characterization of subsurface energy
resources. The Energy Research Advisory Board has indicated that
earth science is a priority area for DOE research efforts.
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LBL will continue its research on the fundamental characteristics

of energy-efficient buildings and lighting systems. Under a restructur-
ing of the Applied Science Division, a Center for Building Science has
been formed to advance collaborations with industry and with regional
governments. Programs coordinated through the Center include
mercury-isotope enrichment studies and surface-wave-Iamp research
for improved fluorescent lighting and new comprehensive codes for
building analysis for enhanced energy utilization strategies.

Creative Environment for a Challenging Future

Implementation of the new programs and facilities described in
this plan will assure the national and international scientific leadership
of the Lawrence Berkeley Laboratory to the year 2000 and beyond.
Implicit in this statement is the recognition that this leadership requires
the highest quality scientific and support staff; the Laboratory's ability
to attract and retain this staff depends on the level of scientific and
technical challenge offered by the Laboratory's research programs and
facilities. The Laboratory's role in international scientific progress
depends on this creative combination of staff and facilities.

The Laboratory's staff has been actively participating in shaping
the vision of the future at LBL through workshops and panels. The
Panel to Explore New Directions, established in the fall of 1985 and
comprising eight outstanding scientists, is an important complement to
institutional planning. Following the first year of its activities, the
Panel has identified four areas of scientific promise: life sciences
research in the broad area of gene expression, new photon sources and
science, advanced accelerator technology and applications, and new
opportunities in imaging methods and theory. Together with Labora-
tory management, the Panel will further develop these and other scien-
tific directions during the coming year.

In addition to the creative exercise of scientific inventiveness for

the development of exciting research programs, LBL requires com-
petent, increasingly efficient support resources and facilities. The new
Information and Computing Sciences Division is implementing an
improved Laboratory-wide Integrated Communications System that
promises improved data handling and voice transmission while reduc-
ing costs. Improvements in computer-aided design and fabrication in
the Engineering Division will support all of LBL's scientific divisions.
The Multiprogram Energy Laboratories Facilities Support projects
included in this plan will help to provide a safe and efficient environ-
ment that contributes both directly and indirectly to the Laboratory's
scientific goals.

1-4



In summary, the Institutional Plan for 1987-1992 provides an
outline for continued scientific and technical excellence at the Lawrence

Berkeley Laboratory in support of significant national research pro-
grams. Research opportunities have been judged on scientific quality
and excitement as well as contributions to the wider needs and goals
of society. In addition to identifyi1)g these exciting scientific opportuni-
ties, the plan proposes scientific and support facilities that will combine
to attract and maintain a creative staff at LBL. Investment in the
implementation of this plan can clearly contribute to national techno-
logical leadership.

~G:~
c/

David A. Shirley, LBL Director
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2 LABORATORY MISSION

The Lawrence Berkeley Laboratory, operated by the University of
California for the Department of Energy, provides national scientific
leadership and supports technological innovation through its mission
to:

0 Perform leading multidisciplinary research in general
sciences and energy sciences;

Develop and operate unique national experimental facilities for
use by qualified investigators;

Educate and train future generations of scientists and engineers;
and

Foster productive relationships between LBL research programs
and industry.

0

0

0

The following areas of research excellence implement this mission
and provide current focus for achieving DOE goals.

GENERAL SCIENCES
0 Accelerator and Fusion Research-accelerator design and opera-

tion, advanced accelerator technology development, accelerator
and ion source research for heavy-ion fusion and magnetic fusion,
and x-ray optics;

Nuclear Science-relativistic heavy-ion physics, medium- and
low-energy nuclear physics, nuclear theory, nuclear astrophysics,
nuclear chemistry, transuranium elements studies, nuclear data
evaluation, and detector development;

Physics-experimental and theoretical particle physics, detector
development, astrophysics, and applied mathematics.

0

0
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ENERGY SCIENCES

0 Applied Science-building energy efficiency, solar for building
systems, fossil energy conversion, energy storage, and atmos-
pheric effects of combustion;

Biology and Medicine-molecular and cellular biology, diagnostic
imaging, radiation biophysics, therapy and radiosurgery,
mutagenesis and carcinogenesis, lipoproteins, cardiovascular
disease, and hemopoiesis research;
Center for Advanced Materials-catalysts, electronic materials,
ceramic and metal interfaces, polymer research, instrumentation,
and metallic alloys;

Chemical Biodynamics-molecular biology of nucleic acids and
proteins, genetics of photosynthesis, and photochemistry;
Earth Sciences-continental lithosphere properties, structures and
behavior, and transport processes in geologic systems; and
Materials and Molecular Research-microstructures, electron

microscopy, surfaces, and interfaces; solid-state and atomic phys-
ics; chemical energy, chemical physics, and reaction dynamics.

0

0

0

0

0

Research and support activities conducted by LBL's Information
and Computing Sciences and Engineering Divisions are central to the
achievernent of DOE goals. These divisions provide essential computa-
tional, instrumentation, and fabrication capability that strengthen the
unique role of this national laboratory. The Laboratory's future is
based on the multidisciplinary capability of its staff, its beneficial
interactions with universities and industry, and the scientific and techn-
ical value of its programs and research facilities.
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3 LABORATORY
STRATEGIC
VIEW

The Strategic View identifies external conditions and future
research directions considered by the Laboratory. The planning
assumptions and trends described below affect management strategy,
and several of these management implications are described.

PLANNING ASSUMPTIONS

Energy supply and end use, national scientific and educational
needs, DOE research programs, and Laboratory policies affect LBL's
future. Sustained support by DOE and continuing institutional
arrangements as part of the University of California are fundamental
assumptions in this plan. The following sections identify important
conditions affecting LBL's Energy Sciences and General Sciences pro-
grams. These programs will be limited by fiscal constraints associated
with federal budget deficit reduction efforts, and the overall size of
Laboratory activity and staffing is not assumed to grow significantly.
The long-term strengths of DOE programs for research and advanced
technology will include closer collaboration with industry and an
enlarged educational support role.

Energy Sciences

Research activities in LBL's Energy Sciences programs have been
influenced by national technology research needs, patterns of energy
use and supply, and related economic, environmental, health, and
scientific policies. The Laboratory's outlook for national energy supply
and use is based on the assumptions that:

0 National concerns about energy supply will diminish over the near
term. Developing alternate sources of liquid and gaseous fuels
and options for the more effective use of energy will remain as
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0

long-term needs. These needs include enhancing national secu-
rity through reduced dependence on foreign sources of energy
and maintaining the international competitiveness of u.s.
energy-related products. This long-term view strengthens LBL
basic research but reduces DOE's opportunities for applied and
development-oriented research.

Globalenvironmental and health effectsof energy use will become
more critical both politically and economically. Increased reliance
on coal and other fossil and nuclear fuels worldwide will intensify
problems with emissions and waste disposal and will require
renewed research investments, especially to understand and con-
trol fossil fuel-based air emissions and nuclear wastes. The Office
of Health and Environ!nental Research and the Office of Civilian

Waste Management will have increasingly important research
missions.

Scientific and engineering research efforts will (l) improve the
economics of energy supply and use and underpin environmental
acceptance and (2) lead to enhanced industrial competitiveness.
Both the Basic Energy Sciences and the Conservation Programs
will contribute to these economic advantages and to economic
growth.

0

The scientific outlook for the Energy Sciences is affected by
developments in many scientific fields, but especially in materials sci-
ence, physics, chemistry, geology, and biology. Future research trends
the Laboratory views as important are:

0 Materials science research growth areas include using state-of-the-
art methods such as synchrotron radiation sources; investigating
phenomena at surfaces, interfaces, and grain boundaries; develop-
ing the science of fracture and failure modes; and extending the
understanding of novel processing and production techniques,
including enzymatic synthesis. Key materials of interest include
composites, ceramics, and polymers, including electrical, magnetic,
and optical materials. The Laboratory's Center for Advanced
Materials and synchrotron radiation facilities will be important
elements of a national program directed toward improved materi-
als development.

0 Chemistry research will also require advanced techniques using
intense photon beams and will include reactivity studies of molec-
ular dynamics and reaction pathways and catalysis studies of sur-
faces, solutions, photocatalysis, electrocatalysis, and artificial
enzyme catalysis.

0 Earth sciences research will include geophysical investigations of
the continental crust and continental scientific drilling, physics
and chemistry studies of geological materials, and satellite geo-
desy. Common themes in these studies will be structure, compo-
sition, and evolution of the continental lithosphere and the
dynamics of tectonic processes.

0 Biochemical and genetic research related to biotechnology will
include determination of genome structure and gene expression,
photosynthetic energy conversion, carbon metabolism, and enzy-
matic synthesis.
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LABORATORY STRATEGIC VIEW
PlanningAssumptions 3

0 Biomedical research will further utilize charged particles for radia-
tion therapy and radiosurgery and will expand the use of nuclear
magnetic resonance (NMR) and positron emission tomography for
medical diagnosis.
Human health and environmental research will include studies to

predict and manage radon exposure, to understand and control
mutagenesis and carcinogenesis in humans, to elucidate mechan-
isms of differentiation in blood-forming and immune systems, and
to conduct high-resolution electron microscopy studies on cellular
and molecular change processes.

Combustioneffects researchwill include studies of wet and dry
deposition, in-cloud processes, local sources, tropospheric and
stratospheric chemistry, and biological effects.

Energy utilization researchwill emphasize laboratory-scale investi-
gations of innovative concepts in such areas as energy storage,
electric lighting, energy-intensive chemical processes, and the con-
trol of energy flows through windows.

Multidisciplinary studies on energy utilization and related health
and environmental issues at the national and international level
will include understanding trends in demand and supply and
analyzing the efficiency of buildings and appurtenances.

0

0

0

0

These examples of target research areas are a part of LBL's Stra-
tegic View. Examples of important research facilities in the energy sci-
ences are synchrotron radiation sources, tomographic imaging systems,
including high-resolution positron emission tomography, and advanced
NMR facilities. The 6-GeV and the 1-2 GeV synchrotron radiation
sources are considered important new projects by DOE, and LBL
expects to playa major role in the design, construction, and operation
of the 1-2 GeV machine as a national facility for industrial, academic,
and government researches and as a student training resource.

General Sciences

Research in the General Sciences programs is fundamental to the
understanding of matter and provides a scientific and educational base
for other fields. LBL's General Sciences programs are developed in
conjunction with the high-energy and nuclear physics communities and
by federal policies on fusion research. LBL's national scientific outlook
in the general sciences includes the following developments:

0 Nuclear physics researchwill emphasize techniques that probe or
alter the state of a nucleus to explore nucleonic, hadronic, and
quark-gluon matter. Nationwide priorities for new facilities are:
first, a continuous electron beam accelerator to probe the nucleus
and second, a relativistic heavy-ion collider. Many challenging
research opportunities will also occur at upgraded facilities.

High-energyphysics researchat the Tevatron and SLAC Linear
Collider and the upgrading of the Positron Electron Project (PEP)
will provide fertile scientific opportunities into the next decade.
In the long run, further progress will become possible through the
construction of a multi- TeV high-luminosity collider. Develop-
ment of detector technology appropriate to such a facility will be
an important challenge.

0
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National fusion research policy will continue to emphasize the
basic scientific and technological components of a fusion system rather
than commercial development and demonstration. LBL has a lead role
in heavy-ion fusion accelerator research. LBL also has been a major
contributor to the development of neutral beams for supplemental
plasma heating in the magnetic fusion program; this program has
phased down to a low level of support for development of negative-
ion beams for diagnostic applications. However, negative-ion-based
neutral beams are an important option for driving toroidal currents in
the next generation steady-state Tokamak-the Engineering Test Reac-
tor.

Progress in the general sciences requires large and sophisticated
facilities that may compete with other national priorities. The Super-
conducting Super Collider (SSC) and the Relativistic Heavy-Ion Col-
lider (RHIC) are in various design and review stages, and construction
of the Continuous Electron Beam Accelerator Facility (CEBAF) will
begin in FY 1987. Numerous other national projects have been pro-
posed and are under development, including defense projects and a
space station. The Institutional Plan's activity trends (see below) are
based on the assumptions that these initiatives will be developed in a
manner that will not significantly reduce resources available to the
Laboratory and that the national high-energy and nuclear physics pro-
jects will complement the Laboratory's programs.

Conclusions

LBL's planning assumptions are based on a continuation of exist-
ing economic and scientific trends. These assumptions include
moderate economic growth, near-term increases in imported oil, and
reduced additions to domestic oil and gas reserves.

0 Basic researchand technologyinnovation will be critical to diversify
energy supplies and to improve efficiency and environmental
acceptability.

Prospects of continued federal budget deficits and adequate fossil
fuel supplies will constrain overall federal R&D efforts, at least in
the near term.

Demands for increased support of science will compete for limited
federal government resources.

National economic development will require improved national
laboratory research facilities and technical manpower and a pool
of creative scientists and engineers.

Educational needs to improve industrial competitiveness will
enlarge DOE's role in training and education.

0

0

0

0

ACTIVITY TRENDS

During the past several decades, LBL has expanded from pri-
marily an high-energy physics and nuclear science Laboratory to a
multiprogram Laboratory. The Laboratory now has a multidisciplinary
capability that serves national energy and basic scientific goals. Activi-
ties that strengthen LBL's historically significant educational and train-
ing role will continue to develop, with enhanced programs in both col-
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LABORATORY STRATEGIC VIEW
Activity Trends 3

lege and precollege levels. Over the long term the Laboratory will
maintain a stable overall size, but with selected growth in the areas of
several new initiatives, including those involving industrial collabora-
tion. Revitalization of the Laboratory's physical plant will allow for
sustained multi program scientific and engineering capability in support
of national goals for technological competitiveness.

The most likely research trends would include several initiatives,
primarily in DOE's Office of Energy Research. After FY 1988, operat-
ing levels of existing programs, exclusive of initiatives and growth in
the Center for Advanced Materials, are capped at 1.5% annual growth
until FY 1992. Following FY 1992, some growth (1%jyr) in the Basic
Energy Sciences programs is anticipated; other programs will remain
stable.

0
1986 1988 1990 1992 1994 1996

Fiscal Year
1998 2000 2002

The projected budgetary assumptions during the 1987-to-1992
period are described in Section 8, Resource Projections. Initiatives and
programs associated with the most likely trends are:

Energy Sciences
0 BasicEnergySciencesresearchwill be a growth program area.

Components of this growth for LBL will be a new national user
facility, the 1-2 GeV Synchrotron Radiation Source, and expan-
sion in the Center for Advanced Materials. With Title I design
beginning in FY 1987, the facility will be operational at the end
of FY 1992. The 1-2 GeV Synchrotron Radiation Source will be
a focal point for researchers in many scientific disciplines
interested in soft x-ray (XUV) and vacuum ultraviolet (VUV) radi-
ation of extremely high brightness. Further developments will
include additions to the initial complement of beam lines and the
possible addition of infrared and XUV free-electron lasers.

Molecularand cell biologyareaswill grow in support of a biotech-
nology initiative in structural biology, gene modification and
expression, and product control processes and in fundamental
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0

studies supporting research on bioengineering processes. This
integration is spanning four of LBL's divisions: Applied Science,
Biology and Medicine, Chemical Biodynamics, and Engineering.
LBL has already trained graduate students and developed pro-
grams directly relevant to the biotechnology industry. These
integrated programs will provide a focus for LBL's growth in the
life sciences and will strengthen DOE's national role in biological
research.

The Center for Atmospheric and Biospheric Effects of Combustion is a
proposed organizational arrangement that will provide scientific
direction for the Laboratory's diverse fuel combustion, air quality,
and related environmental programs. The Center's research will
be germane to coal use and other fossil-fuel-related environmen-
tal problems and clean-burning combustion technology needs into
the next century.

Collaboration to establish a Light Ion Biomedical Research Accelerator
(LIBRA) will provide the basis for enhancing the medical
community's experimental heavy-ion radiotherapy and radiosur-
gery programs and for extending these successful trials to clinical
practice. LIBRA, supported primarily by private sources and NIH,
could be completed for initial operation in 1990.

Geosciences research programs in the Continental Scientific Drilling
Program and the Underground Research Facility should be sus-
tained. Both national efforts rely heavily on two scientific disci-
plines in which LBL has unique capabilities-transport processes
and geophysical remote imaging. LBL has a major research
leadership role in the Continental Scientific Drilling Program, and
growth is expected during the next few years. The Underground
Research Facility is a longer-term program that could make signi-
ficant contributions for a decade or more to fundamental research
and to nuclear waste management.

0

0

General Sciences

0 The nuclearphysicsprogramat LBLwill continue its leadership
role in relativistic 'heavy-ion physics while maintaining its
strength in medium- and low-energy nuclear physics. This will
be done by using LBL's unique facilities and by actively partici-
pating in national efforts for new facilities. With an upgrade of
the Bevalac to provide a strong focusing synchrotron with more
than a 100-fold enhancement of beam intensity, improved beam
quality, increased duty cycle, and improved extraction techniques,
the Bevalac can continue into the 21st century to offer new
nuclear physics and biophysics research opportunities with a
broad range of particles including radioactive beams.

The Advanced Detector Development Program is directed toward
research, engineering, and construction of the next generation of
high-energy physics detectors. These detectors will allow for full
scien tific use of 1- to 20-TeV colliding-beam accelerators. These
programs are extensions of existing detector efforts and take
advantage of LBL's expertise in instrumentation and electronic
materials; they could be fully developed in the late 1980s and
early 1990s. A complementary program will be carried out to

0
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0

provide the detectors required at future heavy-ion facilities such
as RHIC.

The Two-Beam Accelerator (TBA) that originated in LBL's Accelera-
Jor and Fusion Research Division will extend future accelerator
designs for high-energy physics beyond current technology. In
the coming years, the Laboratory will play an increasing role in
developing this and other new accelerator concepts that will be
necessary to the continuing strength of high-energy physics.

The LargeEinsteinium Activation Program(LEAP)will be initiated to
determine the chemical and nuclear properties of short-lived
transeinsteinium elements, characterize neutron-rich nuclides, and
search for superheavy elements. Pre-LEAP activities will be con-
ducted in FY 1987, and the program will grow in FY 1988 and
continue into the early 1990s.

0

The Laboratory's research in both the general sciences and energy
sciences will occur during a period of increased emphasis on educa-
tional activities and industry participation. Centerpieces for these
activities will be the 1-2 GeV Synchrotron Radiation Source, the
upgraded Bevalac, and the Center for Advanced Materials and the
development of biotechnology-related programs. These activities will
complement the advanced technology development projects where LBL
is now making critical progress-such as the Advanced Detector
Development Program, the Two-Beam Accelerator, and the Heavy-Ion
Fusion Accelerator Research Program. These facilities and programs
will sustain DOE's national research mission for providing forefront
research facilities and maintaining technological competitiveness.

MANAGERIAL IMPLICATIONS

Achieving the Laboratory's objective of maintaining scientific
leadership over the long term will require a creative management and
a sustained effort to revitalize the physical plant.

0 The condition of the Laboratory's physical plant will continue to
receive management attention. Maintaining the overall Labora-
tory capability with tight operating budgets will require capital
improvements to reduce maintenance burdens. Restoration and
replacementof obsoleteand deterioratedfacilities will receiveprimary
consideration.

Reviewing and establishing relatively near-term (e.g., S-year) and
longer-term (10- to IS-year) goals will become an important pro-
cess for focusing Laboratory resources on unique scientific oppor-
tunities. The Laboratory'sPanel to ExploreNew Directions is contri-
buting to this goal-setting activity.

Maintaining diversity as a multiprogram Laboratory will be a key
to the Laboratory's scientific leadership. During periods of
reduced resources, scientific and engineering breadth must be
maintained to take advantage of forefront research opportunities.
Some diversification of funding sources will be needed to
preserve capabilities. During theseperiods,coordination between
LBL and DOE's Office of EnergyResearchwill beneededto allocate
resourcescarefully.

0

0
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0 Flexibility within the Laboratory is essential to respond to oppor-
tunities and to direct resources toward the most scientifically
promising areas. This flexibility extends to operational resources,
facilities, and management arrangements. Effective use of explora-
tory research funds and revitalized engineering and support facilities
also contribute to the capacity for meeting changing research oppor-
tunities.

Close relationships between LBL and universities stimulate pro-
ductive research; close relationships between LBL and industry
are essential for science and technology transfer. As conditions
dictate larger scientific facilities, measures to improve their utility
and relevance to the nation's economy will be called for. The
Laboratorywill seek new and effective methodsfor technologytransfer
and will initiate new cooperative programs with universities and
industry.

0

The goal setting, effective resource management, and cooperative
programs called for in this plan will occur during a period of outstand-
ing scientific promise and achievement. The coming decades will see
dramatic applications of such facilities as synchrotron radiation sources,
of advances in heavy-ion accelerators,. and of new designs for nuclear
and high-energy physics detectors. As a DOE Laboratory, LBL plans
to remain at the forefront of these research endeavors, providing the
scientific leadership for national programs.
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4 INITIA TIVES

The Laboratory's initiatives have one or more attributes that
make them inherently visible programs, appropriate to a national
laboratory, and that open the institution to significant new achieve-
ments. Expanded programs of a smaller scale are described in the
Scientific and Technical Programs (Section 5). The initiatives proposed
for consideration by DOE for the next five years represent a mix of
facilities and activities spanning most of LBL's program areas.

Basic Energy Sciences

0 The 1-2 GeV Synchrotron Radiation Source

0 Heavy-Ion Fusion Accelerator Research

0 Center for Molecular and Structural Dynamics

Nuclear Physics

0 The Bevalac Upgrade

0 Relativistic Heavy-Ion Collider Participation

High-Energy Physics

0 Advanced Detector Development Program
0 Two-Beam Accelerator

Office of Health and Environmental Research

0

0

Biomedical Research at the Bevalac Upgrade

Biotechnology and Structural Biology Program

Center for Atmospheric and Biospheric
Effects of Combustion

Biomedical Isotope Facility

0

0
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Building Initiatives

0 Biosciences Building

0 Conservation and Renewables Research Complex

0 Mechanical Engineering Replacement Project

Multilaboratory Collaboration

0 Large Einsteinium Activation Program (Basic Energy Sciences)

0 Underground Research Facility (Basic Energy Sciences)

Private Sector/National Institutes of Health/Office of Health and
Environmental Research

g Light Ion Bi~~~~~C!!!_15~S!_~~:~~~ccelerator

Estimates of the approximate resource requirements for the initia-
tives include additional operating costs and construction costs for LBL
over the period of the plan. The resource projections in Section 8
include the 1-2 GeV Synchrotron Radiation Source and only those
operating costs of other Laboratory initiatives that are a part of ongo-
ing DOE programs.

BASIC ENERGY SCIENCES

The 1-2 GeV Synchrotron Radiation Source

Starting in FY 1987, LBL will begin Title I design for the 1-2 GeV
Synchrotron Radiation Source-a facility that will provide brilliant
coherent radiation particularly oriented toward vacuum ultraviolet (VUV)

and soft x-ray (XUV) science and technology. This facility consists of a 50-
MeV electron linear accelerator, a 1.5-GeV booster synchrotron, an electron
storage ring with 11 6-m-long straight sections for insertion devices, and

photon beam lines extending from the insertion devices and bend magnets.
This dedicated synchrotron radiation source will be optimized for generat-
ing VUV and XUV light from periodic magnetic insertion devices. Investi-
gators from universities, industry, and national laboratories will have access
to the facility's unique capabilities-high spectral brightness and very short
pulse length.

The 1-2 GeV Synchrotron Radiation Source will permit new stu-
dies in both basic and applied science. Photon energies in the ultra-
violet to x-ray regions span the range from several electron volts to
several thousand electron volts and are thus well matched to the pri-
mary atomic resonances of the light elements (C, N, 0, Na) and of
many molecular transitions. In addition, the wavelengths in this
energy range are comparable to important spatial scales, e.g., the pitch
and diameter of biochemical helices, the microstructural features of
materials, and the feature sizes of next-generation electronic microcir-
cuits.

The tunability of undulator radiation from the 1-2 GeV Synchro-
tron Radiation Source will make it well suited for microprobe and
scattering techniques designed to track the dynamics of elemental
species. This elemental sensitivity will, for example, permit the identi-
fication and tracking of calcium and iron in biological samples. It will

4-2
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The 1-2 GeV Synchrotron
Radiation Source consists of
an injection linac, booster
synchrotron, a storage ring
with insertion devices, and
beam lines. Five ports are
available from each of 11
sectors, one from an inser-
tion device, the remaining
four from bend magnets.

INITIA TIVES
Basic Energy Sciences 4

also allow us to gain clearer insights into the structural features of new
materials and the dynamics of surfaces and interfaces, including the
development of surface states and the growth of thin films.

The picosecond time structure of the synchrotron light is another
of its important virtues. Bond-selective photochemistry will be possi-
ble, as will a variety of pump-probe experiments, using the synchro-
tron light source in conjunction with conv~ntionallasers. Finally, the
coherence properties of undulator radiation will extend the use of syn-
chrotron radiation into the phase-sensitive world of x-ray inter-
ferometry and microhalography.

The 1-2 GeV Synchrotron Radiation Source can thus provide a
powerful research tool and offer a unique opportunity for collaborative

--- ---research -ventures among-workers frem national laboratories, universi-
ties, and industry. This source would also add to the capabilities of
the Center for Advanced Materials and provide an innovative test bed
for the collateral research being pursued in x-ray optics and insertion
devices. Further development phases will include addition to the ini-
tial complement of 7 beam lines and the possible addition of an
infrared free-electron laser and an XUV free-electron laser.
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apreliminary estimate of actual-year Budgetary Authority. Operating costs include
equipment.

Heavy-Ion Fusion Accelerator Research:
Induction Linac System Experiment

~

- -- -- --- - -

The U.S. Heavy-Ion Fusion Accelerator Research program, spon-
sored by the Office of Basic Energy Science, is building the research
data base to assess the potential of heavy-ion accelerators as drivers for
an inertial .fusion energy source for commercial power generation.
Building on results of the successful single-beam transport experiment,
the Multiple-Beam Experiment (MBE-4) is beginning to test the crucial
features of accelerating and longitudinally compressing four parallel
heavy-ion (cesium) beams within an induction linac. MBE-4 is now
about 50% complete.

MBE-4 does not address accelerator engineering issues on the
scale necessary for producing a hot solid-density plasma. Further,
MBE-4 is at too Iowan energy (1 MeV) to address the vital physics
issues that lie downstream of the accelerator, e.g., the carefully tailored
beam bunching and the focusing of the beams onto a small focal spot
(-1 mm).

ILSE, for Induction Linac System Experiment, is conceived as the
minimum accelerator experiment necessary to attack the physics issues in
the final transport and focusing of space-charge-dominated ion beams.
Controlling the size and stability of the focal spot is a stringent test of the
overall accelerator system performance. In addition, it is designed to incor-
porate and test two strategies that have recently been identified to give sig-
nificant cost reduction in a driver: the merging of a large number of beams,
after some acceleration, to a smaller number and the use of ions with
charge state greater than unity.

Using the 2-MeV injector being developed at LANL, ILSE will
accelerate ions such as C + (or C2+) to 10 MeV (or 20 MeV), after
which they will be transported and focused to a small spot. While
ILSE will contain all the subsystems and beam manipulations appropri-
ate to a driver (but on a much smaller scale), it can at best produce
only a low-temperature plasma and hence cannot test the energy depo-
sition of ions in really hot matter. If information on this subject were
to become available from the Sandia PBFA-2 program in the next few
years, ILSE could well complete the research data base that is the goal
of the Heavy-Ion Fusion Accelerator Research Program and, given suc-
cess, could open the door in the 1990s for the planning of a fusion-
power program based on inertial confinement.
4-4
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1-2 GeV Synchrotron Radiation Source
Resource Requirements ($M)a

Category 1987 1988 1989 1990 1991 1992 Total

Operating 2.0 3.0 3.0 7.0 12.0 19.6 46.6

Construction 1.5 18.0 30.0 26.0 17.2 6.0 98.7



The Induction Linac System
Experiment (ILSE) will be
designed to test injection and
acceleration systems and the
combining, bending,
compressing, and focusing of
high-current beams to a tar-
get.

INITIA TIVES
Basic Energy Sciences 4

Combine Bend

Magnetic Focus
Accelerator

~16 beams ~ 4 beams

Drift-Compression

.. 1 beam ~

Induction Linac System Experiment Resource Requirements ($M)a

apreliminary estimate of actual-year Budgetary Authority. Operating costs include
equipment.

Center for Molecular Structure and Dynamics

A key problem in the chemical sciences is determining and
predicting reaction mechanisms that underlie common chemical
phenomena, such as combustion processes, pollutant formation, and
product synthesis. The award of the 1986 Nobel Prize in Chemistry to
Yuan T. Lee for reaction dynamics studies using crossed molecular
beams is one indicator of the Laboratory's leadership in this field.
During this past year, a group of LBL experimental and theoretical
chemists has developed plans for a Center to carry out a research effort
incompassing both theoretical and experimental approaches to prob-
lems in molecular structure and dynamics. In the experimental effort,
molecular beam and advanced laser systems would be used for
dynamic, spectroscopic, and structural studies of many types of highly
reactive molecules and unusual species. This plan also addresses a
priority recommendation of the Pimentel Report Opportunities in Chem-
istry: "...to apply the full power of modern instrumental techniques
and chemical theory to the clarification of factors that control the rates
of reaction and to the development of new synthetic pathways for
chemical change."

The Center would develop and utilize instrumentation for using
coherent vacuum ultraviolet light of high intensity and purity as a pre-
cise probe for spectroscopy, molecular excitation, and structural studies.
The planned studies include:

0 Spectroscopy and structure of free radicals and reaction inter-
mediates

0 State-resolved chemical reaction dynamics

4-5
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Category 1987 1988 1989 1990 1991 1992 Total

Operating 0.0 4.0 8.0 9.5 5.0 5.0 31.5

Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0



0 Energy flow and mode-selective chemistry

0 Calculation of reaction surfaces from first principles

0 Development of the theory of reaction dynamics

The Center would develop VUV coherent light research capability
through operating suppoit, aquisition of research equipment, including
tunable dye lasers, and the development of advanced laser sources,
such as new nonlinear optical crystals and cavities for pulse and con-
tinuous wave operation. These photon sources, with a unique combi-
nation of power, resolution, and broad tunability (VUV to IR), will be
an important source of laser radiation with precise spectral resolution
for many types of highly reactive molecules. These capabilities would

- - make-possible dynamic-studies--te-understand in complete detail the
processes of primary importance in product synthesis, combustion,
atmospheric chemistry, and energy storage.

apreliminary estimate of actual-year Budgetary Authority. Operating costs include
equipment.

Source

Polarization
Rotator

Rotating
Mass
Spectrometer
Detector
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Crossed supersonic beams of
molecular species can be
excited by lasers. The
fluorescence and scattering
properties of the reactants
are a key to the energy tran-
sitions and state dependence
of reactions. The develop-
ment of VUV dye lasers will
provide for new experiments
with electronically excited
atoms.

Center for Molecular Structure and Dynamics
Resource Requirements ($M)a

Category 1987 1988 1989 1990 1991 1992 Total

Operating 1.0 0.9 0.8 0.5 0.5 0.5 4.2

Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0



~ ~ --

NUCLEAR PHYSICS

INITIA TIVES
Nuclear Physics 4

The field of relativistic heavy-ion physics has emerged during the
past decade as an exciting and productive new branch of nuclear sci-
ence. This field has emerged from research conducted at LBL's Bevalac
accelerator, which delivers beams of all the elements at energies from
20 MeV up to 1 or 2 GeV per nucleon. The future of this field at LBL
will be (1) to implement the Bevalac Upgrade Project to further
enhance the Bevalac's position as a world leading accelerator for the
study of heavy-ion collisions and (2) to extend these heavy-ion studies
to ultrarelativistic energies at the Relativistic Heavy-Ion Collider.

The Bevalac Upgrade

-~~---Tlie domiriant~theirie-orr-es-earcnIn--relat1vfstic heavy-ion physics
is the creation and exploration of nuclear matter under extraordinary
conditions. A few years ago, hot, dense nuclear matter was created at
LBL for the first time. This remarkable achievement opened the door
to a wide range of exotic phenomena that have never before been
accessible to systematic study. With an upgraded Bevalac, such fore-
front research can continue to be pursued much more effectively than
at present through high-intensity, high-quality, high-duty-factor beams.
New experimental techniques will be possible for studies of the equa-
tion of state of nuclear matter. Studies of nuclear structure and nuclear

astrophysics using radioactive beams will be further extended.

The upgrading of the Bevalac accelerator complex would replace its
weak-focusing synchrotron-the Bevatron-with a modern, strong-focusing
synchrotron. Other major aspects of the proposal include installation of a
new vacuum system, improved injection and extraction systems, and a new
state-of-the-art control system. The new synchrotron ring would deliver
beams of protons to uranium ions over essentially the same energy range,
but with more than a IOO-fold increase in intensity and with improved duty
factor. . The upgrade would permit fast switching between ion beams to
accommodate simultaneously the radiotherapy and nuclear science pro-
grams.

The BevalacUpgrade com-
plements other proposed and
operating heavy-ion accelera-
tors in the U.5. The upgrade
would provide high-intensity
beams in a unique and
important mass and energy
range.
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An accelerator of this kind is needed if the United States is to

maintain its world leadership in heavy-ion research in the broad
energy domain of the Bevalac. The facility would constitute a strong
and cost-effective complement to a heavy-ion collider designed for
much higher energies. Systematic investigation of the liquid-gas phase
transition will be possible. Novel experiments in biology, atomic phy-
sics, and materials technology will also become feasible. The biomedi-
cal studies will include advanced biophysical and radiotherapy research
using heavy ions (see following section on the Office of Health and
Environmental Research).

The scientific rewards of a broad spectrum of research are sure to
be numerous and substantial. They could be further augmented by
adding, at a later date, a storage ring with beam cooling. Such a
storage ring is an important component of a forefront heavy:ton---------
research facility. A storage ring is a second phase, however, because a
substantial R&D effort is first needed to optimize the design for a suit-
able ring and to develop an efficient beam-cooling system.

LBL offers several outstanding advantages as a site for a heavy-
ion accelerator facility of the kind proposed here:

0 Much of the facility is already in place and fully operational.

0 The present experimental hall, shielded caves, beam lines, and
detectors will be used by the upgraded facility.

0 LBL has extensive experience in accelerator-based relativistic
heavy-ion physics and heavy-ion radiobiology.

0 Complex organizational ties have been solidly established with
medical researchers and physicians and with hospitals.

0 The proximity of the University of California, Berkeley, provides
an especially stimulating environment for research and education.

The Bevalac Upgrade proposal has been reviewed and evaluated
by the Nuclear Science Advisory' Committee (NSAC) and its Subcom-
mittee on Facility Construction. They find that:

"The proposed upgrade of the synchrotron would effectively address
the important physics questions of very high scientific merit for
heavy ions at intermediate energies (up to 1 GeV per nucleon). Its
firm basis in the pioneering work on the Bevalac makes this upgrade

Existing
Shielding

Existing Floor
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Cross section of the Bevalac

Upgrade accelerator ring
bend magnet, indicating the
utilization of the existing
shielding to minimize cost
and schedule interruption.
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particularly compelling. The upgrade is supported by a strong ac-
celerator group and is cost-effective because it would build on the ex-
isting experimental facilities of the Bevalac laboratory. It would at-
tract a sizable user community and would be likely to lead to a later
request for a cooler/storage ring addition./I

The upgraded Bevalac will be operated as a national facility for
the benefit of scientists and students from many institutions. As a
forefront research facility in a young and vigorous scientific discipline,
it will serve the national interest well into the next century.

-------

- - - -

apreliminary estimate of actual-year LBL Budgetary Authority. Operating costs include
equipment.

Plan view of the Bevalac

Upgrade accelerator ring and
the use of the existing exper-
imental particle beam area.
Improved switching will
effectively utilize the nine
present experiment caves.
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Bevalac Upgrade Resource Requirements ($M)a

Ca tegory 1987 1988 1989 1990 1991 1992 Total

Operating 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Construction 0.0 0.0 12.8 13.3 13.7 0.0 39.8



Relativistic Heavy-Ion Collider Participation

LBL scientists will also pursue the study of heavy-ion collisions at
ultrarelativistic energies. Experiments are now being assembled at
CERN to take advantage of the high-energy 160 and 32S heavy-ion
beams that will be available at the Super Proton Synchrotron (SPS) in
FY 1987. These experiments are aimed at providing a first glimpse of
the quark-gluon plasma. Producing this state of deconfined quarks
and gluons, which is thought to have existed previously only in the
first few microseconds following the Big Bang, is a prime goal of
nuclear physics research.

The Nuclear Science Advisory Committee recommended, in its
- _)983 Jong_Ra~g~Planl~r NuclearScience,construction of a relativistic

heavy-ion collider as one posslble--ioute--folhe qu-ark-gluon plasma.
NSAC and its Facilities Subcommittee have recently reviewed the plans
for the Relativistic Heavy Ion Collider (RHIC) proposed at Brookhaven
National Laboratory (BNL). They found that the recent development
of relativistic heavy-ion physics has further strengthened the high
scientific merit for such a collider. As the highest priority for construc-
tion after the Continuous Electron Beam Accelerator Facility (CEBAF),
RHIC would corne online in the early 1990s. Completion of the Alter-
nating Gradient Synchrotron (AGS) booster prior to that time will pro-
vide an important precursor to the RHIC program.

LBL scientists expect to be major participants in the research program
of the RHIC and the AGS, playing a major role in the design, construction,

and implementation of sophisticated detector systems. Intense R&D efforts
are required in the next few years to support future ultrarelativistic heavy-
ion experiments. LBL proposes to initiate such an R&D program; it will
complement efforts already under way at the Laboratory to provide for
future needs of the high-energy physics program (see section below). Major
challenges include the development of tracking devices capable of han-
dling high multiplicities (e.g., ---104particles/event) with good track
separation and efficient pattern retognition and calorimeters with good
energy resolution and good segmentation.

apreliminary estimate of actual-year Budgetary Authority. Operating costs include
equipment.

HIGH-ENERGY PHYSICS

Advanced Detector Development Program

New high-energy and high-luminosity accelerator facilities such
as the Superconducting Super Collider (SSC) and the Relativistic
4-10

A collision in the streamer

chamber at the CERN Super
Proton Synchrotron of oxy-
gen beams at 3.2 TeVlion on
a lead target indicating the
large number of both nega-
tively and positively charged
secondary particles produced
in such a high-energy colli-
sion.

Relativistic Heavy-Ion Collider Participation
Resource Requirements ($M)a

Category 1987 1988 1989 1990 1991 1992 Total

Operating 0.0 0.5 0.5 1.0 2.0 2.0 6.0

Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Custom designed integrated
circuit chip developed under
the Advanced Detector

Development Program pro-
vides 128-channel low-noise
amplification for readout of a
silicon vertex strip detector
for the Collider Detector

Facility at the Fermilab
2-TeV upgrade.

INITIA TIVES
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Heavy-Ion Collider (RHIC) for nuclear physics will require major
developments in the capabilities of particle detectors and data acquisi-
tion. Major challenges include the development of radiation-hard
high-resolution detectors and associated electronics; tracking devices
capable of handling high rates with good track separation and efficient
pattern recognition; and calorimeters with good energy resolution, good
segmentation, and stable calibration response.

Intensive R&D efforts are required in the next few years to support
the next generation of high-energy physics accelerators to be initiated in the
1990s. Some of this effort should be independent of the more immediate
development and prototyping required for committed detector programs on

accelerators or colliders either existing or to be completed in the next few
years. An unprecedented R&D effort may be needed to achieve detector

- performanGe~.appropri{1t~eto Hthenew domain oj-energy and-luminosity. The
Laboratory's objective is to establish a critical mass of expertise and facili-

ties that can effectively address some of the central problems that require
solution.

The initial research program would particularly emphasize semi-
conductor development:

0 Because of the extremely high luminosity of the colliding-beam
facilities, radiation damage to detector elements and associated
electronics is a major concern. A program of research in this area
will begin with a program of exposure and evaluation of currently
available silicon strip detectors. The identification and optimiza-
tion of processing techniques contributing to radiation hardness is
a major goal. Later, the fabrication of new devices designed for
radiation hardness will be undertaken.

0 New pixel device concepts going beyond current charge-coupled-
device (CCD) technology will be extremely valuable for address-
ing the challenge of two-dimensional high-resolution detectors
with very fast readout time. The Laboratory proposes to study
possible new architectures and the feasibility of such devices.

0 The continuing development of low-noise, low-power, high-
speed, radiation-hard monolithic amplifier arrays for small signals
will be a major direction of effort.

Advanced Detector Development Resource Requirements ($M)a

apreliminary estimate of actual-year Budgetary Authority. Operating costs include
equipment.

Two-Beam Accelerator

The continuing vitality of high-energy physics research demands
particle beams of ever-increasing energy. However, if a linear accelera-
tor capable of producing a I-TeV electron beam were to operate only
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Category 1987 1988 1989 1990 1991 1992 Total

Operating 1.4 1.4 1.6 1.4 1.4 1.4 8.6

Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0



at the accelerating gradient of the SLAC Linear Collider (17 MV1m), it
would be many kilometers long and would consume prodigious
amounts of power. Fortunately, both of thesepractical difficulties can be
circumvented by using a free-electronlaser (FEL)as a sourceof relatively
high-frequency rf power to establisha high acceleratinggradient. Along
theselines, a conceptfor a two-beamaccelerator(IBA) hasbeenpioneered
at LBL. It would operateat a gradient of several hundredMV1m with a
frequency of about 30 GHz and efficiently convert conventionalelectric
power into an acceleratingpotential. This approachoffersthe promiseof a
linac of very high energyand reasonablecost.

The TBA concept can be summarized briefly. A high-current but
relatively low-energy electron beam (of about 20 MeV) traverses a
series of wiggler magnets, undergoes free-electron lasing, and emits
intense microwaves. The microwaves are conducted by waveguides-to-----
an adjacent beam line where their phasing produces traveling waves
with a very high longitudinal electric gradient. In this second beam a
low average current of electrons is accelerated to great energies by the
very high gradient. The energy lost to the microwaves by the first
electron beam is made up by conventional induction accelerating units
located between wiggler magnets.

- --- - - --- - - - - --Un__-

The idea of using an FEL as an rf power source is supported by
experimental results obtained by an LBL/LLNL team at Livermore's
electron laser facility. This device has been operated at an efficiency of
more than 40 percent while producing a peak power of 1.8 CW.
Furthermore, studies on a 35-CHz, high-gradient accelerating structure
have achieved average accelerating gradients of 180 MV1m. Thus,
already there has been demonstrated the possibility of constructing an
efficient FEL power source and a high-gradient accelerator.

As a next step, LBL is developing a proposal for an R&D program
that would culminate in a prototype TBA capable of accelerating elec-
trons to several GeV. The Laboratory foresees a stepped-up
experimental program, plus the design and fabrication of the FEL and
high-gradient structure necessary for the prototype accelerator at LBL.

High-gradient Linac

TT~~
Directional Coupler ~F Accelerator

Wiggler Module

tt: ~ NSNSNS
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The Two-Beam Accelerator
transfers energy from a high-
current electron induction
linac by means of wiggler-
generated rf power to a low-
current high-gradient
accelerating structure.
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Two-Beam Accelerator Resource Requirements ($M)a

OFFICE OF HEALTH AND ENVIRONMENTAL RESEARCH
-- --

~--- - ------

Biomedical Research at the Bevalac Upgrade

For the biology and medicine research program the most important
features of the Bevalac Upgrade are increased intensity, more uniform spill
structure, significantly improved beamsharingwith the nuclear physics
programs, and higher operational reliability (seeNuclear Physics section).
The increased intensity offers improved dose rate that will greatly facilitate
research on radioactive beamsfor range verification for medical treatments;
it will provide new opportunities to explore basic radiochemical and
radiobiological processesover a broad range of dose rates; and it will
decrease the time required to conduct experiments. Costs for these
improvements are included in the Bevalac Upgrade.

To accommodate the Laboratory's envisioned biomedical program
through the 1990s, a broad range of charged particles, multiple-beam
lines, rapid beam switching, and adequate beam time for research is
needed. While the Bevalac Upgrade is clearly a necessity for the
Laboratory and provides excellent opportunities for the nuclear science
program and the biomedical program, further improvements are
needed to meet all anticipated needs.

Projections for the biology and medicine research program point
to the desirability for five dedicated beam lines: large-field radio-
therapy; small-field radiotherapy; radioactive beams for positron emis-
sion studies, picosecond and subnanosecond chemistry, and biochemis-
try and biophysics. In the 1990s the Laboratory's medical programs
will be highly integrated and will involve heavy ions, NMR, PET, and
heavy-ion radiotherapy for the diagnosis and treatment of human
disease as well as understanding the mechanisms underlying many
diseases.

Biotechnology and Structural Biology Program

The Biotechnology and Structural Biology initiative forms a program-

matic core for new and consolidated research activities for the Office of
Health and Environmental Research. This initiative applies new techniques
and integrates molecular, cellular, and physiological disciplines together
with LBL instrumentation engineers to address key biotechnology research
questions. For example, the rapid advances in the development of cloning
systems in eukaryotic cells have opened the possibility of using these cells
to produce a wider range of protein products than are currently available.
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Category 1987 1988 1989 1990 1991 1992 Total

Operating 1.8 4.0 12.4 10.0 8.3 5.2 41.7

Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0

apreliminary estimate of actual-year Budgetary Authority. Operating costs include
equipment.



The multidisciplinary biotechnology problems addressed are most appropri-
ate for a national laboratory and important to DOE's national energy-
related life science research and training role.

The objectives of the Biotechnology and Structural Biology Pro-
gram are to develop analytical systems and models that relate DNA
structure and genetic polymorphism to factors that influence the
development, production, and secretion of cellular materials. Key ele-
ments that form the consolidated program are:

0 Structural Biology will emphasize structural and functional analysis
using new NMR techniques, electron diffraction, high-resolution
electron microscopy, and related techniques to characterize and
predict DNA oligomers, polymers, RNA, and proteins. These

~~-~~- -techniques-will bea pplied to--8.-range of catalytic andenzyma tic

studies, to transmembrane signaling, and to mechanisms that con-
trol gene expression.

0 Human GenePolymorphismwill build on LBL'sand DC's strengths
in cell culture and the development of powerful analytical tech-
niques including probes for specific genes to explore the changes
in genetic codes of tumors and other cell lines during differentia-
tion.

0

GeneExpressionwill explore cell and tissue-specific gene regula-
tion to extend DNA and RNA studies that evaluate how extracel-

lular and endogeneous enhancers and promoters control expres-
sion, packaging, and secretion of gene products.

BioprocessEngineeringwill address significant problems related to
the large-scale production of high-value bioproducts from
eukaryotic cell cultures. This basic research program is proposed
on practical host-vector systems in mammalian cells, physiological
and engineering factors associated with cell growth, and enhanced
production of gene products. This research program would be
complemented by the development of experimental test facilities
for growth of suspension- and anchorage-dependent cell lines,
with facilities to recover (separate and purify) products. The facil-
ities will include large, highly instrumented suspension culture
bioreactors, smaller bioreactors for continuous culture of cell lines,
and a variety of systems for anchorage-dependent cells (hollow
fiber reactors, microcarrier reactors).

0

These research initiatives are intended to complement ongoing
LBL and D.C. Berkeley research and student-training activities in
molecular biology, cell biology, and biochemical engineering. The
experimental test facilities would provide students and postdoctoralfellows
from all the campusesof the U.c. systemand industrial visiting scientists
with the required training that is associatedwith scale-uptechnologyfor
bioproduction. These integrated programs would strengthen LBL'scon-
tribution to the training of future generations of scientists and biotech-
nology engineers and would respond to many of the long-term
research and development needs of the biotechnology industry. The
program organization will incorporate industry-university review to
facilitate technology transfer and to direct the research and training ele-
ments toward educational and industrial long-term needs.
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Biotechnology and Structural
Biology research emphasize
collaborative research involv-

ing genetic structure, gene
expression, bioprocess
engineering, and structural
analysis of macromolecules.
These program elements are
strengthened by the multidis-
ciplinary capability and the
support resources of the
Laboratory.

INITIA TIVES
OHER 4

Gene Expression

- DNA & RNA stability
- Enhancers & promoters
- Expression & secretion

Gene Isolation
& Characterization

- DNA coding
- Genetic probes

LBL Core
Institutional
Capabilities Bioprocess Engineering

- Host-vector systems
- Culture optimization
- Systems modeling
- Product recovery

- Biology
- Chemistry
- Computer science
- Engineering
- Instrumentation

- "" " "

- Product structure
- Enzyme dynamics
- Protein design
- Nucleic acid function

apreliminary estimate of actual-year Budgetary Authority. Operating costs include
equipment.

Center for Atmospheric and Biospheric
Effects of Combustion

The objective of this Center will be to develop a strong interdisci-
plinary program to investigate the sequence of events from the genera-
tion and release of combustion products into the atmosphere through
their fate and ultimate effects. The intent is to improve the nation's
understanding of the generation of oxidants and the formation of acid,
the atmospheric interactions, and the biological and ecological effects
resulting from their deposition and synergism. The areas of concentra-
tion are:

0 Combustion and Abatement. Kinetics, fluid mechanics, and thermo-
dynamics of combustion processes as they relate to emissions,
and the development of an international emissions inventory;
Atmospheric Chemistry. Contribution of local sources and chemi-
cal processes to acid and oxidant deposition and the role of

0

4-15

Biotechnology and Structural Biology Program
Resource Requirements ($M)a

Category 1987 1988 1989 1990 1991 1992 Total

Operating 2.7 4.3 4.5 5.5 5.5 5.5 28.0

Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0



heterogeneous chemistry (solid-gas-liquid interfaces) in these
processes; and

Ecosystem Pathways and Effects. Acidification in western
watersheds, alterations in nutrient cycles, ecotoxicological and car-
cinogenic effects of oxidants, distribution of bound carbon, and
impact on solid-water distribution.

0

apreliminary estimate of actual-year Budgetary Authority. Operating costs include
equipment.

Biomedical Isotope Facility

The Biomedical Isotope Facility will provide a source of radioisotopes
essential for in vivo metabolic and physiologic research programs in the
Biology and Medicine and Chemical Biodynamics Divisions of LBL and will
also provide isotopes for other qualified users. The capability for using
the short-lived light-element tracers from a minicyclotron that is the

heart of the facility will be especially appropriate to a ran~e of meta-
bolic studies. The primary isotopes produced would be 1 0, HC, 13N,
and 18F for cerebral and cardiac positron emission tomography studies.
There are two operational positron tomographs at LBL, one with the
highest spatial and teIT).poralresolution in the world, but these
machines are idle 80% of the week due to the lack of needed positron
emitting tracers.

150 Transfer Lines
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Patient Staging
The Biomedical Isotope Facil-
ity would supply short-lived
isotopes for PET and other
research at LBL, as well as
for other qualified users.
Oxygen 15, which has a
half-life of 2 minutes, would
be piped directly to the exist-
ing medical research facility.

PET Scanners

Research Medicine

Building

X-ray
CT Scanner

Center for Atmospheric and Biospheric Effects
of Combustion Resource Requirements ($M)a

Category 1987 1988 1989 1990 1991 1992 Total

Opera ting 0.0 2.0 4.0 4.0 4.0 4.0 18.0

Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0
------- ----- ----



-- --- -
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The facility will also provide a resource for the development of
13C and 2H biomedical compounds to be used for the 10-Tesla NMR
research program. The facility will be housed in a 3,800 GSF light
laboratory building with small supportive labs for safe incorporation of
the radionuclides into useful pharmaceuticals and for preparation of
precursor compounds.

Biomedical Isotope Facility Resource Requirements ($M)a

--- --- ---

apreliminary estimate of actual-year Budgetary Authority. Operating costs include
equipment.

BUILDING INITIATIVES

Within the period covered by this plan, several building initiatives
are proposed to revitalize technical support facilities and to provide modern

facilities and capabilities for LBL's important research activities. These ini-
tiatives include constructing an Conservation Research Complex, a Biosci-

ences Building, and a Mechanical Engineering Replacement Project.

Biosciences Building

Cellular, molecular biology, and biotechnology-related research
programs are major priorities for the program of the Office Health and
Environmental Research (OHER). The Biosciences Building is included in
this plan as an OHER-funded initiative for a construction start in 1989.
The Laboratory has developed initial plans for this facility, which will
improve and consolidate biotechnology-related research programs.

The enhancement and integration of the structural, cellular, and
molecular programs and new developments in biotechnology (particu-
larly bioprocess engineering) require the development of appropriate
facilities and laboratories that will physically integrate the programs.
Research that needs this improved facility brings together programs on
genomic structure and expression, cell culture systems, model host and
vectors for genetic modification, bioreactor systems, and instrumenta-
tion and control systems development. This research builds on existing
programs including investigations of monoclonal antibodies that react
with human mammary epithelial cells and other cell lines, activation or
detoxification of carcinogens in epithelial cells, DNA damage and
repair mechanisms, the role of viral oncogenes in differentiation, the
mechanisms of chromosomal recombination, and the transformation of
human cells.
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Category 1987 1988 1989 1990 1991 1992 Total

Operating 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Construction 0.0 0.0 4.6 0.4 0.0 0.0 5.0



apreliminary estimate of actual-year Budgetary Authority. Operating costs include
equipment.

Conservation and Renewables Research Complex
-- -- -- -------.-

u._-

Although the proposal is not yet supported by150E-;-LBI-nas--- -

proposed a new laboratory and office facility, the Conservation and
Renewables Research Complex, for FY 1990 funding of the first phase
from the Assistant Secretary for Conservation and Renewable Energy.
This light laboratory complex will provide various types of laboratory
space for Applied Science Division programs on energy conservation in
buildings, solar heat technologies, electrochemical energy storage, and
thermal energy storage. The specific programs to be included in the
construction phases are under consideration by the Laboratory.

apreliminary estimate of actual-year Budgetary Authority. Operating costs include
equipment.

Mechanical Engineering Replacement Project

LBL's research programs require mechanical engineering design
and fabrication facilities in support of DOE's general sciences and
energy sciences research programs. Fabrication needs include, for
example, the development of high-technology magnet coils and per-
manent magnet systems, precision fine-wire elements for wire detector
chambers, and ultrahigh-vacuum beam lines. The deterioration of
existing mechanical engineering facilities and the need for safe,
economic, and efficient support for many DOE programs has created
the need for this shop, assembly, and staging facility. Construction of
the 38,400 GSFfacility would occur in conjunction with the removal of
substandard buildings, with no increase in laboratory size.
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Biosciences Building Resource Requirements ($M)a

Category 1987 1988 1989 1990 1991 1992 Total

Operating 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Construction 0.0 0.0 1.6 7.1 0.0 0.0 8.7

Conservation and Renewables Research Complex
Resource Requirements ($M)a

Category 1987 1988 1989 1990 1991 1992 Total

Operating 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Construction 0.0 0.0 1.6 20.9 1.0 0.0 23.5



INITIA TIVES
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Mechanical Engineering Replacement Project
Resource Requirements ($M)a

apreliminary estimate of actual-year Budgetary Authority. Operating costs include
equipment.

MULTILABORATORY INITIATIVES
. -~- --- --- --.--

Large Einsteinium Activation Program (LEAP)

The Large Einsteinium Activation Program, proposed in 1984 by
a consortium of four national laboratories-Lawrence Berkeley,
Lawrence Livermore, Los Alamos, and Oak Ridge, is an ambitious and
imaginative response to the recommendations of the Workshop on
Future Directions in Transplutonium Element Research convened in
1983 by the National Research Council at the request of the Office of
Basic Energy Sciences.

Central to the proposal is the ~reparation, for the first time, of a
large (30-40 micrograms) target of 54Es to accomplish a unique scien-
tific program. The primary scientific aims are threefold:

0 To produce and identify new neutron-rich isotopes of the heaviest ele-
ments by bombardment of the 254Es target with neutron-rich
heavy ions esO, 22Ne, 4SCa) for study of nuclear properties,
especially spontaneous fission, at the extreme limits of nuclear
stability;

0 To preparesufficient quantities of the heaviestactinidesand transac-
tinides from appropriate heavy-ion bombardments for studies of
their chemistry; and

0 To producesuperheavyelementsby irradiation of the 254Estarget
with 48Ca,which gives a compound nucleus whose neutron
number of 183 is nearer the predicted closed shell at 184 neu-
trons than previously achieved.

In FY 1985 and 1986 investigations were undertaken on the pro-
duction of 254Es at ORNL and development of gas-jet transport and
target systems at the 88-Inch Cyclotron at LBL. Feasibility studies at
LBL have shown that a gas transport system can transport products
from the target irradiation position to laboratory facilities more than 70
meters away. Predicted yields of transfermium isotopes from transfer
reactions have now been experimentally verified and are sufficient for
chemical and nuclear studies. These "pre-LEAP" activities have
demonstrated the feasibility of producing and experimenting with the
large target. Full program implementation is proposed for FY 1988.
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Category 1987 1988 1989 1990 1991 1992 Total

Operating 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Constr-uction 0:0 0.0 0.7 9.4 0.9 0.0 11.0



The LEAP initiative would provide a unique opportunity to
explore the frontiers of isotopes and new elements, providing insights
into the ultimate limits of nuclear stability and relativistic effects in the
heaviest elements. Such studies provide rigorous training for graduate
students in chemistry and physics, where novel experimental and
measurement techniques are required. Such graduates in the past have
gone to key positions in leading government, university, and industrial
laboratories to maintain U.s. capabilities in nuclear-related fields.

The 254Es target will constitute an international scientific resource.
A program committee will review research proposals from consortium
members and outside users. Interested scientists in the U.s. and

abroad have indicated their desire to participate; some have already
begun research on experiments to be performed as part of LEAP.
Based on results of pre-LEAP research, the prospects for obtaining
exciting and significant scientific results are even more promising than
originally envisioned.

apreliminary estimate of actual-year LBL Budgetary Authority. Operating costs include
equipment.

Underground Research Facility

The Underground Research Facility is a scientific initiative being pro-
posed and developed by geoscientists at four national laboratories (Lawrence
Berkeley, Los Alamos, Lawrence Livermore, Sandia), and the University of
Wisconsin. Supported by the Geosciences Program of the Office of
Basic Energy Sciences, the facility would provide opportunities for con-
ducting a wide range of earth sciences in situ experiments such as
stress measurements and long-baseline studies of rock mass behavior,
groundwater flow paths, and underground storage of fluids. These
experiments will provide information on fundamental geological prop-
erties and processes that cannot be completely investigated in a labora-
tory environment or by remote instrumentation. Such in situ experi-
ments enhance the applicability of geoscience research and facilitate
the development of measurement techniques for a wide variety of
geotechnical applications.

The collaboration is in the preliminary stages of defining site cri-
teria, identifying R&D issues, outlining key research goals, and concep-
tualizing project costs and schedules. A project proposal will be com-
pleted during FY 1987, and the project, once initiated, would continue
into the next decade.
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Large Einsteinium Activation Program
Resource Requirements ($M)a

Category 1987 1988 1989 1990 1991 1992 Total

Operating 0.0 0.4 0.8 1.0 0.9 0.7 3.8

Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Underground Research Facility Resource Requirements ($M)a

PRIVATE SECTOR/NATIONAL INSTITUTES OF
--- n- - HEALTH/OFFICE OF HEALTH AND

ENVIRONMENTAL RESEARCH

Light Ion Biomedical Research Accelerator (LIBRA)

A substantial base of fundamental radiobiological data on ion
beams has been acquired at the 184-Inch Cyclotron and the Bevalac
over the past several decades. Therapeutic application of proton and
helium-ion beams began in 1955. Radiotherapy trials have been per-
formed at the Bevalac since 1975 to determine the clinical advantages
of other ions, including argon, carbon, neon, and silicon ion beams
with masses up to 2 = 18. The results of these studies indicate the
potential of light and moderate 2 ions as a means of treatment for
some tumor types.

Over the next five years, major alterations will occur in the LBL/s
accelerator facilities. In the spring of 1988, the 184-Inch Cyclotron will
cease functioning, and biomedical programs will shift to the Bevalac.
In 1990 the Bevalac will be upgraded over an 18-month period to
increase the intensity of beams by a factor more than 100, and to
improve beam handling capabilities. To meet the anticipated research
and treatment needs of the medical community a collaboration
between the Merritt Peralta Medical Center, the University of Califor-
nia San Francisco Medical Center, and LBL is proposing the construc-
tion of a Light Ion Biomedical Research Accelerator.

LIBRA would be constructed at the Merritt Peralta Medical Center in

Oakland, with major support from the private sector and the National
Cancer Institute. Initial conceptual design support for technology transfer
of DOE accelerator engineering capabilities is requested from OHER at a
level of approximately $200K. Following this conceptual design, detailed
accelerator engineering would also be conducted through the collaboration
as a Work for Others project, with a total design cost of about $5.5M.
LIBRA will provide intense 500- MeV/ amu proton, helium, and carbon
beams with particle penetration ranges greater than 34 em; it will also
be able to produce oxygen, neon (2 = 10), and heavier beams at a
reduced intensity, and the neon particle range will be about 16 em in

soft tissue. The beam intensitd: will be high enough for routine use of
radioactive beams, primarily 1 C and 19Ne, which will be important for
precise verification of depth-dose patterns. Phase I therapy studies
with these beams would begin soon after the completion of the new
facilities.
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Category 1987 1988 1989 1990 1991 1992 Total

Operating 0.0 0.0 0.4 0.5 0.6 0.6 2.1

Construction 0.0 0.0 0.3 1.7 0.0 0.0 2.0

apreliminary estimate of actual-year LBLBudgetaryAuthority. Operating costs include
equipment.



PHYSICS & ENGINEERING
RESEARCH

CLINICAL SURGERY
PREP

TECHNICAL SHOPS &
STORAGE

C~INICAL J ADIOTHER""'PY &
DI GNOSTICS-I-------

<I-- TO HOSPITAL

~O'

The planning, development, and use of the machine will be con-
ducted by the consortium. When completed, the accelerator complex
would permit researchers from throughout the U.s. to explore new
concepts in basic charged-particle radiosurgery, radiotherapy, and
radiobiology. LBL's primary role would be for conceptual and
engineering design of the accelerator facilities of LIBRA. After LIBRA is
built, those studies using ions lighter than neon will be located at the
new accelerator, and those programs using neon or heavier ions will be
located at the Bevalac. Both programs, however, will have a basic
research component and a clinical component, and both will be open
for outside users.

apreliminary estimate of actual-year LBL Budgetary Authority. Operating costs include
equipment.
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LIBRA would provide intense
light-ion beams for research
and treatment in a clinical

setting. Located in a hospital
environment, LIBRA also
transfers technology from
research programs initiated at
LBL. LIBRA would include
two rooms for treatment and

diagnostics with full-energy
beams, a medium-energy
beam for intra-operative
therapy procedures, and a
low-energy beam for ion
microscopy.

Light Ion Biomedical Research
Accelerator Resource Requirements ($M)a

Ca tegory 1987 1988 1989 1990 1991 1992 Total

Operating 0.0 2.5 2.0 1.0 0.0 0.0 5.5

Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0



5 SCIENTIFIC AND TECHNICAL
PROGRAMS

Lawrence Berkeley Laboratory research programs are expected to
continue to primarily support the Department of Energy's Office of
Energy Research and the Assistant Secretarial Offices of Conservation
and Renewable Energy and Fossil Fuel Energy. In addition, other DOE
programs and the Nuclear Regulatory Commission will sustain impor-
tant research programs. Work for Others (WFO) will continue to pro-
vide about one-fifth of LBL's support. This section identifies the diver-
sity and strengths of research programs, focusing attention on signifi-
cant developments in research program activity.

OFFICE OF ENERGY RESEARCH

During the period of the plan, the Office of Energy Research
(OER) programs will continue to be the major activity at the Labora-
tory. Support will increase as the initiatives described in Section 4 are
implemented and as the Center for Advanced Materials grows.

0 The Laboratorywill actively participate in national efforts to design
and build synchrotronradiation facilities; LBL'scontribution will
include construction of the 1-2 GeV Synchrotron Radiation
Source and collaboration on a complementary 6-GeV ring to be
sited at Argonne National Laboratory.

0 The Centerfor AdvancedMaterials (CAM)continuesto represent
important goalsfor the Laboratoryfor supporting longer-termbasic
researchresponsiveto industrial needs. In addition, new initiatives
in LBL's other Materials Sciences programs will strengthen the
base on which CAM builds.

0 High-energy physics researchwith sophisticateddetectorsat forefront
facilities-Mark II at the StanfordLinear collider; CDF (Collider
Detectorat Fermilab)and D-zero at the TevatronCollider;andTPCat
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the upgraded PEP-will provide a strong basis for LBL's research
advances in particle physics. In addition, advanced detector
research and development programs are expected to grow signifi-
cantly in support of planned new research at the highest energy
accelerators.

0 LBL'snuclear scientists will continue to pursue a vigorousresearch
program at the 88-Inch Cyclotron, the Bevalac, and the AGS and at
CERN. They will work to implement the Bevalac Upgrade to
further enhance studies of nuclear matter under extreme condi-
tions. In addition, they will also be major participants in the
research program at the planned Relativistic Heavy-Ion Collider.

0 Within the context of a growing national program in Health and
Environmental Research, LBL will strengthen and integrate its efforts
in structural biology programs, in other biotechnology-related pro-
grams, and in radon-related environmental research. In addition, the
biomedical program will continue to develop charged-particle
radiotherapy, radiosurgery, and radiation damage studies.
Improved diagnostic imaging systems and cardiovascular research
will elucidate the metabolic basis of disease.

-- ------

LBL has become one of the world's leading centers of research on
the chemistry and physics of materials that are important to both the
production and efficient use of energy. In addition, outstanding pro-
grams exist in nuclear sciences, in engineering and geosciences, in bio-
logical energy research, and in a small applied mathematics program.
Several of these programs are expected to increase in activity, as identi-
fied below.

5-2

Office of Energy Research Funding Summary
(Fiscal Year Operating and Capital Budgetary Authority $M)

Budget
Code Major Program 1985 1986 1987 1988

AT Magnetic Fusion 7.5 3.3 1.9 1.4
HA Health/Environmental Res. 9.0 8.2 7.6 8.1
KA High Energy Physics 19.0 19.2 20.2 21.2
KB Nuclear Physics 36.6 35.3 37.1 44.3
KC Basic Energy Sciences 43.4 41.3 48.3 66.9

CAM (inc. in KC totals) (12.7) (14.4) (15.9) (15.7)
KD Energy Research & Anal. 0.2 0.0 0.0 ' 0.0
KE Univ. Research Support 0.3 0.4 0.3 0.3
KG General Purpose Facilities 3.8 0.0 1.3 8.3

Total 119.8 107.7 116.7 150.6

Percent of Total LBL Funding 64.5 59.8 62.3 67.3

BASIC ENERGY SCIENCES



An innovative design for the
1-2 GeV Synchrotron Radia-
tion Source vacuum chamber

has been developed to
rapidly trap photon-desorbed
gases, maintaining excellent
vacuum characteristics for
extended beam lifetime.

SCIENTIFIC & TECHNICAL PROGRAMS
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Materials Sciences

Material Sciences research programs will continue to emphasize
forefr~:mt research projects that analyze existing materials, develop and
characterize advanced materials, and explore materials processing sys-
tems. Expanded project areas include design and construction of
advanced sources of synchrotron radiation and advanced materials
development. Excellent programs continue in x-ray optics, electron
microscopy, solid-state physics, and materials chemistry.

Advanced Sources of Synchrotron Radiation

The President's budget request for FY 1987 includes $2M for
"research and development activities related to a final storage ring lat-

~- -tice-design, which would include investigations of rf, beam instrumen-
tation and control, and new vacuum systems that are needed for peak
performance characteristics" for a 1-2 GeV Synchrotron Radiation
Source. Accordingly, in support of efforts to develop a Title I prelim-
inary engineering design, the Laboratory is undertaking R&D on fabri-
cation methods, beam-line components, insertion devices, vacuum-
system materials and photon-initiated desorption, instrumentation and
feedback systems, and ion trapping. More generic R&D will also con-
tinue, aimed at developing advanced beam-line designs and new opti-
cal components.

PHOTONS

MACHINED RECESS FOR

MAGNET POLE \

WATER-COOLED
PHOTON STOP

.~
'"

ELECTRON
BEAM

PUMP

The Laboratory's ongoing work on permanent-magnet insertion
devices and on beam lines at the Stanford Synchrotron Radiation
Laboratory (SSRL) and the National Synchrotron Light Source (NSLS)
will continue. In addition, LBL has a longer-term goal to develop a
thermal distortion test facility to clarify issues that will be especially
important in developing high-flux x-ray beam-line components.

X-Ray Optics

The development of intense sources of radiation in the soft x-ray
and vacuum ultraviolet ranges will continue to create needs for new
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optical components and techniques. The Center for X-Ray Optics is
involved in developing several sources of radiation and in developing
new techniques for the transport, focusing, dispersion, and detection of
radiation with photon energies between 20 eV and many keY. Pro-
gram objectives include development of: (1) bright, partially coherent
x-ray sources and new science they allow, (2) x-ray interference coat-
ings for free-electron laser oscillators at vacuum UV and soft x-ray
wavelengths, (3) diffractive x-ray components for x-ray microscopy and
x-ray holography, (4) picosecond x-ray recording systems, and (5) mag-
netic insertion devices. The research thrust and level of effort for the

Center for X-Ray Optics are expected to remain relatively constant for
the next several years.

Center for Advanced Materials

The Center for Advanced Materials (CAM) will expand programs
to serve the need for major research efforts that are vital to U.S. indus-
trial strength. Six research programs that are projected to grow
integrate research on synthesis, processing, characterization, and
materials-related device development as appropriate.

The Instruments and Sensors program addresses the invention of
new techniques and instruments, initially focused on those characteriz-
ing surfaces and interfaces. Major thrusts include the development and
application of scanning tunneling microscopes, the study of surfaces by
infrared absorption spectroscopy, and the improvement of linear and
nonlinear optical techniques.

The Catalysis program focuses on the synthesis and characteriza-
tion of heterogeneous catalysts, including: zeolites and related micro-
porous crystalline materials; transition-metal compounds; and other
novel catalysts such as new organometallic compounds. The major
goal is to obtain a molecular-level understanding of the catalytic pro-
cess.

The Electronic Materials program addresses major technical prob-
lems blocking industrial development of very large scale integrated cir-
cuits based on gallium arsenide. The research elucidates mechanisms
5-4

An x-ray microscope using
multilayer coated mirrors has
been developed to achieve a
spatial resolution of several
microns. Improvements are
planned for resolution in the
one-micron range.



A scanning tunneling micro-
graph of a 12 A X 12 A gra-
phite surface (left). Only
three of the carbon atoms in

the expected hexagonal array
are visible as white spots;
every other atom appears to
be suppressed. The right
image is computed from first
principles (ab initio) pseudo-
potential method and repro-
duces the asymmetry
between adjacent atoms.

Stress state, fracture energy;
and initiating flaws involved
in the delamination of thin
films are studied in the
ceramics and metal interface
program.

SCIENTIFIC& TECHNICALPROGRAMS
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of defect formation during crystal growth, relationships between struc-
tures and electronic properties of semiconductor interfaces, and effects
of substrate defects on the quality of thin films grown on them.

The Polymers and Polymer Composites program investigates the
relationship between processing and microstructure of structural poly-
mers and polymer composites. The program is focused on polymer
liquid crystals, short-fiber polymer composites, block copolymers,
coprocessing of immiscible fluids, and interactions among polymers,
solvents, and nonsolvents.

The StructuralMaterialsprogramincludes a light-alloys program
to advance the metallurgy and development of low-density aluminum
alloys for weight-limited structures, primarily in aerospace and ground
transportation systems. This program is organized into groups study-
ing theory, characterization, mechanical properties, ingot metallurgy,
and alloy design. A second program in alloy design builds the scien-
tific foundation needed for developing new systematic approaches to
design and creating new alloys to meet advanced energy needs.

The Ceramic and Metal Interface program has as its purpose the
development and application of a combined mechanical and micros-
tructural theory of interface adhesion. Advanced characterization tech-
niques will be used to relate conditions under which interfaces are
prepared and to investigate composition and post-preparation process-
ing with microstructure and bond strength parameters.
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Research on the preparation of materials through the use of
custom-designed enzymes is being developed as a new Center of
Advanced Materials initiative. The proposal is based on the premise
that novel polymers composed of amino acid, monosaccharide, lipid,
and nucleic acid monomers can have materials properties suitable for
nonbiological applications. The work involves both the polymerization
of new monomers in new chemical linkages using enzymes that have
been specifically redesigned and also the specific modification of exist-
ing polymers using newly designed enzymes. The new polymers
would then be characterized for their materials properties.

National Center for Electron Microscopy

The National Center for Electron Microscopy (NCEM), a user-
oriented national facility, is part of the DOE Metallurgy and Ceramics
Program and contributes substantially to research in other fields, such
as biology and geology. The heart of the NCEM consists of two
microscopes, each unique in the U.S.: (1) the High-Voltage Electron
Microscope (HVEM), the most powerful microscope of its kind in the
U.S., which accelerates electrons to energies of 1.5 MeV, and (2) the
Atomic Resolution Microscope (ARM), with a resolution of 1.6 A, the
highest resolution in the world. At 1.6-A resolution, the ARM can
image individual atoms in metallic and crystalline structures. The
following projects, conducted largely at NCEM, are expected to remain
stable.

Research on the structure and properties of transformation inter-
faces has the goal of determining the atomic configurations at struc-
tural boundaries and relationships between structure and properties at
the interface. Research is carried out on several materials that may
become increasingly important to the semiconductor industry, such as
gallium arsenide (GaAs), and to the solar-cell industry. In another pro-
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High-resolution image of the
Si-Si02 interface (a), along
with a model of the atomic

structure of the interface (b).



A fatigue-crack path in steel,
showing roughness-induced
crack closure. High fatigue-
crack thresholds are achieved
by introducing microstruc-
tures that cause the crack
path to meander.
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ject, focused on structure-property relationships in semiconductor
materials, two stages have been identified in the formation of amor-
phous silicon by bombardment with light ions: (1) accumulation of
point defects and (2) formation of an amorphous zone in a region of
above-cri tical-defect concen tration.

Metallurgy and Ceramics

Projects on alloys are expected to grow, both in CAM and in the
Materials and Molecular Research Division (MMRD). In MMRD the
research emphasizes the design of dual-phase steel alloys, which show
superior properties in both composition and processing and may offer
great promise both for the transportation industry and for general
structural applications. Research on laser heat treatment of medium-
carbon- steels has shown that the high heating and cooling rates
inherent in laser heating may improve hardness, strength, wear resis-
tance, and fatigue properties of steel because of grain refinement.
Research topics also include development of advanced metal alloys for
energy and aviation needs and the effect of high magnetic fields and
low temperature on structure and strength of several steels. This latter
thrust is oriented toward developing magnets for superconducting
accelerators. Another major research project is concerned with crack
growth in engineering materials.

Building on LBL's strengths in materials sciences and basic
research in alloys, the Laboratory is proposing an expanded program in
alloy theory. The program complements existing alloy-design and
characterization studies and related -research on mechanical properties,
corrosion, and metallurgy. The program emphasizes the development
of predictive theory for temperature-composition phase diagrams.
Temperature-composition phase diagrams are of great practical interest,
since they constitute "road maps" of thermodynamic systems such as
binary and ternary alloys. Phase diagrams are usually determined
experimentally, but the possibility now exists of deriving certain classes
of diagrams from first principles. This program combines existing
electronic-band-structure and total-energy computer codes with
cluster-variation-method codes to produce phase diagrams from a
minimum amount of empirical information.

Studies of high-temperature reactions focus on the kinetics and
thermodynamics of solid-state decomposition reactions, which result in
materials with a very high energy content due to extremely high sur-
face area. Several projects are oriented toward ceramic materials,
including the mechanical reliability of structural ceramics at high tem-
peratures, with emphasis on the reasons for failure, such as creep
rupture.

Solid-State Physics

Solid-state physics research at LBL will continue stable programs
in both experimental and theoretical physics. Experimental research
includes studies of far-infrared spectroscopy, in which new improve-
ments in infrared technology are used to increase the sensitivity of
infrared measurements. Studies on optical second harmonic generation
further the understanding of lasers as probes of surface catalysis sys-
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terns. Other experimental programs study the properties of supercon-
ductivity through the use of dc superconducting quantum interference
devices (SQUIDs).

Theoretical research has focused on applications of quantum
mechanical theory to study the properties of solids, clusters, and
molecules. The approach has had great success in describing the
observed properties of solids and was used to successfully predict that
the high-pressure hexagonal phases of silicon would be superconduct-
ing, a prediction confirmed experimentally. A new theoretical research
program devoted to surfaces, chemisorption, and theory of solids is
designed to further basic understanding of the electronic and structural
properties of materials and systems.

Materials Chemistry

LBL will continue its strong contributions to materials chemistry
research, including studies of low-temperature properties of materials,
high-temperature thermodynamics, and electrochemical phase boun-
daries and processes. In one major project, solid-state and surface
reactions are studied, with the emphasis on the kinetics and mechan-
isms of catalytic surface reactions. Nuclear magnetic resonance (NMR)
studies are also included under materials chemistry. Advances in NMR
developed at MMRD include zero-field NMR, which allows the deter-
mination of proton positions in polycrystalline material, and double-
quantum NMR, an important technique for high resolution in solids.
A variation of zero-field NMR using a pulsed dc magnetic field was
used recently to measure the molecular order in a nematic liquid crys-
tal.

Chemical Sciences

DOE's Chemical Sciences Division will continue a wide spectrum
of programs at LBL. Programs in LBL's Materials and Molecular
Research Division (MMRD) include theoretical chemistry, photochemi-
cal and radiation sciences, chemical physics, atomic physics, combus-
tion research, chemical energy research, and chemical engineering sci-
ence.

The theoretical chemistry research program has the goal of accu-
rately predicting chemical reaction dynamics, especially those that are
too complicated to be solved experimentally. The photochemical and
radiation sciences research program includes research into the photo-
chemistry of materials in the stratosphere (with applications to the role
of trace gases other than carbon dioxide on the "greenhouse effect").

The extensive chemical physics area includes several major pro-
grams. In one, a study of the spectroscopy and structures of reactive
intermediates, laser magnetic resonance is used to study reactive
molecules, such as molecular ions and free radicals, that may be
important in combustion processes, reactive plasmas, and interstellar
space. Their transient nature has made them difficult to detect and
study. Techniques such as crossed molecular beams are used to study
the detailed dynamics of simple elementary reactions that are theoreti-
cally important, with the goal of selective chemistry through laser exci-
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tation. This area is also the subject of a new research program on
gas-phase laser chemistry at a proposed Center for Molecular and
Structural Dynamics (see Section 4).

Other new programs are being developed to assist DOE in imple-
menting recommendations of the NRC report Opportunities in Chemis-
try (the "Pimentel Report"). The Reactivity at Surfaces and Interfaces
Program will involve molecular studies of interfacial phenomena using
new techniques in laser spectroscopy and x-ray scattering to gain an
understanding of chemical reactivity in key areas of energy science and
technology, including nearly all catalytic reaction systems, solar energy
conversion technologies, light-assisted chemical synthesis, electrochem-
ical energy-conversion technologies, and corrosion phenomena. Phy-
sics studies of a synchrotron-based free-electron laser could lay the
groundwork for a photon source having enhanced photon flux at
wavelengths as short as 100 nm for spectroscopy and pump/probe
chemical dynamics studies.

A further program implementing the Pimentel Report recommen-
dations would build upon chemical energy research that revealed new
reactions between transition metals such as rhenium and organic
molecules. These reactions are important to the development of
activated reaction intermediates and improved catalysis involved in
coal conversion processes.

Continuing programs in the chemical energy area are focused on
the fundamental chemistry of important environmental and fuel
species, including aqueous and gaseous species of carbon and sulfur.
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Catalytic conversion of carbon monoxide and hydrogen to gaseous and
liquid fuels is studied to develop more efficient catalysts for hydrocar-
bon production.

Programs in LBL's Chemical Biodynamics Division encompass
research directed at a fundamental understanding of electronically
excited molecules with special attention to features that relate to the
storage of photon energy in the form of high-free-energy chemical
bonds. One project focuses on the manganese catalytic function in the
oxidation aspect of artificial photosynthesis, the photoinduced reduc-
tion of CO2 into organic products potentially useful as fuels, and
charged colloid or polyelectrolyte interfaces for increasing quantum
efficiency in photosynthetic processes. A second project on electroni-
cally excited molecules and atoms uses infrared spectroscopy as a diag-
nostic tool-and tuned-laser excitation to map electronic reaction hyper-
surfaces. The third project in this program investigates the indefinite
storage of long-lived electronically excited molecules including those
that can be initially prepared with near-infrared photons, the spectral
region in which most of the solar energy is found.

Research supported in the Applied Science Division includes
studies of various combustion processes. Greater understanding of tur-
bulent combustion is obtained by the study of combustion in premixed
gases sustained in a turbulent boundary layer over a strongly heated
surface. Other combustion research uses unimolecular kinetics to
develop methods that apply to the study of high-temperature reactions
important in combustion processes.

Nuclear Sciences

Research projects supported by DOE's Nuclear Sciences Program
at LBL provide for generic long-term research in support of the heavy-
ion fusion accelerator research program and to improve the under-
standing and safe use of isotopes. The isotopes projects and studies of
actinide chemistry will continue to provide valuable information for
scientists and industry, and the heavy-ion fusion program has the
potential for significant expansion if resources are provided to achieve
the goals of the national program.

Heavy-Ion Fusion Accelerator Research

In comparison with other possible inertial fusion drivers (most
notably, lasers), beams of heavy ions offer important advantages for
practical applications, including high coupling efficiency, high repeti-
tion rates, and the ability to focus at long stand-off distances. The LBL
Heavy-Ion Fusion Accelerator Research Group has focused its attention

The centerpiece of the
HIFAR program is now the
Multiple-Beam Experiment.
The MBE-4 consists of an ion
source (far left), induction
linac modules, and a termi-
nal beam-diagnostic section.
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since 1979 on exploring the physics and technology of the single-pass
induction linac as the means for accelerating high-current heavy-ion
beams. As the national strategy for developing fusion energy alterna-
tives evolves; a strong likelihood exists that significantly enhanced
activity will occur. This activity would lead to an Induction Linac Sys-
tem Experiment (ILSE) as described in Section 4.

Actinide Chemistry

Nuclear Sciences research in the Materials and Molecular
Research Division focuses on the synthesis and safe handling of
actinide materials, with the goal of providing the basic knowledge
necessary for their safe and economic use in present and future tech-
nology. Theprogram will continue its two major thrusts: (1) design
and synthesis of sequestering agents for the actinides, with the com-
pounds intended for use in treating actinide poisoning and for possible
application in the treatment of spent reactor fuels, and (2) the prepara-
tion of new compounds incorporating actinides.

Isotopes Project

The Isotopes Project of the Nuclear Science Division will continue
to provide evaluated nuclear structure and decay data for the world-
wide nuclear physics community. In addition to its mass-chain evalua-
tion activities, the group recently produced the Tableof RadioactiveIso-
topes. Data from this comprehensive volume of decay data are also
available via on-line computer search.

Engineering and Geosciences

The Geosciences Program is expanding at LBL with a broad mul-
tidisciplinary research effort to further the scientific basis of many
energy-related technologies, including safe disposal of radioactive and
toxic chemical wastes, exploitation of geothermal energy, and develop-
ment of petroleum and strategic mineral resources. Earth sciences
researchers at LBL are among the leading investigators in the chemistry
and physics of geological materials at high temperatures and pressures;
the structure and dynamics of the earth's deep crust and how litho-
spheric processes may influence energy programs; and the complex
coupled processes occurring in fractured rock formations that may be
encountered in mining, geothermal, petroleum, or waste-disposal
activities.

The Laboratory is a key participant in the multiagency Continental
Scientific Drilling Program (CSDP) with studies under way at the Valles
Caldera of New Mexico, the Salton trough of southern California, and the
Long Valley Caldera of eastern California. Research at these sites has led
to conceptual models of their structure and hydrothermal systems. The
DOE-NSF-USGS interagency agreement for CSDP responsibilities
emphasizes DOE's leadership in thermal regimes investigations, and
considerable growth is expected in CSDP collaborative projects at LBL

. over the next five years.

Preliminary efforts continue on the Underground Research Facility
initiative in association with scientists from several laboratories and
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universities (see Section 4). Other ongoing geosciences research at LBL
includes topical geohydrology studies on the physical behavior of
fluid-saturated rock, the dynamics of subsurface reservoirs, and the
mechanisms associated with chemical transport and fracture-flow
phenomena. Geochemical studies focus on the properties of magmas
and electrolytes, the generation and migration of petroleum com-
pounds, the occurrence of abiogenic methane, and the interactions
between minerals and groundwaters.

Evidence for the asteroid impact hypothesisfor biologicalextinctions
through definition of trace-elementtime markershasbeenaccumulating,
and an enhancedLBLprogram is being implemented. A new, much faster
system to measure the iridium content of rocks at or near suspected
time markers is now operating. The possibility that there have been
several widespread extinctions with a periodicity of about 27 million
years is being tested, as is a related hypothesis that there is a dim
companion star to the sun. These related projects and a sky search to
determine whether such a companion star can be observed are being
conducted under collaborative BES support from several program areas.
Expansion of these programs is anticipated.

Geophysicists, supportedby LBL'sGeophysicalMeasurementsFacility
and the Centerfor ComputationalSeismology,are developingmethodologies
and instruments to delineatedeep crustal structures, anisotropyin certain
geologicalformations, and the movementof toxic chemicalcontaminant
plumes in undergroundaquifers. Other geophysical research efforts
employ new techniques and computational codes to measure fracture
apertures, detect the growth of microcracks in crystalline rock, and
map hydrofractures at the well site.

Combustion research funded through DOE's Engineering and
Geosciences Office has the objective of gaining fundamental
knowledge for the development of controlled combustion systems for
power plants and internal combustion engines. Such systems offer
improved thermal energy conversion efficiency, minimized pollutant
emissions, and an optimized tolerance to a wide variety of fuels.
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Biological Energy Research

The research in this program at LBL will continue to aim at
understanding the unique features of photosynthetic organisms that
allow them to collect light energy and store it in the form of chemical
energy. One project uses spectroscopic techniques to map the com-
ponents as well as the kinetics of the light reactions. LBL scientists are
continuing to study the genetics of the photosynthetic apparati of Rho-
dopseudomonascapsulataand Euglenagraciliswith the ultimate aim of
using DNA-cloning techniques to help understand the mechanisms
cells use to capture and use light energy. The light regulation of
gene-encoding components of the photosynthetic apparatus in plant
protoplasts, as well as components of the carbon metabolic pathways,
is also investigated.

In another continuing effort, LBL is investigating the light-
conversion properties of bacteriorhodopsin, a protein found in the pur-
ple membrane of the halophilic (salt-loving) bacterium Halobacterium
halobium. The relatively simple structure of bacteriorhodopsin leads
itself to study under laboratory conditions and shows promise for
eventual technological applications such as photoelectric generators.

Applied Mathematics

The Analytical and Numerical Methods Program at LBL will con-
tinue to focus on the development of new techniques for use in
mathematics, physics, and engineering. Common to the various pro-
jects is the design of new methods that utilize computer resources to
provide fast and efficient algorithms, with the goal of illuminating
increasingly complex and realistic scientific and engineering
phenomena.

HIGH-ENERGY PHYSICS

In high-energy physics, the Laboratory continues its diverse pro-
grams, including experimental and theoretical research, the develop-
ment and operation of innovative detectors, and active participation in
the national effort to plan and design future facilities. LBL is the host
site for the Superconducting Super Collider (SSC) Central Design
Group. It further contributes to the SSC effort through R&D on super-
conducting magnets and the Advanced Detector Development Program
initiative (see Section 4).

Experimental Programs

The Laboratory's experimental programs in high-energy physics
focus on the properties of quarks and leptons, the basic constituents of
matter. Their interactions are mediated through the gauge bosons,
namely massless photons and gluons and massive W's and l's. The
experimental efforts for studying these particles emphasize the
development of sophisticated detectors and their operation at various
colliding-beam facilities, where the highest possible energies are avail-
able. Experiments are in progress or under active preparation at the
Stanford Linear Accelerator Center (SLAC) and Fermilab.
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The Time Projection Chamber(IPC) operating at the SLACPositron-
Electron Project (PEP)storagering continues to be the mostsophisticated
detectorpresently operatingin any collider in the world. Its three-
dimensional pattern recognition capability, excellent precision in ioniza-
tion measurement, and lepton identification over a large solid angle
provide an unsurpassed level of detail in the analysis of electron-
positron annihilation in the PEP-energy range.

The MARK II Detector,after a productive period at PEP, hasbeen
upgradedin a major way in preparation for the first experimentin a new,
higher range of electron-positroncollision energyat the StanfordLinear
Collider (SLC)under constructionat SLAC. This effort is a collaborative
enterprise involving SLAC, LBL, and a number of university groups.
A new end-cap calorimeter has been constructed at LBL, successfully
tested at SLAC, and installed in the detector. An ultrahigh-resolution
drift chamber is also being developed as a collaborative effort between
LBL and SLAC.

At Fermilab,LBL is involved in both major experimentsbeing
prepared for the new'proton-antiproton colli4er (Tevatron1). A part of the
hadron calorimeter for the Collider Detector at Fermilab (CDF) has
been built at LBL and was assembled at the CDF facility. Through col-
laborative work between the LBL Instrumentation Group and the
high-energy physicists, development work and fabrication of important
parts of the electronics for CDF are also under way.

LBL has assumedmajor responsibilities in the D-zero detectorcolla-
boration, also aimed at Ievatron I. These include coordination of the
central part of the detector and fabrication of a microvertex tracking
chamber, as well as the design and development of a sophisticated
calorimeter. In addition to these large detector programs there are
smaller ongoing experimental efforts in both high-energy physics and
selected areas of astrophysics.

Theoretical Programs and Data Compilation

The Laboratory has a strong theoretical particle physics group
whose work ranges broadly from highly theoretical topics to others
closely related to current experiments. A substantial effort is being
devoted to theoretical studies in support of the Superconducting Super
Collider (SSC) project, including the organization of workshops on
subjects relevant to that project.
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The Particle Data Group performs a service to the worldwide
high-energy physics community through its compilations of particle
properties. Its recent strengthening includes making data bases more
accessible through computer links.

Detector Research and Development

The Advanced Detector Development Program is a new initiative
(see Section 4) aimed at long-range research in detector problems
relevant to proposed hadron colliders such as the SSC. In addition,
continuing efforts on technology development are directed toward
ongoing detector construction and upgrade projects. For example,
ultrahigh resolution vertex detectors for MARK II at SLC, TPC at PEP,
and D-zero at Tevatron I are being developed to provide levels of spa-
tial resolution on the order of tens of microns to detect the decays of
very short lived particles. Another example is the development of
superb-energy-resolution solid-state detectors to search for neutrinoless
double beta decay as a way of measuring a finite neutrino mass. In a
different direction, there is a cooperative effort between LBL engineers
and high-energy physicists to develop improved data-acquisition elec-
tronics suitable for experiments at high-luminosity hadron colliders.

Accelerator Physics and Design

LBL accelerator physicists have played a leading role in the sse
Central Design Group to solve the major physics issues. In 1986, fol-
lowing an investigation of various possible lattices (the ensemble of
magnetic elements that bend and focus the beam), a lattice choice was
made, as was a decision to cluster the interaction regions. Other
activities include studies of the effect of beam-beam interactions,
impedance studies, tolerance problems, persistent-current effects on the
magnetic field, and the feasibility of the proton-antiproton option.

A related effort that would build on both LBL's accelerator phy-
sics expertise and the Laboratory's experience with beam-cooling sys-
tems (see below) is the proposed program to develop beam-control
electronics for hadron colliders. Such systems generally employ feed-
back of information from beam sensors to correct effects of noise and

collective instabilities. LBL studies have shown that, more than any
operating machine, the SSC must use such systems to achieve econ-
omy and optimum performance.

Magnet Development

The 6-tesla dipole magnet with a Nb- Ti superconductor proposed
jointly by LBL, Brookhaven, and Fermilab has been selected for the
SSC conceptual design, and an updated 6.6-tesla design was adopted
in 1986. LBL will continue development of 1-m dipole models to ver-
ify final design details. In addition, the Laboratory expects to turn
increap;.ng attention to the design of special magnets and quadrupoles.

LBL's magnet research efforts will emphasize continued develop-
ment of high current densities for superconductor wire and improved
cable design. A collaboration between LBL, the University of Wiscon-
sin, and several private companies has now produced commercial-scale
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suCcesseswith high-homogeneity Nb-Ti using improved heat treat- -

ments. The critical current density for the Tevatron was 1800 Ajmm2,
and the LBL-Wisconsin effort has now produced cable with a critical
current density of 3700 Ajmm2. The Laboratory will also pursue
research on superconducting cables with very small filaments (2-3 ,urn
diameter). If successful, this project will eliminate problems of field
distortion at low fields and will eliminate the need for distributed field

correction windings in hadron colliders.

In the next year or two, LBL plans to resume a low-level effort
on magnets using other superconductors, especially Nb3Sn. The
development of such conductors may be important for the success of
future hadron colliders, as well as having other applications.

Beam Cooling

Another of LBL's contributions to high-energy physics has been
the development of beam-cooling systems for Fermilab's Tevatron 1.
These systems have now been installed and operated successfully, and
the two laboratories will continue to collaborate as operating systems
are tested. The Laboratory will also continue to develop electrodes
and signal-handling techniques for beam cooling and suppression of
beam-induced instabilities, and LBL has begun new collaborative work
aimed at developing hIgher-frequency 4-8 GHz systems for future
upgrades.

Two-Beam Accelerator

The free-electron laser (FEL) at Livermore's Electron Laser Facility
offers an opportunity to test principles that might be used in the next
generation of linear accelerators (see Section 4). High accelerating
gradients, generated by efficient sources of high-frequency microwaves,
would open the door to a high-energy electron-positron collider. The
Two-Beam Accelerator (TBA), a concept pioneered at LBL, would use
an FEL to generate the needed microwaves. Studies on a 35-GHz
high-gradient accelerating structure, on the coupling of energy with
such a structure, and on the FEL itself are already under way. Signifi-
cant expansion of the Laboratory's TBA efforts is being proposed.
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NUCLEAR PHYSICS

Nuclear Physics research at LBL will continue its focus on the
theoretical and experimental investigation of nuclei under extreme con-
ditions. In carrying out this research, LBL's Nuclear Science Division
will sustain its leadership role in the development of the field of rela-
tivistic heavy-ion physics. Complementary programs in nonrelativistic
heavy-ion and light-ion nuclear science, in nuclear data evaluation, and
in the development of advanced instrumentation are also carried out.

Relativistic Heavy-Ion Physics

During the past several years, LBL's SuperHILAC and Bevatron,
operating in tandem as the Bevalac, have pioneered the field of rela-
tivistic heavy-ion physics. Use of heavy-ion beams of up to 2.1
GeV jnucleon (960 MeVjnucleon for uranium) has enabled the Bevalac
scientific program to probe new phases of nuclear matter by making
high-temperature (lOa-MeV or 1012 K) compressed matter and measur-
ing the size of the "hot spots" created when heavy nuclei collide.

Results from the Plastic Ball System and the Streamer Chamber have
yielded the first informationaboutcollectiveflow and the equationof state
of nuclear matter at high densities, and the Streamer Chamber studies of
pion and proton spectra from central collisions have yielded new insights
into pion formation. Nuclear structure physics with secondary beams of
radioactive nuclei, begun in 1985, promises to be an important new
field at the Bevalac. Among the first results were values for the
nuclear radii of all known helium and lithium isotopes. An ambitious
experiment to measure the magnetic moments of unstable nuclei using
nuclear-magnetic-resonance techniques is now being mounted.

Thereare many opportunitiesfor new experimentsat the Bevalac
during the next severalyears. The energy region sustained by fixed tar-
gets bombarded with heavy ions at several GeV will continue to be
important for evaluating the nuclear equation of state and for exploring
new relativistic concepts of nuclear structure, exotic unstable nuclei,
and atomic physics with highly stripped heavy ions. The Bevalac
Upgrade (with its improved beams and greater intensities) will signifi-
cantly enhance these experiments and reduce operating costs. New or
improved detector systems will be available: the DiLepton Spectro-
meter (DLS) and the Heavy-Ion Spectrometer System (HISS) large-area
drift chambers will be completed and used for physics beginning in FY
1987, and proto typing studies are in progress on the "next 47rdetec-
tor" that will eventually replace the Plastic Ball and the Streamer
Chamber.

The Nuclear ScienceDivision will alsopursue the study of heavy-ion
collisions at ultrarelativistic energies. LBLscientists will take advantage
of the high-energy 160 beams that will be available at the Super Pro-
ton Synchrotron (SPS) at CERN in FY 1987. LBL has designed and
built a radio-frequency quadrupole (RFQ) that has been coupled with

an Electron Cyclotron Resonance (ECR) ion source to i~ect 160 ions
into the SPS. Successful injection and acceleration of 1 0 ions to 200
GeV jamu has occurred in late 1986, and the Streamer Chamber Exper-
iment has produced and recorded the spectacular high-resolution
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LBL scientists at the HISS

large area drift chamber at
the Bevalac. The chamber

has 15 planes, with about
100 sense wires per plane
will be used in fragmentation
studies. Initial testing of the
system at various energies,
including 2-GeV protons,
indicates achievement of
design performance.

showers of secondary particles from collisions of oxygen ions on a lead
target. New detector systems, including a Time Projection Chamber
(TPC), have been constructed, and detectors already on hand, such as
the Plastic Ball, have been moved to CERN for the planned collabora-
tive experiments. LBL researchers will also participate in the use of
beams of unique characteristics at Brookhaven's Alternate Gradient
Synchrotron (AGS) and expect to be major participants in the RHIC
research program. These experiments, guided by a strong theoretical
thrust, will provide us with an excellent opportunity to extend the
Bevalac work to significantly higher energies (see Section 4).

Nonrelativistic Physics

The nonrelativistic nuclear physics research program will continue a
broad and diversified enterprise that makes use of the 88-Inch Cyclotron
and the Bevalacj5uperHlLAC complex. New research opportunities,
made available by the Electron Cyclotron Resonance (ECR) ion source,
have increased the demand for beam time at the 88-Inch Cyclotron,
where both heavy-ion and light-ion beams are used to study nuclear
structure, nuclear reaction mechanisms, exotic nuclei, and nuclear
astrophysics. The increased demands are expected to continue in the
foreseeable future.

Nuclear structure studies at the 88-Inch Cyclotron are aimed
mainly at understanding nuclei with large angular momenta. First
results from the recently completed 21-element Compton-suppressed
Ge gamma-ray High Energy Resolution Array (HERA) used in the
study of these high-spin states have been rewarding and will be
further enhanced by completion of the central bismuth germanate
(BGG) ball in FY 1987.

Heavy-ion reaction mechanismstudies in the intermediate energy
region (5-35 MeVjnucleon) will be advanced by continued upgrading
of detector systems, by use of higher-energy beams from the new ECR
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source, and by increased use of the Bevalac Low-Energy Beam Line,
where scientists use projectiles with masses and energies unavailable
elsewhere.

In the study of exotic nuclei, attempts are in progress to map the
proton-drip line, to establish further examples of beta-delayed two-
proton emission, and to observe direct two-proton radioactivity. A
new program in nuclear astrophysics is being developed; activities
include measurements of cross sections and studies of electromagnetic
and {3-decay properties of importance to nucleosynthesis and astronom-
ical processes.

The SuperHILAC, which serves as a Bevalac injector, is also the
only U.s. accelerator producing very heavy ions at energies above the
Coulomb barrier. The SuperHILAC will continue its pioneeringprogram
in deep-inelasticscatteringstudieswith a newgenerationof detectorsand
coincidenceexperiments. Using electromagnetic moment measurements,
stringent tests of nuclear models are being made, particularly in regions
of transitional nuclei. Heavy-element isotopes and nuclei far from sta-
bility, such as {3-delayed proton emitters in the rare-earth region, are
being studied with the isotope separator, the On-Line Apparatus for
SuperHILAC Isotope Separation (OASIS).

Accelerator Operations jlmprovements

The 88-Inch Cyclotron provides beams of light and heavy ions
for nuclear, biomedical, and applied research. Since regular operation
with the ECR source began in January 1985, a wide range of new
beams and energies has been developed and used in nuclear science
experiments including 400-MeV Arll+, 429-MeV 07+, and even 1-GeV
36Ar18+. Operating efficiency (beam time on target), beam stability,
and user satisfaction were dramatically improved by operation with the
new ECR source.
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Although the ECR source is now used for all cyclotron runs
requiring heavy ions (accounting for 71% of the scheduled time in FY
1985), development of the source is continuing. Recent improvements
have resulted in better source stability, simplified operation, and signi-
ficant increases in the high-charge-state operation. Based on the suc-
cess of this source and its emulation at other accelerator facilities,
design efforts for a second generation ECR source are under way.

The Bevalac has the unique capability worldwide to produce
beams of all ions in the relativistic regime. A project to upgrade the
SuperHILAC injector to increase maximum Bevalac uranium output
from 107 ions/pulse to 108 ions/pulse is proceeding. The increased
intensity will allow accurate Lamb-shift measurements in U9O+and
U91+ J ~J.1- er SJ.u ...J~~~ ~( t1-e _J.o~~~ ~1-u~~ c ~ ,-,.f h
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ions to be made as tests of quantum electrodynamics and as necessary
information for fusion plasma studies. Experiments of lower-cross-
section exotic-signature events will also become more feasible.

A major upgrading of the Bevalac accelerator complex has been
proposed, replacing the Bevatron with a modern, strong-focusing syn-
chrotron (see Section 4). This accelerator ring will deliver beams over
essentially the same energy range but with much greater intensity and
improved duty factor, operational flexibilIty, reliability, and economy.
Such a facility is essential if the U.s. is to maintain its world leadership
in heavy-ion research.

BIOLOGICAL AND ENVIRONMENTAL RESEARCH

Life-sciences-related research activities include six major research
program areas: gene expression, cell biology, and physiology; nuclear
medicine; carcinogens is and mutagenesis; nucleic acid studies and
structural biology; biological systems damage; and environmental
research. These programs form an expanding core of research con-
ducted for DOE's Office of Health and Environmental Research.

Planned new program expansions are anticipated in biotechnology-
related areas including structural biology, cell biology, gene expression,
and physiology.

Gene Expression, Cell Biology, and Physiology

Important research growth areas for LBL are studies on genetic regu-
lation and gene expression of model human, murine, and yeast cell systems.
Three systems provide examples of the research focus of program
growth areas: (1) control of secretory activity in human mammary
epithelial cell systems; (2) differentiation in blood-forming cells
involved in immune response, oxygen transport, and anemia; and (3)
the genetic regulation of lipoprotein production and circulatory system
disease. These growth areas have already resulted in the determina-
tion of key exogenous and endogenous factors controlling cell develop-
ments manifesting disease. They are closely coupled to the
Laboratory's initiative in biotechnology and structural biology (Section
4).

Research on genetic regulation of lipoprotein production and
premature atherosclerosis will receive added emphasis and will employ
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intense beams of all the ele-
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ence of extracellular matrix
on cellular differentiation.



Computed Axial Tomogra-
phy (CAT) scan of the upper
neck region of a patient with
a tumor invading the neck
bones. The outlined area is
the target volume to be
treated with helium beams
and avoids the spinal
column.
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new biotechnology methods (Section 4). This new area of research
will build on the expertise of the Lipoprotein Group, which has been
in the forefront in the field of lipoprotein genetics, metabolism, and
atherogenesis. Major goals are: (1) examination of the molecular
genetics of human lipoprotein phenotypes using cDNA probes to corre-
late phenotypes with DNA restriction fragment length polymorphism;
(2) insertion of human genes into yeast or other vectors in order to
investigate gene expression in a model system; and (3) study regulation
of lipoprotein synthesis by dietary, hormonal, and pharmacological
agents in human liver cell lines.

Nuclear Medicine

Researchin nuclear medicinewill continue to involve both diagnostic
and therapeutic applicationsof radiation sourcesand instrumentation
developedat LBL. A new Biomedical Isotope Facility is being proposed
as a source for critically important short-lived positron emitters, for
experiments on site and as a user source for isotopes for many other
investigations (Section 4). The imaging of positron-labeled tracers in
man and animals has been accomplished through the development of
high-resolution positron emission tomography. A new multilayer,
high-resolution design is planned. These instruments will be used in
associated medical research projects for studies of the human brain and
heart as well as studies in laboratory animals. This work includes stu-
dies of the causes of atherosclerosis ~nd investigations of the physio-
logical basis of brain disorders, including Alzheimer's disease. The
methods used in these studies include nuclear and organic chemistry,
tomographic imaging procedures, autoradiography, and advanced com-
puter kinetic modeling.

Methods for the production of radioisotopes and for the labeling
of biochemical substrates to be used in noninvasive imaging have con-
tributed greatly to the effective use of these diagnostic-imaging tools.
The development of radioisotope generators gives greater flexibility to
the application of short-lived, positron-emitting isotopes by using
long-lived parent radioisotopes, absorbers, and elution parameters that
are favorable to the production of short-lived radionuclides.

Research on the effectiveness of heavy-ion therapy is an impor-
tant part of the basic and applied research of the Biology and Medicine
Division. Basic studies of the biological effects of heavy-ion beams
from the Bevalac are coupled with research on optimum methods for
heavy-ion radiosurgery. The program for the treatment of
arteriovenous malformations (AVMs) in the brain will continue to
expand. The program will build on the established clinical research
successes and on basic biological studies of the effects of heavy ions.
Tracer studies with radioactive beams are being conducted with the
goal of the highest accuracy possible in placing the radiation dose in
the tumor or target volume.

Carcinogenesis and Mutagenesis

LBL plans for increased research emphasis on genetic recombination;
DNA-binding proteins; DNA damage and repair; and cell biology studies of
cancer initiation, promotion, and growth. Studies using human mam-
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mary epithelial cells in culture are directed toward a better understand-
ing of the expression and modulation of differentiation in these ce'lls
and a careful analysis of the transformation of the cells in vitro. Tech-
niques include the use of monoclonal antibodies in studies of the sur-
faces of mammary epithelial cells, immunostaining for identification of
cytoskeleton proteins in murine mammary gland cells, and the use of
clones of several mouse genes as probes for molecular regulation.

An understanding of the molecular and cellular effects of
accelerated ions is necessary to continued progress in the application of
these radiations for radiotherapy and radiosurgery. Carcinogenic and
mutagenic effects of heavy-ion, high-LET radiation are important for
the study of hazards of heavy-ion radiation in space flight and to the
development of radiation protection standards. The studies will
attempt to separate the process of lesion formation in DNA from the
processes of enzymatic repair. The Repair-Misrepair Model will be
tested further and compared with other models of heavy-ion interac-
tion.

N uc1eic Acid Studies and Structural Biology

The Chemical Biodynamics Division will expand its research in
understanding the relationship between nucleic acid structure and function.
The studies include determining the structure of protein-DNA com-
plexes by x-ray crystallography, NMR, 3H-NMR, and fluorescence-
correlations spectroscopy. This work is aimed at determining how
these two types of macromolecules find each other and how agents
that cause mutations perturb their interactions. This program also
includes work that is directed at determining how specific lesions
placed in DNA give rise to mutational events. These studies are aimed
at determining the basic structure of nucleic acids and how secondary
structures within the molecules regulate function of genes. The project
is being developed in coordination with new structural biology pro-
grams of the University of California (see Biotechnology and Structural
Biology, Section 4).

Investigations of the circular dichroism spectra of selected bands
of polytene chromosomes from Drosophila will test the proposal that
left-handed DNA (Z-DNA) exists in vivo and will provide information
on the tertiary and higher-order structure of the chromosome. The
ability to measure such structure in situ will give information on the
coiling, supercoiling, and right-hand to left-hand DNA transitions in
the functioning of the eukaryotic chromosome.

Magnetic Field Damage to Biological Systems

A1agnetic field interactions and their underlying mechanisms are
being evaluated in experimental animal systems and in tissue and cellular
systems that are potentially sensitive to this form of nonionizing radiation.
These studies constitute probably the most active program carried out
under DOE sponsorship in this field. The results will be of fundamen-
tal value for the development of theoretical models of magnetic field
interactions with biological systems and will also provide essential data
for assessing the potential health effects.
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production, migration, and
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emphasize the parameters
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rate of transfer between
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occupants.
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Environmental Research

Environmental research at LBL includes multidisciplinary efforts on
indoor and outdoor air-quality studies, atmospheric sciences, analytical
methods development, combustion research, and statistical studies of
environmental and epidemiological factors. The program to develop
analytical methods embraces many types of spectroscopy and involves
basic studies of radiation detectors and magnetic dosimeters. Atmos-
pheric research focuses on the chemistry of atmospheric reactions,
especially their role in the formation of aerosols. Problems of air qual-
ity are addressed in the field and in laboratory research aimed at char-
acterization of pollutants in both indoor (radon, organics) and outdoor
(sulfate, nitrate, organics) environments.

Radon Availability Radon Migration

Radioactive decay

Porosity;
Moisture

~

Radioactive

decay;
migration to
outdoor air

Geochemical

processes

Radon Emanating
generation Fraction

(radium decay) Permeability

Atmospheric physics research at LBL, supported through the CO2
and Climate Division, also explores the role, sources, and trends of car-
bon particles in atmospheric radiative transfer. Recent LBL studies
have shown that large concentrations of graphitic carbon particles exist
in the remote Arctic region as well as in urban atmospheres. The ini-
tiative on the Atmospheric and Biospheric Effects of Combustion dis-
cussed in Section 4 would also address problems of significance to the
carbon dioxide balance and extend methods and techniques to general
problems of characterization and measurement of atmospheric physics
and chemistry.

MAGNETIC FUSION

LBL's principal contribution to the development of magnetic-
confinement fusion has centered on neutral beams as means for heat-

ing, refueling, and confining reactor plasmas. LBL's work on both
positive- and negative-ion-based neutral beams has been coupled with
the research efforts at the Tokamak Fusion Test Reactor (TFTR) at
Princeton, the Magnetic Fusion Test Facility (MFTF) at Livermore, and
Doublet III at GA Technologies, Inc., in San Diego.

The DOE-supported Magnetic Fusion Energy program at LBL is
retrenching in the coming two years to a relatively low level. Its stable
components will be theoretical programs and atomic physics studies.
LBL also expects to increase considerably the research on a practical
diagnostics method for determining the spatial, velocity, and temporal
distributions of alpha particles in a confined plasma. The approach is
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tor.

to inject into the plasma an intense, energetic beam of atoms that
would serve as a charge-exchange target for fusion-produced alphas.
These efforts will be supplemented by support from other sources to
maintain a reasonable level of effort in negative-ion source, accelerator,
and neutralizer development.

An additional contribution to the magnetic fusion program is
made by the Materials and Molecular Research Division, where
research is conducted on alloys and weldments for the structure of the
superconducting magnets for the magnetic confinement fusion systems.
The alloys must withstand extremely high magnetic fields at the cryo-
genic temperatures needed for superconduction.

CONSERVATION AND RENEWABLE ENERGY

The LBL program in Conservation and Renewable Energy (CRE)
comprises a broad set of related activities that provide research support
and technology development for energy conservation and the use of
renewable energy, principally in the buildings and transportation sec-
tors. The program grew at a significant rate during the period
1976-80 in response to the expanding responsibilities of DOE and to
the changing energy needs of the nation. There continues to be a shift
in emphasis toward long-term research that emphasizes laboratory-
based physical and chemical sciences.

Examples of ongoing efforts (discussed in more detail below)
include electrochemical energy storage, advanced concepts (Zeeman
effect, isotope enhancement) for fluorescent lamps, advanced thermo-
dynamic cycles for absorption chillers, and improved engines and other
combustion devices. Within the past few fiscal years efforts have
started in the areas of advanced glazing materials for windows, direct
radiant heating of particle suspensions by concentrated sunlight for the
production of fuels and chemicals, and advanced thermal-energy
storage technologies such as a solid-state heat pump and thermal-
chemical conversion and storage of radiant energy.
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LBL is the lead centerfor managementof the TechnologyBase
ResearchProject for ElectrochemicalEnergyStorage. The end-use appli-
cations of present fundamental research include advanced batteries for
both electric vehicles and stationary energy storage and the develop-
ment of fuel cells and other efficient electrochemical energy conversion
devices. The general objectives are to identify technologies having the
greatest promise of satisfying economic and performance requirements
and to transfer them to industry and/or another DOE program. A
related effort has been initiated on advanced materials and novel con-
cepts for thermal-energy storage. The areas of research include the use
of microparticles as absorbers and catalysts for solar-to-chemical-to-
thermal conversions and a solid-state heat pump that would be cou-
pled to below-ambient temperature storage (cold storage).

LBL also pursues research in surface morphology of metals in
electrodeposition, metal couples in nonaqueous electrolytes, engineer-
ing analysis of electrolytic gas evolution, surface layers on battery
materials, analysis and simulation of electrochemical systems, electrode
kinetics and electrocatalysis, and electrochemical properties of solid
electrolytes.

To increase the catalytic activity and lifetime of platinum on gra-
phitized electrodes, studies are under way on the kinetics of gas-phase
adsorption of oxygen and the kinetics of anodic film formation-
reduction on platinum surfaces modified by the substitution of selected
ligands for platinum. The ligand modification of the surface is pro-
duced by conventional alloying, electrodeposition, or ion implantation.
Oxygen chemisorption is studied using thermal desorption mass spec-
troscopy. Electrochemical oxide film formation and reduction are stud-
ied using a microcell directly coupled to the surface analysis system by
a transfer and auxiliary pumping system developed especially for this
application.
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Conservation and Renewable Energy Funding Summary
(Fiscal Year Operating and Capital Budgetary Authority, $M)

Budget
Code Major Program 1985 1986 1987 1988

AL Energy Storage 5.0 4.0 3.8 4.1
AM Geothermal 1.6 1.4 1.0 1.1
EB Solar Energy 2.0 1.3 1.1 1.2
EC Building & Community Systems 9.3 8.1 7.2 7.8
EF State/Local 0.6 0.0 0.2 0.2
EG Multi-Sector 0.3 0.4 0.4 0.4

TOTAL 18.8 15.2 13.7 14.7

Percent of Total Lab Funding 10.1 8.4 7.3 6.6
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ENERGY UTILIZATION RESEARCH

In the Energy Utilization Research program, premixed lean-engine
combustion is studied because it holds the promise of reduced pollu-
tant emissions, improved engine efficiency, and extended fuel toler-
ance. Three aspects of the combustion process are being studied:
ignition of lean mixtures, lean-limit flame propagation, and wall heat
transfer. Other efforts include research on energy-efficient chemical
separations and the sol-gel process for the production of high-
temperature ceramics.

GEOTHERMAL ENERGY

A multidisciplinary program will continue to addresses issues
related to the characterization and development of geothermal energy
resources. Presently the program consists of field, laboratory, and
theoretical studies covering three technical areas:

0 Reservoir Technology;

0 Brine Injection Technology; and

0 Magma Energy Extraction.

Reservoir technology work will lead to more accurate predictions
of how a geothermal reservoir will respond to exploitation and will
allow optimum management of the energy resource through carefully
designed fluid production (and injection) operations. Joint field pro-
jects with U.s. geothermal developers continue at East Mesa and The
Geysers, as do informal cooperative collaborations with foreign organi-
zations in Iceland, Italy, Japan, and Mexico.

Brine injection studies are directed to the development of methods
for designing, monitoring, and analyzing injection operations that will
maximize the heat extraction from subsurface rocks and minimize
deleterious effects on fluid production. Reservoir engineers, geophysi-
cists, and geochemists are developing techniques to: (1) predict and
track the migration of injected fluids; (2) reduce the plugging of reser-
voir pores and fractures due to mineral precipitation; and (3) evaluate
the thermal cracking of reservoir rocks, which enhances well-injection
capacities.

Magma energyextraction investigations are directed to the evalua-
tion of candidate sites, where bodies of molten rock (magma) may exist
at shallow depths « 10 km) in the earth's crust. Such regions
represent potentially immense sources of useful energy. Currently the
Long Valley Caldera in California is considered a promising area. LBL
researchers are analyzing available geological, geochemical, and geo-
physical data on this site to estimate the probable depth to magma and
the size and type of melt zone that is likely to be present.

SOLAR HEAT TECHNOLOGY

In solar energy LBL conducts research and initial development on
innovative conversion techniques and provides basic information, such
as analysis of the solar resource, as input to evaluations of solar
options. New conceptsfor active solar cooling are being explored
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through the design, fabrication, and testing of advanced-cycle air
conditioners. Passivesolar approaches that treat the cooling, heating,
and daylighting requirements of nonresidential buildings in an
integrated fashion are devised and analyzed. Research and testing are
being conducted on direct absorption methods for high-temperature
conversion of concentrated sunlight. Further work funded by Solar
Energy is for the development of advancedaperturematerials that allow,
for example, greater thermal insulation in buildings while retaining
window clarity.

BUILDINGS AND COMMUNITY SYSTEMS

In the area of buildings and community systems,LBL will continue to
carry out activities related to residential and commercialbuildings, ranging
from laboratory researchto field measurements.This work is a coordi-
nated systems approach to designing building components and whole
buildings with improved energy efficiency. Modeling and/or field
measurements are conducted to verify research results in terms of the
economic costs and benefits of conserved energy. Important aspects of
the work in buildings and community systems include measurements
of indoor air quality and possible health effects of proposed conserva-
tion measures.

The Laboratoryhasa lead role to provide applied researchandfield
measurementin four areasrelated to energyefficiencyin buildings:

0 windows and daylighting;

0 artificial lighting;

0 computer modeling of building energy usage; and
0 infiltration and ventilation.

The general objective of programs is to develop a strong technical base
in building-energy science that allows identification of technologies
having the greatest promise of achieving significant energy savings in
buildings while maintaining adequate levels of illumination and air
quality for human comfort and health.
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Studies of economic impacts of alternative conservation policies
are expected to grow both for domestic and international studies. The
purpose of surveying the conservation policies of other developed
countries is to enable the U.s. to compare progress in this area and
perhaps adopt effective conservation measures. Considerable effort is
devoted to the analysis of the effects of conservation on electric utili-
ties.

OFFICE OF FOSSIL ENERGY

LBL conducts research on the conversion of coal and oil shale to

gaseous and liquid fuels. In one current effort a multidisciplinary team
of investigators is obtaining information on novel methods of nitrogen
removal from heteroaromatic coal compounds that contain polynuclear
nitrogen. Another study focuses on the catalytic gasification of gra-
phite or carbon.

Fossil Energy Funding Summary
(Fiscal Year Operating and Capital Budgetary Authority, $M)

An appreciable effort is devoted to studying environmental
impacts of synthetic fuel production and their control in LBL's Applied
Science Division. The purpose of these programs is to develop basic
scientific information necessary to identify and assess environmental
impacts and to develop control strategies and novel processing
approaches to mitigate air, water, and solid-waste problems. Flue-gas
desulfurization projects are directed toward methods of simultaneous
removal of S02 and NOx' while other new processes are being
developed to remove H2S from gas streams such as those produced
during coal gasification.

The Fossil Energy program in the Laboratory's Materials and
Molecular Research Division features a diverse group of projects,
including a study of electrode surface chemistry designed to help com-
mercialize phosphoric acid fuel-cell technology and a project studying
materials erosion and corrosion in coal conversion and utilization sys-
tems.

OTHER DOE PROGRAMS

The Laboratory conducts research programs for DOE's Office of
Civilian Radioactive Waste Management and for the Office of Policy,
Planning, and Analysis. In addition, training programs are supported
through DOE's general administration funds.
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Budget
Code Major Program FY 1985 -FY 1986 FY 1987 FY 1988

AA Coal 1.7 1.6 1.3 1.7
AC Petroleum 0.8 0.6 0.4 0.5

TOTAL 2.5 2.2 1.7 2.2

Percent of Total Lab Funding 1.3 1.2 0.9 1.0



A vector plot of simulated
water infiltration at a poten-
tial waste-repository site.
Simulations can help to
evaluate effects of permeabil-
ity, fractures, and faults on
long-term flow conditions.

The Division of Geologic Repositories supports several geoscience
and geological engineering research investigations on topics important
to the long-term storage of high-level nuclear wastes in geologic
environs. Studies focus on methodologies to characterize deep geolo-
gic formations, determination of the physical and chemical processes
occurring between waste-repository materials and the surrounding
rocks, analysis of hydrologic and chemical transport mechanisms, and
development of predictive techniques for repository performance
analysis.

Experiments are testing rock samples to determine fundamental
chemical, mechanical, and hydrologic parameters under various ther-
mal, mechanical, and hydrochemical conditions as well as to develop
improved methodologies to make such measurements. Complementary
research projects investigate the characteristics and processes that con-
trol radionuclide transport in host rock masses. Several efforts are
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Other DOE Programs Funding Summary
(Fiscal Year Bugetary Authority, $M)

Budget
Code Major Program 1985 1986 1987 1988

DB Civilian Radioactive

Waste Management 1.1 3.2 3.7 4.0

PE Policy, Planning, & Analysis 0.2 0.3 0.4 0.4

WA Office of Minority
Economic Impact 0.1 0.1 0.1 0.1
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developing analytical methods to predict the response of geologic sys-
tems to repository development and the performance of geologic
environments for various repository containment designs. Many of
these research activities draw upon LBL's leading expertise in the pro-
perties of fractured rock, fracture hydrology, remote sensing of rock
discontinuities, and modeling coupled thermomechanical-
hydrochemical processes in fractured rock systems. Some expansion of
this activity is anticipated during the next several years.

OFFICE OF POLICY, PLANNING, AND ANALYSIS

In FY 1982, LBL began collecting and analyzing energy consump-
tion information from less-developed countries (LDCs). Included in
the study are twenty LDCs that account for most of the non-GECD oil
imports and four large oil-exporting countries. This project will
present a complete analysis of the energy consumption of these coun-
tries, including a detailed description of each sector over time, a review
of important trends in structural change or composition, conservation
and fuel switching, and study of key topics in selected countries. The
output of this study will include a computerized data base on LDC
energy use and structure.

OFFICE OF MINORITY ECONOMIC IMPACT

In 1981 the Laboratory initiated a training and collaborative
research program with Jackson State University (JSU), a historically
Black institution. In September 1983, this program expanded to a
three-way partnership with the Ana G. Mendez Educational Founda-
tion (AGMEF) in Puerto Rico, a major Hispanic institution of higher
education. These programs are expected to continue at the current
level of effort (see Section 7).

WORK FOR OTHER DOE INSTALLATIONS

Bonneville Power Administration

In 1980 the U.s. Congress ordered Bonneville Power Administra-
tion (BPA), supplier of much of the electricity in the Pacific Northwest,
to rely as extensively as possible on cost-effective conservation and
renewable resources in responding to growing demands for electricity,
while at the same time protecting the environment. Because of LBL's
expertise in building-energy research, it is providing scientific assis-
tance to BPA in its effort to conserve energy in buildings.

Princeton Plasma Physics Laboratory

LBL has been involved in the development of the x-ray diagnos-
tics system for the Tokamak Fusion Test Reactor Facility. This work
has involved the development of a cluster of 36 high-resolution silicon
x-ray spectrometers exhibiting much improved high-counting-rate capa-
bilities and insensitivity to the high flux of 14-MeV neutrons compared
with earlier silicon x-ray spectrometers.
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Other DOE Facilities

A major LBL solar-biomass investigation supported through the
Oak Ridge National Laboratory is in the cultivation of hydrocarbon-
producing crops, such as Euphorbia, with emphasis on crop yield, oil
yield, process chemistry, and economics. This research could lead to
an important source of hydrocarbons and organic chemicals.

In addition, LBL is performing engineering and accelerator studies
for programs at the Lawrence Livermore National Laboratory and other
DOE facilities.

WORK FOR OTHERS

DEPARTMENT OF DEFENSE

The Office of Naval Research (ONR) supports LBL research on
the structure and performance of Al203 scales on aluminides, on quan-
tum Monte Carlo calculations, and on the properties of thin films and
inhomogeneous superconductors. Another project sponsored by ONR
characterizes the mechanisms responsible for an observation that
microwave radiation stimulates the rapid release of drugs from large
unilamellar liposomes. The project may provide clues to the sensitivity
of certain cellular systems to nonionizing radiation.

The Defense Advanced Research Projects Agency is also support-
ing research on the development of photothermal imaging methodolo-
gies for the spatially resolved (with a resolution of a few microns)
characterization of thermal and optical properties of thin film coatings
on optical elements. Special emphasis is to be placed on developing
methods for the detection of anisotropies, inhomogeneities, and defects
in these coatings.

The Department of the Army is using LBL's expertise in the
buildings area to develop a data base that characterizes the air leakage
rate in military buildings. The Ballistic Missile Defense Program
Advanced Technology Center is also supporting neutral-beam research
related to magnetic fusion energy. The Department of the Navy is
sponsoring a project to develop more efficient lighting for ships.

The Air Force Office of Scientific Research is supporting research
at the Center for X-Ray Optics and in the magnetic fusion energy pro-
gram.

DEPARTMENT OF INTERIOR

Laboratory scientists, in collaboration with staff of the Bureau of
Reclamation, other DOl agencies, and the State of California are inves-
tigating the ecological, geochemical, and hydrological aspects of the
occurrence of selenium and other trace elements in and beneath Kes-

terson Reservoir, a terminus of agricultural drainage water in
California's San Joaquin Valley. The role of the reducing environment
of the reservoir-bottom sediments in sequestering Se has been esta-
blished through preliminary work. Follow-on collaborative field and
laboratoryinvestigationsare under way to determinethe mechanisms,
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LBL scientists sampling a test
well at Kesterson Reservoir.
Geochemical investigations
have indicated that signifi-
cant amounts of selenium are

bound a t shallow depths
beneath the reservoir.

extent, and efficiency of this bio-geochemical barrier. Concurrently,
experiments are beginning on potential remedial actions at the reser-
voir and on methods for upstream removal of Se from agricultural
drainage water.

ELECTRIC POWER RESEARCH INSTITUTE

The Laboratory conducts research for EPRI on fuel cells, includ-
ing the kinetics of oxygen reduction on platinum in perfluoroalkyl
acids and the performance of new electrolyte and electrode systems.
Other projects concern reducing the rate of high-temperature oxidation
and scale spallation caused by salt deposits and the effect of H2S and
cas on phosphoric acid fuel cells.

New analytic approximation formulas are being developed to
predict power system generation reliability problems. Hypergeometric
functions will be used to improve past methods that have proven inac-
curate under certain conditions.

EPRI supports two projects related to human exposure to mag-
netic fields. One involves the development of a portable microproces-
sor controiled personal dosimeter with data-acquisition capabilities for
measuring 60-Hz magnetic fields in residential and occupational
environments. The second program involves the preparation of an
assessment document on health and environmental effects of static and
time-varying magnetic fields associated with superconducting magnetic
energy storage systems.
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EPRI supports a variety of research activities concerned with the
use of energy in buildings. Ongoing efforts include (1) research on
various aspects of indoor air pollution in buildings; (2) the study of the
interaction of daylighting and electric lighting, with the intent of
minimizing energy use while providing adequate lighting levels; and
(3) the characterization of solid-state ballasts and other auxiliary equip-
ment for fluorescent lighting.

EPRI is also funding research to investigate better methods of
removing sulfur dioxide from stack gas. The goal of the research is to
identify the synergism of iron and manganese ions in catalytic oxida-
tion of sulfite ions and to determine a rate law for a limestone flue-gas
desulfurization scrubber.

ENVIRONMENTAL PROTECTION AGENCY

The Environmental Protection Agency supports work on under-
standing and controlling indoor air pollution levels. Ongoing efforts
include (1) developing methods for characterizing the emissions of
combustion appliances and (2) reviewing and extending the state of
knowledge of the sources and strengths of radon in U.s. homes.

LBL also conducts a multidisciplinary research program on the
transport and transformation of chemical contaminants in groundwater
systems and on restoration methods for contaminated aquifers. One
study examines the principal hydrologic and geochemical mechanisms
determining solute transport and dispersion in porous and fractured
geologic media. A related effort is selecting and applying well-test
methodologies suitable for the assessment of contaminated aquifers.
Other projects involve exploratory development of borehole-to-surface
geophysical techniques to monitor subsurface contaminant-plume
movements, evaluation of deep geologic formations for their capability
to safely hold toxic liquids, and a cost-benefit comparison of existing
aquifer-restoration technologies.

NATIONAL AERONAUTICS AND SPACE
ADMINISTRA TION

The purpose of a continuing research project sponsored by NASA
is to determine carcinogenic and mutagenic hazards to humans in the
space radiation environment that consists of a complex mixture of high
and low-LET radiation.

An ongoing research project concerns nitrogen recycling in a
Closed Ecological Life Support System (CELSS) as might be used in a
space station or long-term space mission. The work involves determin-
ing the conditions for the most effective reduction of N2 gas by
cyanobacteria (blue-green algae) so that they can be effectively
exploited as a source of combined nitrogen.
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NATIONAL INSTITUTES OF HEALTH

Major programs that are sponsored by the National Institutes of
Health include the design and research work associated with the
development of advanced medical and biophysical applications of
heavy ions, the treatment of cancer with heavy charged particles, and
heavy-ion radiobiology related to cancer. NIH also supports programs
of radionuclide and NMR instrumentation, radiopharmaceutical
research related to instrumentation, and a data analysis used in the
Laboratory's medical research. In addition, NIH sponsors an important
program to study the origin, macromolecular structure, and function of
human lipoprotein subspecies and their relationship to cardiovascular
disease.

A series of projects apply the unique resources of the Laboratory
to investigations of carcinogenesis and mutagenesis. Repair and
recombination in yeast, the function of yeast RAD genes, and the
genetic effect of carcinogens in this organism will continue to be major
foci of research. Biological structure analysis by electron crystallo-
graphic methods is focused on characterizing various cell-membrane
proteins and the physical structure of viruses, and cell nuclei are stud-
ied by circular dichroism and related techniques. Studies using the
Laboratory's unique capability in culturing human mammary epithelial
cells is used to examine the effect of malignancy on expression of dif-
ferentiation by these cells. The goal of these studies is to gain an
understanding of the mechanisms and etiology of breast cancer by
looking at transformation in vivo of human mammary epithelial cells.

The National Tritium Labeling Facility carries out research into
the labeling of compounds to high specific activity with tritium and
provides a tritium labeling service for investigators throughout the
country. A primary direction for this facility in the future is the
development of compounds and techniques to allow 3H-NMR studies
of biological macromolecules.
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NIH also supports research on the free-radical theory of aging.
The hypothesis of this theory, that oxygen radicals generated during
normal metabolism cause mammalian aging, is studied using electron
spin resonance methods.

NUCLEAR REGULATORY COMMISSION

The NRC supports a fundamental research program on geosci-
ence problems of major concern in the field of nuclear waste isolation
to enhance the scientific knowledge base for related NRC functions
and responsibilities. NRC's Office of Nuclear Regulatory Research,
Division of Waste Management supports research investigations on:
(1) the chemical interactions and transport mechanisms determining
radionuclide releases from geologic repositories and (2) coupled
thermomechanical-hydrochemical processes in mined repository
en vironmen ts.

The purpose of a project in the Laboratory's Biology and Medi-
cine Division is to compile, analyze, and publish a large body of long-
term metabolic data for alkaline earth and actinide radionuclides.

These data are used to verify and/or modify metabolic models
currently recommended by the International Commission on Radiologi-
cal Protection for these radioelements.

VETERANS ADMINISTRATION

The Laboratory will carry out programs in nuclear medicine
research that will study brain disorders using positron-emission tomog-
raphy and will build a target for the cyclotron production of radioiso-
topes to be used in these studies.

OTHER AGENCIES

LBL's expertise in the buildings area is recognized by various
other agencies such as the California Energy Commission (CEC), the
Pacific Gas & Electric Co. (PG&E), the Consumer Products Safety
Commission (CPSC), and the Agency for International Development
(AID). The CEC is providing funding for analytic support by LBL of
state programs concerning energy conservation in residences. PG&E is
supporting LBL to develop and implement survey techniques for
assessing the efficiency of appliances in actual use, which will lead to
an improvement in PG&E's residential energy forecasting capabilities.
The CPSC supports studies such as characterizing the exposure of
users to products containing methylene chloride. AID is supporting a
multiyear effort in which LBL will perform research in support of the
development of policies to reduce building energy use throughout the
ASEAN (Southeast Asia) countries.
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6 SITE AND FACILITIES

DESCRIPTION OF THE SITE

The existing facilities and the currently funded construction. at
LBL constitute 1.97 million gross square feet (Mgsf) located on the
main site, the UC Campus, and leased off-site locations. Upon com-
pletion of current projects in 1988, the space distribution will be:

LBL Space Distribution

The buildings on campus are owned by the University of California
and are available to the DOE on a long-term arrangement. The off-site
leased buildings are a temporary arrangement that provides space for
essential research and support functions. At the main site, 1.459 Mgsf
will be permanent in FY 1988, but 71,000 gsf are trailers and other
temporary structures. The 1986 replacement value of the buildings,
utilities, and other improvements at the main site is more than $320M.

The first building on the main site was constructed in 1940. In
1986 the average age of the main-site buildings was 28 years. As
financial resources have become available, the structure, utilities, and
space in many buildings have been rehabilitated or upgraded. The
major new laboratories since the mid-1960s are for the Center for
Advanced Materials and will be completed in 1988. Th~ inventory of
building space, including funded construction, includes:
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Location Area (Mgsf)

Main site 1.530

On campus 0.315
Off-site leased 0.127

Total 1.972



Satisfa.ctory Condition: 527,730 gsf that require normal mainte-
nance such as painting, repairs, and minor alterations;

Requires Rehabilitation: 820,630 gsf that do not meet existing
standards-148,130 gsf require minor rehabilitation (in electrical,
structural, and mechanical systems) and 672,500 gsf of space
require major rehabilitation (for existing or projected program
requirements); and

Requires Removal: 181,640 gsf of structures that are substandard
and cannot be upgraded or rehabilitated at a cost less than new
construction.

The largest area of space requiring rehabilitation consists of offices, in
part due to limitations in mechanical systems and utilities in most LBL
office buildings. Temporary structures that need to be removed pri-
marily provide office, shop, and storage space.
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REHABILITATION AND SITE IMPROVEMENT
PLANS

The site improvement plans call for rehabilitation, replacement,
and removal of buildings to restore LBL research capabilities over a
fifteen-year planning horizon. Rehabilitation projects after FY 1992
would maintain laboratories and other facilities according to a realistic
depreciation schedule and generally anticipate a depreciation cycle of
10-40 years, depending on building type and use. The Institutional
Plan tabulates those projects included in the FY 1987-1992 period. A
separate report, LBL Facilities Renewal Program, includes projects to
complete the rehabilitation plans by the year 2002.

The plans provide the DOE with a strong multiprogram labora-
tory capable of efficiently meeting the Laboratory's mission. For gen-
eral purpose facilities and existing laboratories, plans include the remo-
val of 166,000 gsf, the rehabilitation of 788,500 gsf, and replacement of
obsolete general purpose facilities through on-site construction of
215,100 gsf, exclusive of current construction. The off-site leased space
of 30,000 gsf will be vacated. Programmatic construction would
include 140,000 gsf of new construction, 32,100 gsf of rehabilitation,
and 500 gsf of removals.

BUILDING REHABILITATION PLANS

The 788,500-gsf rehabilitation plan includes modifications to
improve energy efficiency and to maintain offices, laboratories, shops,
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and other facilities to existing building standards. The rehabilitation
projects also include improvements to 219,750 gsf of laboratory space
and 154,127 gsf of office space. The largest single building affected is
Building 90, which would be brought to existing energy-efficiency and
operating standards primarily through rehabilitation of mechanical sys-
tems.

Wet and dry laboratories have the greatest need for rehabilitation.
Many of the existing light laboratories were constructed twenty to
thirty years ago and need to be renovated to provide improved utili-
ties, lighting, cleanliness levels, vibration isolation, and other qualities
of laboratory interiors to meet existing needs. Many of the rehabilita-
tion projects are planned to be accomplished through the General
Plant Projects program.

REPLACEMENT OF GENERAL PURPOSE BUILDINGS

The general purpose construction projects include 215,100 gsf of
new on-site projects through FY 2002 as Multiprogram Energy Labora-
tory Facilities Support projects and General Plant Projects. The new
construction responds to the needs for shops and light laboratories in
support of the existing and anticipated mix of multiprogram energy
laboratory research activities for DOE. The largest increase by space
category would be for miscellaneous services (up 6.5%), primarily
space for waste handling. In addition, some increases would occur for
shops (5.7%), wet labs (4.9%), and dry labs (5.2%). Although office
space would be newly constructed, this reflects the need to provide
offices as a part of new laboratory and shop buildings. Office space
increases 1.1% in the replacement plans. Space also decreases for
storage, heavy laboratories, and designated computer areas.

BUILDING REMOVAL

The removal plans would eliminate 66 temporary and obsolete
buildings from the LBL site. Of this total, 42 buildings are trailers. A
6-4

Rehabilitation, replacement,
and removal of LBL's general
purpose facilities and existing
research space are planned
over a IS-year time period.
Most planned improvements
would be completed during
the mid-1990s, reaching a
steady state after the year
2002.



Completion of the rehabilita-
tion and site improvement
plans in 2002 would result in
a preponderance of satisfac-
tory space for all of LBL's
space utilization categories.
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total of 166,000 gsf of space would be removed, which now houses
554 workstations. Most of the space to be demolished is now office
space (29%), and smaller proportions are shop (22%) and storage
(13%) space. The remaining 36% is for small amounts of heavy lab,
wet lab, dry lab, computer, and miscellaneous space. The buildings to
be removed that are not trailers are primarily World War II vintage
structures.

PROGRAMMATIC FACILITIES PLANS

New programmatic research buildings and special facilities to be
constructed on the main site during the planning period will serve the
national interest in several research areas where LBLhas established

programs. Five major scientific facilities form the core of LBL's plans
to contribute to DOE's research capabilities (see Section 4).

New Programmatic Projects, FY 1988-2002 (gsf)

New Rehabili-

Project Construction tation Removals

Budgeted Construction

1-2 GeV Synchrotron
Radiation Source 55,000 32,100

Proposed Construction

Bevalac Upgrade
Biomedical Isotope Facility 3,800
Conservation Research 58,000

Complex
Biosciences Building 23,200 500

Total 140,000 32,100 500
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Major Construction Projects (Fiscal Year Budgetary Authority in $M)a

Project TEC 1985 1986 1987 1988 1989 1990 1991 1992

FUNDED CONSTRUCTION

Program Related Projects:
Center for Advanced Materials (KC)b 40.3 9.3 11.0 10.6 7.6

MEL-FS Projects (KB) 6.2 3.8
TOT AL (Funded) 46.5 13.1 11.0 10.6 7.6

BUDGETED CONSTRUCTION

Program-Related Projects:
1-2 GeV Synchrotron Radiation Source (KC) 98.7 1.5 18.0 30.0 26.0 17.2 6.0

MEL-FS Projects:
Electrical Systems Rehab. & Improvements 2.5 0.3 2.2
Rehab. of Mechanical Utilities, Phase I 5.4 1.0 4.4

Subtotal (MEL-FS Projects) 7.9 1.3 6.6

Total (Budgeted) 106.6 2.8 24.6 30.0 26.0 17.2 6.0

TOT AL (Funded and Budgeted) 153.1 13.1 11.0 13.4 32.2 30.0 26.0 17.2 6.0

PROPOSED CONSTRUCTION

Program-Related Projects:
Bevalac Upgrade (KB) 39.8 12.8 13.3 13.7

Underground Research Facility (KC)c 2.0 0.3 1.7

Biomedical Isotope Facility (HA) 5.0 4.6 0.4

Conservation and Renewables Res. Complex (EC) 23.5 1.6 20.9 1.0

Biosciences Building (HA) 8.7 1.6 7.1

Subtotal (Program Related) 79.0 20.9 43.4 14.7

MEL-FS Projects:
Environmental Health & Safety Projects 10.3 1.2 3.1 3.0 3.0
Hazardous Waste Handling Facility 4.7 0.5 4.2

Support Services Facility 6.6 1.0 4.9 0.7
Cyclotron Road Widening 1.5 1.5
Original Labsite Substation 3.0 0.3 2.7
Instrument Support Laboratory Rehab. 1.9 0.2 1.7

Engineering and Technological Support Fac. 7.9 0.5 1.2 5.0 1.2
Slope Stabilization-Bevalac & Machine Shop 3.1 0.3 2.8
East Site Fire Protection & Water Supply 1.5 1.5
East Site Substation and Feeders 4.0 0.4 3.6

Mechanical Engineering Replacement Project 11.0 0.7 9.4 0.9
Rehab. of Mechanical Utilities-Phase II 3.2 0.4 2.8
Electrical Eng. Replacement Stage I 10.5 1.5 7.5 1.5
Replace Roofs 2.9 0.3 2.6
Sitewide Mechanical Equipment Replacement 2.9 0.3 2.6
Bevalac 12 kV Switching Station & Feeders 3.8 0.6 3.2

Electrical Eng. Replacement Stage II 11.4 1.2 10.2
Sitewide Electrical Equipment Replacement 3.5 0.5 3.0
Rehabilitation of Bldg. 46d 2.9 0.6
Rehab. of Bldg. 90 for Printing & Photolabd 2.8 0.5
Replacement of Cooling Towers & Chillersd 1.7 0.3
Subtotal MEL-FS Projects 101.2 0.0 0.0 0.0 1.7 13.7 31.8 27.4 20.5

TOTAL (Proposed) 180.2 0.0 0.0 0.0 1.7 34.6 75.2 42.1 20.5

TEC = Total Estimated Cost.

aEstimated construction costs for proposed construction after FY 1987 have been escalated at 4.0% for FY 1988, 4.8% for FY
1989, 5.3% for FY 1990, 5.6% for FY 1991, and 6.1 % for FY 1992 and are based on current DOE price indices.

blncludes the Surface Science and Catalysis Laboratory and the Advanced Materials Laboratory.
cOff-site location.
dBA for 1993 not shown.



MAINTENANCE PLANS

The Laboratory's maintenance plans include capital improve-
ments, equipment, and operating expenditures. Resources to maintain
and improve the Laboratory's existing facilities are provided through
operating expenses, General Plant Projects (GPP), Multiprogram
Energy Laboratory Facilities Support (MEL-FS), and General Purpose
Equipment (GPE). GPP and MEL-FS projects described above include
the replacement and rehabilitation of facilities in order to maintain
existing capability. GPP expenditures, for example, have been utilized
to replace roofs and electrical, water supply, paving, and mechanical
systems. The two current MEL-FS projects authorized in 1985 are (1)
rehabilitation of deteriorated utilities at the Original Laboratory Site
and (2) improvements for roadway safety, both of which will have sig-
nificant benefits for maintenance and operations. The FY 1987 budget
authorizes electrical systems rehabilitation and improvements and reha-
bilitation of site utilities.

Operating expenses for maintenance include physical plant
maintenance, mobile equipment maintanance, and noncapital altera-
tions related to maintenance. In addition, specialized maintenance
related to shop and computer facilities requirements is also performed.
Recent operating costs and projected resource requirements for
maintenance-related costs are shown below.

Estimated Maintenance Operating Costs (Fiscal Year BA, $M).a

aAll costs are in actual-year Budgetary Authority.

Annual maintenance work plans and budgets are developed and
reviewed before being finally approved. The formulation of the
maintenance budget is an iterative process that takes into account
related work plans for non capital alterations, general plant projects,
multiprogram general purpose line items, and regular line item con-
struction. Since some maintenance and repair requirements are also
developed throughout the fiscal year, a formal system provides for
timely consideration and processing of these needs.

Longer-range work plans at LBL have been developed for items
of major maintenance, including reroofing, paving, slope stabilization
projects, major equipment overhaul projects, rehabilitation, building
exterior painting, and utilities replacements. Normally, a five-year pro-
jection is made, and specific projects have been identified for this plan-
ing period.

The strategy to accomplish environmental improvements, neces-
sary repairs, and upkeep relies on strengthening the capital outlays and
continuing the operating costs efforts as indicated above. This strategy
6-8

Maintenance Category 1985 1986 1987 1988 1989 1990 1991 1992

Physical plant (general) 4.5 4.4 5.0 5.7 6.0 6.3 6.6 7.0
Noncapital alterations 0.8 0.7 0.7 0.8 0.8 0.9 0.9 1.0
Shop & computer equip. 2.1 2.1 2.3 3.0 3.3 3.5 3.7 4.0
Mobile equipment 0.6 0.6 0.8 0.8 0.9 0.9 1.0 1.0

Total 8.0 7.8 8.8 10.3 11.0 11.6 12.2 13.0
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has the beneficial consequence during constrained operating budgets of
providing maintenance cost economies through the replacement of
existing obsolete and high maintenance cost facilities with modern
facilities and equipment. The Laboratory management is directing its
efforts to rehabilitate buildings through GPP and MEL-FS funds that
will allow existing noncapital physical plant maintenance funds to be
directed to the protection of DOE's building and equipment
investments.

GENERAL PURPOSE EQUIPMENT

General Purpose Equipment (GPE) funds are essential for the
Laboratory to purchase vehicles, plant maintenance equipment, admin-
istrative equipment, shop equipment, environmental monitoring and
safety equipment, and information processing equipment. LBL requires
GPE funding to maintain its complement of general purpose equipment
at a level to serve the research and support programs adequately. For
example, LBL currently has a backlog of GPE needs totaling $9 AM,
primarily for computing, telecommunications, shop, laboratory, and
vehicle equipment. GPE support at $3M/year would provide a basis
for reducing this backlog incrementally.

General Purpose Equipment Backlog

Category

Information Technology
Office Equipment
Shop Equipment
Vehicles

Laboratory (General)
Heavy Equipment
Security Systems
Miscellaneous
TOTAL

Cost
($K)

2,330
412

4,547
639

1,202
204

42
32

9,408

INFORMATION TECHNOLOGY RESOURCES

The goal of the LBL Information Technology Resources Site
Development Plan is to provide the computing, office automation, and
voice and data communications to meet the long-range needs of the
Laboratory in a flexible and cost-effective manner. Essential com-
ponents of the plan are a distributed computer network and an
integrated voice and data communications system. Costs for some of
these items are included in the GPE backlog identified above.

The foundation of the LBL long-range computing strategy is the
development of a distributed computing network offering access to a
large-scale, interactive, high-speed computing resource, shared archival
mass-storage, satellite computers, and workstations. The internal LBL
network is supplemented by national and international networks. The
specific components of LBL's distributed network are:
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0 A flexible and efficient communications network connecting exist-
ing and new components of the distributed system;

Access to DOE's Office of Energy Research high-speed computing
resource at the National Magnetic Fusion Energy Computer
Center (NMFECC);
A modern mid-scale interactive computer system in the Central
Facility satisfying computing requirements that fall between the
capabilities of the large-scale resource and satellite computers;

Distributed satellite computers in the network that are available
for the specialized needs of individual divisions or research
grou ps;

Workstations ranging from simple terminals to sophisticated
microprocessor-based systems with the capability for program
development, interactive graphics, word processing, and electronic
mail; and

A large automated archival mass-storage facility that supports all
the above computational resources through the communications
network.

0

0

0

0

0

This distributed network system is a flexible and versatile struc-
ture. The multiple levels of computation are intended to complement
and enhance each other and to promote more efficient use of overall
computational resources. Although individual computing needs change
frequently, the network system permits users to use computational
resources dynamically. This strategy is being supported by continuing
development of the modern Central Computing Facility installed in
1985 and the continuing extension and development of the

Laboratory-wide Eth:rnet begun in 1984.

A competitive procurement is also in progress that will result in
major improvements in all types of communications resources, includ-
ing telephones. This new system, the Integrated Communications Sys-
tem, will become operational in 1988.
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7 EXTERNAL INTERACTIONS

Lawrence Berkeley Laboratory has interactions with many exter-
nal research, educational, and industrial organizations. The following
sections provide examples of these interactions by identifying the colla-
borative research centers, educational programs, industrial interactions,
and foreign collaborations.

COLLABORATIVE RESEARCH CENTERS

LBL provides to investigators from universities, industry, and
government a range of unique facilities and centers for conducting
research. The major national user facilities available to qualified inves-
tigators include:

0 The Bevalac-a heavy-ion synchrotron capable of providing beams
of ions from protons to uranium nuclei at energies up to 2.1 GeV
per nucleon. This facility offers the widest range of ions at the
highest energies in the world.

The SuperHlLAC-a heavy-ion linac capable of providing beams
of ions similar to the Bevalac at energies to 8.5 MeV per nucleon.
The facility offers beams from 3 ion sources that can be directed
to 11 experimental areas.

The 88-Inch Cyclotron-a medium-energy accelerator that provides
intense and high-charge-state beams of light and heavy ions (up
to krypton) at energies up to about 40 MeV per nucleon. The
facility has experimental areas for conducting nuclear physics and
chemistry, biology, atomic physics, and semiconductor research.

The National Center for Electron Microscopy-consists of the High
Voltage Electron Microscope operating at up to 1.5 MeV (highest
energy in the U.S.), the Atomic Resolution Microscope offering
1.6-Angstrom resolution (highest resolution in the world), and
analytical microscopes and support facilities.

0

0

0

7-1



The National Tritium LabelingFacility-provides advanced instru-
mentation to investigators needing high specific activities of tri-
tiated compounc;ls as tracers in chemical and biomedical research.
Labeling is accomplished by microwave discharge, catalytic tritio-
hydrogenation, iodo displacements, and catalytic exchanges.

In addition to these national facilities, other research facilities are
made available to collaborating investigators, including the Center for
Computational Seismology, the Sky Simulator, the Mobile Window
Thermal Test Facility, the Low Background Counting Facility, and the
Heavy Charged Particle Treatment Facility. Specific information on the
capabilities and access to these facilities is in the Guide to User Facilities
at the Lawrence Berkeley Laboratory (PUB-426) and is available upon
request.

0

Also, the Laboratory has established programmatic research
centers with specific objectives of fostering collaborative research with
industrial and educational institutions. These include, as examples, the
Center for Advanced Materials, the Center for X-Ray Optics, and the
Center for Building Sciences.

aAlso includes University of California at Berkeley.

EDUCATIONAL PROGRAMS

Educational programs and interactions at LBL involve precollege
programs, undergraduate programs, graduate research and training,
postgraduate research, and public tour programs. A total of about
4,300 participants from throughout the nation are involved in these
programs and activities. The educational programs, especially those
directed toward precollege and undergraduate activities, are expected to
expand during the next few years with the establishment of a Science
Education Center.

Precollege Science Education Programs

Four programs for qualified high-school instructors provide post-
baccalaureate or postgraduate research experience at LBL: (1) A surn-
7-2

Experimenters at National User Facilities (FY 1985)

Facility Laboratorya University Industry Total

Bevalac 58 132 5 195

SuperHILAC 15 82 3 100

88-Inch Cyclotron 87 31 59 177

National Center for

Electron Mic?oscopy 27 34 15 76

National Tritium

Labeling Facility 8 4 4 16
TOTAL 195 283 86 564
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Educational Programs at LBL

7

Program Area
FY 1985

Participants

20
Precollege Programs

Summer Teacher Program
Residence in Science

and Technology
Science Award Week

Student Internships

Undergraduate
Laboratory Coop Program
Student Employment

and Training
Research Programs

and Projects
Minority Student Programs

Graduate
Graduate Student

Research Associates

Postgraduate
Minority College Faculty
Postdoctoral Fellows
Faculty Visitors

Public Programs
Tours and Seminars

6
40
10

18

17

73
17

700

10
88

300

--3,000

mer program for qualified teachers allowing participation in research
and development for a period of eight weeks; (2) The Residence in Sci-
ence and Technology Program, a national laboratory consortium, pro-
viding summer research positions for outstanding high-school teachers;
(3) A "Science Award Week" summer program for outstanding high-
school students and mentor teachers from the western U.s.; and (4) a
student internship program for selected high-school students. These
precollege programs serve as models both regionally and nationally for
teachers and students for the broadest benefit to education. To this
end there is interaction with the Lawrence Hall of Science, local school
districts, the California State Department of Education, and national
teacher organizations and professional societies involved in science
education.

Undergraduate Programs

Undergraduate educational programs at LBL include the Labora-
tory Coop Program, student employment and training programs,
organized research projects, and minority student programs. The
Laboratory Coop Program is a nationally directed program that recruits
top science and engineering students for ten-week summer research
appointments based on a student's career objectives. The program
involves laboratory research experience, weekly seminars, and a lecture
series. In addition to the nationwide coop program, many undergradu-
ate students, primarily from the University of California, are involved
in research programs and projects conducted at LBL as a part of their
undergraduate special studies.
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Graduate and Postgraduate Training and Research

LBL has a strong relationship with the Berkeley campus of the
University of California involving 205 faculty members that are LBL
staff and 700 graduate students. In addition, the Laboratory provides
more than 80 postdoctoral appointments for researchers. In a year,
typically over a hundred doctoral dissertations and masters theses are
completed on the basis of research performed at LBL.

LBL also attracts more than 250 faculty from 100 other academic
institutions to visit the Laboratory and participate in its research pro-
grams. The biomedical programs provide research and therapy oppor-
tunities for the medical faculty at the University of California, San
Francisco, and for other physicians regionwide.

Minority FacuIty and Student Programs

LBL has established a joint education, training, and research par-
ticipation program with Jackson State University (JSU), an historically
Black institution. Forty-seven Jackson State students have participated
in the student coop semester program at LBL since January 1982.
Thirty LBL staff members visited JSU last year, presenting lectures and
mini-courses and providing program consultation. LBL has appointed
seven JSU faculty members to Visiting Staff Scientist positions. JSU
has appointed twelve LBL staff members to JSU's faculty. A link-up
between LBL's computer network and JSU has been completed, allow-
ing JSU access to LBL's computational facilities. Both researchers and
JSU library staff are now using the network and have established a
scientific computer center at JSU.

In 1983 LBL, along with JSU, established a Memorand~m of
Understanding with the Ana G. Mendez Educational Foundation

(AGMEF). The AGMEF and its affiliated institutions, Colegio Universi-
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tario Metropolitano, University of Turabo, and Puerto Rico Junior Col-
lege, offer an institutional framework for addressing the problem of
underrepresentation of Hispanics in scientific and engineering fields.
The principal components of this program are: M.s. and Ph.D. pro-
grams in the fields of natural and computer sciences; a faculty intern-
ship program at LBL; joint appointments at respective institutions; a
student coop program; and a graduate studies program for AGMEF stu-
dents. In 1986 nine students participated in LBL research activities,
and four faculty members from Puerto Rico held research internships
at the Laboratory.

Teacher from Puerto Rico

(right), supported through
the AGMEF-LBL consortium,
participating in the summer
teacher program and work-
ing on geochemistry research
with an LBL earth scientist.

INDUSTRIAL INTERACTIONS AND TECHNOLOGY
TRANSFER

LBL maintains strong interaction with industry in specific colla-
borative research projects through research centers, in the technology
transfer program, and through procurements for a range of capital pro-
jects and operating activities, including specialized engineering and
instrumentation. Contracts for collaborative and industrially sponsored
research now involve 16 firms totaling $l,187K. Examples of these
and related collaboration efforts include:

0 Electron microscopy research on compound semiconductor sur-
faces with Hewlett Packard, Bell Communication Research, Inc.,
and AT&T BellLaboratories; ,

0 Development of high-homogeneity niobium-titanium alloys and
fine filament wire in collaboration with Teledyne Wah Chang,
Intermagnetics General Corporation, Oxford Superconducting
Technology, Supercon, Inc., and New England Electric Wire;

0 Research on mercury isotope enrichment for high-efficiency fluor-
escent lamps in collaboration with GTE; and

0 Cooperative research utilization of LBL-developed cultures of
human mammary epithelial tissue cell lines by Cetus Corporation,
Pfizer Corporation, Microbial Associates, Hibridtech, Inc., and
numerous hospitals and universities.
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Transforming the Laboratory's research into economically practi-
cal technologies is an important element for regional and national
research efforts to maintain the competitive position of U.s. industry.
LBL is taking an aggressive approach toward technology transfer.
The Center for Advanced Materials (CAM) has established programs
with close ties to user industries in catalysis (petrochemical), elec-
tronic materials (electronics), polymers (chemical), instrumentation
and sensors (petrochemical and chemical), structural materials with an
emphasis on light alloys (aerospace), and ceramic and metal interfaces
(electronics). The Laboratory's initiatives, such as the 1-2 GeV Syn-
chrotron Radiation Source, will result in significant utilization by
industry and further collaborations.

The LBL Office of Research and Technology Applications
(ORTA) coordinates the Laboratory's technology transfer program and
entered projects in Researchand Development's IR 100 competition in
1985 and 1986. Four of the Laboratory's entries have won awards,
indicating the importance of the Laboratory's research to industrial
innovation.

Technology Transfer Program Plan Staffing and Expenditures
(Fiscal Year)

aCompared with other years, FY 1985 is higher because the technology-transfer phase of
some long-term projects (neutral-beam research and other ion-source development)
occurred in one year.

LBL interactions with industry also include procurement of
equipment, supplies, and services. In 1986 procurement was $74.2M
from all sources, including $7.8M from universities. More than half
the Laboratory's procurement is from small businesses, including
disadvantaged and women-owned business.
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LBL's collaborative research

on fine filament supercon-
ducting wire has resulted in
reductions in wire imperfec-
tions (top) by providing a
thin niobium layer that elim-
inates defects (bottom).

Industrially Sponsored and Collaborative Research

Category 1982 1983 1984 1985

Number of Firms 2 4 6 16

Amount ($K) 60 160 901 1,187

Category 1985a 1986 1987 1988 1989 1990 1991 1992

Funding ($K)

aRT A 80 100 100 100 100 100 100 100
Other 6260 2100 2100 2200 2200 2200 2200 2200

Total 6360 2200 2200 2300 2300 2300 2300 2300

Staffing (FTE)

aRT A 1 1 1 1 1 1 1 1
Other Professionals 32 20 21 23 23 23 23 23
Support Staff 21 13 14 15 15 15 15 15
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Subcontracting and Procurement ($M)

3FY 1987 data are projected estimates.

Procurement from Disadvantaged, Women-Owned,
and All Small Businesses

FY 1985 FY 1986

FOREIGN RESEARCH COLLABORATIONS

Research collaboration with scientists throughout the world con-
tinues to be an important characteristic of all the Laboratory's scien-
tific divisions. In FY 1985, 446 foreign guests conducted research at
LBL. The following examples of synchrotron radiation studies, high-
energy physics, nuclear physics, biology and medicine, and chemical
biodynamics illustrate these interactions.

Synchrotron Radiation Studies

LBL is currently engaged in a cooperative program in synchro-
tron radiation technology with the Laboratori Nazionali di Frascati
(LNF) centered on the design of the 1-2 GeV Synchrotron Radiation
Source and the Trieste Light Source. Physicists at Frascati are now
involved in a conceptual design study for the Trieste synchrotron.
Staffs of both organizations have contributed to the development of
engineering specifications. In addition, a series of working sessions
on specialized topics of interest to both synchrotrons (effects of mag-
netic imperfections, impedance analysis, feedback systems, orbit and
stability control) are planned. When construction begins, further
arrangements may be desirable, especially if common hardware com-
ponents can be identified.
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Recipient FY 1985 FY 1986 FY 19873

Universities 3.2 7.8 6.1

All Other 52.7 65.9 72.5

Other DOE 0.4 0.5 0.6

TOTAL 56.3 74.2 79.2

Business

Category Transactions $M (%)3 Transactions $M (%)3

Disadvantaged 1,414 3.0 (5.4) 2,028 3.9 (5.9)

Women-Owned 1,810 2.8 (5.3) 1,705 2.2 (3.3)

All Small 22,893 28.3 (53.7) 25,571 34.9 (53.0)

3As a percent of non-University and non-DOE procurement.



High-Energy Physics

The LBL High-Energy Physics Program has interactions princi-
pally with other institutions, universities, and laboratories engaged in
high-energy physics research (see Section 5). The Time Projection
Chamber (TPC) program at the Positron Electron Project (PEP)
involves a collaboration with scientists from 13 other institutions,
including two outside the U.s. (University of Tokyo and National
Institute for Nuclear and High Energy Physics, Amsterdam). Further-
more, the TPC effort has been an official part of the U.s.-Japan colla-
boration in high-energy physics. The MARK II, Collider Detector at
Fermilab (CDF), and D-zero (DO) efforts are also large collaborative
enterprises.

LBL continues its participation with other DOE high-energy
physics laboratories (SLAC, ANL, FNAL, BNL) in a collaborative pro-
gram with the Institute of High Energy Physics, Beijing, People's
Republic of China (PRC). LBL's primary activities in 1985 assisted
with the alignment systems for the Beijing Electron Positron Collider.
The program is in accord with an agreement between the U.s. and
the PRC on Cooperation in Science and Technology.

Detector R&D efforts usually involve small collaborations with
scientists from one or two other institutions, usually universities. For
example, the R&D work on scintillating glass has been a collaborative
effort between LBL, Notre Dame University, and consultants in Scot-
land.

Finally, the Particle Data Group compilation effort is done in
collaboration with physicists at CERN, and the results of that effort
are distributed to the worldwide high-energy physics community.

Nuclear Physics

The BevalacjSuperHILAC complex and the 88-Inch Cyclotron
are national facilities for nuclear physics research. To utilize these
unique facilities, a large number of user groups converge on LBL from
all parts of the world. Major groups from the Gesellschaft fur
Schwerionenforschung (GSI), Darmstadt, West Germany, and the
Institute for Nuclear Study (INS), University of Tokyo, Japan, lead the
contingent of international users.

The ongoing collaborative research efforts between GSI and LBL
continue to use the Streamer Chamber and the Heavy-Ion Spectrome-
ter System (HISS) to study heavy-ion reactions at the Bevalac. Much
of this joint effort is shifting to CERN in 1986 and 1987 to take
advantage of the new high-energy beams of oxygen nuclei. LBL
scientists are involved in 6 of the 12 collaborative experiments in the
CERN heavy-ion program. The Plastic Ball has now been moved to
CERN, and the collaboration has been expanded to include scientists
from ORNL, the University of Munster, the University or Vvarsaw,
and the University of Lund, in addition to those from CSI and LBL.
CERN experiments, using a streamer chamber in a search for the.
quark-gluon plasma and other new phenomena, will also be carried
out by an expanded collaboration-LBL, Texas A&M, CSI, the
University of Heidelberg, the University of Marburg, the University of
Freiburg, and 11 other European institutions. Additional collaborative
CERN experiments will look for enhanced strange-particle production
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During February 1986 the
Plastic Ball was moved from
the Bevalac to the CERN

Super Proton Synchrotron.

EXTERNAL INTERACTIONS
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.

as a signature of the quark-gluon plasma and study ultrarelativistic
collisions with nuclear emulsions and plastic scintilla tors.

The Isotopes Project's nuclear data evaluation effort is done in
collaboration with scientists from four u.s. institutions and more than
10 foreign data centers. The results of that effort are distributed to
the worldwide nuclear physics and applied physics research commun-
ities.

Biology and Medicine and Chemical Biodynamics

In Biology and Medicine, scientists are collaborating on a wide
range of research projects including: DNA ultrastructure; a wide range
of genetic studies; cell transformation studies; studies of blood-
forming systems; the biology, biochemistry, and metabolism of
specific blood-cell types; radiotherapy and radiation chemistry and
pharmacology; the cellular effects of heavy ions; studies of lung
ultrastructure; biophysical models of radiation action; and heavy-
element metabolism. Carcinogenesis and mutagenesis are the focus
of other important collaborations involving more than 80 institutions
from various countries, including Canada, the United Kingdom,
France, West Germany, Japan, Finland, and Sweden.

In Chemical Biodynamics, collaborative studies on photochemis-
try and plant photosynthesis and genetics continue very actively with
researchers in other laboratories, universities, and industry. This
interaction not only takes the form of seminars, meetings, and visits
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but also involves hosting other scientists here at the Laboratory to
carry out research of joint interest. There are presently visitors from
Japan, France, West Germany, the People's Republic of China, Israel,
and Poland.

Other Foreign Collaborations

Foreign research interactions are widespread in materials sci-
ences, applied sciences, and accelerator design and development.
LBL's radio-frequency quadrupole, for example, was tested at GSI in
Germany in 1985 and is now installed at the CERN Super Proton
Synchrotron. LBL energy conservation experts are working with the
government of the Association of South East Asian Nations (ASEAN).
The Laboratory anticipates that these collaborations will continue to
flourish.
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8 RESOURCE PROJECTIONS

Resource projections for the Institutional Plan provide a descrip-
tion of the budgetary authority (BA) to implement the research pro-
grams. The resource tables also indicate actual FY 1985 BA and
estimated FY 1986 BA for comparison. These tables include:

0

0

0

0

Resource Summaries (Tables 8-1 and 8-2);

Secretarial Level Resources (Tables 8-3 and 8-4);

Program Office Resources (Tables 8-5 through 8-7);

Work for Others Resources (Table 8-8).

The FY 1987 estimate is based on the FY 1987 Presidential

Budget request as amended by DOE. The FY 1988 estimate also
includes 25% CAM growth and a general 5.1% inflation over FY 1987.
The BA estimates do not provide for restoration of Goods and Services
on Order (GSO) to 90-days balance, the stated contractual intent.

For fiscal years 1989 and beyond, operating cost projections are
in constant-year dollars and construction costs are in actual-year dollars
(as indicated in the DOE Institutional Plan Guidance). For FY 1989 to
FY 1992 the growth assumptions in program areas described in the
detailed tables range from 0% to 1.5% per year (except CAM). These
growth assumptions are based on the general direction indicated by
DOE program personnel. Specific trend levels were established within
each major program activity.

The resource projections that follow include the 1-2 GeV Syn-
chrotron Radiation Source, but other initiatives are only included to the
extent that existing programmatic support is a part of ongoing efforts.
The new initiative costs are indicated in Section 4. Construction pro-
ject costs and procurement data are provided in Section 6. A current
LBL organization chart follows the tables.
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RESOURCE SUMMARIES
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Table 8-1. Funding Summary (Fiscal Year Budgetary Authority, $M)

Ca tegory 1985 1986 1987 1988 1989 1990 1991 1992

DOE Operating 124.9 120.6 123.1 130.6 133.4 140.5 149.0 160.8

WFO (Non-DOE) Operating 25.0 30.2 31.6 32.9 33.2 33.4 33.6 33.8

Total Operating 149.9 150.8 154.7 163.5 166.6 173.9 182.6 194.6

Capital Equipment 17.7 13.6 14.3 16.2 16.8 17.6 18.4 19.4

Program Construction 11.1 12.4 13.1 27.4 31.8 27.8 19.0 7.8

General Purpose Facilities 3.8 0.0 1.3 8.3 13.7 31.8 27.4 20.5

General Plant Projects 2.5 2.4 2.6 5.5 6.0 6.5 7.0 7.5

General Purpose Equipment 0.8 0.8 1.2 3.0 3.0 3.0 3.0 3.0

Total Lab Funding 185.8 180.0 187.2 223.9 237.9 260.6 257.4 252.8

Table 8-2. Personnel Summary (Fiscal Year FTE)

Category 1985 1986 1987 1988 1989 1990 1991 1992

DOE Direct 1565 1427 1425 1546 1617 1703 1745 1775

WFO (Non-DOE) 317 342 346 354 358 360 362 365
Total Direct 1882 1769 1771 1900 1974 2063 2107 2140

Total Indirect 800 694 694 727 748 774 783 788

Total Lab Personnel 2682 2463 2465 2628 2722 2837 2890 2928
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SECRETARIAL LEVEL RESOURCES

Table 8-3. Secretarial Office Funding Summary
(Fiscal Year Budgetary Authority, $M)

Office /Program 1985 1986 1987 1988 1989 1990 1991 1992

Office of Energy Research
Operating 91.2 84.5 89.0 95.3 98.1 105.2 113.7 125.5
Capital Equipment 11.6 8.6 10.7 14.1 14.6 15.4 16.2 17.2
Construction 17.0 14.6 17.0 41.2 51.5 66.1 53.4 35.8

Total 119.8 107.7 116.7 150.6 164.2 186.7 183.3 178.5

Conservation & Renewable Energy
Operating 18.1 14.6 13.7 14.4 14.4 14.4 14.4 14.4
Capital Equipment 0.7 0.6 0.0 0.3 0.3 0.3 0.3 0.3
Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 18.8 15.2 13.7 14.7 14.7 14.7 14.7 14.7

Fossil Energy
Operating 2.5 2.2 1.7 2.0 2.0 2.0 2.0 2.0
Capital Equipment 0.0 0.0 0.0 0.2 0.2 0.2 0.2 0.2
Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 2.5 2.2 1.7 2.2 2.2 2.2 2.2 2.2

Office of Civilian Waste :Management
Operating 1.1 3.2 3.7 3.9 3.9 3.9 3.9 3.9
Capital Equipment 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1
Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 1.1 3.2 3.7 4.0 4.0 4.0 4.0 4.0
Management and Administration

Operating 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Capital Equipment 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Construction 0.4 0.2 0.0 0.0 0.0 0.0 0.0 0.0

Total 0.5 0.3 0.0 0.0 0.0 0.0 0.0 0.0

Office of Minority Economic Impact
Opera ting 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Capital Equipment 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
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Table 8-3. Continued-Secretarial Office Funding Summary (FY BA, $M)

Office /Program 1985 1986 1987 1988 1989 1990 1991 1992

Office of Policy, Planning and Analysis
Opera ting 0.2 0.3 0.4 0.4 0.4 0.4 0.4 0.4

Capital Equipment 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 0.2 0.3 0.4 0.4 0.4 0.4 0.4 0.4

Work for Other DOE Contractors

Operating 11.6 15.6 14.5 14.5 14.5 14.5 14.5 14.5
Capital Equipment 4.2 4.0 3.6 3.3 3.4 3.4 3.4 3.4
Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 15.8 19.6 18.1 17,8 17.9 17.9 17.9 17.9

Total DOE
Direct Operating 124.9 120.6 123.1 130.6 133.4 140.5 149.0 160.8

Capital Equip. (inc.GPE) 16.5 13.2 14.3 18.0 18.6 19.4 20.2 21.2
Construction (inc. GPF) 17.4 14.8 17.0 41.2 51.5 66.1 53.4 35.8

Total 158.8 148.6 154.4 189.8 203.5 226.0 222.6 217.8

Other than DOE
NRC 1.2 0.7 0.8 0.7 0.7 0.7 0.7 0.7
Defense 2.2 4.3 4.3 4.3 4.3 4.3 4.3 4.3
HHS 11.3 12.3 12.9 13.4 13.7 13.9 14.1 14.3
NASA 0.8 ..." 1.0 1.0 1.0 1.0 1.0 1.0l.L
Labor 1.6 0.8 0.3 0.0 0.0 0.0 0.0 0.0
OFA 3.4 4.5 4.9 4.8 4.8 4.8 4.8 4.8
All Other 4.5 6.4 7.4 8.7 8.7 8.7 8.7 8.7
WFO Capital 2.0 1.2 1.2 1.2 1.2 1.2 1.2 1.2
WFO Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total Other than DOE 27.0 31.4 32.8 34.1 34.4 34.6 34.8 35.0

GPP (In OER Totals) 2.5 2.4 2.6 5.5 6.0 6.5 7.0 7.5
GPE (In OER Totals) 0.8 0.8 1.2 3.0 3.0 3.0 3.0 3.0
MEL/FS (In OER Totals) 3.8 0.0 1.3 8.3 13.7 31.8 27.4 20.5

Total Lab Funding 185.8 180.0 187.2 223.9 237.9 260.6 257.4 252.8
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Table 8-4. Personnel by Assistant Secretary Level Office (Fiscal Year FTE)

Office jProgram 1985 1986 1987 1988 1989 1990 1991 1992

Office of Energy Research
Direct FTE 1224 1081 1114 1223 1293 1380 1421 1452

Conservation & Renewable Energy
Direct FTE 185 156 138 145 145 145 145 145

Fossil Energy
Direct FTE 36 29 21 24 24 24 24 24

Office of Civilian Waste Management
Direct FTE 14 35 43 45 45 45 45 45

Management & Administration
Direct FTE 6 3 0 0 0 0 0 0

Office of Minority Economic Impact
Direct FTE 0 1 1 1 1 1 1 1

Office of Policy, Planning and Analysis
Direct FTE 2 2 3 3 3 3 3 3

Work for Other DOE Contractors
Direct FTE 98 120 106 106 106 106 106 106

Total DOE 1565 1427 1425 1546 1617 1703 1745 1775

Other than DOE
NRC 12 7 8 7 7 7 7 7
Defense 18 33 31 31 31 31 31 31
HHS 144 157 157 158 161 164 166 169
NASA 7 10 8 8 8 8 8 8
Labor 20 9 3 0 0 0 0 0
OFA 38 46 50 49 49 49 49 49
All Other 78 80 90 101 101 101 101 101

Total Other than DOE 317 342 347 354 357 360 362 365
Total Lab Direct 1882 1769 1771 1900 1974 2063 2107 2140

Total Lab Indirect 800 694 694 727 748 774 783 788

Total Lab Personnel 2682 2463 2465 2628 2722 2837 2890 2928
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Table 8-5. Office of Energy Research Funding and Personnel (FY BA, $M)

ProgramjBR Code 1985 1986 1987 1988 1989 1990 1991 1992

AT Magnetic Fusion
Opera ting 6.7 3.2 1.9 1.3 1.3 1.3 1.3 1.3
Capital Equipment 0.8 0.1 0.0 0.1 0.1 0.1 0.1 0.1
Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 7.5 3.3 1.9 1.4 1.4 1.4 1.4 1.4
Direct FTE 84 30 16 11 11 11 11 11

HA Total Health and Environmental Research

Operating 8.3 7.7 7.2 7.6 7.6 7.7 7.7 7.7
Capital Equipment 0.7 0.5 0.4 0.5 0.5 0.5 0.5 0.5
Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 9.0 8.2 7.6 8.1 8.1 8.2 8.2 8.2
Direct FTE 106 96 87 88 88 89 89 89

KA High Energy Physics
Operating 17.3 17.6 18.6 19.5 19.8 20.1 20.4 20.7
Capital Equipment 1.7 1.6 1.6 1.7 1.7 1.7 1.7 1.7
Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 19.0 19.2 20.2 21.2 21.5 21.8 22.1 22.4
Direct FTE 215 205 210 210 214 217 220 223

KB Nuclear Physics
Operating 29.1 28.2 29.5 31.0 31.5 31.9 32.4 32.9
Capital Equipment 3.6 3.5 4.0 6.0 6.0 6.1 6.1 6.1
Construction 3.9 3.6 3.6 7.3 7.8 8.3 8.8 9.3

Total 36.6 35.3 37.1 44.3 45.3 46.3 47.3 48.3
Direct FTE 388 357 367 406 416 425 435 445

KC 01 Nuclear Sciences
Opera ting 5.2 4.8 5.4 5.7 5.8 5.8 5.9 6.0
Capital Equipment 0.5 0.5 0.6 0.6 0.6 0.6 0.6 0.6
Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 5.7 5.3 6.0 6.3 6.4 6.4 6.5 6.6
Direct FTE 59 53 58 61 62 63 64 65

KC 02 Materials Sciences (inc. CAM and 1-2 GeV S.R.S.)
Opera ting 13.3 12.5 14.9 18.1 19.7 25.8 33.3 43.9
Capital Equipment 3.1 1.5 3.0 4.1 4.6 5.3 6.1 7.1
Construction 9.3 11.0 12.1 25.6 30.0 26.0 17.2 6.0

Total 25.7 25.0 30.0 47.8 54.3 57.1 56.6 57.0
Direct FTE 210 196 227 292 338 407 433 447

KC 03 Chemical Sciences
Operating 5.9 5.4 5.5 5.8 5.9 6.0 6.1 6.2
Capital Equipment 0.7 0.5 0.6 0.6 0.6 0.6 0.6 0.6
Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 6.6 5.9 6.1 6.4 6.5 6.6 6.7 6.8
Direct FTE 91 77 75 78 80 81 82 83

KC 04 Engineering, Math, Geosciences
Operating 1.9 1.9 2.3 2.4 2.5 2.5 2.5 2.6
Capital Equipment 0.4 0.2 0.3 0.3 0.3 0.3 0.3 0.3
Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 2.3 2.1 2.6 2.7 2.8 2.8 2.8 2.9
Direct FTE 29 25 29 29 29 30 30 31
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Table 8-5. Continued-Office of Energy Research Funding and Personnel (FY BA, $M)

Program/BR Code 1985 1986 1987 1988 1989 1990 1991 1992

KC as Advanced Energy Projects
Operating 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Capital Equipment 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3

Direct FTE 2 3 3 3 3 3 3 3

KC 06 Bio Energy Research
Opera ting 1.2 1.1 1.5 1.6 1.6 1.6 1.7 1.7
Capital Equipment 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 1.3 1.2 1.6 1.7 1.7 1.7 1.8 1.8
Direct FTE 15 13 17 17 17 18 18 18

KC 07Applied Math Science
Opera ting 1.6 1.4 1.6 1.7 1.7 1.7 1.8 1.8
Capital Equipment 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 1.6 1.5 1.7 1.8 1.8 1.8 1.9 1.9
DirectFTE 17 16 16 17 17 18 18 18

KC BasicEnergy Science Total
Opera ting 29.3 27.4 31.5 35.5 37.5 43.8 51.5 62.5
Capital Equipment 4.8 2.9 4.7 5.8 6.3 7.0 7.8 8.8
Construction 9.3 11.0 12.1 25.6 30.0 26.0 17.2 6.0

Total 43.4 41.3 48.3 66.9 73.8 76.8 76.5 77.3
DirectFTE 423 383 426 498 547 619 648 666

KD 01 Energy Research Analysis-Project Assessment
Operating 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Capital Equipment 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
DirectFTE 1 1 0 0 0 0 0 0

KE 01University Research Support
Operating 0.3 0.4 0.3 0.3 0.3 0.3 0.3 0.3
Capital Equipment 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 0.3 0.4 0.3 0.3 0.3 0.3 0.3 0.3
DirectFTE 5 5 4 4 4 4 4 4

KG Multiprogram Energy Laboratories Revitalization
Construction 3.8 0.0 1.3 8.3 13.7 31.8 27.4 20.5

Total 3.8 0.0 1.3 8.3 13.7 31.8 27.4 20.5
DirectFTE 2 4 4 6 14 14 14 14

Total OER

Opera ting 91.2 84.5 89.0 95.3 98.1 105.2 113.7 125.5
Capital Equipment 11.6 8.6 10.7 14.1 14.6 15.4 16.2 17.2
Construction 17.0 14.6 17.0 41.2 51.5 66.1 53.4 35.8

Total 119.8 107.7 116.7 150.6 164.2 186.7 183.3 178.5
Direct FTE 1224 1081 1114 1223 1293 1380 1421 1452
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Table 8-6. Conservation and Renewable Energy Funding and Personnel (FY HA, $M)

ProgramjBR Code 1985 1986 1987 1988 1989 1990 1991 1992

AL Energy Storage
Opera ting 4.8 3.9 3.8 4.0 4.0 4.0 4.0 4.0

Capital Equipment 0.2 0.1 0.0 0.1 0.1 0.1 0.1 0.1
Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 5.0 4.0 3.8 4.1 4.1 4.1 4.1 4.1

Direct FTE 38 36 33 34 34 34 34 34

AM Geothermal

Operating 1.5 1.3 1.0 1.1 1.1 1.1 1.1 1.1
Capital Equipment 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 1.6 1.4 1.0 1.1 1.1 1.1 1.1 1.1
Direct FTE 16 12 9 9 9 9 9 9

EB Solar Energy
Opera ting 1.9 1.3 1.1 1.2 1.2 1.2 1.2 1.2

Capital Equipment 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 2.0 1.3 1.1 1.2 1.2 1.2 1.2 1.2
Direct FTE 18 13 10 11 11 11 11 11

EC Building & Community Systems
n ..' 9.0 7.7 7.2 7.6 '7t:.. 7.6 7.6 '7t:..,-,pera ling I. V I. V

Capital Equipment 0.3 0.4 0.0 0.2 0.2 0.2 0.2 0.2
Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 9.3 8.1 7.2 7.8 7.8 7.8 7.8 7.8

Direct FTE 106 86 77 81 81 81 81 81

EF State/Local
Operating 0.6 0.0 0.2 0.2 0.2 0.2 0.2 0.2
Capital Equipment 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 0.6 0.0 0.2 0.2 0.2 0.2 0.2 0.2
Direct FTE 1 2 2 2 2 2 2 2

EG 05 Energy Conversion Technology
Operating 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4
Capital Equipment 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4
Direct FTE 6 7 7 7 7 7 7 7

Total Conservation & Renewable Energy
Operating 18.1 14.6 13.7 14.4 14.4 14.4 14.4 14.4
Capital Equipment 0.7 0.6 0.0 0.3 0.3 0.3 0.3 0.3
Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 18.8 15.2 13.7 14.7 14.7 14.7 14.7 14.7
Direct FTE 185 156 138 145 145 145 145 145
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Table 8-7. Fossil Fuel and Other DOE Program Funding and Personnel (FY BA, $M)

ProgramjBR Code 1985 1986 1987 1988 1989 1990 1991 1992

AA Coal

Operating 1.7 1.6 1.3 1.6 1.6 1.6 1.6 1.6

Capital Equipment 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1
Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 1.7 1.6 1.3 1.7 1.7 1.7 1.7 1.7
Direct FTE 23 20 15 18 18 18 18 18

AC Petroleum

Opera ting 0.8 0.6 0.4 0.4 0.4 0.4 0.4 0.4

Capital Equipment 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1
Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 0.8 0.6 0.4 0.5 0.5 0.5 0.5 0.5
Direct FTE 13 9 6 6 6 6 6 6

Total Fossil

Opera ting 2.5 2.2 1.7 2.0 2.0 2.0 2.0 2.0

Capital Equipment 0.0 0.0 0.0 0.2 0.2 0.2 0.2 0.2
Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 2.5 2.2 1.7 2.2 2.2 2.2 2.2 2.2
Direct FTE 36 29 21 24 24 24 24 24

DB Commercial Nuclear Waste
Operating 1.1 3.2 3.7 3.9 3.9 3.9 3.9 3.9
Capital Equipment 0.0 0.0 0.0 0.1 0.1 0.1 0.1 0.1
Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 1.1 3.2 3.7 4.0 4.0 4.0 4.0 4.0
Direct FTE 14 35 43 45 45 45 45 45

Total AjS Management & Administration (LA & WB)
Operating 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Capital Equipment 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Construction 0.4 0.2 0.0 0.0 0.0 0.0 0.0 0.0

Total 0.5 0.3 0.0 0.0 0.0 0.0 0.0 0.0
Direct FTE 6 3 0 0 0 0 0 0

WA General Administration

Operating 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Capital Equipment 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Direct FTE 0 1 1 1 1 1 1 1

PE Policy, Planning, and Analysis
Operating 0.2 0.3 0.4 0.4 0.4 0.4 0.4 0.4
Capital Equipment 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 0.2 0.3 0.4 0.4 0.4 0.4 0.4 0.4
Direct FTE 2 2 3 3 3 3 3 3
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WORK FOR OTHERS RESOURCES

Table 8-8. Work for Others Funding and Personnel (FY BA $M)

ProgramjBR Code 1985 1986 1987 1988 1989 1990 1991 1992

Work for Other DOE Contractors

Operating 11.6 15.6 14.5 14.5 14.5 14.5 14.5 14.5

Capital Equipment 4.2 4.0 3'.6 3.3 3.4 3.4 3.4 3.4
Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 15.8 19.6 18.1 17.8 17.9 17.9 17.9 17.9
Direct FTE 98 120 106 106 106 106 106 106

Other Federal Agencies
NRC 1.2 0.7 0.8 0.7 0.7 0.7 0.7 0.7

Direct FTE 12 7 8 7 7 7 7 7
Defense 2.2 4.3 4.3 4.3 4.3 4.3 4.3 4.3

Direct FTE 18 33 31 31 31 31 31 31
HHS (inc. NIH) 11.3 12.3 12.9 13.4 13.7 13.9 14.1 14.3

Direct FTE 144 157 157 158 161 164 166 169
EPA 0.4 0.5 0.4 0.3 0.3 0.3 0.3 0.3

Direct FTE 5 5 4 3 3 3 3 3
NASA 0.8 1.2 1.0 1.0 1.0 1.0 1.0 1.0

Direct FTE 7 10 8 8 8 8 8 8
Labor 1.6 0.8 0.3 0.0 0.0 0.0 0.0 0.0

Direct FTE 20 9 3 0 0 0 0 0
Misc. OFA 3.0 4.0 4.5 4.5 4.5 4.5 4.5 4.5

Direct FTE 33 41 46 46 46 46 46 46
Total OFA 20.5 23.8 24.2 24.2 24.5 24.7 24.9 25.1

Direct FTE 239 262 256 253 256 259 261 263

Other State jPrivate
Operating 4.5 6.4 7.4 8.7 8.7 8.7 8.7 8.7
Capital Equipment 2.0 1.2 1.2 1.2 1.2 1.2 1.2 1.2
Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 6.5 7.6 8.6 9.9 9.9 9.9 9.9 9.9
Direct FTE 78 80 90 101 101 101 101 101

Total Work for Others (Non-DOE)
Opera ting 25.0 30.2 31.6 32.9 33.2 33.4 33.6 33.8
Capital 2.0 1.2 1.2 1.2 1.2 1.2 1.2 1.2
Construction 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total 27.0 31.4 32.8 34.1 34.4 34.6 34.8 35.0
Direct FTE 317 342 346 354 358 360 362 365
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AGMEF
AGS
AID
ANL
ARM
ASEAN
AVMs
BA
BES
BGO
BNL
BPA
CAM
CAT
CCD
CDF
CEBAF
CEC
CELSS
CERN
CPSC
CRE
CSDP
DLS
DO
DOE
DOl
ECR
EPRI
FEL
FNAL
FTE
FY
GaAs
GPE
GPP

gsf
GSI
GSO
GTE
HERA
HHS
HIFAR
HISS
HTE
HVEM
ILSE
INS
IR
JSU
LANL

ACRONYMS AND ABBREVIATIONS

Ana G. Mendez Educational Foundation

Alternate Gradient Synchrotron
Agency for International Development
Argonne National Laboratory
Atomic Resolution Microscope
Association of South East Asian Nations
arteriovenous malformations

budgetary authority
basic energy sciences
bismuth germanate
Brookhaven National Laboratory
Bonneville Power Administration
Center for Advanced Materials

Computed Axial Tomography
charge-coupled device
Collider Detector at Fermilab

Continuous Electron Beam Accelerator Facility
California Energy Commission
Closed Ecological Life Support System
European Organization for Nuclear Research
Consumer Products Safety Commission
Conservation and Renewable Energy
Continental Scientific Drilling Program
DiLepton Spectrometer
D-zero (Tevatron interaction region)
U.s. Department of Energy
U.s. Department of Interior
Electron Cyclotron Resonance
Electric Power Research Institute
free-electron laser

Fermilab National Accelerator Laboratory
full-time equivalent
fiscal year
gallium arsenide
General Purpose Equipment
General Plant Projects
gross square feet
Gesellschaft fur Schweironenforschung
Goods and Services on Order

formerly General Telephone and Electronics Corporation
High-Energy Resolution Array
Health and Human Services
Heavy-Ion Fusion Accelerator Research
Heavy-Ion Spectrometer System
High- Temperature Experiment
High-Voltage Electron Microscope
Induction Linac System Experiment
Institute for Nuclear Study (Univ. of Tokyo)
infrared

Jackson State University
Los Alamos National Laboratory
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LBL
LDCs
LEAP
LET
LIBRA
LLNL
LNF
MBE
MEL-FS
MFTF
MEVVA

Mgsf
MMRD
NASA
NCEM
NIH
NMFECC
NMR
NRC
NSAC
NSF
NSLS
OASIS
OECD
OER
OFA
OHER
ORNL
ORTA
PEP
PET
PRC
R&D
RFQ
RHIC
SLAC
SLC
SQUID
SPS
SSC
SSRL
TBA
TEC
TFF
TFTR
TPC
U.C.
USGS
VUV
XUV
WFO
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Lawrence Berkeley Laboratory
less-developed countries
Large Einsteinium Activation Program
linear energy transfer
Light Ion Biomedical Research Accelerator
Lawrence Livermore National Laboratory
Laboratori Nazionali di Frascati

Multiple-Beam Experiment
Multiprogram Energy Laboratory Facilities Support
Magnetic Fusion Test Facility
Metal Vapor Vacuum Arc
million gross square feet
Materials and Molecular Research Division

National Aeronautics and Space Administration
National Center for Electron Microscopy
National Institutes of Health

National Magnetic Fusion Energy Computer Center
nuclear magnetic resonance
Nuclear Regulatory Commission
Nuclear Science Advisory Committee
National Science Foundation

National Synchotron Light Source
On-Line Apparatus for SuperHILAC Isotope Separation
Organization for Economic Cooperation and Development
Office of Energy Research
Other Federal Agencies
Office of Health and Environmental Research
Oak Ridge National Laboratory
Office of Research and Technology Applications
Positron Electron Project
positron emission topography
People's Republic of China
research and development
radio-frequency quadrupole
Relativistic Heavy-Ion Collider
Stanford Linear Accelerator Center
Stanford Linear Collider
superconducting quantum interference device
Super Protron Synchrotron
Superconducting Super Collider
Stanford Synchrotron Radiation Laboratory
Two-Beam Accelerator
total estimated cost

transverse field focusing
Tokamak Fusion Test Reactor
Time Projection Chamber
University of California
U.5. Geological Survey
vacuum ultraviolet

x-ray ultraviolet
Work for Others
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