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Basic research Is an Important
investment in the future which
will help the U.S, maintain and
enhance its economic strength.
The Office of Basic Energy
Scisnces (BES) basic research
activities, carried out mainly in
universities and Department of
Energy (DOE) laboratories, are
critical to the Natlon's ‘leader-
ship in science, for training
future sclentists, and to fortify
the Nation's foundations for
soclal and economic well-being.
Attainment of the national goals
-- ensrgy self-sufficiency,
improved health and quality of
life for all, economic growth,
national security -- depends on
both technological research
achievements and the ability to
exploit them rapidly. Basic
research is a necessary ele-
ment for technology devalop-
ment and economic growth.

This report presents the De-
partment of Energy's Office of

Introduction

Basic Energy Sciences program.
The BES mission Is to develop
understanding and to stimulate
innovative thinking needed to
fortdy the Department's
missions.

Research to broaden the
technology base supporting
either specific energy options
or generic energy research Is
extremely Important, Equally
important, however, Is the
need for continuing basic
research, unconstrained by
preconcelved notlons of what
technologies will be Important
several decades from now, so
that new, as yet unidentified,
options may emerge. A com-
prehensive program of basic
energy-related research and
fundamental knowledge-seeking
research In topics of interest to
DOE is essential.

The BES program conducts
basic research that will most

likely help the Nation's long-
term energy goals. BES
implements a broad strategy
for conducting basic research
and contributes strongly to-
wards national energy goals and
to national goals of maintaining
and enhancing scientific leader-
ship, technological innovation,
and economic strength.

The following pages describe
the program of the Department
of Energy's Office of Basic
Energy Sciences. The BES
subprograms and facilities are
discussed, along with an
abbreviated budget summary
and an outline of plans for the
future. Any reports referenced
are available from the National
Technical Information Service,
U.S. Department of Commercs,
Springfield, Virginia 22161.
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Basic research requires long-
term commitments of re-
sources and people with the
promise only of long-term
success and long-term return
on investment. Thus, the
private sector, dominated by
concerns for high and rapid
return on investment and other
short-term considerations, is

‘playing a lesser role in support

of basic research than it did
during the past few decades.
As a result, support of long-
range basic research has
become the special responsi-
bility of the Federal
Government.

Overview

‘Within the Department of
-Energy (DOE), the mission of

the Office of Energy Research
(ER) is to support advanced
research almed at gaining
insights into the behavior of
nature. The Office of Baslc
Energy Sciences (BES) is
responsible for long-range
basic energy-reiated research.
The BES goal Is to provide the
scientific underpinning needed
to develop energy options for
the future.

The Office of Basic Energy

Sciences plans and administers
DOE's programs of basic energy

Figure 1.

research. BES is organized
primarlly along scientific
discipline lines as shown in
Figure 1. This structure helps
the basic research community
align themselves with the BES
support units. Nevertheless,
topics of interest o DOE often
cross these divisional
boundaries. Examples of such

~toplcs Include catalysis and

surface sclence involving both
Materlals Sclences and
Chemical Sciences subpro-
grams, photosynthesis and
photochemistry involving both
Chemical Sciences and Energy

. Biosclences subprograms, and
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mechanical fracture involving
both Materials Sclences and
Engineering and Geosciences
subprograms.

Characteristics of the BES
program are: long-term
generic basic research under-
pinning the Nation's technology
base and fortifying foundations
for the Department's missions;
support of research at univer-
sitles and at the national lab-
oratories which support the
educational objectives of the
Department; and design, con-
struction and operation of
complex scientific facilities for
the national user community.
Throughout the Nation, BES
supports about 1,400 research
projects, each selected because
of its scientific and technical
merit and its relevance to the
Department's research
objectives.

The knowledge gained through
BES-sponsored research be-
comes an integral part of the
body of information needed for
the Nation's technology base.

DOE's laboratories are national
assets that play an essential
role In U.S. science and tech-
nology. Expert scientific and
englneering staffs exist at the
laboratories; complex scientific
faciities are operated by the
laboratories and are accessible
to academic and industrial
researchers, and inter-
disciplinary projects are
undertaken at the laboratories
on topics of national impor-
tance. Much of the BES budget
that goes to the national
laboratories Is to operate
complex facilities, support

research dependent on them,
and provide services uniquely
available at the laboratories.
The nature of the facilities and
the character of BES programs
have made BES a major contri-
butor in the evolving national
goal of enhancing our economic
competitiveness through more
rapid exploitation of scientific
results for technology

" applications.

Many areas of modern science
depend on large and costly
facilities to develop infermation
not otherwise attainable. The
unique facilities in the BES
program are made avallable for
use by the entire scientific
community. The operation of
major sclentific facilities
requires a large commitment of
BES funds. These facilities
include the Natlonal Synchro-
tron Light Source at Brook-
haven National Laboratory; the
Stanford Synchrotron Radiation
Laboratory; the Combustion
Research Facility at Sandia-
Livermore; the High Flux
Isotope Reactor at Oak Ridge
National Laboratory; the High
Flux Beam Reactor at Brook-
haven; the Intense Pulsed
Neutron Source at Argonne
National Laboratory; the Manuel
Lujan, Jr. Neutron Scattering
Center, LANSCE, at Los Alamos
National Laboratory; and high-
voltage and atomic resolution
microscopes.

Most of the scientists Involved
In BES research programs are
located at universities and
national laboratories. In
addition, access to qualified
scientists not directly support-
ed by BES is provided at the

major user facllities, Thus, ‘
while about 25% of BES funding
directly supports university-
based research, indirect
support for university research
also is significant. Besides
universities and national labora-
tories, BES maintains ties with
industry. Industrial scientists
serve on the Basic Energy
Sclences Advisory Commiitee;
experts from industry partici-
pate In the review of research
proposals and use the special-
ized facilities sponsored by
BES; Industrial scientists
participate in program advisoty
committees at the national
laboratories; and industry
representatives are invited to
attend BES conferences and
workshops. Through these and
other mechanisms, research
results become available to
industry in a timely fashion.

The BES program also partici-
pates in the Government-wide
mandated Small Business
Innovation Research program
which was initiated in Fiscal
Year 1983. A number of BES
projects are being supported at
research-criented, small
business firms. The level of
this effort was 1.25% of the
BES operating expenses in
Fiscal Year 1990 -- i.e., about
$5,400,000.

Interagency information ex-
changes, committee inter-
actions, and workshops provide
lialson between BES and other
research groups. For example,
DOE offices and laboratories
and such Federal agencies as

the National Science Foundation,
the Nuclear Regulatory Commis-
sion, the U.S. Geological Survey
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and the Department of Agricul-

ture have working groups and
committees that routinely ex-
change information and coordin-
ate program activities in areas
of common Interest such as
chemistry, geophysics, mater-
lals, combustion, and plant sci-
ences research. Coordinating
committees discuss Individual
proposals and compare work
being done by the various
agencies to avoid undesirable
overlap and duplication of
effort, Outreach workshops
and working groups bring to-
gether investigators In related
areas to share information and
discuss related problems in
their work. The results of
these interactions normally are
published in the open literature
to make them available to the
sclentific community world-
wide. .

Current trends in the BES pro-

gram are toward greater use of
the major facllities by both DOE
and "outside" researchers and

strengthening of research in the
following areas:

+ Surfaces: behavlor and
properties at the atomic and
molecular level, chemical
reactions at surfaces and
modlfications to them, and
behavior and properties at
Interfaces.

+ Solids: their properties and
structures at the atomic and
molecular level including
grain boundary effects,
electronic and magnetic
properties, and atomlc
transport within solids. Of
particular interest are con-
densed matter theory,

structural ceramics and
amorphous -- glassy or
plastic -- materlals.

Plants: Including genetics;

‘response to stress, l.e.,

thelr abllity to adapt to low
molsture, high-temperature,
high-salinity, etc.,, environ-
ments; and photochemistry --
the effect of sunlight on the
internal chemistry of plants
including photosynthesis and .
the complex reactions
involved.

Rock/Fluid Systems:
geophysics and geochemis-
try of systems relevant to
energy resource recovery
and Isolation of energy-
related wastes, including
topics such as underground
Imaging, flow in fractured
reservolirs, and isotope
geochemistry.

BES continues to emphasize
interactions with U.S. industry.
Recently this has included
development of an activity that
has come to be known as
"Technology Trans! ",
operated through the national
laboratories, to enhance the
flow of research results to the
private sector. Some examples
of recent research results
contributing towards early
application are:

Detection Devices for
Trace Exploslves and
Pollutants -- A device to
detect explosives was under
development at the Oak Ridge
National Laboratory during
1989; the concept for it
grew out of an analytical
research effort there under

the BES program. This
device Is designed to detect
trace gas components
characteristic of explosive
materials. Also based on
this research, an exclusive
license was granted to a
private firm to develop a
commercial device for
detection of pollutants in the
environment.

Environmentally Safe
Scavengers for Metal
Contaminants -- Chemical
compounds able to remove
metal lons from acld
streams have been develop-
ed which, once used, can
then, without much

difficulty, be turned into
harmless substances:

water, carbon dloxide, and
phosphoric acid. These new
compounds are efficient for
removing metals and are ex-
pected to be quite useful for
processing very acid nuclear
wastes and for decontamina-
tion of ground water by re-
moving metal lons from
them. A patent application
is being processed, and
several firms have express-
ed Interest In obtaining a
license to produce these com-
pounds on a commerclal
scale.

Nobel Prize Work Leads
To Commercial
Products To Analyze
Body Flulds--In 1987,
Professor Donald J. Cram,
supported for many years
by BES, shared in the Nobel
Prize in Chemistry for
"developing new chemical
methods for recovering
scarce metals and purifying



common metals using much
less snergy than In the
past'. Professor Cram's
research provided new
insight into the chemistry of
selectively combining
molecules which can "tie up"
a valuable metal in the
presence of other metals In
solution. The novel complex-
ing agents developed can
bind molecules as well as
metals and can be designed
to mimic the highly specific
actlvity of enzymes. in
1989, these complexing
agents were adapted by a
commercial firm for
quantitative analysis of
sodlum and potassium, an
important measurement for
proper electroiyte balance in
the human body. Such

andlyses are conducted
routinely In the clinical
laboratory,

The future for BES continues to
be more and more challenging
as the frontiers of sclence
expand. Experiments at the
outting edge of science Involve
extremes: extremely short
reaction times, vanishingly
small concentrations, species
with only fleeting lifetimes, and
measurements under extreme
conditions of temperature and
pressure. To carry out such
experiments requires increas-
ingly more complex Instrumen-
tatlon. Examples of BES's
efforts to meet such challenges
Include the development of
advanced synchrotron radiation
facllities, advanced neutron

sources, and the establishment
of electron microscopy centers.

As noted earlier (Figure 1),
BES Is orgariized along

. sclentific discipline lines.

Research Is managed under six
subprograms: Materials
Sclences, Chemical Sclences,
Englineering and Geosclences,
Advanced Energy Projects,
Energy Blosciences, and Applied
Mathematical Sclences. The
Applled Mathematical Sciences
activities are managed by the
Scientific Computing Staff,
which reports directly to the
Director, Office of Energy
Research, but the activity is
budgeted under BES. The
"Subprogram" section
describes the -activities in each
of the subprograms.



Each year In the Basic Energy
Sclences (BES) Summary

* Report, a special toplc is _
selected and highlighted to give
the reader an indepth look at
how the BES program contri-
butes to understanding in a
particular fleld. The topic
selected this year Is research
relevant to environmental
concerns. Three stories are
presented of research started
decades ago which contributed
to helghtened environmental
awareness and eventually to
socletal action to mitigate the
concerns. They show the
painstaking process involved in
basic research and its unmis-
takable value to the issues of
environmental quality. Addition-
ally, this section Inciudes four
more recently Initlated re-
search projecis in which areas
of environmental interests are
being actively pursued and
which may, in the future, lead
to equally important mitigation
actions.

Since the end of World War |l,
the Office of Basic Energy
Sclences and lts predecessor
organizations have been a
principal source of support for
basic research in areas leading
to environmental awareness
and providing the technical
.oundation for solutions to
environmental concerns. For
example, current sensitivity to
environmental Issues would not
exist without our present capa-
bility to measure environmental
poliutants and to identify those

- energy.

Special Topic

Basic Energy Sciences Support
for Research Relevant To '
Environmental Concerns

trace materials that pose major
hazards to mankind. That
capabllity would not exist If it
were not for the painstaking
research over the past four
decades that constantly sought
to make better, more precise
measurements in smaller and
smaller systems and to develop
new techniques to understand
the environment.

Orlginally responsible for basic
research In the physical
sclences, the early program
was focused on radioactivity
and radlation, understanding
these phenomena and thelr
origins, their effects, and
potential applications to serve
mankind. An important con-
saquence of the concerns with
radioactivity was learning to
deal with trace quantities of
materials, both handiing them
and measuring them, and using
isotopes to tag certain chemi-
cals. Thus, the analytical
techniques had to be developed
along with the research. The
physical research program
worked in close concert with

its sister organization responsl-

ble for biological and medical
research Involving atomic
More recently, re-
search has been initlated in
englneering and geosclences
with the expectation that
discoveries here will have
similarly significant impact.

Sensitivity to the undesirable
impacts possible from trace
2wdnts of radioactive mate-

rlals, coupled with evolving
analytical capabiliities and
continuing improvements In
electronics and Instrumenta-
tion, have had-an Important
effect on science in general; on
biology and medicine, particu-
larly regarding trace materlals
In living systems; and on
soclety. Soclety has become
concerned with environmental
lssues to a degree unprece-
dented in man's history.

it Is nearly impossible to trace
the cetalled evolution of
environmental awareness,
pinpointing the contributions
made to it by this program. It
is possible, however, to
identify the generic aspects,
and in several instances, the
specifics, of BES-supported
basic research contributions to
socletal awareness and actions
to deal with environmental
problems.

Generically, BES has supported
the development of better and
better analytical tools to Iidenti-
fy minute quantities of trace
materials; BES has supported
research to elucidate shemical
reactions and processes involv-
ing trace materlals; and BES
has supported theoretical
research exploring possible
reactions and behavior in sys-
tems of environmental concern.

Specifically, BES has contribu-
ted to the Iduntification of

" leaded gasoline as a major en-

vironmental pollutant and,
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ultimately, to a national policy
to reduce Its use; BES has
supported the research leading
to the recognition of the long-
term effect of chlorofluoro-
carbon release on the ozone
layer which was then followed
by International action to
reduce that effect. Research
BES has suppoited also has
provided the information and
capabllities needed to conduct
analyses and assessments of
potential hazards of proposed
technologies. An example Is the
Identification of the effect a
fleet of supersonic transport
(SST) alrcraft might have on
the ozone layer if pursued as a
major transportation option for
the United States. Professor
Harold Johnston of the Univer-
sity of California, Berkeley,
and Lawrence Berkeley Labora-
tory, raised the Issue of the
ozone layer In 1971 and
Professor F. Sherwood
Rowland, University of
California, Irvine, shortly
thereafter (1974) recognized
and called attention to the
chlorofluorocarbon-ozone

chemistry the, could affect the
ozone layer. As more and more

research Is carried out and data |

obtained, the understanding of
the ozone layer and the
chemistry of the stratosphere
Improves; the concerns ralsed
by Rowiand have become widaly
accepted and led to internation-
al agreements and natlonal
policles aimed at reducing
man's release of chlorofluoro-
carbons into the atmosphere’.

In addition to the above three
storles which are focused o .
research begun many years ago
and, hence, have developed
complex interactions and
results, included in this section
are four items started more
recently which may very well
lead to equally complex,
Interesting stories some time in
the future. They are: Global
Geochemical Cycles and Climate
Change; Use of Geophysical
Methods for Environmental
Studies; Use of Robots to Clean
Nuclear and Chemical Wastes;
and Underground Imaging and
Borehole Technology.

The historles of the leaded
gasoline, ozone layer, and SST-
related research are Important
because each points out the
value to society of the long-
term basic research supported
by BES. The environmental
impact of the latter four more
recent {tems and other re-
search supported by BES s
unknown, but judging from past
experlence, they will also con-
tribute in a complex way to the
solution of environmental con-
cerns. The BES program, which
ls almed at understanding
phenomena of Interest to DOE's
energy technology and weapons
programs, searches for added
understanding of the fundamen-
tal behavior of matter and
energy, including any effects on
the environment in which we
live. The ultimate achievement
of these goals are tled to man's
survival,

" An article in American Scien-
tist, January-February 1989,
by Rowland, provides a fine
review of ihe CFC-Oj issue.

Leaded Gasoline

The identification of tetraethyl
lead from automobile exhaust
as the principal source of lead
which has contaminated the
earth's biosphere came about
through basic geocliemical
research on lead In the earth's
crust and its isotoplec compos-
ition. That research, supported

by the U.S. Atomic Energy
Commission (AEC), ploneered
the use of stable lead isotopes,
which are the products of
radinactive decay from uranium
and thorlum, as tracers to
identify geologle processes and
origins of crustal materials.

Different lead isotopes are
produced at different rates
depending on the abundances and
radioactive half-lives of thelr
uranium o thorlum precursors.
Over long times comparable to
the earth's age, the relative
abundances of different lead
Isotopes change. Such relative



Isotopic abundance changes,
consldered along with actual
abundances of lead, uranium,
and thorium In varlous kinds of
rocks, provide a means for
unraveling the ways In which
the various parts of the earth's
crust evolved during ancient
times from the earth's mantle,
as well as providing informa-
tion about continental drift and
paleotectonic evolution.

The rationale behind AEC's
support of these pioneering
basic sclentific studles of the
isotopic evolution of lead was
that they helped establish
fundamental knowledge of the
origin, types, and magnitudes
of reservoirs of uranium within
the earth's crust. One of the -
initlal findings from these
studies was that enough urani-
um could be recovered from
ordinary granite to produce
nuclear fuel with an energy
content well in excess of that
needed to carry out the fuel
recovery and production
operations.

Of greater significance is the
knowledge that people today
contain 1,000 times more lead
in their bodies than did their
prehistoric ancestors, knowl-
edge resulting from a discovery
made while conducting basic re-
search on the isotopic evolution
of lead. ‘

In 19621, 7. J. Chow2and C. C.
Patterson3 reported on their
research aimed a' establishing
the current mean Isotoplic
composiltion of lead In the
earth's crust. They approached
the problem viewing ocean
leads as sultable for their

purpose, but this required that
the answer be obtained indirec-
tly from lead deposited at
various geologic times in deep
ocean sediments,

Experimental data presented
was accompanied by Interpre-
tive arguments involving the
nature and occurrence of lead In
pelagic sedimsnts’, the trans-
port and origin of marine lead,
Its isofopic composition In.
relation to time of deposition,
and the characteristics and
meaning of the Isotoplc varia-
tions observed.

Using various data from the
sclentific literature and
reasonable assumptions,
quantitative estimates were
made ~‘ the amounts of lead,
uranium, and thorium trans-
portecr. to the seas either as
particles or Iin solution In river
waters, or by atmospheric
transport. It was estimated
that about two-thirds of the
lead in sediments deposited in
pelaglc reglons comes from
soluble lsad In ocean waters,
not from particles. This
chemical deposition of lead Is a
process that has operated for a
long time. |t results in the net
removal of lead from uranium-

lead-thorlum systems in the

continents and the storage of
this lead In pelagic reglons. The
removal of continental lead
tends to increase the relative
proportion of yuung radiogenic
lead in the continent abave the
ratio that would normally b
found In a closed system.

~ Rates of accumulation of pelagic

sediments had been previously
identified by others, Chow and

Patterson's work, obtaining
lead concentration and Isotople
data, coupled with rate of
deposition data obtained by
others, contributed to the
clarifloation of the oceanic
cycling of lead. As a result,
transport mechanisms for lead
from the continents to the
marine environment were
delineated and their magnitudes
established. As a consequernce
of outiining the broader Implica-
tions of oceanic leads as they
apply to chemical oceanography
and to the geochemistry of
uranium, thorlum, and lead in
the earth's crust and mantle,
Chow and Patterson determined
the rate at which lead had
entered the oceans, passed
through them, and was
deposited In sediments during
anclent times.

1T. J. Chow and C. C. Patter-
son, The Ocourrence and
Significance of Lead Isotopes
“in Pelagic Sediments, Qgg-
chimica et Cosmochimica
Acta, 26, pp. 263 to 308,
(1962). [AEC Is credited as
providing supplemental sup-
port for this work through a
contract; most of the support

was from the American Petrol-

eum Institute (API) and there
was a short term NSF grant.]

2 At Scripps Institution of
Oceanograpiiy when this paper
was published.

3 At Callfornia Institute of
Technology when this paper
was published,

* Pelagic sediments are those
found In the open sea.



Most of the dissolved lead In
the oceans orlginated from
continental weathered rocks
containing leads of varlous
Isotoplec compositions, and
about 10% of the amount that
entered the oceans during the
fast milllon years may have
orliginated from volcanic
actlvity. The effect of
Industrial contamination,
however, was thought to
contribute dissolved lead to the
oceans at a rate much greater
than the average of the last
million years, and much of the
lead now in young ocean waters
may be serlously contaminate!
by ore lead mined by man.

They pointed out from reported
industrial productlon (malnly
lead alkyls) that man is
presently dispersing lead over
the land surfaces at a rate of
about 2.3 x1012 grams per
year. About one-third of this Is
"exposed to the weathering
cycle and Is the source of lead
entering the oceans from
rivers. This Is 80 times the
rate of oceanic deposition of
soluble lead from the oceans to
sediments In the prehistoric
past, Chow and Patterson
ooncluded that effects of such
Industrial polliution totally
obscured true magnitudes of
cycles of lead in the oceans
today.

The discovery of the gross
discrepancy between large
inputs of industrial lead to the
oceans from air and rivers
tnday compared to the much
smaller outputs of natural lead .
from the oceans to the sedi-
ments In the ancient past was

the key finding that triggered a
serles of subsequent Investiga-
tlons carried out during the
next two decades which
disclosed the serious problem
of poisoning effects from
Industrial lead pollution which
confronts most Americans
today.

Concentrations of Industrial
lead In the earth's global
atmosphere are 100 times
greater than concentrations of
atmospheric lead deduced from
measurements of lead recorded
In anclent polar snow layers.4:5
More tecent work by Patterson
and others has further confirm-
ed the effects of this increased
Introduction of atmospheric
Industrlal lead in Increasing
amounts of lead on plant leaves
and animal fur In remote
ecosystems,

Tha basic sclentific studies of
blogeochemical cycles of lead In
terrestrial and marine
ecosystems, which were
initlated and then supported In
part by AEC funds, have
provided a reliable foundation
of knowledge upon which the
economics of controlling
industrlal lead pollution can be
based. These studies have also
established new methods and
concepts to allow a better
understanding of how to moni-
tor and control the escape of
toxic substances from waste
storage sites Into ground water
tables. For lead, for example,
the Isotopic compositions from
industrial sources are generally
different from the Isotopic
compositions of natural lead in
solls, so they can be distin-

gulshed., This allows the flow
of Industrial pollutant lead,
added to solls from. air by lead-
rich aerosols Incorporated in
rain and snow and by lead-rich
aerosols deposited on plant
leaves, to be followed as It
percolates through solls Into
aquifers and streams.

In this way, lead was proven to
be a unique, powerful ‘ool for
both tracing out the historical
sequence of certain geological
events and increasing our knowl-
edge of the operation of the bio-
sphere, the oceans and the
circulation of ocean waters, but
also for studying the perturba-
tlon by Industrial pollution of
the geochemistry of lead.

Later, using Isotope dilution
techniques, M. Tatsumoto and

4M. Murozuml, T. J. Chow and
C. Patterson, Chemical
Concentrations of Pollutant
Lead Aerosols, Terrestrial
Dusts and Sea Salts In
Greenland and Antarctic Snow
Strata, Geqchimica et
Cosmochimica Acta, 33, 1247-
1294 (1969) (AEC support).

5A. Ng and C. C. Patterson,
Natural Concentrations of Lead
in Ancient Arctic and
Antarctic Ice, Geochimica et
Cosmochimica Acta, 45 2109-
2121 (1981) (no DOE
support).
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C. C. Pattersoné determined
lead concentrations In sea
waters off Southern Californie. .
Conoentrations In surface
waters were about 10 times
higher than in deep waters. The
rate of Introeduction of lead to
the oceans was reported to be
27 times greater than the rate
for the Plelstocene or glacial
period, which Indicates that the
high concentrations of lead
found In surface waters were
caused by industrlal contamina-
tion, mainly tetrasthyl lead
combustion pruducts. It was
conoluded that blologleal
materlal Is the oarrler for
transporting lead from surface
waters to sediments and that
the half-life for residence time
of common lead in surface
waters is about 7 years.

Most recently, Patterson has
become concerned with the need
for studies that will disclose
dysfunctions now existing
within and caused by the
excesslve amounts of lead In
most present day Amerlcans.

He has called attention to the
problem that biochemical
laboratorles for studying the
offects of lead are as badly
contaminated with lead as are
people, and control animals and
tissues possessing lead levels
at ultra-low natural levels
which could be used for com-
parisons with animals contain-
ing amounts of lead typical of
those in most people have not
been avallable.

Patterson has ploneered three
major areas of geochemical
research:

He provided the first

" rellable ages of the earth

and meteorites (33 years
ago), utllizing elegant micro-
chemioal and precise mass
speotrometric technlques
for the analysis of the
isotoplc compositions and
concentrations of lead in
terrestrial materials and
meteorites, His work has
stood the test of time; the
age of 4.55 billion years for

-the solar system has been

oonfirmed subsequently by
“others using different
techniques and materials.

Through extensive field
experimental and analytical

- work, he established the

fundamental basis for
modeling the patterns of
evolution of radiogenic lead
in the earth, thus creating a
pawerful tool for identi-
fying, tracing and evaluat-
ing the nature of the rnajor
geochemical reservoirs in
the crust, mantle, and
oceans.

He has provided the most
rigorous analysis of both the
natural background and the
anthropogenic bulldup of lead
in man's environment. He
did this by further extanding
the analytical capabilities
growing out of his geo-
chemical research and by

" the design and implemen-

tation of exhaustive
sampling experiments in
remote regions of the earth,
and In anclent archeclogical
materials. We owe to these
experiments most of our

. present understanding of the
magnitude and orlgins of lead
pollution..

The AEC support for Professor
Clalr Patterson.and his students
originally was for geologic
research almed at exploiting
the newly developed capabill-
ties for using radloisotopes In a
rather elegant experimental
program to quantify geologic
processes, Concern about
Industrial contamination of the
ratural lead tracers led to
research |dentifying the extent
of such oontamination and the
processes Involved. The direct
consequence of this research
was the Identification of the
extent of alrborne contamina-
tlon by .tetraethyl lead
aerosols, efforts relating such
contamination to human health
concerns, recognition of the
solution to the problem through
immediate reduction of
tetraethy| leaded gasolines,
which was its principal use and
the principal source of
contamination.

An interesting question arises
always when basic research lIs
examined ‘as an activity for
Federal funding. It basically Is
a question of the economic
value or payoff the Nation

6 M. Tatsunioto and C. C.
Patterson, The Concentration
of Common Lead in Sea Water,
Earth Sclence and Meteoritics,
J. Gelss and E. D. Goldberg,
eds., North-Holland Publishing
Co., Amsterdam (1963).
[Partial AEC support for this
work was acknowledged In
this chapter.]



might expect from funding such
work. What has been the
economic benefit of eliminating
leaded gasoline? We don't

know, but we venture to guess
the benefit if measured in
terms of human health probably
continues to far exceed the
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annual budget of the Basic
Energy Sciences program,
which now runs at about half a

billion dollars annually.

Supersonic‘Transport Ettect on the Ozone Layer

The Office of Basic Energy
Sciences and its predecessors
have for many years supported
the research of Professor
Harold Johnston in the general
area of chemical kinetics.
Professor Johnston's research
interasts involved the
chemistry of nitrogen oxides

{(NO,). The proposal in the late

1960's of a Super Sonic
Transport (SST) that would fly
at an altitude in the region of
relatively high ozone (O3)
concentration led Professor
Johnston to suggest that the
NO, emitted by the aircraft
engines would affect the overall
concentration and level of O4 in

the atmosphere. Without the
knowledge gained through basic
research on atmospheric
chemistry, awareness of the
potential for violating the
integrity of the protective
ozone layer would not have
axisted.

In the late 196Q's, the plan to
develop an aircraft capable of
supersonic flight (SST) was
under active consideration in
the United States, the Soviet
Union, and by a consortium in
Great Britain and France. Plans
indicated that the aircraft

would fly at supersonic speeds
and altitudes between 17 and
20 km, a region of the strato-
sphere just below the ozone
concentration maximum which
is at 25 km. If there wera to
be an impact upon the delicate
ozonea layer, the Amarican
aircraft would have the
greatest effect since it would
fly at the highest altitude and
have the most powerful engine
of the three modsls.

A university-sponsored study
in 1970 on critical environ-
mental problems expressed
concern that a large fleet of
SST's, estimated to be about
500 planes, might affect the
stratosphere through increased
cloudingss with the concomitant
formation of a stratospheric
smog formed from the emission
of engine <ombustion products.?
The chemical impact of added
water vapor from the engine
exhausts upon the stratosphere
was also considered. Its
relative importance on ozone
concentrations has changed
many times, from being con-
sidered important to unimpor-
tant, over the years.

It was at a conference convened
for the express purpose of

examining the role of chemistry
on the potential modification of
weather and clirnate by a fleet
of $8T's that Harold Johnston
of the University of California
and LBL, who was specifically
invited to attend, brought up
the issue of the effect of
nitrogen oxides upon the ozone
layer.8 Shortly thereafter
Johnston published a paper in
Science® suggesting the signi-
ficant depletion of strato-
spheric ozone as a possible
result of SST operation. This
paper concludes:

"...the purpose of this report is
not to say precisely by what
factor the Oj shield will be
reduced by SST operation, but
rather to point out that the
variable (NO,) that has been

discounted is much more

7L. J. Carter, Science, 169,
600 (1970).

8 L. Dotto and H. Schiff, The
Ozone War, Doubleday and
Co., New York, 1978.

9 H.S. Johnston, Science, 173,
517 (1971) - support from
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important than the variable
(H20) that has been given so
much attention. Just as the ...
report incorrectly discounted
NO, and the SST planners for
several years overlooked the
catalytic potential of NOy, it is
quite possible (and, in fact,
highly probabls) that | have
overlooked some factors, and
the effect of NO, on the O3

shield may turn out to be less,
or greater, than that indicated
here."”

Johnston had identified a
potential threat to the fragile
ozone layer. ‘

Professor Johnston's research
interests weare related to

tropospheric chemistry, smog
formation from nitrogen oxide
automobile emissions as it
relates to ozone formation, a
major constituent of smog. He
was not focused on either
stratospheric chemistry or
SST's. However, he had been
studying the chemistry of
nitrogen oxides since.the mid-
1940's, was the recognized
expert in the chemistry and
kinetics of these nitrogenous
species, and had recently
published a review article on
neutral O atom chemistry.*0
The reaction of O atoms with
molecular. O, is, of course, the

major source of stratospheric
ozone.

Johnston arrived at Berkeley in
1957 and was supported by the
AEC through the Lawrence
Berkeley Laboratory since
1966. It is clear that without
the depth and wealth of knowl-
edge gained in his basic re-
search effort, concern for the
integrity of the ozone layer
may have been overlooked. The
1971 paper was the genesis of
high-level scientific concern
for the stratospheric
environment.

10 H. Johnston, Gas Phase
Kinetics of Neutrai Oxygen
Species, NSRDS-NBS
Number 20 (1968).

Chiorofluorocarbons and the Ozone Layer

Professor F. Sherwood Rowland
had been supported by the
Office of Basic Energy Sciences
in the area of hot-atom chemis-
try. Professor Rowland focus-
ed upon the photochemical
production and chemical
kinetics of the chlorine-38
isotope. The inert characteris-
tics of the chlorofluorocarbons
(CFC's) were wsll known, but
Rowland, as a resuit of his
intimate knowledge of Cl atom
sources, suggested (with M.
Molina) in 1974 that the
addition of inert chlorofluoro-
methanes into the environment
could have a severe effect upon
the ozone layer. The com-
pounds will remain chemically

inert and will diffuse to the
stratosphere where photo-
dissociation would produce ClI
atoms and trigger a chain
reaction that could cause
significant depletion of the
ozone layer.

The presence of an O3 "hole" in

the Antarctic was published in
1985, and the article showed a

30-year period of O3 measure-

ments taken at the British
Antarctic Survey station at
Halley Bay. The data showed a
drastic decrease in ozone
during the spring with the
effect intensifying during the
1980's. Many theories were

proposed to explain the
phenomena. The one that is
presently accepted was pro-
posed by Rowland as part of his
Chemical Sciences-supported
research. The theory invoked
heterogeneous reactions on
polar ice clouds of chlorine
nitrate (CIONO,) with HCI and

H,O to produce labile sources of

Cl atoms that could then reinsti-
tute the. chain decomposition.

Professor Rowland had been
supported by the AEC since
1956 in the area of hot-atom
chemistry, i.e., chemistry of
translationally excited species
that commonly were formed as

than manitlb A Al e At
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‘The focus of his work was on
the kinetics of hot halogen
atoms such as chlorine-38. As
the result of his attendance at
an international -conference in
Vienna, Rowland's interest was
piqued by a then recent
measurement of the atmos-
pheric concentration of
fluorocarbons.

Over the years, Rowland has
introduced new subjects into
his research, including photo-
chemistry and the chemistry of
fluorine, both of which laid the
foundations for the fluoro-
carbon work that would follow.
in the summer of 1973,
‘Rowland called his sponsors at
the AEC and told them he
wanted to branch out -- they
seemed agreeable to the idea --
to study the fluorocarbons.
This was a somewhat curious
request since it had naothing
even remotely to do with
nuclear energy. But research-
ers who have proven to be
productive in the field of basic
research are often given a
relatively free hand since the

benefits of such research are
frequently unexpected and can
neither be predicted nor
planned.®

The inert characteristics of the
chlorofluorocarbons . (CFC's)
were well known, but with his
intimate knowledge of Cl atom
sources, Rowland reas~ned that
though chemically inert they
could be photolyzed to produce
atomic chlorine by short wave
ultraviolet light were they to
reach the stratosphere by
diffusion. The initial thoughts
led to the recognition with
Mario Molina that, comparable
to the catalyzed destruction of
O; by NO,, the photolytically
produced Ci atoms could also
catalyze the destruction of
ozone through the simple chain
mechanism: ‘

CI+OQ=CIO+02
Clo+0=Cl+02

The net reaction is:

O + 05 = 20,, a loss of ozone.
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The work was published In

Nature in 197411

In September 1986, Professor
Rowland had advanced a theory,
backed by modeling studies with
collaboratc.s at NCAR, for
ozone deplation in the Antarctic
atmosphere involving hetero-
geneous reactions on polar ice
clouds of chlorine nitrate with
HCland H,O. Rowland's

chlorine nitrate explanation
was one of many (including CIO
and BrO reactions, volcanic
aerosols, and a hyperactive
sun) which followed in a flurry
of activity by scientists from
many disciplines to solve the
puzzle. .Recent laboratory
results at simulated Antarctic
conditions from two separate

‘research groups, at the NASA

Jet Propulsion Laboratory and
SR, appear to have validated
the chlorine nitrate hypothesis.

11M.J. Molina and F.S. Rowland,

support from the AEC is
acknowledged.

Global Geochemical Cycles and Climate Change

This item and the next three
discuss examples of current
research in the Office of Basic
Energy Sciences relevant to
environmental concerns.

Among the research activities
at the Center for Isotope
Geochemistry at Lawrence

Beikeley Laboratory are
several studies related to the
environment, notably in the
areas of global gaochemical
cycles and climate change.

Chemical weathering of rocks
removes CO, from the atmos-

phere and, thus, measuring

time in scales of 106 years may
be one of the major determin-
ants of global climate. A study
of isotopic ratios of strontium
(Sr) in seawater revealed
variations in the rate of global
chemical weathering over the
past 2.5 million years (Capa
and DePaolo, 1990),
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Other measurements of marine
Sr isotope ratios provided
evidence that increases in the
global chemical weathering rate
precede episodes of global
climatic cooling and, therefore,
may be a primary cause of such
events (DePaola and Finger, in
press). Results of other.
isotoplc studies from these
authors reveal a role of
tectonics in controlling
weathering rates and global
climate.

Results of geochemical and
stable isotope studies from two
Deep Sea Drilling Project Sites
(Staudigel et al., 1989) present
a serious challenge to the
Berner, Lasaga, and Garrels
model of the global geochemical
cycle of carbon. The seafloor
weathering of oceanic crust
removes considerable carbon
from seawater. The calculated
flux of carbon into the seafloor
via this mechanism Is approxi-

mately equal to the total flux of
carbon from degassing at mid-
ocean ridges. This work points
out our limited understanding of
global carbon cycles and
suggests means by which we
can further our understanding.

Modeling studies are In pro-
gress, designed to demonstrate
methods by which Isotopic
measurements may be used to
evaluate contaminant transport
in the subsurface. In addition,
the application of these models
to past changes In ocean tem-
peratures during glacial epl-
sodes Is expacted to improve
our records in this area.
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Use of Geophysical Methods for Environmental Studies

Geophysical methods are being
developed at Lawrence
Berkeley Laboratory to
improve our capabilities to
image structure, properties
and processes in the subsur-
face. Seismic and electrical
methods are being developed,
both independently and in
combination. Such technology
has direct application to the
problems of characterizing and
monitoring waste contaminated
sites,

The key element that lets us
detect environmental wastes is
water. Ground containing
waste-contaminated water can
be monitored for its water
content using geophysical
methods. The next step is 1o
use this result to map the
contaminated zone and then
characterize It based on
information obtained from
laboratory experiments. Under
favorable conditions, by con-
tinuously monitoring over a

period of time, we could even
describe the apparent flow in
such a contaminated zone.

The electrical conductivity of
rocks Is controlled by the flulds
and their conductivity. Fluid
saturation, in particular, has a
dramalic effect on the conduc-
tivity of rocks. As water is
withdrawn from a saturated
rock the large pores empty
first, but the bulk resistivity
Increases slawly since It is



mainly controlled by the small
water passageways. At this
point the rock resistlvity is
roughly proportional to the
Inverse of saturation squared.
As desaturation progresses, a
critlcal saturation Is reached at
which point there is no longer
any water to conduct along
some pores. This breaking of
the conduction paths leads to a
much more rapid increase In
resistivity, roughly propor-
tional to one over saturation to
the fourth power. The critical
saturation depends on the rock
type (the nature of the
porosity) and may depend
strongly on the role of the
fractures that may be present.

Experimental data show an
opposite phenomena in the
seismic velocity. There is a
slow but gradual change in the
velocity when the rock is only
partially saturated. As the
rock gets nearly fully satura-
ted, the velocity increases
dramatically. This is encourag-
ing because the saturation
affects .he resulting electrical
conductivity and selsmic
velocity In different ways and,
therefore, these two methods
can he used In a highly comple-
mentary manner. Further-
more, one method may provide
an excellent structural picture
of the rock unit contaminated
by the wastes while the other
may detall the variation of rock
properties within the same
unit.

With the advancement of medi-
cal tomography, applications of
tomography to geophysical
Imaging problems, including
transmission and diffraction

tomography using seismic and
radar-frequency EM data, have
followed. Due to the limitation
of short penetration depth (at
most a few meters) inherent. In
radar applications, a technique
called diffusion tomography
(Zhou, 1989) has recently been
developed at LBL for analyzing
crosshole audio-frequency EM
data, The frequencies needed
depend on the overall size of
the structure, but typically are
in the range of a few kHz to
tens of kHz. Wave field diffrac-
tion tomography involves
Fourler transformation of the
data, filtering of the trans-
formed data, back propagation,
and eventual inverse Fourler
transformation to construct the
image. This simple procedure
cannot be applled to the
diffusion tomography. Instead,
a system of linear equations
was constructed to obtain the
discretized object function
(image). To test the numerical
technique, a simple 2-D case
has been considered. The model
was two thin conductors
simulating parallel fracture
zones embedded In an otherwlse
uniform whole space of 0.01
S/m. A line source carrying an
ac current of frequency 10 kHz
was used to excite the medium.
Using a 2-D forward modeling
algorithm, a set of data was
generated corresponding to a
total of 32 sources and 32
recelvers. Using this synthetic
data set, an image was
successfully reconstructed
with a good resolution. To
provide real data sets for the
testing of such numerical
algorithms, however: (1) an
EM scale-rmodel experiment is
being conducted; and (2) a small-
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scale fleld experiment Is
underway at the Richmond Fleld -
Statlon (RFS), Unlversity of
California,

1. Scale Model Study --
The scale model consists of
a contalner of size 9' x 15'
x 4' filied with 10 S/m
saltwater. Graphlte blocks
are used as targets and an
array of transmitter and
receiver colls are used to
measure the resulting
magnetic fields. The system
has been designed such that
data Is collected at a fixed
position while the trans-
mitter moves continuously.
This provides for both low
noise measurements and
relatively quick acquisition.
The system has been
verlfled to be working by
three independent tests.
Tests have shown the
repeatability to be better
than 1% of the primary fleld
over the period of 1 day.
Data sets coilected for
receiver depths of 0, 10,
and 50 cm In the absence of
the graphite block have been
mverted using one-
dimensional (1-D) code, and
the result shows the air-
saltwater-concrete
sequence with correct
electrical resistivities.

Lastly, measurements made
at the same receiver
positions In the presence of
a graphite block have been
compared to computer-
generated numerical ‘
solutions, and the agreement
Is excellent,
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Currently, a large data set
consisting of measurements
made at 45 recelver loca-
tions at Intervals of 2.5 om
Is being collected. This data
will be used to Image the
graphlite block using the
diffusion tomography
algorithm developed by Zhou
(1989). The sarne data set
will be used to test the
inverslon algorithm devalop-
ed by Eaton (1987) and
Eaton and Hohmann (1988).

2, Fleld Test -- In a small-
scale field experiment at the
RFS, more than 20,000
gallons of seawater will be
injected Into a shallow
underground aquifer and the
assoclated change in subsur-
face conductivity will be
monlitored with EM measure-

ments In boreholes spaced
50 meters apart, straddling
the injection well. The
crosshole EM system con-
sists of a borehole trans-
mitter, which broadcasts

slnusoldal signals at frequen-

cles 5 to 10 kHz, and a com-
puter controlled recelver.
section. The recelver con-
sists of a bore-hole probe
connected to a lock-in
amplifier, all controlled with
-a desktop computer.

The crosshole survey willl
utilize multiple transmitter
and recelver posltions for a
total of more than 400
separate measurements. A
complete set of data will be
collected before injection
begins and dally during the

saltwater Injection and
withdrawal.
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Use of Robots to C_Iean Nuclear and Chemical Wastes

The Engineering Program of the
Office of Basic Energy Sciences
supported the establishment of
the Center for Engineering
Systems Advanced Research
(CESAR) during FY 1984 at the
Oak Ridge National Laboratory
{ORNL) for the purpose of
addressing fundamental
research and issues associated
with the development of
intelligent robotic machines so
as to help Increase productivity
and safety in the design and
operations of DOE-sponsored
systems and programs. One

aspect of the program at
CESAR has consisted of the
development of an avolving
series of mobile robot
prototypes called HERMIES
{Hostile Environment Robotic
Machine Intelligence Experi-
ment Series). These robots are
used 1o test new methods, to
develop hardware and soft-
ware, and to evaluate the
performance of various robotlc
system components in Inte-
grated systems. Currently
operational are the mobile
robots HERMIES-IIB and Ill.

Because of the excellent
performance record of CESAR
in bridging the gap between
basic research and demon-
stration, testing, and evalua-
tlon of robotic systems, it has
attracted the attention from
other offices within DOE and
from many non-DOE sponsors.
For example, CESAR is now a
contributor to the Nationaf
Robotics Technology Develop-
ment Program for the Office of
Environmental Restoration and
Waste Management.



The baslic research and develop-
ment has been translated into
high levels of petformance.
Recantly, experiments with
HERMIES robots have demon-
“strated thelr ability to navigate
In an incompletely known,
dynamically changing labora-
tory environment with unex-
pected events, to perform
diagnosis, learning and simple
manlipulation tasks at a mock-
up process control panel, and to
remove a simulated chemical
spill In the laboratory.
HERMIES-IIB has been used In
experiments showing capa-
bilitles in world modeling,
autonomous navigation In
dynamic experiments, handling
of contingencles, sensor-guided
exploration and goal recognl-
tion. robot vision, vision guided
manipulation, and innovative
problem-solving based on prior
experience.

In the most recent experiment-
al setup, HERMIES-IIl was used
to demonstrate the capabllity
of a robot to cleanup a simu-
lated chemical splll. The
approximate location of the
chemical splll and instructions
to clean up the spill were
programmed Into the robot. A
vacuum attachment to the end-
effector on the manipulator arm
was adequate to clean the
materlal (coffee ground or
liquid substances) used to
simulate the spill. Based on
only partially complete
geometric Information about the
robot's environment, HERMIES-
Ill was able to plan a path and
navigate, avoiding obstacles
along the way, to the presumed
locatlon of the splll. Using lts
vision system, the robotic
machine determined the extent
and precise location of

the spill and calculated and
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executed a motion pattern for
the seven-degree-of-freedom
manipulator arm to effect the
removal of the splll. This
expetiment was made possible
by the Integraticn of a number
of systern modules and assocl-
ated prooesses which were
executed simultaneously and
asynchronously on a network of
several computer systems.

The ongoling research program
suppors the continued develop-
ment of autonomous capabillity
for HERMIES-IIB and |ll to
perform complax navigation and
manipulation under time con-
stralnts, while dealing with
imprecise sensory Information.
Detailed descriptions of the
research on robotic systems at
CESAR can be found in more
than 130 publications.

Dr. Reinhold Mann Is the

current Director of CESAR.

Underground

Imaging and Borehole

Technology

Since the late 1970's, BES has
supported development of
technology for underground
imaging. These technologies
are geophysical applications of
tomography, developed to yield
high resolution images of
underground structure and
processes. The first geo-
physical tomograph of under-
ground structure was made in
1975 by sclentists from
Lawrence Livermore Natlonal

Laboratory. It was an
electromagnetic attenuation
image of a coal seam in
Kemmerer, WY. Since that
time, the art and science of
geophysical tomography have
matured significantly. Fleld-
worthy automaied data
systems have been built and

used extenslvely by govern-

ment and industry; acoustlc,
electromagnetic and electrical
energy has been used to

generate images; recent
cumputational advances have
made practical real-time data
reductlon and image process-
ing; new, sophisticated and
efficient algorithms have been
developed for image recon-
struction. Since those early
days, a wide variety of
problems have been addressed
with underground tomography.
These Include jn sity oll shale
process monitoring, fracture
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characterization, location of
tunnels and volds, hydrology
studies, oll fleld characterl-
zation, and steam and fire flood
monitoring for enhanced oll
recovery.

Underground imaging technol-
ogy Is also used for character-
lzing and monltoring clean up of
hazardous waste sltes, For
example, two environmental
projects have recently been
started at the Lawrence
Livermore Natlonal Laboratory,
One Is an effort to understand
the transport of contaminants
from the surface to the water
table through the Intervening,
complex, iInhomogeneous soll.
High resolution images are
being made as a function of
time as the contaminant-

carrying plume develops from
the surface and progresses
through Interbeds of gravels,
sands and clays. The second is
an effort to monitor an
experimental cleanup at a DOE

- facllity of a trichloroethylene

ground water plume, Images
are balng made to determine the
response of the water table as
alr Is Injected underground to
effect an alr stripping of the
contaminant.

In order to determine the
sclentific feasibllity of
extracting energy directly
from magma, the BES Geo-
sclences. program supported the
development of a downhole
selsmic signal generator at the
Sandia Natlonal Laboratories in
Albuguerque, NM. That tool Is

now being used at Savannah
River to monlitor thelr steam
strip cleanup and Interest has
also been ex;ressed In its use
for characterizing waste sltes
and cleanup areas. The tool has
also been used by the petroleum
indust.y for enhanced oll
recovery and the technology Is
being transferred to industry,
Under the same effort, a

“diractional flow tool is now

being used In oconjunction with
the City of Albuquerque
Hydrology Department to
monitor groundwater flows and
In the Savannah River cleanup
to monitor groundwater flow
during remedilation. This
system Is also In the process of
being transferred to Industry.



Subprograms

- Baslo Energy Sclenoces reseatch ls
conducted through lts five divislons
and the Sclentific Computing Staff.
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Materials Sciences

it Is well-known that materlials
problems and limitations often
restrlct the performance of
surrent energy systems and
the development of future ones.
The goal of Materials Solences
Is to Increase the baslc sclen-
tific understanding of how .
matter In the condensed state
behaves, what lts properties
are under different conditions,
how they relate to structurs,
and what phenomena are In-
volved in and govern behavior,
This understanding is essentlal
to the development of future
energy technologles. Some
practical objectives to which
Materlals Sclences researoh
ultimately contribute Include:

+ Developing new or substitute
materials;

+ Talloring materlals to meet
design performance
requirements;

+ Predicting materlals
problems and service llfe;

» Improving the abillity to
resolve unforeseen mater-
lals problems in advanced
energy systems; and

* Improving the theoretical
and experimental capabllity
to analyze and measure the

basioc structure and
propertles of materlals.

Examples of research accom-
plishments this past year
Include:

1. High-T, Superconductor
Wire Fabrication
Technology -- At
Argonne National Laboratory
(ANL) technology was
developed for coating metal
wlres with malleable
precursor elements of the
high T, suparconductors that
contaln the rare-earth metal
yttrium, When these wires
are heated, the elemants
form the less malleable high
T, superoonducting ceramic

around the wires, These
composites, thus, provide
the mechanism for the
fabrication of wires
sufflciently long and strong
for high T, superconductor
applications. A private
company formed In 1988 to
commerclalize new super-
conductors agreed In 1989
to license this technology
from Argonne and to provide
$100,000 to ANL for
research on other super-
conductor technologles.

2. New Process for
Synthesis of Sllicon

Carblde -- A new, simple,
efflclent route to the
synthesle of sllicon carbide
was developed at Ames
Laboratory in 1989 accom-
panled by development of a
process to produce the

sllloon carblde In the form of .

fibers. This process In-
volves surface crosslinking
of sllylene-acetylene
(SlgH2.C2H2) polymer fibers
allowing the fiber structure
to be malntained throughout
the process of pyrolytic con-
verslon of the polymer to
sllicon carbide. The indus-
trial fabrloation of sillcon
carblde fibers has been a
technological secret closely
guarded by the Japanese,
and this result has been
viewed as a major break-
through. By adapting this
new technology to a continu-
ous process, the cost and
production time of current
commerolal (Japanese)
routes to sillcon carbide
fibers could be cut, These
flbers are used In compos-
ites which are displacing
metals in industrial applica-
tions due to their high
strength, low walght, high
heat tolerance, and resis-
tanoe to cherical
breakdown,
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3. Calculations of the Heat

of Formation of Alloys --

Many materlals with
excellent strength or high
temperature properties are
alloys, The number of
possible alloy combinations

Is very large and theoretical

guldance for choosing
promising alloys to
investigate Is of great
interest. In recent years, It
has become posslble to
caloulate, from fundamental
theory, the energy or heat
released when two metals
form an alloy. This theory
was applied to 24 alloys
typifled by titanium-
platinum; the calrulations
successfully predicted the
crystal structure for 50/50
and for other alloy com-
posltions as well as the high
heats of formation found
experimentally. Calcula-
tions of the type made are
not limited to the metals
studled In this work, and
unknown alloy properties
were found to be predic-
table. In 1989, the tech-
nologically Important
material, nickel aluminum,
was investigated. Calcula-
tions of this type are ex-
pected to be extremely
uelpful in the search for new
alloys.

4. New lon Conducting
Polymers -- A new class
of silicon-based ion
conducting polymers with
the highest room-
temperature conductivity
ever measured for such
materials was developed.
Room-temperature
conductivity was 10 times

higher than for any other
polymerle material. This
development Is expected to
have an Important Impact on
thin fllm electrochemical
energy technologles,
particularly rechargeable
lithlum batterles and
elactrochromlic windows.
Thin fllm rechargeable
lithium batterles based on
solld polymer electrolytes,
lithium anodes, and lithium
materlals as cathcdes have
theoretical energy storage
vapaolties more than 10
times that of lead-acid or
nickel-cadmlum batterles,
This class of materials Is
attractive for long-term

energy storage because self-

discharge rates for lithium
batterles have been below
0.1 percent per year,
Implying a shelf-life of more
than 10 years,

. Blological Pri cess

Grows Orlented
Ceramic Crystal-- A
new method for growing
orlented ceramic thin films
was developed. It mimics
natural blologleal processes
that produce seashells,
bone, tooth enamel, etc., to
grow orlented thin fllms of a
desired ceramic material.
This process Is unique; it
uses a surface-modified
polymer as a template to
control crystal orlentation
and size as the crystals
grow from a solution.
Crystal growth occurs only
where the polymer har been
modified; thus orlented
growth Is easily achleved by
seleclive polymer surface
modiflcation. The process

takes place near room
temperature and essentlally
controls the placement and
orlentation of each csramlic
crystal. Orlented flims as
thin as 200 A and as thick as
several microns have been
grown. This process offers
a method of combining
polymers and ceramles into
unique monolithic composite
materlals (by layering)
which have high raslstance
to brittle fallure. An
entirely new class of
ceramic matrix composite
materlals can now be fabrl-
cated with only a few per-
cent polymer that controls
crystal orlentation and
greatly Influences fracture
toughness of the material.

Following the discovery at the
end of 1986 of "high tempera-
ture" superconductivity -- the
observation of superconductli/-
ity above the bolling polnt of
liquid nitrogen -- BES labora-
tory and unliversity research-
ers undertook a variety of
research activities almed at
understanding the phenomena
observed. Some results of
superconductivity related
research are reported here,

1. Lattice "Stlffening"
Observed During
Superconducting
Transition -- The first
direct evidence of an abrupt
"stiffening” of the crystal
lattice at the supercon-
ducting transition tempera-
ture was obtained using the
unique technique of lon
channeling. The measure-
ments, performed on highly
perfect single crystals of



YBayCugO7.x, Involved
steering an lon beam along
the channels between atomio
rows and planes of the single
crystal. The scattering of
the Individual fons within the
ohannels provided a dlreot
probe of the vibrational
amplitudes and, hence,
lattice stiffness. This was
the first direct evidence of a
step-wise Increase In lattice
stiffness at the supercor-
ducting transition tempera-
ture. Structural Informa-
tion, also obtained by the
ohannellng technlique,
confirms that no crystallo-
graphic transformation
occurs at the transition
temperature,

. High Temparature
Superconductors -- The
fundamental properties of
yitrlum-based and thalilum-
based superoonductors were
studied yielding some new
Insights Into the relationship
between these properties
and proocessing condltions,
Processing studles of
YBapCusO7.x used |n siiu
Raman speoctroscopy o
determine the relationship
between oxygen defects
(deviation from a perfect
crystal structure), temper-
ature, and superconducting
transition temperature. A
phase transition Involving
the oxygen displacement
within the structure was
observed for the first time.
in a collaborative study,
substituting oxygen at
selectlve sites In
YBayCuzO7.x was used to

determine the distribution of
oxygen isotopes at different

sltes within the structure,
Fundamental charaocteri-
zatlon of four different
thalllum based superoonduc-
tors was performed using
polarization siudles of
orlented single orystals.
This information was used to
uharacterize the spatial
distribution of phases within
polycrystals. By Raman
microsocopy, It was found

that the majority of thalllum-

based orystals had Inter-

growths of several phases

within them.

. Observation of Phonon

Coupling In a High T,

Superconductor --
Careful measurements on
the Ba,K.xBIO3 systern
[superconduating transition
temperature (T,) of 30K]
permitted the unequivocal
determination of an Isotope
effect on T, showing a major
role for phonon coupling
(electron-lattice vibration
Interactions) in a high-
temperature supercon-
ductor. This work was made
possible by the development
of a unique, simplified
method for synthesls of the
compounds used. WiIth good
samples avallable, a large
number of pertinent basic
properties, Including
structural phase relation-
ships, normal-state
resistlvity, superconducting
energy gap, and oritical
flelds were measured,
making Bay K{.xBiO3 one of
the most completely
characterized oxide
superconductors avallable.
Understanding the role of
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phonon ootipling allows the "
development of reallstio

models to help predict
additional technologically
Important properties of the
system such as orltioal
current, Since the structure of
this superoonductor Is oublo, it
is easler to theoretically model
Its properties and use the
results to evaluate the role of
phonon ooupling in other
compounds to gain a better
understanding of the ultimate T,

in the oxlde superconductors
generally,

4. KTaOjy - A New

Substrate Materlal for
High-T, Supercon-
ducting Flims -- A new
crystalline substrate for the
formation of thin flims of
high-T, supaerconductors was
discovered. The new
materlal, potassium
tantalate or KTaOg, can be

used to grow thin, allgned
crystalline films of the
YBazCuyO7.x tamily of high-
temperature superconduc-
tors, Substrate materials
for the growth of thin films
must meet a set of stringent
requirements, Including a
olose match between the
lattioe constants of the film
and substrate and a high
degree of chernical Inertness
to prevent film-substrate
reactions that destroy the
superconducting properties
of the fllm. The new
materlals meet both of these
oritioal oriterla. In fact, the
KTa0;3/YBayCug O7.x system
Is apparently characterized
by a lower degree of
substrate/fiim Interaoctlon
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than that assooiated with
any previously employed
substrate materlal such as
StTiO3. Fortunately, the
new substrate materlal can
be grown in the form of
large single orystals
relatively simply so that It
ls a practical materlal for
production of large-scale
electronic devices.

With support at an operating
level of $197,072,000 in

FY 1990, Materlals Sclences
provides more than one-thir¢
of the total Federal funding for
baslc materlals research,

The Materlals Sclences sub-
program emphasizes selected
areas of fundamental impor-
tance and areas where cntlcal
problems have emerged or are
anticlpated. Some research Is
related to a single energy
technology (e.g., photovoltaic
materials for solar energy
oconversion), some research
has applicability to many
technologles simultaneously
(e.g., high-temperature
superconductlvity), and stlll
other research has more
fundamental implications
underpinning all materials
research, e.g., mechanisms of
electron, atom or lon transport
In solids or computer modeling
of materlals phenomena, This
subprogram is the basic
research aoctivity in DOE
underpinning materials
development efforts for all the
energy technologles. The
research ls conducted in a
varlety of Institutions -- DOE
laboratories, universities, and,
to a lesser extent, Industrial
Installations -- and uses the

talents of metallurglsts,
ceramists, solld-state and
condensed-matter physiolsts,
and materlals chemists,

Besldes maintaining an appro-
priate mix of long-term
solentlflo, multi-technology,
and single energy technolggy-
related ressaroh, some balance
must be retained among fore-
front, large, faollity-related
research and small Individual
projects., Materlals Sclences
has supported the construction
and use of major facllities In
pursulng Its research goals,
These facilities Include the
Natlonal Synchrotron Light
Source (NSLS) and the High Flux
Beam Reactor (HFBR), both at
Brookhaven Mational Labora-
tory; the Intense Pulsed
Neutron Source (IPNS) at
Argonne National Laboratory;
the Manuel Lujan, Jr. Neutron
Scattering Center, LANSCE, at
Los Alamos Natlonal Labora-
tory; the Advanced Light
Source {(ALS) under construc-
tion at Lawrence Berkeley
Laboratory; the Advanved
Photon Source (APS) under
construotion at Argonne
National Laboratory; and the
electron mioroscopy faclliities
at Oak Ridge, Argonne, and
Lawrence Berkeley
Laboratorles.

Operatlon of these facllities
took about 31% of the FY 1990
operating budget of the
Materials Solences sub-
program, not Including the
research assoclated with them,
Most of these facllities are
unique, as is the researcti
carrled out at these sites, and
they are avallable to qualified

users outside the DOE
laboratory complex.

Materials Sclences Is coor-
dinated within the Federal
Government In part through the
Interagenoy Committee on
Materlals (COMAT) and within
the DOE In part through the
Energy Materlals Coordinating
Coimmittee (EMaCC), The work-
shops and reports of the
Division of Materlals Sclences'
Counoll on Materials Sclence (a
body with representatives from
academla, industry, and agenoy
lahoratorles) help to focus
adention on orlitical Issues.
Three recent panel studies

were held on Eundamental
Issues In Heteroepitaxy,
Surface Interface and Thin-Fllm
Magnetlstn, and Clusters and
Cluster Assembled Materlals.
The Department and other
applied materials research
workers Interaot and exchange
information through a number
of mechanlsms, Including a
formallzed Research Assistance
Task Force. An example of a
recent task force Is one held
with DOE's Office of Energy
Storage and Distribution and the
Division of Chemical Sciences
entitied The Role of Interfaces
In_Metal-Alr Battery
Electrochemical Reactions.

Current emphases and trends
Include high-temperatiire
suparconductlvity, greater use
of the major faoliities, use of
superoomputers In oalculations
and modeling of materlals
phenomena, high strength and
high conductivity polymers
research, surfaces and Inter-
faces research, and materials



synthesls and proocessing
sclence.

More detalled Information on
the aotivities of the Materlals
Sclences subprogram can be

obtained from I, L. Thomas,
Director, Divislon of Materials
Sclenoes, ER-13, Offlce of
Baslo Energy Sclences, Depart-
ment of Energy, Washington,
D.C. 20685, (301) 353-3427,
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A detalled summary of ocurrent
projects |s published annually.
The most recent (September
1989) Is entltled "Materlals
Solences Programs, Fiscal Year
1989" (DOE/ER-0447P).

Chemical Sciences

The Chemical Sclences subpro-
gram sponsors experimental
and theoretical research on
liqulds, gases, plasmas, and
solids. The focus Is on their
chemical properties and the
Interactions of thelr component
molecules, atoms, lons, and
‘'electrons. The subprogram
objective is 10 expand, through
support of baslo research, our
knowledge In the various areas
of chemistry; the long-term
goal ls to contribute to new or
Improved processes for
deveioping and using domestic
energy resources, Al a budget
level of $140,256,000 in
Fiscal Year 1980, this sub-
program Is a major source of
Federal support for baslc
chemical research In the United
States. Disclplinary areas
covered Include physiocal,
organlc, and Inorganic chemis-
try; chemical physics; atomic
physics; photochemistry;
radlation chemistry; thermo-
dynamics; thermophysios; and
analytical chemistry.

Chemical phenomena and
processes apt to be Important
to energy technologles are
considered in formulating the
program. Included is research

that Impact~ flelds such as
photovoltaics, l.e., the con-
version of solar energy to
electrloity; production o fuels

_and chemlcals from coal;

oatalysis; nuolear waste
separation and management;
oonversion of blomass, le.,
wood or leafy materials Into
liquild fuele using enzymes or
micro-organisms; separation of
metals from low-grade mineral
resouroces; combustion; and
detection, measurement, and
remedlation of harmful by-
products of energy processes,

Research In some areas, such
as chemical catalysls to learn
why some molecules may
uniquely promote specific
chemlcal reactions, may be
quickly exploited by Industrial
process designers. Research in
other areas, such as photo-
chemistry -- light-Induced
chemical reactions -- to
produce hydrogen from water
decomposition, may not find
practlcal application for a
number of years even though
sclentlflc strides are being
made. Still other research
areas, such as the study of the
interactions of atoms and
electrons with plasmas, may

produce knowledge Important in
the development of new energy
technologles.

Equally important Is the funda-
mental research into chemical
processes and phenomena that
are not immediately identifled
with a particular energy tech-
nology. A typlcal example of
such an effort Is the study of
molecules, atoms, or lons
which have been Impacted by
laser beams, have energy
levels above normal, and thus
may show unusual chemical
behavior.

Examples of research accom-
plishments this past year
include:

1. Supercritical Fluld
Expansilon Process
Produces Uniform
Particles for Thin
Fllms and Fibers -- A
new method was developed
for the formation, directly
from a vapor, of chemioally
and physlcally uniform sub-
micron particles of many
materials. The process uses
superoritical fluids as
solvents for the material to
be deposited. The solution Is



rapldly expanded through a
small nozzle from a super-
critical fluld state Into a
volume where the solvent
changes to a low pressure
gas. The materlal thus
released from solution
forms flne particles that can
be collected on a surface,
The process lends ltself to
the formatlon of thin films
and ilbers and uniform
mixtures of substances that
cannot ordinarily be com-
bined. Because many super-
critical flulds form at room
temperature, heat sensitive
materlals Ilke blologioal
molecules and organic
polymers can be processed
by this method, This new
process Is a spinoff from
earlier research supported
by BES and has been
awarded several patents and
received an R&D 100 Award
in 1988,

. Reactlon Rate Data
Confirm the Role of
Quantum Mechanical
Tunneling In Chemical
Reactions -- Sclentists at
Argonne National Laboratory
. and the University of lllinols
at Chicago, in separate but
complementary studies,
have confirmed the role of
quantum mechanlcal tunnel-
Ing in the reaction of oxygen
atoms with hydrogen
molecules to yleld the chemi-
cal radical OH and a hydro-
gen atom as products. The
effect of quantum mechani-
cal tunneling Is to allow
chemical reactions to take
placs when the combined
energy of the reacting
species is insufficlent to

break the ohemical bonds of
the reactants, in this case

the Hy bond, Knowledge of

the Influence of tunneling Is
necessary to extrapolate
chemloal reaction ratas
from temperatures and
pressures characteristic of
laboratory measurements to
conditions characteristic of
combustion proocesses. Be-
cause hydrogen Is the light-
est element, it Is expected
to exhiblt the largest
quantum mechanlcal tunnel-
ing effect. Earller measure-
ments of Hy + O and HD + O

reported last year had
Indicated that tunneling
might, indeed, have a signl-
floant Influence on the tem-
perature dependence of the
reaction rate, The recent
measurement of Dy + O now
confirms the earlier
measurements, The data
have been compared with
theoretical predictions from
Argonne, the University of
Minnesota, and Emory
University, all of which
were supponrted by the DOE
Office of Baslc Energy
Sciences, Agreement be-
tween both sets of measure-
ments and theoretical
calculations was excellent.
The theory and data will be
useful In placing limits on
the influence of tunneling in
other chemical reactions.

. Spectral Hole Burning:

a New Window on
Photosynthesls -- A
spectroscoplc technique
known as "spectral hole
burning" has provided an
unprecedented level of detail
in the study of elsctronic

exoltations that take.place In
photosynthetio reaction
center and light harvesting
complexes. In studles of
purple bacterla, it was
shown that the "speclal
palr" of chlorophyll
molecules in the reactlon
center undergoes a slight
geometrical rearrangement
upon the light excitation that
induces the separation of
positive and negative
charges. Thls rearrange-
ment cannot be observed by
X-ray diffraction which

‘reoords the structure of the

reaction center when it [s
not excited. The ultra-short
time required for charge
separation, 1 plcosecond,
was also determined from
the hole burning measure-
ments. In light harvesting
complexes of green plants,
new informatinn has been
obtalned on the mode of
energy transfer from the
antenna chlorophylls to the
special pair In the reaction
center. The hole burning
technique, developed by

Dr. Small, has led to
improvements in spectral
resolution from two to four
orders of magnitude,
thereby turning quite
featureless spectra Into
spectra rich with structure,

. Surprising Molecular

Rearrangement Seen In

Molecular Beam Studies --

Molecular beam studies of
the photodissoclation of
benzene have produced some
surprising results. In the
experiment, benzena, a
ublquitous but minor con-
stituent of hydrocarbon



fueis and a precursor of soot
in combustion, was exposed
to ultraviolet laser irradia- -
tion exciting the benzene to
a dissociative state. The
surprising result was the
appearance of the methyl
radical, CH3, among the

dissociation products. The

' reasen this is surprising is
the extensive migration of
hydrogen atoms necessary
to produce CH;. Benzene
consists of six carbon atoms
in a ring with a single hydro-
yen atom bonded to each
carbon. The expected prod-
ucts from the dissociation of
benzene would thus be CoH,
or C3Hs. CHj requires the
migration of two additional
hydrogen atoms to one of the
carbon atoms in the molecule
before the ring fragments.
This is very likely the most
extensive intramolecular
rearrangement ever seen
for a simple molecule, is
currently unexplained, and
has significant implications
for chemistry whiere most
chemical reactions are
expected to proceed via
simple, single-step bond
breaking and formatior.

A sizable fraction of Chaemical
Sciences resedrch depends on
the speciai facilities at DOE's
national laboratories -- the
Combustion Research Facility
with its unique laser beam
experimental and diagnostic

capabilities; the Stanford
Synchrotron Radiation
Laboratory and the National
Synchrotron Light Source which
provide high intensity X-ray
and ultra-violet radiation for
inducing specific chemical
reactions and for probing
structures at the molecular
level and below; and
accelerators which provide
beams of electrons, ions, and
neutral species at intensities
and in energy ranges needed to
carry out a variety of chemical
investigations.

About one-third of the Chemical
Sciences operating budget for
FY 1990 supports facility
operations and nearly 30%
directly supports research at
universities. At the DOE labora-
tories, interactions between
basic researchers and research
and development teams working
in energy technology areas are
encouraged. National labora-
tory scientists, wl.o perform
most of the research supported
by Chemical Sciences, also
interact with research workers
in the private sector, such as
the automotive and petroleum
industries.

Coordination between basic
researchers supported by
Chemical Sciences and the
scientists in the energy
technology programs and
industry is encouraged.
Various conferences and
committees, e.g., the Solar
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Photochemistry Research
Conferences, Catalysis
Research Mestings, and the
Hydrogen Energy Coordinating
Committee, identify research
needs and opportunities, com-
pare results, and coordinate
activities within DOE and with
the rest of the scientific

" community. Reports such as

the National Academy of
Sciences/National Rusearch
Council's Qpportunities in

Chemistry and DOE's Energy
Research Advisory Board

review of it, Beyiew c¢f the

: :
NMELMMME - g ities in
Chemistry, also are used to
identify research needs. In
addition, Chemical Sciences
staff members serve as
advisors to energy technology
activities and visit and review
them at the DOE national
laboratories.

Additional detailed information
on the Chemical Sciences sub-
program can be obtained from
Robert S. Marianelli, Director,
Division of Chemical Sciences,

ER-14, Office of Basic Energy

Sciences, Department of
Energy, Washington, D.C.
20585, (301) 353-5804. A
detailed summary of current
projects is published annually.
The most recent (August 1990)
is entitled "Summaries of

FY 1990 Research in the
Chemical Sciences" (DOE/ER-
0144/8).
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Applied Mathematical

Sciences

The objectives of the Applied
Mathematical Sciences (AMS)
subprogram are to meet both
the immediate needs for super-
computer access by the re-
search programs supported by
the Department's Office of
Energy Research, not including
the Office of Fusion Energy, and
the long-range computational
research needs of the Depart-
ment. The AMS subprogram,
managed by the Scientific
Computing Staff, is divided into
two activities: (1) Mathema-
tical Sciences Research; and
(2) E~ergy Science Advanced
Computation.

Scientific advances tradition-
ally have depended on experi-
ments for data and on theory
for understanding. Today there

exists a third and equally impor-

tant component of scientific
research: computational
science. Computational science
is both an experimental tool and
a tool for extending theoretical
understanding and interpreta-
tion of experimental data. In
some cases, computations
provide insights into experi-
mental data; in others,
computations simulate the ideal
experiment for testing an
analytical model. The
emergence of computational
science as an imporant
element in scientific research
and technology development has
been brought about by our
increasing ability to do

~ supercomputer.

physical problems and by the
enormous power of the modern
This combina-
tion allows scientists and
engineers to model complex
problems realistically and to
obtain more accurate answers

‘than ware possible a few years

ago.

The primary objective of the
Mathematical Sciences
Research activity is to advance
our understanding of the funda-
mental concepts of mathema-
tics, statistics, and computer
science. These concepts under-
lie the complex mathematical
models of key physical process-
es encounterad in the research
and development programs of
DOE. This activity also sup-
ports investigations of
advanced computer architec-
tures that may lead to new
approaches to supercomputers,

Three major categories of
Mathematical Sciences
Research are supported at the

national laboratories, universi-

ties, and at private research
institutions:  Analytical and
Numerical Methods, Informat-
ion Analysis Techniques, and
Advanced Computing Concepts,
the emphasis in each case being
on new parallel-multiprocessor
architectures. This activity
also established several experi-
mental computing research
facilities to support the
exploration of new concepts

in larga-scala sciantific

computing..

The projects supported have
two important facets that
require substantial cooperation
and coordination among
traditionally separate groups.
One facet concerns interdisci-
plinary teams of computational
scientists, computer scien-
tists, and mathematicians
working together con all aspects
of large-scale scientific '
computing problems. The other
facet involves the cooperation
of industry, government, and
universities on the design and
implementation of prototypes of
several potentially strong
candidate architectures; this
tacet is an important proof-of-
concept activity.

University researchers play
the major role in generating
ideas and research software, in
training graduate students, and
in generating new applications.
National laboratory staff are in
the forefront of tackling real
world, large-scale scientific
problems and have unique
resources for participating in
these research projects.
Industry, likewise, has a unique
role in providing state-of-the-
art production and testing
facilities.

Industry should benefit from
these cooperative projects
through improved understar.ding

gained of architecture and soft-
wars trands and lssues that



currently tend. to limit the
Industrial use of supercom-
puters today. These coopera-
tive projects should make the
transfer of technotogy from the
academic and laboratory
research environment to
industry as rapid as possi-
ble. The DOE program is being
coordinated with programs of
other agencies to share facill-
ties wherever possible.

The Energy Sciences Advanced
Computation activity provides
scientific supercomputer
access required by researchers
in the Energy Research pro-
grams except for Fusion
Energy. Beginning in 1985, the
use of the Energy Research
Supercomputer Center
(NERSC), formerly the
Magnetic Fusion Energy
Computational Center, and its
network were expanded to
researchars supported by the
following DOE/ER programs:

" High Energy and Nuclear
Physics, Basic Energy Sci-
.nces, Health and Environ-
mental Research, and the
Superconducting Super Collider.
This center now operates a
CRAY X-MP (two processors
and 2 million words of
memory), the serial #1 CRAY-
2 (four processors with 62
million words of memory}, a
CRAY-2 (four processors and
128 million words of memory)
and the unique eight-processor
CRAY-2 (128 million words of
memory). The NERSC Common
File System has a capacity of
more than three Terabytes
(million million bytes) of tape
storage. The Supercomputing
Computations Research
Institute at Florida State

Universlty (FSU), initiated at
the direction of Congress In
1985, now operates a CRAY
Y-MP (four processors with 32
milllon words of mernory),
associated Solid State Dizk
(128 milllon words), and more
than 24 billion bytes of mass
storage. FSU also has a 65,536
node Connection Machine
(CM-2) with 2 billlon bytes of
central memory and a 2,000
64-bit floating point pro-
Cess0rS.

Access to these systems is pro-
vided through the Energy
Sciences Network (ESNet), a
nationwide data communications
computer network with inter-
national connections to Europe
and Japan. The ESNet is mana-
ged and funded by the ESAC
activity to facilitate remote
access to major Energy
Research (ER) scientific
facilities, to provide needed
information exchange and dis-
semination among scientific
collaborators throughout all ER
programs, and to provide wide-
spread access to existing ER
supercomputer facilities, The
ESNet is a 19 node backhc.ne
network which operates at T1
speed, i.e., 1.54 million byles
per second.

Examplas of research a:com-
plishments this past year
include:

1. Time Stepping

Algorithm for Parallel
Computers Provides
Multiplicative
- Speedups -- Parabolic and
hyperbolic differential
equations are often solved
numerically by time stepping
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algorithms, which are
usually regarded as sequen-
tial in time, l.&., the solution
on a time level must be
known before the computa-
tion of the solution at sub-
sequent time levels can
start. Durlng 1989 it was
demonstrated that it is
possible for processors to
perform useful work on
many time levels simultan-
eously. Specifically, ' is
possible for processors
assigned to "later" time
levels to compute a very
good initial guess for the
solution based on partial
solutions from previous time
levels, thus reducing the
time required for solution.
Under this projact, the
theoretical and numerical
implementation was develop-
ed for an algorithm that
combines both parallel
iterations in time as well as
space, allowing computa-
tion on many time levels
simultaneously. Although
the time iterations initially
are further from conver-
gence, the effective number
of iterations to convergence
is much smaller, providing
speedup factors that multi-
ply any perallelism achieved
in space variables.

. A New Technique for

Calculating the
Properties. of Atoms
and Molecules - With a
computer big enough and fast
enough, any property of any
atorn or molecule can be cal-
culated from first princi-
ples. To date, no computer
has been built that can treat
any but the simplest of
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atoms and molecules with an
accuracy approaching that
achlevabie by direct meas-
urements. Thus, current
research in quantum chemis-
try is almed at finding
approximations of known
accuracy appropriate to
specific atomic and mole-
cular properties. One of the
most helpful approximations
is the separation of the
effacts of the outer, valence
electrons which are respon-
sible for most of the chemi-
cal properties of atoms and
molecules, from those of the
inner, core electrons,
Heretofore, the effects of
the core electron have been
only approximated in most

. practical calculations.

During 1988, scientists at
the Lawrence Berkeley
Laboratory found a new
approach for including the
core electrons much more

accurately without a corres-

ponding, prohibitively
expensive increase in com-
putational time. The
approach treats the core
electrons and valence
elecirons separately by
establishing different time
and energy scales for
sampling the two sets of
slectrons. This approach
has been applied to the
calculation of the ionization
potentials and electron
affinities of Carbon, Silicon,
and Germanium with en-
couraging results. These
properties agree with ex-
parimental values to within
2% while at the same time
their calculation achieves a
factor of 5000 decrease in
computer time when com-

pared to a traditional cal-
culation, Using these
advances and the Depart-
ment's supercomputers will

put many important chemical

systems within reach of
theoretical calculation,

. Prediction of New Low
Compresslbility Sollds --

New materials which are
harder than diamond were
predicted using an empirical
model and ab initio calcula-
tion of the bulk compressi-
bility of covalent solids, It
may be possible to synthe-
size these novel materials in
the laboratory. The empliri-
cal model indicated that
hypothetical covalent solids
formed between carbon and
nitrogen are good candidates
for extremely hard mater-
jals. A prototype carbon-
nitrogen system was
chosen, a form based on the
complex beta-SlzNg

structure, and a calculation
of the total energy was
made on the Department's
Cray supercomputers at the
National Magnetic Fusion
Computer Center. The

. calculations were consistent

with the model and show the
new material to have a bulk
compressibility equal to or

less than that of diamond.

. New Form of Carbon

Diloxide Discovered
Using Supercomputers --
During 1988, a new stable
form of carbon dioxide was
discovered using a Cray
supercomputer. The
discovery was made by
using an ab inltio, quantum

chemical calculation. In such
calculations, propertles such
as structures and Internal
energles are determined for
atoms and molecules using
only the knowledge of the
charges and masses of the
constituent nuclei and atoms.
Because carbon dloxide
involves many particles, 44
electrons and 3 nuclel, many
simplifying assumptions had
to be made in past calcula-
tions, With the avallabillity
of very powerful and fast
computers, it is now
possible to perform quantum
chemical calculations for
small molecules with very
few simplifying assump-
tions. The calculation
Identifled a second structure
for carbon dioxide, a tri-
angle In which each atom is
bonded to the other two. In
the familiar form of carbon
dioxide, the structure Is
0=C=0. Although the new
form is chemically unstable
relative to O=C=0, its
existence has practical
implications in combustion
chemistry where the density
of available energy states is
a critical role in determining
chemical reaction rates. A
large body of expetimental
data on the excited energy
states of carbon dioxide
exists, but a second form
was not suspected., Even
with the large amount of
computer time (nearly 600
hours) required for this
calculation, all possible
configurations of 'the three
atoms In carbon dioxide
could not be considered,
Even so, the calculation



which showed the new form
also hinted that a third
form, COO, also might exist.

More Information on this sub-
program can be obtained from
John Cavallinl, Acting

Directar, Sclentlfic Computing
Staff, ER-7, Offlce of Energy
Research, Department of
Energy, Washing-ton, D.C.
20585, (301) 353- 5800, A
detalled summary of current
projects Is published annually.

29

Tho most recent Is entitled
"Summaries of the FY 1989
Applled Mathematical Sclences
Research Program”, DOE/ER- .

0422, September 1989,

Engineering and Geosciences

The Enginearing and Geo-
sclences subprogram conducts
fundamental research for DOE
in these flelds. The broader
aspects of program design and
emphasis are established
through extensive Interaction
with the sclentlfic and techno-
logical communities in the
flelds of interest, utilizing
studies by the Basic Energy
Sclences Advisory Commiitese,
the Department's Advisory
Board, panels of the National
Academy of Sclences, specially
convened workshops, and
individual interactions with
scientists and engineers from
universities, Federal labora-
tories, Industry, and related
Federal programs.

Englineering Research

The Engineering Research ob-
jectives are: (1) fo improve
and advance our knowledge of
processes underlying current
engineering practice; and (2) to
expand the technical data base
and understanding of funda-
mental engineering concepts. It
is the goal of the Engineering
Research activity to improve
our capability for anticipating

and solving engineering pro-
blems in energy technologies.
Fundamental research is
supported In both traditional
engineering disclplines and
interdisciplinary areas
concerned especlally with
analysls, control, and im-
provement of systems for
transport of heat and flulds,
and for materials processing.
At present, three disciplinary
areas are receiving high
ptiority:

* Mechanical Sciences --
Including fluld mechanics,
heat transfer, and
structures;

+ Systems and Control
Sciences -- Including sys-
tems analysls and control,
and instrumentation; and

«  Engineering Analysis --
including engineering data
collection and compllation,
and analysis of non-linear
and non-equillbrium
systems.

While Engineering Research
activities are almed at long-
term goals, important appli-

cations sometimes emerge
surprisingly early. Several
Immediately applicable accom-
plishments recently have
included: 1) creation of new
Illumination technologles based
on developments in high
collection non-imaging optics
which are leading to energy
efficlent applications such as
compact high Intensity solar
concentrators, solar-driven
lasers for satellite communi-
cation systems, low power high
intensity light emitting diodes,
and Improved energy efficient
Hlumination systems; 2) pro-
gress in understanding the
stabllity of two-phase
immiscible fluld motions leading
to the conslderation of energy
officlent lubricated plpelines
for the transport of slurries
and heavy crude oils based upon
the finding that under certain
conditions the less viscous
component arranges itself as a
sheath at the wall, thereby
allowing the more viscous
phase to flow more efficiently
in the interiors; and 3) new
understandings of the fracture
mechanics of solids and of
crushing processes are leading
to creative, energy reducing
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configurations In the pulveriza-
tion of coal, ores, and other
minerals whereby fine
particles will be promptly
removed, thereby reducing the
overall grinding energy
requirements.

Some other recent accom-
plishments in the Engineering
Research area have included:

1. Method for Eliminating
Backlash -- An example of
an Important engineering
research actlvity underway
is work which Is leading to
the development of re-
dundant-drive backlash-free
robotic arms. Backlash Is a
persistent problem In most
industrial robot manipula-
tors which employ gear
trains for power trans-
mission and torque amplifi-
cation. The backlash arises
from the clearances needed
to allow for size and shape
variations during manu-
facturing and for thermal
expansion.

Present techniques for
reducing backlasi such as
precise gears, spring-loaded
split-gear assemblies, and
precise mechanical adjust-
ments do not completely
eliminate backlash,

Recently, an investigator In
the Engineering Research
Program developed an
innovative concept for the
control of backlash in geared
robotic systems. This
concept utllizes a redundant
unidirectional driver to
assure positive coupling of
gear meshes at all times,
thereby eliminating the

backlash. This improves the
positioning accuracy and
controllability of a manipula-
tor and reduces the noise
and vibration assoclated
wlth gear trains, The result
is a high precislon, light
welght, low cost, high
performance manipulator.
The redundaritly robotic arm
has a fail-safe advantage In
that, except for loss of
backlash control, it can
continue to function when
one of its drlving motors
falls. A patent has been
applied for. A variety of
additional applications
appear likely outside of the
field of robotics.

. Improved Understanding

of Waterr Condensation
Dynamics -- Droplet
formation occurs in ex-
panding gas flows found In
numerous natural and tech-
nological processes such as
cloud formation, combus-
tion, and steam turbine
expansions. Research at
Physical Sciences, Inc.,
supported by the Engineering
Research Program, Is pro-
viding a new view of how
rapidly cooled vapor
mixtures condense to form
small droplets. As moist alr
expands, the gas initlally
behaves as If it were dry,
When the gas is cooled
sufficlently, however, the
temperature and pressure of
the moist air begin to
increase noticeably from the
dry air values due to heat
released by the coridensing
water vapor. In the con-
ventional picture of the
onset of condensation, the

water vapor abruptly and
rapldly forms a dense cloud
of very tiny droplets or
clusters containing roughly
20 water molecules each,
These tiny droplets then
grow rapidly in the supar-
saturated environment while
the total number of droplets
remains essentlally
constant,

Recent condensation
experiments in an expansion
nozzle and theoretical
calculations have shown that
a rather different sequence
of events actually occurs.
The experiments rely on
scattered laser light to
probe the number and size of
the water droplets through-
out the entire condensation
zone, providing a level of
detall previously unavall-
able. The first droplets
detected by the laser are
surprisingly large, contain-
ing tens to hundreds of
thousands of water mole-
cules, only a short distance
after the apparent onset of
condensation. The number of
droplets does Initially
increase quickly, but then,
contrary to conventional
expectations, the number
decreases rapidly before
leveling off. The most
reasonable explanation of
these observations is that
many droplets spanning a
wide range of sizes must be
present at onset. The larg-
est, most stable droplets
grow quickly at the expense
of the unstable and raplidly
evaporating, smallest
droplets. Calculations of the
number of droplets of each



slze present at each point in
. the flowing gas confirm this
new Interpretation and
reveal detalls of the conden-
satlon process inaccessible
to experimental observation.

First, contrary to the notlon
that condensation In a rozzle
Is triggered by the *apid
formation of very smali
clusters, the calculations
show that, at the apparent
onset of condensation, the
largest droplets with tens to
hundreds of thousands of
molecules are already
substantially more abundant
than the smallest olusters.
Furthermore, the amount of
mass contained in these
large droplets far exceeds
that found in the smaller
sizes: |t is the presence of
these large clusters that Is
responsible for the heat
released in the gas. These
large clusters began forming
gradually well upstream of
the observable onset of
condensation, and it is the
rapid growth of these large
droplets, and not the
formation of large numbers
of the tiniest droplets, that
produces the visible con-
sequences In the flow, In
effect, condensation is
already well underway
before the apparent onset
point.

The presence of surprisingly
large particles early in an
expansic: il ba a signifl-
cant congaeration in design-
ing expansion processes to
either enhance or av id
particle formation. The
improved understanding of

particle formation resulting
from the work should be
Important for many appli-
cations Including, for
example, aerasol formatlon,
wind tunnel and turbine
design, exhaust plume
formation, and materlal
procassing technologles
using cluster beams. It may
also affect our view of the
formatlon of clouds and
related studies of climate
changes.

Under Engineering Research,
the Center for Engineering
Systems Advanced Rasearch
(CESAR) was established in
1983 at the Oak Ridge National
Laboratory to address
fundamental issues In Intelligent
machine technologlies. An
experience base at ORNL
already exlsted In the form of
remote and teleoperation
applications for handling
radloactive materials. The
CESAR program is tullding on
that experlence Iin performing
research on intelligent
machines, l.e., man-made
systems capable of autonomous
decislon making and action.
Such Intelligent machines are to
govern themselves in accom-
plishing given objectives,
managing their own resources
and maintaining thelr integrity
with only loose human super-
vision. The test bad for
current research results ls
HERMIES-II, a low-cost system
incorporating such capabilities
as mobllity, manipulation, and
sansory feedback -- features
usetul for validating various
concepts, This system is
controlled by a novel parallel
processor.
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A joint research venture, under
Engineering Research ausploes,
also was undertaken in the mid
to late 1980's between the
Idaho Natlonal Engineering
Laboratory and the Massachu-
setts Institute of Technology to
address, in a cooperatlve and
supportive fashion, research in
the areas of plasma process
englneering, automated weld-
ing, fracture mechanics, and
englneering analysls and design
methodology. A steering
committee, with representation
from unlversities, private
industry, and natlonal labora-
torles, provides guidance for
this four-part research pro-
gram. Personnel exchanges,
including graduate students,
have been a feature of this
collaboration and other univer-
sitles are now participating In
this venture.

Geosclences

The objective of the Geoscl-
ences activity is to develop a
quantitative understanding of
the energy-related aspects of
geologlcal processes. The
primary focus Is on the geo-
physics and geochemistry of
rock-fluld systems., Topics
emphasized Include high
resolution underground Imaging,
Isotopio studies, and
hydrocarbon-bearing sedi-
mentary formations.

Disclpline-oriented areas of
research activity are:

* Geology, Geophysics and
Earth Dynamics -- Including
selsmology and rock
mechanics;
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+ QGeochemistry -- including
geochemical migration, brine
and magma properties and
organic geochemistry;

+ Energy Resource Recogni-
tlon, Evaluation and
Utllization -+ Including
underground imaging and the
Continental Sclentlfic
Drilling Program; and

+ Solar-Terrestrial/Atmos-
pheric Interactions.

During the summers of 1989
and 1990, teams of sclentlsts
from the U.S. Geologloal

Survey (USGS}, DOE, and
several unlversities undertook
detalled |n sity studies In the
vicinity of the Novarupta Vent
of the great Katmal eruption of
1912 on the Alaskan Peninsula.
During June 1912, 8 cublc
miles of fragmented molten
rock erupted at the head of the
Ukak River Valley in the most
violent and voluminous eruption
of the 20th Century. The
valley has since become known
as the "Valley of Ten Thousands
Smokes" and the region
dedicated as a National Park
and Wilderness Area.

Teams consisting of 26 scien-
tists in 1989 and 15 Ir 1990
studied and carefully measured
such fundamental properties of
the earth's crust as heat flow,
gravity, magnetism, electrical
resistivity, topography and
structural geology to lay the
groundwork for the sclentific
drilling phase to be undertaken
in 1992. Extensive electrical
and magnetic surveys were
conducted In 1980 to supple-
ment the previous year's data.

Physical volcanologloal and
hydrothermal geochemioal
Investlgatlons continued.
Subjeot to meeting the require-
ments of the National Environ-
mental Pollcy Aot (NEPA), the
granting of a drilling permit by
the Natlonal Park Service, and
the avallabllity of funds for the
purpose, the Katmal Solentlfic
Drilling Project ls ready to
proceed with drilling In 1992,

This national program Is coor-
dinated among the Involved
agencles under the terms of the

Interagency Accord on Continen-

tal Sclentlfic Drilling signed by
DOE, the Natlonal Sclence
Founc ~tion, and the USGS in
1984, Under the terms of the
Accord, DOE Is responsible for
the drilling and loglstic
aotivitles assoclated with
reglons of abnormally high heat
flow, such as Katmai, although
each agency suppors research
on such projects as may be
consistent with Its range of
interests and capabllities. Since
it began sclentific drilling in
1983, DOE has been leading the
way In continental sclentific
drilling with projects for
obtaining core samples at the
Salton Sea and Long Valley in
California and at the Valles
Caldera in New Mexico.

The Geosclences Program also
supports research In seis-
mology both in furtherance of
its objectives In high resolution
underground Imaging and in
furtherance of its studles of
volcanic hazards for energy
faclllties. In this connection,
researchers at the University
of Southern Callfornia and the
University of Callfornia, Santa

Barbara, report finding the

first solld evidence for gulded
selsmic waves propagallng In
the low-veloolty layer of highly
fractured rook associated with
faults, In a paper published In
Sclence, the researchers
desoribe the detection and
analysls of dispersive wave-
tralns associated with the
Oroville and San Andreas fault
zones, Callfornia, The low-
frequency, low-velocity ringing
effeots detected within and
close to the fault zone and other
wave characteristics provide
information on source
rmechanisms and fauit-zone
characteristios.

Finally, In the area of geologlcal
age-dating, an area of sclence
important for energy resource
studies, for global change, and
for the Isolation of hazardous
wastes, earth sclentlsts at the
Los Alamos National Laboratory
have developed a new analytical
technique for measuring very
low ooncentrations of thorium
In geological samples that will
have an Important application in
resolving the flne structure of
global change over the past
300,000 years. The accuracy
and precision of the uranium-
thorlum disequillbrium dating
method Is Improved by three
orders of magnitude because of
highly efficlent ionlzation of
thorium by means of laser-
Induced resonance prlor to
mass spectrometric measure-
ment. The new technique is
especlally applicable to very
small samples or to samples
with very low thorium content,
It can be applied, for example,
to the dating of ice cores,
which usually contain trace



arnounts of uranium ard
thorlum In dust from anocient
voleanic eruptions, and to the
datlng of oalolum carbonate In
deep sea sed!ment cores and
cave deposits, More acourate
dates will be useful in under-
standing the reasons for the
historlcal major global

changes, as recorded n the loe,
the oores, and the deposlts.

More information on this sub-
program oan be obtalned from
James S. Coleman, Director,
Division of Englneeting and
Qeosolences, ER-15, Offlce of
Basic Energy Sclences, Depart-
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ment of Energy, Washington,
D.C. 20585, (301) 353.5822,
There are two reporta avall-
able which supply more detalled
informatlon: "Summarles of
FY 1989 Engineering
Research", DOE/ER-04386; and
“Summaries of Physloal
Research In the Geosclences",
DOE/ER-0430, December 1989,

Advanced Energy Projects

The Divislon of Advanced
Energy Projects (AEP) adminls-
ters the AEP subprogram,
Heavy lon Fuslon Accelerator
Research (HIFAR), and the
Small Business Innovation
Research (SBIR) program' of
the DOE.

Advarced Energy Projects

The objective of the AEP sub-
program Is to explore the
feaslbliity of novel energy-
related concepts evolving from
basic resvarch., These concepts
are typically at an early stage
of sclentiflc definition and,
therefore, beyond the scope of
ongoing applied R&D or techno-
logy programs. Exploratory
concepts that do not readily fit
Into a program area but do
appear to have broad potentlal
applications also are supported.
Concepts in the AEP subpro-
gram usually invelve a high
degree of risk, Howevar,

vach has the potentlal for high
pay-off. Thus, AEP offers a
unlque mechanism within DOE
for transitioning basic research

results Into technology
appllcations.

Although projects are support-
ed for a limited period of time,
usually 3 years, the AEP
subprogram Is not limited to
supporting projects In a partlc-
ular technical area or from a
particular sector of the technl-
cal community, Current pro-
leots cover a broad range of
technology, e.g., .novel light
sources, with an emphaslis on
short wavelength (extreme

ultraviolet and beyond), Innova-

tive methods for materlals
separation or for resource
recovery and innovative
methods for ollspill cleanup.
AEP projects are pursued by
Investigators at universities,
Industrial laboratories (Includ-
ing small R&D companles), and
national laboratories,

A standard for measuring
success In the AEP subprogram
Is the transfer of a project to
technology development pro-
grams following AEP support.
A number of successful

transfers have been made over
the years. In 1088, a company
called ParaMagnetic Logging,
Inc, (PML), established the
sclentific feaslbility of a new
tachnlque to be used In focating
oll and gas deposlts overlooked
In existing reservolrs, The oll
and gas Industry measures the
resistivity of geologlcal forma-
tions to determine the presence
of oll and gas In newly drllled
holes. However, these measure-
ments have been impossible to
perform through the steel pipes
(borehole casings) which
surround wells In older oll
flelds. With funding from the
AEP subprogram, PML develop-
ed a new technique to measure
resistivity through such cased
boreholes, allowing the deteo-
tion of "missed oll" and "by-
passed gas". As a consequence
of this AEP support, PML was
then able to attract funds from
a consortium of sources for a

*See page 48 for a discussion
of the Department of Energy's
SBIR program,
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projeot to oonstruot and test an
apparatus to demonstrate the
technology In actual oll and gas
flelds,

In 1689, an AEP subprogram
project calied the Composite
Optical/X-Ray l.asar Micro-
soopa (COXRALM) recelvad an
R&D 100 Award. This goncept
obtains Images of blologloal
oells at higher resolution than
could be uchleved with the uua
of an optical microscope. This
Improved resolution Is possible
by operating at a wavelength
muoh shorter than that used In
optical microsoopes. The light
source used s a soft X-ray
laser (SXL) producaing short
pulses of high Intensity, well
collimated radiation. The
COXRALM/SX\. could eventually
provide isearciers with a
unique ocapabllity for imaging
blologleal specimens,

Heavy lon Fuslon

The HIFAR program ls not sub-
Ject to the prevalling 3-year

funding limit. Heavy lon fusion
emerged during the early phase
of Inertlal fuslon research,
which had been developing laser
and partiole beam "drivers" to
direct energy onto rollets of
tritlum and deuterlum under
oonditlons needed to achlave a
fuslon reaction, Reoent ad-
vanoes In acocelerator techno-
logy and In understanding beam
transpott have Inocreased the
attraotlveness of using heavy
lon beams to produce electric-
ity from inertlal fuslon, A
major lssue awalting technloal
resolution |s whether beams of
heavy lons can be generated at
the Intensities required for
fuslon In a oost-effectlve
manner,

HIFAR Is a research effort in
acoeletator solence and tech-
nology that was spun-off In
1883 from the now defense-
orlented DOE Inertial fusion
program. The HIFAR objective
Is to establish a data base
suffiolent to support a future,
Informed decision on whether

or not to move forward with
this method for Inertlal fuslon,
The HIFAR strategy ls to
address as many driver
features as possible through &
sequence of scaled experiments
of Increasing size and com-
plexlty. The HIFAR effort s
centered at the Lawrence
Berkeley Laboratory. Support-
ing activities are underway at
the Lawrence Llvermore
Natlonal Laboratory and the
Stanford Linear Aocelerator
Center.

Additlonal Information oan be
obtained from Walter M.
Polansky, Acting Director,
Division of Advanced Enetgy
Projects, Office of Baslo
Energy Sclences, ER-18,
Department of Energy,
Washington, D.C, 20585, (301)
353-5095, A summary report
of ongolng projects, "Advanced
Energy Projeots FY 1990
Research Summaries," DOE/ER-
0465T, September 1990, Is
avallable,

Energy Biosciences

The principal objective of the

. Energy Blosclences subprogram
Is 1o provide basic Information
and conceptual understanding In
the microblologlical and botani-
cal sclences. This knowledge s
important to DOE's efforts In
renewable resource production
of fuels and chemicals, micro-
blologlcal transformation of
organit materials, and blologl-
cal systams for resource

recovery, The research |s
aimed at gaining an under-
standing of the underlying
mechanisms of green plant
productivity, converting
blomass and other organic
materials Into fuel and chemi-
cals by novel and improved
methods of fermentation, and
developing blosystems capable
of saving energy.

Energy Blosciences reaearch s’
fooused on understanding the
limite of productivity Iin green
plants, how plants adapt to
suboptimal conditions of
growth, such as those encoun-
tered In marginal lands and
waters, and the mechanisms of
microblal conversion of varlous
blomass forms. In particular,
the blochemical pathways and
thelr genetic and biochemieal



regulation relating to degrada-
tion of abundant materlals suoch
a8 oellulose, hemloelluloges,
and lignins and the converslon
of these materlals to fuels or
chemloals are studled.

Mlcro-organlsms that grow In
the airsence of oxygen and are
able o carry out fermentations
with high efflclenoy are of
speocial Interest, as are thermo-
philic mioro-organisms, those
having optimal growth and
conversion rates at high
temperatures. An Integral part
of the subprogram Is the devel-
opment of genetic Information
that may ultimately be used to

produce new or Improved mioro-

organisms and plants with
properties that can be used to
facilitate the production of
fuels or petroleum-conserving
chemicals or be used for new
biotechnologles capable of
conserving energy. Recent
successes In Introducing "new"
genes Into sulfate-reducing
bacterla, lignin-degrading
fungl, and barley plants are
examples of genetic manlpu-
lation developed with program
funds,

In 1986 the Energy Blosclences
subprogram became Involved In
a multiple Federal agency
effort to encourage plant-
related research In the U.S.
This has lad to the establish-
ment of several researoh
centers In the U.S, whose goals
are to address speoific plant
research areas. The Eneargy
Blosolences subprogram Is
funding a center at the Univer-
sity of Georgla concentrating
on the structure of complex
carbohydrates, Complex

oarbohydrates not only oom-
ptlse the major structural
component In plants, but also
function In numerous aspeots of
plant growth and development.
Energy Blosclences also funds a
oenter at Arlzona State Unlver-
sty that Is focused on employ-
ing site-directed mutagenesls
for producing mutants with
deflned protein changes to
study the early bloochemloal and
biophysioal events In photo-
synthetio capture and oonver-
slon of light energy.

Recent accomplishments under
thls subprogram Include:

1. Light Regulation of
Photosynthesls -
Chloroplasts In plants are
the receptors for the light
energy used In the plioto-
synthetio process. The
ohloroplasts undergo subtle
blochemical and structural
ohanges depending upon the
quallty of light they recelve,
This adaptabllity permits the
same &pucies of plant to
thrive in a number of
habitats with varying light
conditions, During 1889, it
was shown that the bio-
chemlcal and structural
changes In response to
different ocolors of light do
not result from changes in
the reading of the genetlo
information contained in the
DNA, but rather cause the

rapld degradation of messen-

ger RNA, an Intermediate in
the convaersion of genetio
information into proteins.
Learning the manner In
which environmental factors
effect changes In the ohloro-
plast's structure and blo-

chemlstry may offer a way of
understanding baslo oontrol
mechanlsms present In plants
that oould lead to Increased
efflclencles o perform
photosynthesls,

2. Development of Gene
Transfer Technology
for Sulfati-Reducing
Baotarla -- Sulfate
reducing bacterla oconvert
sulfate (SO4-2) Into Hp 8
during resplratlon instead of
converting oxygen to H,O as
normally occurs In larger
organisms, These organisms
play orltical roles in the
global sulfur oycle, metal
ocorroslon, and In oll well
souring, sewage treatment
and other fermentation
prooesses that take place In
oxygen depleted environ-
ments. While there has been
considerable progress In
learning about specifio steps
In sulfate respiration in the
sulfate-reducing baocterla,
the Integration of these
steps and the Integration
with the rest of the bio-
logloal processes oaocurring
within the baoterla has not
been studied. A virus has
been discovered with the
abllity to transfer genes
between various strains of
sulfate-reducing baoterla.
Bits of DNA from the host
cell are mixed In with the
viral DNA when the virus Is
formed. When the virus In-
fects another bacterial oell,
the DNA Is released In the
new host cell and Is Incor-
porated Into the genetio
materlal of the new oell,
The discovery of this sys-
tem constitutes a major



36

development In genetically
charaoterizing these organ-
lsms, While a system that
would permit the genetlo
transformation of these
organlsms (the introduction
of totally forelgn DNA Into
the baoterlal chromosome)
Is still being sought, the
development of the viral
transfer system has made
possible extensive genetio
studles on these Important
organisms,

3. Novel Gene Found In
Methane Producing
Bacterla -- The analysis of
the struoture or sequence of
a partloular gene or
chromosome reglon
sometimes gives Insights
beyond those which were
originally planned. Such an
example was the discovery,
in the course of studles of
the gene sequences encoding
enzymes Involved In the
formation of methane In
methane-producing bacterla,
of a gene sequence for which
no function was known. By
comparlson of this gene to
other gene sequences
cataloged In the GenBank
data base, It was dis-
covered that the gene has
the Information for the
synthesls of a polypeptide
that oould best be described

~as polyferridoxin,  The
polypeptide should have the
capacity to readily accept
and glve up six elactron
palrs. The physiologlcal role
of this molecule Is not
known, but there are sev-
eral Intriguing possibilities.
These Include bahaving as a

blologloal oapaoltor, belng
the equivalent of a blologloal
eleotrlo wlire, or serving as
a ferrldoxin preoursor
moleoule. Studles aré now
underway to determine the
blologloal role of the
'polyferridoxin' molecule In
methane-producing
microbes.

. Visible Markers for

Genetically
Transformed Plants --
The technology avallable to
Insert forelgn genes into
one-celled organlsms or
ocells permlits sicoess rates
of Inoorporation varying
from one In one thousand to
one In ten millier. The
minuscule size of Indlvidual
cells means that millions
may be treated at one time.
The major limitation
becomes one of finding the
cell which has recelved the
forelgn DNA. There is a high
probability that adjacent
genes will be Incorporated
together, particularly If the
genes are small, A small
gene with a rather pro-
nounced effect, called a
marker gene, Is oritloal for
genetic englneering
appllcations,

Solentlsts at the Univer-
slty of Georgla, In collab-
oratlon with Ploneer
HI-Bred Seed Company
researchers, have demon-
sirated that the B gene,
whioh controls the
synthesls of the purple
plgment, anthooyanin,
can be used as a marker

to seloot for the Incor-
poratlon of DNA into corn
oells, The researoh Involved
placing the B gene Into a
plece of DNA, The DNA was
then coated onto microscoplo
pellets and literally shot Into
oorn tissue, The pellets are
so small that they are able
to enter a single oell without
damaging It, After saveral
days, purple cells could be
readlly observed showing

that the B gene was functon-

ing. These oells could be
seen to divide with the
daughter cell belng purple
showing that the gens had
been Incorporated Into the
norn chromosome, This
technology, when comblined
with the recant accomplish-
ments In regenerating whole
corn plants from single
cells, will permit ready
genetlc englneering of corn
plants for researoh ard
commerclal applications.

This research into the physlo-
logy, blochemistry, and
genetics of mioro-organisms
and plants Is carrlod out
primarily at unlversity
labaratorles.

Further Information ocan be
obtained from Robert Rabson,
Director, Division of Energy
Blosolences, ER-17, Office of
Baslo Energy Sclences, Depart-
ment of Energy, Washington,
D.C. 20585, (301) 353-2873.
Also avallable ls the "Annual
Report and Summarles of

FY 1990 Activities", DOE/ER-
0469P, September 1990,
which includes detalled desorlp-
tlons of ongoing activities,
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Small Business Innovation Resaarch Program

The Small Business Inrovation
Researoh (SBIR) program,
whioh Is mandated by the Small
Business Innovation Develop-
ment Aot of 1982 (P.L. 97-
219), supports research and
R&D aotlvities at small
business enterptises. DOE's
program |s administered
through the Division of
Advanced Energy Projeots In
the Offloe of Baslo Energy
Solences within the Offlce of
Energy Research,

The principal objectives of the
SBIR program are the follow-
Ing: to stimulate technological
Innovatlon; to use small ‘
businesses to meet Federal
R&D needs; to foster and
encourage particlpation by
minority and disadvantaged
persons In technologleal
Innovation; and {o Increase
ptivate seotor commeroclaliza-
tién Innovatlons derlved from
Federal R&D. The Depart-
ment's SBIR program supports
high quality research or R&D
grant applications on advanoced
concepts relevant to Important
energy-related sclentiflo or
englineering problems and
opportunities that could lead to
significant public beneflt If the
research ls successful,

As prescribed In the legisla-
tlon, the program Is designed
for implementation In a three-
phase process, with Phase |
determining, insofar as
possible, the sclentlfic or
technical merit and feasibility
of Ideas proposed for Investiga-
tion. The period of perform-

ance In this Inltlal phase s
relatively brief, typloally about
8 months, and the awards are
limited to $50,00u. Between
one-third and one-half of the
Phase | projects can be
expected o proceed suoocess-
fully Into Phase I, the princlpal
research or R&D effort, In
which qualified projects can
reoelve awards as high as
$500,000 for perlods of up to
2 years, In Phase |ll, small
businesses oarry out the
commerolal application of the
research or R&D effort with
non-Federal capltal or, alterna-
tively, Phase |l may Involve
follow-on non-SBIR Federal
contracts for products or
services desired by the
Government.

The total Department funding
amounts provided for SBIR
projects are In accord with the
requirements of P.L, 97-219 as
amenced, whioh speclfies that
agencles subject to thls law, of
which there are 11 at present
Including DOE, spend certaln
percentages of thelr extra-
mural research or R&D funds
on SBIR projects. The law
specifles 1.25% for each fiscal
year from 1986 through 1993,
On thls basls, the DOE budget
for SBIR la approximately $39
million in FY 1990, The budget
for DOE's Defense Programs s
exempt from patticipation In
SBIR.

The Department Issues SBIR
program solicitations annually,
wlth research or R&D oppor-
tunities provided each year In

about 30 toploal areas. The
slate of {oples Is changed some-
what from year o year, so as
to offer, In time, a more com-
plete representation of DOE's
wide range of Interests in non-
defense research related to Its
misslon, The toplos cover the
areas of Baslo Energy Sclences,
Health and Environmental
Researoh, High Energy and
Nuclear Physics, Magnetlc
Fuslon Energy, Conservation
and Renewable Energy, Nuclear
Energy, and Fossll Energy.

In the first 8 years of the
program, 1983-1990, 9,009
Phase | proposals were
recelved and 984 Phase |
awards were made, Three
hundred seventy-two Phase |
awards were made through

FY 1980, The award selections
have been made on the basis of
solentiflo and technloal
excellence of the proposals.

Additional Information about
this program s avallable from
Samuel Barlsh, SBIR Program
Manager, ER-16, Department of
Energy, Washington, D.C.
20585 (301) 353-3054,
Reports containing abstracts of
the projects recelving support
are avallable. The ourrent
reports are "Abstracts of
Phase | Awards, 1989, DOE/ER-
0417" and "Abstraots of Phase
Il Awards, 1988, DOE/ER-
0418." The most recent
program sollcitation can be
obtalned by contacting the SBIR
Program Manager,
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Basio research In most areas
pertinent to the DOE misslon
requlres highly complex equlp-
ment and faollltles.
-ad earlier, the construotion and
operation of such facllitles Is
costly, but many research pro-
Jeuts depend on their avallabill-
ity. Baslc Energy Sclences
ourrently operates a number of
facllitles that are unique In the
Unlted States and, In some
cases, In the world. The major
BES facllities are descrlbed and
discussed In the following
subsectlons.

Brookhaven Natlonal
Laboratory,
Upton, New York

The High Flux Beam Reactor
(HFBR) produces high-Intensity
neutron beams used for re-
search in many areas of sol-
ence. Neutrons are used to
irradiate materials, to make
them radicactive or to trans-
mute one element Into another.
They also are used as probes
by nuclear and solid-state
physlcists, chemists, and
blologists, How neutrons are
scatterad by moleoular
structures provides a means of
determining those struoctures
and some of thelr propertiet.
Neutron scattering techniques
yleld information on the funda-
mental properties and behavior
of materlals and chemlcal and
biological substances which
cannot be obtained by any other
means, The HFBR Is one of twn
high-flux research reactors
supported by DOE, both of
which are world-class
research reactors for neutron
research.

As mention-

Major BES Facllities

Current research using the
HFBR Includes studles of;

*+ The sfruoture and dynamios
of magnetic materlals;

+ The dynamios of materials
as they change phase;

« Neutron Irradlation effeots
on the physical properties of
materlals;

+ The molecular struoture dand
dynamios of organo-
"metalllos;

+ Small-angle neutron
scattering of blologioal
substances -- small-angle
scattering Is a reflnement
providing more precise
information on highly
complex structures;

+ Lattice structure and
dynamics In condensed
matter systems;

+ Amorphous materlals --
short-range order and
excltations; and

+ The neutron speotroscopy of
low-lying exclted states In
solids,

The HFBR, which cost $12.5
milllon to build, went oritical In
1965 and attalned full power In
1966. Origlnally 40 MW, Its
power was Increased to 60 MW
In 1982, The reactor has a
maximurn thermal neutron flux
of 1.1 x 1015 neutrons/
c¢cm2-sec avallable for research.
Use of the HFBR facllities Is
divided between Participating
Research Teams (PRT's) and
general users, PRT's consist of

sclentlsts from BNL or other
government laboratorles,
universitles, and Industrial
laboratorles who have a
common Interest In developing
and using beam faollitles at the
HFBR. In return for thelr
development and management of
these facllitles, each PRT lIs
asslgned up to 76% of the
avallable beam time, with the
remalinder being reserved for
general users.

A limited amount of funding Is
made avallable to scientlists
from U.S. Institutions of higher
education under the NSLS-HFBR
Faoulty/Student Support
Program. The program ls
designed to defray expenses
Inourred by Faoulty/Student
research groups performing
expetiments at the Natlonal
Synchrotron Light Source
(NSLS) or at the HFBR and [s
almed at university users
having only limited grant
support for their research.

Experiments proposed by users
are reviewed for sclentific
merit by a Program Advisory
Committee composed of specilal-
Ists In relevant disciplines from
both within and outside BNL.
The committee reviews the
uses to be made of the facllities
by the PRT's and general users
and asslgns priorities as
required.

Several of the nine experimen-
tal beam ports at HFBR are used
by more than one scattering
Instrument; three are used for
nuclear physics research, and
the rest for neutron diffraction
or scattering research. The
reactor can also be used to



irradiate samples through any
one of seven different vertical
access tubes. The in-core total
flux is 2.4 x 1015 neutrons/
cm2-sec. The building that
houses the reactor and
ancillary equipment has floor
space for expsrimental
apparatus. With its coiu
moderator facility, the HFBR
provides the largest source of
very low energy neutrons in
the lnited States. '

- Recant accomplishiments depend-

ent on the availability of the
HFBR include:

1. Magnetic Excitations In
Y5l3003054x -
Pioneering nsutron scatter-
ing investigations of
magnetism in the high T,
systems have been per-
formed at Brookhaven
National Laboratory
beginning with La;CuQy, the
first compound for which
large single crystals became
available, and continuing on
Sr-dopad crystals. In 1988,
these studies were extended
to the YBa;CuzQg+x  sys-
tems, for which the
maximum superconducting
transition temperature is 90
K at x = 1. Large single
crystals with various
oxygen contents have been
grown by a group at the
Institute for Molecular
Science in Japan. Exten-
sive neutron scattering
measurements of magnetic
excitations in these crystals
have been performed in
collaboration with
researchers ai ine

Massachusetts Institute of
Technology. This work
provided evidence for three-
dimensional magnetic
ordering in samples with low
oxygen content, and
evidence of a very strong
magnetic coupling between
copper atoms within the
CuO, layers, the common
structural element of these
compounds. This research
provided clear evidence that

- magnetism and superconduc-

tivity are closely associated
in the layered copper oxide
compounds.

. Intercalation Com-

pounds: Implications
for Advanced Battery
Materials -- Neutron
diffraction at the HFBR was
used to determina the local

. distortions for lithium

inserted between layers of
graphite and titanium
disulfide in systems of
practical intarest. High
capacity rechargeable
batteries are likely to be
important in future energy
strategies and this research
provides new insights into
the salection of materials
for batteries based on
"intercalation® compounds.
lons intercalated (inserted)
between layered structures
at high temperatures create
local distortions to the
structure that stabilize the
distorted structure when the
temperature is lowered.
Many new battery techno-
logies rely on intaercalation
(insertion or doping) of a
mobile charge carrier (ion)
into an inorganic lamellar or

39

organic polymer electrode.
This research helps demon-
strate that phase transi-
tions, which are detrimental
to electrode life due to
dimensional changes, can be
controlled by proper selec-
tion of dopant and host
material. This breakthrocugh
provides a rational basis for
selecting host materials for
intercalation batteries in
terms of their elastic
properties. ' Furthermore,
mare recent data suggest
that the same concepts may
be applied to polymer
electrodes. '

Additional information about
HFBR can be obtained from
David S. Rorer, HFBR - Bidg.
750, Brookhaven National
Laboratory, Upton, New York
11973, (516) 282-4056.

High Flux [sotope Reactor
Oak Ridge National
Laboratory

QOak Ridge, Tennessee

The High Flux Isotope Reactor
(HFIR) has a high thermal
neutron flux designed for
production of transplutonium
elements. This facility is
critical to the Transplutonium
Production Program of DOE. In
addition to producing trans-
plutonium elements, HFIR has
four ports to permit the
extraction of neutron beams
from the reactor core for
experimental purposaes. The
high flux and experimental
capabilities make HFIR a unique
research reactor, important
not only for isotope production
but also for nautron scattering,
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nuclear chemistry, and radia-
tion damage research.

The HFIR cost about $15 millior:
to build and attained its operat-
ing power-of 100 MW in 1966
with a thermal flux in the tar-
get area of 2 10 5 x 101§
neutrons/cm2-sec. It is a light
water moderated reactor and
has had an unsurpassed record
of better than 90% of
schaduled operation. HFIR has a
unique, two-piece core, which
is its fuel element; this core is
about the size of a 30-gallon
drum and is replaced after
about 3 weeks of opsration. In
addition to isotope production
activities and in-core
irradiations, there are twelve
research stations at the four
experimantal ports. The
National Center for Small Angle
Scattering Research associated
with the HFIR was sponsored as
a joint project of DOE and the
National Science Foundation,
This Center was moved to the
NIST Reactor when HFIR was
shutdown in 1986 for
refurbishment due to radiation
damage to the vessel, It has
since been restarted and will
operate at 85 MW.

The neutron scattering facili-
ties at HFIR are used for long-
range basic research on the
structure and dynamics of
condensed matter. Active
programs are dealing with:

+ The magnetic properties of
matter;

+ Lattice dynamics;

+ Defect-phonon inter-actions:

+ Lattices in supercon-
ductors; ‘

» Liquid structures; and
« Crystal structures.

A wide varisty of heutron
scattering instruments have
been constructed at HFIR.
Three of these having capa-
bilities unique within the U.S.
are the "double-crystal small-
angle diffractometer”, the
“correlation chopper”, and the
"wide-angle time-slicing
diffractometer".

These facilities are open for

use by outside sciantists
working on problems of high
scientific merit. Written
proposals are reviewed for
scientific feasibility by an
external review committee.
Accepted experiments are
generally scheduled within 6
months of the receipt of the
proposal. No charges are made
for the use of the beams for
research to be published in the
open literature, but costs of
extensive use of ORNL shop or
computer facilities must be
borne by the user. Financial
assistance is available for the
travel and living expenses of
users from U.S. universities.
Inexperienced users will
normaily be able to collaborate
with an ORNL staff member.
Proprietary experiments can be
carried out after a contract has
been arranged based on full-
cost recovery, including a
charge for beam time.

Although the use of HFIR has
changed direction over the
years, with increased emphasis

on neutron irradiation and beam
research and radiolsotope ‘pro-
duction for sales, transpluton-
ium isotope production
continues to be a significant
effort. With the shutdown of
the General Electric Test
Reactor, which was a com-
mercial supplier of a variety of
radiocisotopes, HFIR became the
source of substantial quantities
of radioisotopes for the
industrial community.

Other research at HFIR is
supported by the Fusion Energy
and Nuclear Energy Programs,
the Nuclear Regulatory Com-
mission, and the National
Science Foundation.

Additional information about
HFIR can be obtained from H. A.
Glovier, Research Rsactor
Division, ORNL, Oak Ridgs,
Tennessee 37831, (615)
574-8049,

Natlonal Synchrotron
Light Source

Brookhaven Natlonal
Laboraiory
Upton, New York

The National Synchrotron Light
Source (NSLS) is a unique
user-orientad facility for
advanced multidisciplinary
research with synchrotron
radiation -- highly intense
radiation emitted by electrons
traveling in circular paths at
very high ensergies. Synchro-
tron light radiation from the
NSLS is continuous in spectrum,
stable, pulsed, and high in
intensity, with the spectral
peak related to the electron
energy and radius of the
circular orbit. At the NSLS



there are two electron storage
rings, one producing vacuum
ultraviolet or infrared radia-
tion, the other producing
X-rays. At NSLS, a wide-
range of research techniques
are used by biologists, chem-
Ists, solid-state phvsicists,
metallurgists, and engineers
for basic and applied studies.
Fundamentaliy, these tech-
niques involve the use of
synchrotron radiation to probe
the structure of matter but
with capabilities well beyond
those of X-ray and light
sources previously avallable.
Among the techniques used are
many previously available but
refined and extended to meet
the opportunities provided by
synchrotron radiation to study
the siructure and dynamics of
matter. Techniques used
include extended X-ray
absorption fine structure
(EXAFS), scattering, dif-
fraction, radiography,
fluorescence, interferometry,
gas phase spectroscopy, photo-
emission, radiometry, litho-
.graphy, microscopy, and
infrared vibrational spectro-
scopy.

The NSLS began operating in
1981. The X-ray ring is about
170 meters in circumference.
The vacuum ultraviolet (VUV)
ring is 44 meters in circum-
ference. A common injector
meets the high-current
requirement (1.0 A) for both
rings. The VUV ring has been
used routinely for research
since early 1984. It operates
at 750 MeV. The X-ray ring
operates at 2.5 GeV. Since
there are 47 ports at the two
rings with each port capable of

supporting one to three experi-

ments, the NSLS has the
potential of running about 100
experiments simultaneously.

Users are ah Important concern
in operating the NSLS; the sclen-
tific community participates
heavily in the design and fabri-
cation of experimental _
apparatus. In addition to the
beam lines constructed by the
NSLS staff for general usage, a
large number of beam lines
have been designed and instru-
mented by "Participating
Research Teams" (PRT's). The
PRT's are given priority for up
to 75% of their beam line(s)
operational time for a 3-year
term.

Research groups are now in the
process of forming insertion
device teams (IDT's) to design
and instrument beam lines and
insertion devices. After an
initial "commissioning period"
to assure safety and reliabil-
ity, NSLS and PRT beam lines
become available for use by
General Users. In the latter
case, PRT's provide liaison and
utilization support to General
Users.

Proprietary research can be
performed at the NSLS, a
full-cost recovery fee being
charged for the amount of beam
time utilized. The DOE has
granted the NSLS a Class
Waiver, under the terms of
which proprietary users of the
NSLS will have the option to
retain title to inventions that
result from research per-
formed at the NSLS.
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A limited amount of funding Is

- available to scientists from

U.S. Institutions of higher
education under the NSLS-HFBR
Faculty/Student Support
Program to defray expenses
incurred by research groups
performing experiments at the
NSLS. The Faculty/Student
Support program Is almed at
helping university users having
only limited grant support for
their research.

Some applications of the Inter-
action of synchrotron radiation
with matter are:

+ Studies of the state and
behavior of gases;

» Studies of the surface of
solids;

+ Studies of metal atoms in
biologica! systems;

+ Analysis of the atomic
structure of microscopic
samples;

+ Microscopy;

+ Research related to the
miniaturization of computer
chips; and

+ Magnetic structure of
surface and near suriace
layers in materials.

Recent accomplishments requir-
ing the unique capabilities of
NSLS are:

1. New Techniques for
Studying Magnetic
Properties of Materlals
With the advance of intense,
polarized X-ray beams from



synchrotron sources, the
polarization, momentum, and
energy dependence of X-ray
scatterlng processes can
now be used to Iinvestigate
propertles of condensed
matter in ways that could
not have been imagined with
X-ray sources of the past
decade. Brookhaven
physiclsts, working In
collaboration with sclentists

at AT&T Bell Laboratories, -

Cornell Unlversity, Rice
Universlty, and the Institut
Laue-Langevin In France,
pionesred new synchrotron
techniques to study the
magnetic properties of
materials by X-ray
scattering. Magnetic
properties are of Iiniense
interest due to their impor-
tance to the computer and
electronics Industries in
data recording materials and
devices.

. Nature of the Charge
Carrlers In Electron-
Doped Copper Oxide
Superconductors -- In
1988, a Japanese group
discovered a new class of
high temperature, copper-
oxide superconductors hav-
ing the chemical formula
Nd;.xCe,CuO4. In contrast
to the previously known
systems, such as the 90 K
supserconductor YBa, CuzOy in

which the charge carriers
are known to be "holes"
{missing electrons) on
oxygen atoms, the mobile
charges In the new
compounds appear to be
electrons. To characterize
the electronic structure

near the copper atoms,
Nd,.xCe,Cuy4 was studied

using X-ray absorption

spectroscopy at the Natlonal

Synchrotron Light Source.
The data obtalned indicated
that the electrons added by

replacing Nd with Ce tend to

sit on the Cu atoms.

Understanding the similari-

ties and differences between

the electron and hole-doped
compounds Is qulte Import-
ant for theorists who are

trying to explain the mechan-

ism of superconductivity in
these unusual materials.
While the layered copper
oxide compounds have a

symmetry such that one can

create superconductors by
doping with holes or elec-

trons, the nature of the elec-

tronic states involved in
each case appears to be
quite different. Decliding

which of the previously ad-
vanced theories of supercon-

ductivity are consistent

with the new observations Is
presently a critical issue in

this rapidly evolving
subject.

The users of the NSLS facility

also include industrial research-

ers from such Fortune 500
corporations as IBM, Exxon,
Bell Laboratories, DuPont,

. General Electric, and Mobil.

The DOE construction cost for

NSLS provided for the bullding,

storage rings, and a limited
amount of experimental
equipment for the beam lines.
A substantial amount of
additional instrumentation and
equipment has been instalied
with private industry funds.

Additional Information about

" NSLS can be obtained from

Susan White-DePace, NSLS
Department, Building 7258,
Brookhaven National Labora-
tory, Upton, New York 11973,
(518) 282-7114,

Stanford Synchrotron

Badliation Laboratory
Stanford Unlversity
Stanford, Californla

Baslc Energy Sciences Is
responsible for operating the
Stanford Synchrotron Radiation
Laboratory (SSRL). The SSRL
Is one of several national facili-
ties, and DOE's second one, for
the utilization of synchrotron
radlation for basic and applied
research in chemistry,
physics, blology, and materials
sclence. The SSRL was expand-
ed under the auspices of the
National Science Foundation in
partial response to a National
Academy of Sclences report
that pointed out the potential
for research In the newly
identifled area of synchrotron
radiation. The SSRL, which
shares the Stanford Positron
Electron Asymmetric Ring with
the High Energy Physlics pro-
gram, Is an important research
facility; at present it Is heavily
oversubscribed by the solid-
state, chemical, and biomedical
research communities for its
high-intensity photons Iin the
ultraviolet and X-ray regions of
energy.

The available synchrotron radia-

tion is produced by the 4-GeV
storage ring SPEAR operated by

the Stanford Linear Accelerator

Center (SLAC). The SSRL is a
user-oriented facility that



welcomes inquiries and
proposals for experiments
from quallfied sclentists.

Synchrotron radiation, the
electromagnetic energy
produced by relatlvistic
electrons In magnetic flelds,
has many unusual properties
that make it a most effective
experimental tool. The SPEAR
(Stanford Positron Electron
Assymetric Ring) spectrum
extends from the .Infrared
through the visible, ultraviolet
(UV), vacuum ultraviolet
(VUV), and deep into the X-ray
reglon. As a continuum source,
synchrotron radiation Is
unrivaled. For example, in the
X-ray region, SPEAR provides:
five orders of magnitude more
continuum radiation than the
most powerful conventional
X-ray generators, In addition,
an experimental beam line
recently commissioned on the
SLAC storage ring, PEP (an
acronym for Positron Electron
Project), and one which makes
use of a special permanent
magnet device known as an
undulator, has produced the
brightest X-ray source in the
world.

The extraordinary properties

of synchrotron radiation as a

research tool have led to many
very important sclentific re-

sults Including:

+ Development of the widaly
used Extended X-ray
Absorption Fine Structure
(EXAFS) technique as a
powerful structural tool;

» Many advances In surface
physics based on the

photoemission technique,
using high Intensity tunable
VUV radlation from 10 to
1,000 eV,

+ Dynamic studles of conforma-

tlonal changes In blological
systems, using time depend-
ent X-ray diffractlon and
fluorescence lifetime
techniques;

+ Development of anomalous
diffraction as a broadly
applicable tool of crystallo-

graphy;

» Results in other areas such
as topography, lithography,
and microscopy; and

» Development of a method of
non-invaslve anglography
for heart disease patlents.

Recent accomplishments depend-

ent upon the availability of the
SSRL have included:;

1. Synchrotron X-ray
Studies of Growth of
Semlconductor
Surfaces -- The first n
sity X-ray study of the
growth of a semiconductor
surface by organometallic
chemical vapor deposition
was carried out at the SSRL.
The study was made of the
growth of zinc selenide on a
gallium arsenide (001)
surface using grazing
Incldence scattering of
extremely bright X-rays
produced at SSRL, Recently
Improved magnet technology
was able to provide a
"bright" enough beam of X-
rays to carry out the
desired experiments. These
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inltlal experiments, involv-
ing the operation of a
chemical vapor deposltion
apparatus In the X-ray beam
llne, demonstrated the
feasibility of using proven X-
ray-based analytical techni-
ques to "sea" structural
detalls while the fllms are
growing. These key experl-
ments Involved a collabora-
tion among AT&T Bell
Laboratories, SSRL, and
Stanford Universlity
sclentists,

. Two-Dimensional

Compressibliity of a
Metal Measured for the
First Time -- Lawrence
Berkeley Laboratory
sclentists, in a collaborative
effort with investigators
from IBM-Almaden and the
University of Fuerto Rico
measured, for the first
time, the two-dimensional
compressibility of a metal.
Using a beam of X-rays at
the SSRL, the structure of a
lead film was observed
during its deposition on a
silver surface. The separa-
tion between neighboring
lead atoms In the monolayer
at the sllver surface
decreased as applled electri-
cal potential (voltage) was
raised untll multilayer or
bulk deposition of the lead
occurred. ‘

The data obtained were used
to calculate the two-
dimenslonal compressibility
of the monolayer (1-atom
thick) lead film in contact
with the sllver surface,
This research result and the
technique used to obtain it
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are important for under-
standing thin film deposition
processes and thelr control;
such processes are widsly
used in flelds such as elec-
tronics and corroslon resist-
ant coatings.

Current research activities at
SSAL include:

« X-ray absorption, small and
large angle scattering as
well as topographic studies
of atomic arrangements in
complex systems such as
surfaces, amorphous
materials and blological
materials; ‘

+ Soft X-ray and VUV photo-
emisslon and photoelectron
diffraction studies of elec-
tronic states and atomlc
arrangements In condensed
and gaseous matter;

« Non-invasive anglography;
and

+ X-ray lithography and
microscopy.

SSRL serves approximaitely
500 scientists from 124
institutions working on over
200 active projects. A wide
variety of experimental equip-
mant is avallable for the user
and there are no charges elther
for use of the beam or for the
facility-owned support equip-
ment. Proprietary research’
may be performed on a cost-
recovery basis by special
arrangement.

SSRL has six beam lines, most
with multiple experimental

stations, It Is a user-orlented
facllity which welcomes pro-
posals for experiments from all
qualifled sclentists. Proposals
are subjected to peer review
and more than half of the
proposals do recelve beam
time.

More Information can be
obtained from K. M. Cantwell,
SSRL, Bin 69 P, O. Box 4349,
Stanford, Callfornla 94305,
(415) 854-3300 ext. 3191,

Intense Pulsed Neutron
Source

Argonne Natlonal
Laboratory

Argonne, lllinols

The Intense Pulsed Neutron
Source (IPNS) is a dedicated
user-oriented facllity for
advanced research with pulsed
neutrons; It serves the
physics, materials, chemical,
and life sciences research
communities.

Unlike nuclear reactor sources
which put out a steady flow of
neutrons, this machine pro-

- vides high fluxes of neutrons In

bursts that are precisely in
step with the 30 Hz frequency
(a 30 Hz frequency means there
are 30 bursts per second) of
the proton accelerator.
High-energy protons from a
proton synchrotron implinging
on a heavy metal target
produce bursts of neutrons
knocked out of the target; these
are called spallation neutrons.
The resuiting pulsed beams of
neutrons, exploited using time-
of-flight techniques, have the
following characteristics:

+ High peak intenslity thermal
neutrons;

+ High peak Intenslty epi-
thermal neutrons; and

+ Pulsed delivery for investl-
gating time-dependent
phenomena, such as
following shock waves, heat
pulses, or laser flashes.

In materials research, pulsed
neutrons can be used to study:

« Static and dynamic
propertles of liquids and
amorphous sollds;

+ Defects, volds, and
aggregates in materials;

» Structure and dynamics of
polymers and biological
material;

+ Magnetic, crystallographic,
and electronic changes;

* Phonon structure and
magnetic excitations in
solids;

+ Surface phenomena and
superconductivity; and

+ Radiation damage at
cryogenic temperatures.

Two principal types of scien-
tific activity are underway at
IPNS: neutron diffraction,
concerned with the structural
arrangement of atoms (and
sometimes magnetic moments)
in a material and the relation of
this arrangement to its physical
and chemical properties; and
inelastic neutron scattering, .
concerned with processes



where the neutron exchanges
energy and momentum with the
system under study and thus
probes the dynamics of the
system at a microscopic level.
At the same time, it is expect-
ed that the facilities will be
used for fundamental materlals
measurements as well as for
technological applications, such
as to measure stress distribu-
tion In materlials and characteri-
zation of zeolites, ceramics,
and hydrocarbons,

The IPNS, which began opera-
tion In FY 1981, has a peak
thermal flux of 3 x 1014
neutrons/cm2-sec, a peak
epithermal flux at 1 eV of 1015
neutrons/cm2-sec and a time
average fast flux of 2 x 1012
neutions/cm2-sec. The proton
current Is 8 microamps pro-
viding 500 MeV protons in 30
bursts per second of 2 x 1012
protons per burst,

Access to IPNS Is available
without charge to qualified
sclentists doing fundamental
research, Selection of ‘
experiments is made on the
basis of sclentific merit by a
Program Committee consisting
of eminent scientists, mostly
from outside Argonne.

The neutron scattering
assembly has seven
spectrometer stations, and the
radiation effects assembly
includes two cryostat stations
for investigations at 40K, Six
additional facilities are avall-
able for special expetiments
with, for example, solid He?3,
polarized neutrons, and ultra-
cold neutrons, for high-
temperature Irradlations, and

for temperatures at less than
.0020K,

The authorized corstruction
cost for IPNS ($6.4 million)
provided for beam transfer
from the proton synchrotron
and construction of the
spallation target area. In
addition, $2.4 million was pro-
vided to upgrade the exper-
mental capabillty with a
variety of spectrometers,
detectors, and computer
interfaces.

The person to contact for
additional information is T. G.
Worlton, Scientific Secretary,
Argonne National Laboratory,
9700 South Cass Avenue,
Argonne, lllinols 80439, (312)
972-8755.

Manue! Lujan., Jr. Neutron
Scattering Center,
LANSCE

Los Alamos Natlonal
Laboratory
Los Alamos, New Mexico
The LANSCE facility is a pulsed
spallation neutron source
driven by the 800-MeV Los
Alamos Meson Physics (LAMPF)
linear accelerator, Neutron
scattering research is
currently carried out at
LANSCE using the advantages of
time-of-flight methods and high
eplthermal flux. A proton
storage ring (PSR) began
operation in 1985 providing 12
neutron bursts per second, for
the world's highest peak
thermal flux, 1.7 x 1016
neutrons-cm2/sec, for neutron
scattering research. In
addition, it will also be a source
of eplthermal neutrons many
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ordars of magnitude larger than
reactors for neutron scattering
research In solid state physios,
chemistry, biology, polymers,
and materials sclence.

LANSCE will be operated as a
natlonal user facllity with
formal proposals for experl-
ments reviewed by a Program
Advisory Committee (PAC) to
allocate two-thirds of the
avallable beam time. The PAC
wlill evaluate proposals on the
basls of sclentlfic excellence
and optimal use of LANSCE
capabllities, One-third of the
neutron scaitering beam time is
reserved for laboratory
discretionary research,
research pertinent to DOE
applied program gnals, and
instrument development. The
LANSCE Instrumentation Is
available without charge for
nonproprietary research. The
facllity is open to all U.S,
citizens and permanent resident
allens and to visits of less than
7-working days for citizens of
non-sensitive countries. DOE
approval is required for any
other forelgn national visits.

Avallable instruments are: a)
32-meter neutron powder
diffractometer; b) a single
crystal diffractometer based on
the Laue time-of-flight techni-
que; c) a fliter difference
spectrometer for chemical and
optic mode spectroscopy; d) a
constant-Q spectrometer for
studles of elementary excita-
tions in single crystals; and e)
a liquids, amorphous, and
speclal environment diffracto-
meter. A considerable effort Is
currently directed toward
pulsed source instrument
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development Including,
currently, a chopper
speotrometer and a low Q
diffractometer.

The person to contact for Infor-

mation Is J. Eckert, MS H805,
Group P-8, Los Alamos Natlonal
Laboratory, Los Alamos, New
Mexlco 87545, (505) 667-
6069,

Combustion Research
Eacllity

Sandla Natlonal
Laboratory
Livermore, Callfornla

The Combustion Research
Facllity (CRF), which cost
$10.3 million to construct,
provides a range of Instrumen-
tation not avallable In other
laboratories and, thus,
provides a uniquse capability to
outslde users, including many
non-DOE groups, for com-
bustion research. The focus of
the laboratory Is on laser
diagnostics of combustion
systems, but a varlety of
burner systems and special
facilities are avallable,
including those for research on
coal combustion and Internal
combustion engines. The staff
at CRF provides users with
technical support covering such
diverse fislds as chemistry,
fluld dynamics, computer
modeling, and pure and applled
spectroscopy. The CRF
research staff also has the ‘
necessary scientific strengths
to serve the DOE combustion
program's research objectives
-- maximizing the efficiency of
processes while minimizing the
production of undesirable
pollutants. Examples of

research oarrled on at CRF
Include:

» Detectlon and measurement
In flames of short-lived
reactive Intermedlates In
key oombustlon reactions;

* Energy transfer process and
chemical kinetics of
molecules of combustion
interest;

+ Laser velocimetry to study
turbulence effects In an
Internal combustion engline;
and

+ |n ity laser diagnostlos of
the interactions of materlals
surfaces with flames.

As an example of the research
conducted at the CRF, results
on alcohol combustion were
reported in 1989 that provided
a considerable improvement in
the understanding of alcohol
combustion. The effectivenass
of alcohol fuels In existing and
new internal combustion
englnes is of critical concern
and has prompted research on
thelr combustion chemistry.
Studies at the CRF on the
reaction mechanisms of the
hydroxy! radical, a dominant
reactive specles, with various
alcohols have provided new,
unantlclpated information on the
reactions that take place.
Studies at the CRF, employing
its unique capabillities to follow
extremely rapid reactions
under a wide range of experi-
mental conditions, showed that
the hydroxy! radical-alcohol
reaction mechanism actually
changes significantly with
temperature. The studies were

characterized by a high degree
of accuracy for chemloal
reaotlon rate measurements
and by the use of isotople
enrichment to sort out
oompeting reactlon mechan-
lsms. The major surprise of
the experiments was the
discovery that at high tempera-
tures, the hydroxyl radioal-
alcohal reaction constitutes a
catalytic, chain mechanism for
the converslon of aloohols to a
partioular class of hydro-
carbons called alkenes. Thus,
In modeling a practical combus-
tlon system involving alcohol
fuel, the subsequent combustion
chemistry of the product alkene
also must be Included.

Combustion sclentists from
other iocatlons participate
through the Visiting Sclentlst
Program in ongoing research
projects, and facllitate the
transfer of fundamental com-
bustion technology to industry
and universitles, Visltors come
to the CRF from universities
and Industry to conduct re-
search, attend meetings and
short courses, and hold techni-
cal discussions with the labora-
tory staff.

Participants in the vislting-
sclentist program work at the
facllity for 2 weeks or longer.
Research by these sclentists Is
usually carried out in collabora-
tion with members of the
permanent staff; however,
visitors may also bring their
own experimental apparatus
and take advantage of the
special dlagnostic capabilities
avallable at the CRF. Sandia
Natlonal Laboratory normally
covers costs assoclated with



development including,
currently, a chopper
spectrometer and a low Q
dlffractometer,

The person to contact for Infor-
matlon is J. Eckert, MS H805,
Group P-8, Los Alamos Natlonal
Laboratory, Los Alamcs, New
Mexico 87545, (505) 687-
6069,

Combustion HResearch

Eacllity
Sandia Natlonal

Laboratory
Livermore, Californla
The Combustion Research
Facliity (CRF), which cost
$10.3 mililon to construct,
provides a range of Instrumen-
tation not avallable In other
laboratories and, thus,
provides a unique capabllity to
outside users, Including many
non-DOE groups, for com-
bustion research. The focus of
the laboratory is on laser
diagnostics of combustlon
systems, but a varlety of
burner systems and special
facllities are avallable,
including those for research on
coal combustion and Internal
combustion engines, The staff
at CRF provides users with
technlical support covering such
diverse flelds as chemlstry,
fluid dynamlcs, computer
modeling, and pure and applied
spectroscopy. The CRF
research staff also has the
necessary scientific strengths
to serve the DOE combustion
program's research objectives
-- maximizing the efficlency of
processes while minimizing the
production of undesirable
pollutants. Examples of

research oarrled on at CRF
Include:

+ Detection and measutement
in flames of short-lived
reactlve Intermedliates In
key combustion reactions;

+ Energy transfar process and
chemlocal kinetlos of
molecules of combustlon
Interest;

+ Laser velocimetry to study
turbulence effeots in an
internal combustion engine;
and

» In sliy laser dlagnostics of
the Interactions of materlals
surfaces with flames.

As an example of the research
conducted at the CRF, results
on aleohol combustion were
reported in 1989 that provided
a conslderable Improvement In
the understanding of alcohol
combustion. The effectiveness
of alcohol fuels in existing and
new Internal combustion
engines Is of oritical concern
and has prompted research on
their combustion chemlstry,
Studles at the CRF on the
reaction mechanisms of the
hydroxyl radical, a dominant
reacotive specles, with varlous
alcohols have provided new,
unanticipated Information on the
reactions that take place.
Studies at the CRF, employing
its unique capabilities to follow
extremely rapld reactions
under a wide range of experi-
mental condltions, showed that
the hydroxy! radical-alcohol
reactlon mechanism actually
changes slignificantly with
temperature. The studies were
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oharaoterized by a high degree
of acouraocy for chemleal
reaotlon rate measurements
and by the use of isotoplo
enrlohment v sort out
competing reaction mechan-
lsms, The major surprise of
the experiments was the
discovery that at high tempera-
tures, the hydroxy! radleal-
aloohol reaction constitutes a
oatalytic, chaln mechanism for
the oonverslon of alcohols to a
partioular class of hydro-
carbons called alkenes. Thus,
in modeling a practical combus-
tion system Involving aloohol
fual, the subsequent combustion
chemistry of the, product alkene
also must be Included.

Combustion sclentists from
other locations participate
through the Visiting Solentist
Program In ongolng research
projects, and facilitate the
transfer of fundamental com-
bustion technology to industry
and unlversitles, Visitors come
to the CRF from unlversities
and Industry to conduot re-
search, attend meetings and
short courses, and hold techni-
cal disousslons with the labora-
tory staff,

Particlpants In the visiting-
sclentist program work at the
facllity for 2 weeks or longer.
Research by these sclentists Is
usually carrled out in collabora-
tion with membars of the
permanent staff; however,
visitors may also bring their
own experimental apparatus
and take advantage of the
speclal diagnostic oapabllities
avallable at the CRF, Sandia
National Laboratory normally
covers costs associated with
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the research program; visitors
are expected to provide for
thelr own salary and living
expanses while at Livermore.
Also, they are expected to
publish the results of thelr
researoh. Proprletary
researoh may be done at the
CRF, but only on a full cost-
recovery basls.

The CRF, a building with
fourteen Individual research
laboratorles, four speoclal laser
laboratorles, and a variety of
support laboratorles, was
dedicated in March 1801, On
demand, laser output can be
beamed to any one of the
Indlvidual research laboratorles
for use In a larga varlety of
experiments,

Additlonal information can be
obtalned from P, Mattern, CRF,
Sandla National Laboratory,
Livermore, California 94550,
(415) 422-2520,

New Facilities

Two new light sources are

under construction: at LBL a
light source In the ultraviolet
wavelength regime (1-2 GeV,

Advanced Light Source); and at
ANL a light source in the X-ray
wavelength reglme (6-7 GaV,
Advanced Photon Source).

Design Is underway for a new
high-flux neutron source at
ORNL, the Advanced Neutron
Souroe,

Other Facilities

High-Yoltage Electron and
Atomle Hesolution
Microscope Facllitiog

© High-Voltage Electron Micro-
scopes (HVEM's) are Invaluable
for energy-related resear ‘h
important to fission and fusion
(radlation damage), conserva-
tion and foussil (high-strength
steel and high-temperature
ceramics for automotive
turbines), fossil (corrosion),
and solar (photovoltalcs)
tochnologies. The microscopes
are also Important for general
research, and each institution
having one has developed or Is
developing a sizeable outslde

user group of academic and
industrial solentists,

The HVEM Is useful for trans-
mission eleotron microscopy of
heavy metals, studies that
must use "thick" samples to
avold surface effects, and
studles of brittle materials,
such as ceramics, whioh are
difficult to prepare in thin
form. Also, high-voltage
machines are necessary for
materials studies Incorporating
special environments and for |n
sity radlation damage studles.

It Is possible to "see" damage
as It Is being produced.

Basic Energy Sclences supports
three facllities with HVEM's and
the atomlic resolution mioro-
soope (ARM), which came on
line in 1983,

National Center for
Electron Mleroscopy
Lawrence Berkeley
Laboratory
Berkeley, Callfornia
The Natlonal Center for
Electron Microscopy (NCEM),
which cost $8.0 million
dollars, was dedicated on
September 30, 1983, The
Center contains the rost



advanced electron microscopes
In the world and has as Its
centerplece the only atomlic
resolution electron microscope
(ARMY) In the Unlted States,
Besides the ARM, other
avallable mloroscopes are a
Hitachl HU-860, a Kratos
EM-1600, and JEOL 200 CX,

The Atomic Resolution Eleoctron
Microsoope (ARM) was speolfl-

cally deslgned for optimum per-

formance In the high-resolutlion
Imaging mode. Attention has
been given to the potential
problem of specimen

senslitivity to the elaeotron
beam at higher accelerating
voltages, and Instrumentation
was Incorporated so that the
microscope could operate with
minimum aberration over |ts
entire voltage range (400 to
1,000 KeV). At its maximum
voltage (1 MeV), the ARM has
point-to-point resolution of

.7 A (although 1.5 A has been
achleved)., The microscope also
can be run In a mode that en-
ables convergent beam elactron
diffraction (CBED) patterns to
be taken from the same
specimen areas Imaged In high
resolution,

The Kratos EM-1500 HVEM Is
designed primarily for dynamlc
In slty studies, but it can also
resolve structures at the 3 A
level, It provides acoelerating
voltages of 1200 to 1500 KeV,
which are not available else-
where In the United States.

A support Instrument to the
ARM, the JEM 200-CX Is a
high-resolution machine with a
maximum operating voltage of
200 KeV and a polint-to-polint

resolution of about 2.4 A,
Specimens for this mloroscope
are restrioted to 2.3 mm In
dlameter to fit Into the ultra-
high resolution pole pleoe,

The fourth microscope at LBL Is
the Hitachi HU-860, It has an
acoelarating voltage that ls
oontinuously varlable between
200 and 850 KeV but most
oonvenlently used at three
fixed voltages: 300, 600, or
650 KeV. The resolution limit
of this instrument Is not high --

about 20 A -- but It Is adequate

for some studles, exploratory
experiments, and many hot
stage or environmental oell
experiments.

High Voltage Electron
Microscopy-Tandem
Eacllity

Argonne Natlonal
Laboratory

Argonne, Illinols

The High Voltage Electron Micro-

scope (HVEM)-Tandem Facllity
provides unique combinations of
the techniques of a high-voltage
electron microscope, lon
Implantation/bombardment, and
lon-beam analysis. In addition,
the HVEM/lon-beam Interface
permits diregt observatlon of
the effects of elactron and lon
bombardment on materlals in
the microscope, Current
experimental studies using the
HVEM represent a wide range of
materlals research from
universitles, natlonal
laboratories, and Industry,
Work Includes programs in
mechanical properties,
corroslon anv oxldation,
radiatlon damage, and general
defect analysls.
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The prinolpal components of the
HVEM-Tandem Facllity are a
Kratos (.2-MeV high-voltage-
transmisslon eleotron rnloro-
soope Wwith lon-beam Interface,
a Natlonal Electrostatics 2-MeV
tandem-type unlversal lon
acoelerator, and a Texas
Nuolear 300-KeV lon accelera-
tor, These two acocelerators
together provide lon beams of
essentlally all elements from
10 KeV to 8 MeV.

The high-voltage eleotron
mloroscope has a maximum
voltage of 1.2 MeV and a demon-
strated lattice resolutlon of
3.6 A, The microscope contains
a number of unique features
Including 100 to 1200 KeV
continuous-mode voltage
selection, Speoclal specimen
rods for viewing and for
measuring the intensity of the
lon beam within the microscope
are avallable, and observations
oan be made at temperatures
between 10 and 1300K in high-
vacuum oonditions, Observa-
tlons In gaseous atmospheres at
pressures of up to 2,5x104Pa
can be carrled out betwean
ambient temperature and

1300 K using a gas reaction ocell
Inserted into the specimen
chamber, The 2.0-MeV Tandem
Accelerator has an Internal and
two external negative sources
for hellum and metal lons; It
can generate lons of all stable
Isotopes In the perlodic table.
The accelerator can be operated
In conjunction with the HVEM or
separately for lon Implanta-
tlon/bombardment &and lon-
beam-analysis studles, Typlical
lon-beam currents will range
from 10 amperes for profons to
0.1 amperes for 204 ppt,
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The 300-KeV lon acocelerator
has been equipped with souroes
for metal and gaseous positive
lons. It oan be used in conjuno-
tlon with the lon-beam Intet-
face when lower-energy lons
are requlred or to dellver lons
Into two of the target chambers
of the Tandem system for lon
Implantation studles,

Shared Research
Equipment Program
Oak Ridge Natlonal

Laboratory
Oak Ridge, Tennessee

The Shared Research Equipment

program (SHaRE) s a oollabora-

tive program In whioh per-
sonnel at Oak Ridge National
Laboratory work with sclen-
tists from other Institutions,
The puiposes of the program
are to provide unlvarsity and
Industrial researchers with
aocess to equlpment for mioro-
struoctural analysls which Is' not
avallable at thelr home institu-
tlons and, In so dolng, to
faollitate additlonal laboratory

researoh that would not other-

wise be accomplished, The
laboratory staff shares with
visltors responsibllity for both
completing the project and
ansuring publication of the
results,

A number of major Instruments
are avallable to oollaborators,
Nuclear mloroanalysls and
Rutherford back-scattaring
analysls are performed In two
separate systems, and four
variously equipped 120-KeV
transmisslon electron mloro-
scopes are In service, A ‘
Hitachl 1-MeV HVEM lIs equipped
for environmental and mechani-
cal deformation investigations,
Two Auger analysls systems,
one with scanning capabllity,
also belong to the equipment
pool in the SHaRE program.
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Program and Budget Trends

Baslc Energy Solenoses and lts
predecessors have funded and
conducted baslo regearch pro-
grams In the physioal and
related solences and managed
complex national facllities
since the 1940's, oontributing
to a petiod of unparalleled
solentiflo growth and aohleve-
ment, Baslc research Is a
necessary investment In the
future. A stable, uninterrupted
program |s neocessary for baslo
research to thrive, providing
the Nation a knowledge base and
source of new technology to
maintaln a healthy economy.
Basio Energy Solences' long-
range researoh complernents
and undergirds the applled
research and development
activities of DOE's technology
programs, The program's
majot product Is understanding
and fundamental knowledge In
areas Important to DOE.

The new knowledge generated
becomes part of the body of
Information upon which the
applled technologles rest,

While research to broaden the
technology base needed for
speolfio Indlvidual energy
technology optlons Ia extreme-
ly Important, so also Is our
need for baslo research to build
the soclence base independent of
those technolngles we ourrent-
ly percelve will be Important
several deoades from now. |t
ls from such baslo research and
its generation of new Ideas and
ooncepts that radioal improve-
ments In ourrently Identifled
options or entirely new optlons
may emerye.

Slhce 1888, the following Baslo
Energy Sclences Progra'n and
Budget Trends have emurged:

* Inoreased Importance to U.S.
sclence of BES' major user
facllities as natlonal assets
avallable to Industrial as
well as academic
researchers;

+ Enhanced efforts to foster
communiocation of sclentiflc
results to technologists, for

Inoreasing the awareness of
BES-supported researchers
of solentiflo lssues faclng
technologlsts, and the
Importance of rapld
tachnology transfer to the
private sector;

¢ Initlatlon of a program to
develop advanced solentiflo
facllitles for research of
Importance to the Natlion
where the axpertise lles
primarlly at DOE natlonal
laboratories, with particular
emphasls on modernization
and assurance of environ-
mental, health and safety
for such facilities;

+ |Increased foous on Inter-
and multl-disciplinary
research aotlvltles.

The budget for FY 1980 Is
approximately $564.2 million
(Table 1) of which $36,56 mllilon
ls for oapltal equlpment and
$76.8 milllon ls deslgnated for
construction, The budget
request to Congress for

FY 1991 s $648.6 miltion,
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Table 1.

Operating Expenses

Materiala Scienhces

Chemical Sciencea

Applled Mathematical Sciences
Engineering and Geosclences
Advanced Energy Projects
Energy Blosciences

Program Direction

Subtotal
Capital Equipment
Construction

Total

Two major new faollities are
under construction; a light
source at LBL In the ultraviolet
wavelangth regime (1-2 QeV,
Advanced Light Source); and &
light source at ANL In the X-
ray wavelength regime (6.7
QeV, Advanced Photon Source),
In addition to these new pro-

Estimate
EY 1990

196.2
138.5
43.2
32.8
14.4
20.4
5.4
450.9
36.5
76.8
564.2
Jects, work continues to main-

taln and upgrade existing
faolllties.

Table 2 presents a breakdown
identlfying the major per-
formers who ocarry out the
Basic Energy Sclences pro-
gram, About 73% of the

Office of Basic Energy Sciences Budget

Request
EY 1991

221.9
160.5
48.0
32.5
24.0
20.2
6.5
503.6
37.0
108.0
648.6
program ls conduoted at the
natlonal laboratorles Including
Lawrence Berkeley Laboratory
(LBL) and Ames Laboratory,
25% at universities throughout
the oountry, and the remainder

alsewhere, Including nonprofit
Institutions and Industry,
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Ames Laboratory and Lawrence
Berkeley Laboratory are co-
located with universitias
(Lawrence Baerkelsy at the
University of California,
Berkelay, and Ames at lowa
State University) and receive
17% of the BES support going
to national laboratories. If
thay are included with the
universities, thal portion of the
program rises (0 42%, with a
cotresponding decrease under
national laboratories. The
research supporied by BES at
Amas and LBL is. conducted
almost entirely by faculty
members and graduate and
postdoctoral students.

The funding going o national
laboratories includas support
tor national user facilities. The
operation of major scientific
facilities continues to require a
large commitment of BES funds.
Costs for BES' major user
facilities are approximately
33% of the oparating budget.

The future for BES continuas to
be mors and more challenging
as the frontiers of science
expand. Current trends are
toward greater usa of the
major facilities, by both DOE
and “ouiside” reseaicners, anda
strengthening of research in
the areas of science dealing
with:
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Table 2. Major Performers
Laboratory 73%
University 25%

industrial/Other 2%

» Surfaces -- maodification,
intertaces, reactions at -
surfaces;

» Solids -- praperties and
stru.ture, including grain
boundaries, condensed
matter theory, atomic
transport, amorphous
materials, structural
ceramics;

+ Plants -- genalics, response
to stress, photochemistry;

*  Rock/fluid systems --
underground imaging,
rockAluid interactions,
isotope geochemistry,;

« Mulliphase flow --
transport properties of
gas/liquid and other
multiphase systems; and

« Chemical reactivity --
photochemistry, photo-
synthesis, catalysis.

Experiments with, for example,
phenomana involving extremely
short time pariods, vanishingly
small concentrations of re-
acting species, entities with
only transiant existence, and
measuremants under extreme
Sonaitions of lemperaturs and

prassure point out the neces-

sity for constantly improving
squipment. Examples of BES':
efforts to meet these kinds of
challenges inciude the new
Atomic Resolution Microscope,
and the sver increasing sefforts
to exploit synchrotron radiation
and advanced neutron sources
to increase our understanding
of the atomic structure of
materials. Despite increasing
costs and demands for con-
stantly improved equipment and
installations, the unique re-
search programs and facilities
supporied by BES must be main-
tained, improved and expanded.
The knowledge base they create
is vital to improving or devel-
oping new enaergy technologies
and maintaining U.S. competi-
tiveness. '

The Easic Energy Sciences pro-
gram is a major force in the
Nation's overall strategy for
research. During the past
fiscal year, FY 1990 ending
September 30, 1990, BES
supported over 1,300 projects
at universities, DOE labora-
tories, and other institutions.
This research was reported in
over 11,000 publications avail-
able through the open litera-
ture. Over 2,300 graduate
students, 2,000 professore and

post-doctoral scientists, and
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1,800 full-time equivalent about 200 Institutions through- distributed by regions of the
senior scientists at DOE out the United States. Figure 2 country.
laboratories were supported. shows the number and operating

The research was conducted in dollars of BES projects
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Information Source Summary

More detalled Information on
the Basic Energy Sclences
(BES) subprograms or Major
User Facilitles is available
from the following Individuals
or reports:

Materials Sciences: Iran L.
Thomas, Director, Division of
Materlals Sclences, ER-13,
Office of Basic Energy Sci-
ences, U.S. Department of
Energy, Washington, D.C.
20585, (301) 353-3427,
Report avallable: Materials
Sclences Programs Fiscal Year
1089 (DOE/ER-0447P) which

summarizes current projects.

Chemical Sclences: Robert S.

Marianelli, Director, Division
of Chemical Sclences, ER-14,
Office of Basic Energy Sci-
ences, U.S. Department of
Energy, Washington, D.C.
20585, (301) 353-5804.
Report available: Summarles
of FY 1990 Research in the
Chemical Sciences (DOE/
ER-0144/8) which summarizes

current projects.

Applied Mathematical Sclences:
John Cavallini, Acting Direct-
of, Sclentific Computing Stalff,
ER-7, Office of Energy Re-
search, U.S. Department of
Energy, Washington, D.C.
20585, (301) 353-5800.
Report avallable: Summaries
of the FY 1080 Applied
Mathematical Sclences

0422, September 1989,

[
James S. Coleman, Director,
Division of Engineering and
Gaosclances, FR-15, Offica of
Basic Energy Sciences, U.S.

Department of Energy,
Washington, D.C. 20585, (301)
353-5822. There are two
reports avallable: Summaries
of FY 1989 Engineering
Besearch, DOE/ER-0436; and
Summarles of Physical
Besearch in the Geosclences,

DOE/ER-0430, December 1989,
Both provide detalled summa-

~rles of current projects.

Walter Polansky, Acting
Director, Advanced Energy
Projects Division, ER-18,
Office of Basic Energy
Sciences, U.S. Department of
Energy, Washington, D.C.
20585, (301) 353-5995,
Report avallable: Advanced
Energy Projects FY 1990

.Besearch Summaries.

DOE/ER-0465T, September
1990.

Energy Biosciences: Robert
Rabson, Director, Division of
Energy Biosciences, ER-17,
Office of Basic Energy
Sciences, U.S. Department of
Energy, Washington, D.C.
20585, (301) 353-2873.
Report avalilable: Annual
Beport and Summaries of FY
1000 Activitles,
DOE/ER-0469P, September
1990.

Small Business Innovation
Besearch: Samuel Barish, SBIR
Program Manager, ER-16, U.S,
Department of Energy, Washing-
ton, D.C. 20585, (301)
353-3054. Reports available:
Abstracts of Phase | Awards,
1989, DOE/ER-0417, and
Abstracts of Phase |l Awards,

1983 DOF/FR.0418 The most

recent program solicitation can

be obtalned by contacting the
SBIR Program Manager.

High Flux Beam Reactor (HFBR):
David S. Rorer, HFBR - Bldg.
750, Brookhaven Natlonal
Laboratory, Upton, New York
11973, (516) 282-40586,

High Flux lsotope Reagctor
(HEIR): H. A. Glovier, Research
Reactors Division, ORNL, Oak
Ridge, Tennessee 37831, (615)
574-8049,

National Synchrotron Light
Source (NSLS): Susan
White-DePace, NSLS Depart-
ment, Building 725B, Erook-
haven National Laboratory,
Upton, New York 11973, {516)
282-7114,

Stanford Synchrotron Radiation

KM,
Cantwell, SSRL, Bin 69 P.O. .
Box 4349, Stanford, Californla
94305, (415) 854-3300 ext.
3191.

Intense Pulsed Neutron Source
(IPNS): T. G. Worlton,
Scientific Secretary, Argonne
National Laboratory, 9700
South Cass Avenue, Argonne,
lllinois 60439, (312)
972-8755.

Los Alamos Neutron Scattering
Center (LANSCE): J. Eckert,
MS H805, Group P-8, Los

Alamos National Laboratory,
Los Alamos, New Mexico
87545, (505) 667-6069,

(CRF): P. Mattern, CRF, Sandia
National Laboratory,
Livarmora, California 94550,

(415) 422-2520.









