











my State of the Laboratory address last year,

didn’t talk about the scientific, technical, and

\anagerial accomplishments of the preceding year.

[ didn’t make any predictions about what might
happen in the forthcoming year. I am glad that I didn’t,
because I would have been wrong again. To avoid being
wrong next year, [ am not going to make any foolish
predictions this year either.

In an ideal world, our Showcase Lectures should keep
you up to date on many of the scientific and technical
accomplishments inside the Laboratory. Our Distinguished
Lecture series should provide some thought-provoking
challenges for you to consider. Our new publication,
Ridgelines, should keep you up to date on changes in
management structure and personnel, both here and at
Energy Systems. Our World Wide Web pages, such as
ORNL Today and the ORNL Review, now contain a great
deal of information about what is going on around here.
But this is not an ideal world. I know as well as you that
these sources of information don’t provide the depth of

communication that we should have. This talk will not cure our

communication problem. Even so, [ hope that what [ do say will remind you of
the circumstances in which we find ourselves and that my remarks might suggest
some things that you might do to improve our situation.

Last year I organized my remarks around three themes: “The Way We Were,”
“The Way We Are,” and “The Way We Need To Be.” In commenting on the way
we need to be, I listed ten items that I feel are imperative to our long-term
survival as a national laboratory. I will not repeat them here today. I hope that you
remember them in spirit if not in detail. They were published in Lab Notes and
the ORNL Review, and are still listed on our Web server (http://www.ornl.gov/
ORNLReview/rev29-12/text/state95.htm). It is interesting to me that, since last
year’s talk, no one has said that any of the items on my list of imperatives were
unrealistic or inappropriate. In preparing for my remarks today, I reviewed that
list. In light of many things that have happened this last year, I believe that a
couple of items need to be added to that list.

First, we must collectively and aggressively defend Oak Ridge National
Laboratory against those forces that would seek to diminish or destroy it.
Second, we must become politically more sophisticated and active on a national,
state, and local level.

Numbers One and Two, 1997

Editor’s note—ORNL Director
Alvin W, Trivelpiece delivered his
annual State of the Laboratory
address to employees and visitors
on June 12, 1997, in Eugene P.
Wigner Auditorium, Oak Ridge
National Laboratory.







































system will reduce maintenance
downtime, making more operating
time, and hence more neutrons,
available for all users.

For neutron scattering, a cold source
will be installed in one of the reactor’s
four beam tubes. The source will be an
aluminum chamber of very cold
hydrogen, at a temperature of only
20 K (about —420°F and -253°C). At
this temperature, the hydrogen
molecules move fairly slowly, so
neutrons that enter the chamber are
slowed down by collisions with those
molecules. These very slow neutrons
have a larger wavelength than the
faster ones, so cold neutrons are more
useful for studying large molecules,
including big polymer chains (plastics)
and biological structures (e.g.,
proteins). The best cold neutron beams
in the world are those at the Institut
Laue-Langevin (ILL) in France, but
with higher power at the HFIR (85—
100 MW vs 59 MW at ILL) and new
cold source design concepts, our cold
beams will be as bright or brighter.
Although space limitations mean that
we will have fewer beams and
instruments, the ones we do have will
be world beaters.

The second change will be to install
larger beam tubes for neutron
scattering and to put neutron guides at
an existing beam port called HB-2.
Neutron guides work exactly like fiber-
optic guides—they are rectangular
conduits, typically about 5 x 18
centimeters (2 X 7 inches), whose
inside surfaces are coated with a layer
or, for greater effectiveness, multiple
layers of a material (e.g., nickel) that
will reflect neutrons that strike the
surface at a glancing angle. Thus, the
guides can bring neutrons from close
to the reactor, in a series of ricochets,
to a distant instrument with little loss
of neutrons. This is important for two
reasons: first, there isn’t enough room
close to the reactor for many big
instruments. Second, close to the
reactor is considerable background

16

radiation, including gammas and fast
neutrons, that tend to swamp the small
signals scientists are looking for.
However, the guides reflect only fairly
slow neutrons, so this undesirable
background radiation escapes through
the wall of the guide, where it can be
absorbed by shielding, before reaching
the experimental sample and the
detector at the far end. These guides
will provide additional spaces for
instruments in the HFIR beam room.
Eventually, we hope to extend the
guides outward from the reactor into a
new “guide hall” where up to nine
additional neutron scattering
instruments could be placed.

The HFIR already has the most
intense beams of thermal neutrons
(those that have slowed down to the
equivalent of room temperature or so)
in the world. The enlarged beam tubes
and guides will make them brighter
still and, by increasing the number of
beams and instruments, will also raise
the number of users that can be
accommodated.

Neutron activation analysis (NAA)
is a sensitive, quick technique for
determining the elemental
composition, including trace elements,
in a sample (such as contaminated soil
in a small box). In general, the sample
is inserted in the reactor for a
predetermined, usually short, period:
The intense neutron bombardment will
make many of the elements
radioactive. The elements can be
identified by detecting the
characteristic signatures in the emitted
artificial radioactivity. An important
example is the analysis of samples
from the floodplain of East Fork
Poplar Creek in Oak Ridge for
environmental pollutants such as
mercury. The upgrade proposal
includes more, and larger, facilities that
will allow improved access to the
reactor so that measurements of more
irradiated NAA samples can be taken.

The HFIR, because of its very high
neutron flux, is able to produce
radioisotopes of very high specific
activity. Some are needed for
diagnostic and therapeutic medical
applications (including treatments for
patients having ovarian or prostate
cancer). Other isotopes find industrial
applications, for example, iridium-192,
which is used as a source of gamma
rays for the radiographic inspection of
welds. The upgrade proposals include
additional irradiation positions and an
improved neutron spectrum for isotope
production.

The development of new fusion and
fission reactor systems depends on the
development and testing of materials
that can retain their strength, ductility,
and shape, among other characteristics,
even under intense radiation. Because
of its high flux and versatility, the
HFIR is the preferred reactor to
conduct these materials tests. We
propose to provide improved
capabilities for handling and
dismantling the test capsules.

Because neutrons are now so
important to so many fields of science
and engineering, the upgrade program
has been carefully planned to minimize
the time the HFIR will be out of
service. It is planned that much of the
new equipment will be installed during
a planned outage of HFIR, expected to
begin in 1999 to replace a large
beryllium neutron reflector, an
essential part of the reactor.

The HFIR is a research reactor
whose operations are essential to the
nation. It provides some of the world’s
best capabilities for isotope production,
neutron scattering, NAA, and materials
irradiation testing. The planned
upgrades will make the world’s
highest-flux research reactor even
better.—Colin D. West, director of the
Neutron Sciences Program Office at
ORNL.
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history, scientists will have the tools
that will help them begin to
understand, at the molecular level, how
complex networks of genes are
involved in human disorders, ranging
from birth defects to physical and
mental illnesses in the adult.

An important focus of research in
the post-genome era will be a study of
how genes function within the body.
Biologists have been studying gene
function for many years, but most of
their research has been slow, very
costly, and directed at single genes.
Access to the powerful reagents from
the genome program will change all of
this. In the post-genome era, among
other things, it will be possible to
(1) perform gene function experiments
on a genome-wide scale, hence the
name functional genomics; (2) study
large numbers of genes, perhaps all of
them, at the same time; and (3) begin
to study the large numbers of
functional partnerships that genes
establish with other genes. The
understanding of these genetic
relationships will provide an enormous
insight into how genes participate in
human health and well-being.

Many different approaches can be
taken to studying gene function. One
of the most useful ways to gain insight
into the function of a gene is to turn
the gene off or change its normal
pattern of expression through genetic
mutagenesis. For example, when a
gene is not functioning normally and
an individual carrying that mutant gene
develops a certain form of cancer, the
cancerous function can be assigned to
that gene. In fact, this approach has
enabled scientists to identify the genes
associated with major diseases in
humans, such as Huntington’s disease,
cystic fibrosis, and breast cancer.

Because gene mutagenesis is such a
useful way of studying gene function,
it would be useful to generate new
gene mutations on a genome-wide
scale. For obvious reasons this cannot
be done in humans. Therefore, genome
researchers are turning to model
organisms like the mouse. The mouse
is anatomically and physiologically
similar to humans in many important
ways. Mice, for example, develop a
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kind of obesity and adult-onset
diabetes that are very similar to
conditions in humans. Mice can be
afflicted with many other “human”
diseases such as polycystic kidney
disease, which_is one of the major
causes of kidney problems in the
human population. The most
compelling reason to use the mouse as
a model organism is that, in many
instances, a mutation in a mouse gene
that is the counterpart of a major
human disease gene can cause
essentially the same disease in mice as
that observed in humans. In these
instances, the mutant mice are
exceptionally appropriate models of
human disease. Also, unlike other
model organisms, mice have a
relatively short generation time.
Considering that the gestational period
for the mouse is about three weeks, the
time to sexual maturity is another three
weeks, and each pregnant mouse has
about ten offspring, one breeding pair
of mice can give rise to tens of
thousands of mice in just a matter of
months. Mice can also be bred in such
a way that all the offspring are
essentially twins of each other, which
is an important consideration for many
genetic experiments.

ORNL'’s unique heritage in radiation
biology puts it in a strong position to
conduct large-scale mutagenesis
experiments in the mouse. Based on
the extensive work in mouse genetics
research by Liane and Bill Russell over
the last several decades, the
Mammalian Genetics Section in the
Life Sciences Division has the
knowledge, resources, and experience
to perform mouse mutagenesis on a
scale that is unparalleled at most other
institutions. ORNL operates one of the
world’s largest experimental colonies
of mice for research purposes. In the

facility dubbed the “mouse house,”
hundreds of mutant lines of mice are
being maintained by trained
geneticists. Many of these mutants
develop specific forms of disease that
model conditions in humans. For
example, several different mutations
have been identified that give mice a
genetic predisposition to becoming fat.
One of these “fat” genes has been
identified at the molecular level at
ORNL (for more details, see the
highlight on p. 26). The human
counterpart for this gene has also been
identified, and, as is true for most
genes in humans and mice, the human
gene encodes a protein that is
remarkably similar to that encoded by
the mouse gene (see figure on next
page). By cloning the mouse gene and
analyzing a mouse mutant line, it was
possible to assign an obesity function
to a gene on the human DNA.

In FY 1997, through its Laboratory
Directed Research and Development
Program, ORNL launched a focus area
in functional genomics that will be
supported by internal funding for the
next three years. This new initiative
will enhance the Laboratory’s
capabilities in support of the DOE
mission in determining gene functions.
The functional genomics initiative will
build on our expertise in mouse
mutagenesis and will incorporate many
other capabilities at ORNL, including
protein chemistry, structural biology,
instrumentation, robotics, automation,
and computer science. The
interdisciplinary nature of this new
program will allow the mouse
mutagenesis capabilities to be
expanded to genome-wide proportions.

Through this exploratory research
funding, ORNL is positioning itself
ultimately to form a core functional
genomics effort dedicated to the large-
scale generation, characterization,
molecular analysis, and distribution of
new mutations in the mouse. To reach
this goal, it will be necessary to
achieve a major increase in the rate at
which new heritable mutations can be
generated and screened for disease
traits that are caused by single and/or
multigenic mutations. To map and
quickly identify these new mutations,
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High-Performance
Computing:
Maintaining a

Leadership Pace

The confluence of ever-accelerating
scientific expectations and technical
innovation is dramatically extending
the limits of computational power.
Indeed, “limit” may be an
inappropriate word here. Machines
now running exceed a teraflops
(1 trillion FLoating point OPerations
per Second, or 1 TF), 10-TF machines
are being planned, and the path to
petaflops (1000 TF) is being defined.
So, given the remarkable rate of
change in the computing realm, we
must talk in terms of current
technological capabilities, as well as
near-term design objectives with a
well-defined time horizon in
describing computational capabilities.
It is clear, though, that planning for
machines in the range of 5 to 10 TF in
the 1998-1999 time frame is an
appropriate target; this is the target for
which we are aiming.

The Center for Computational
Sciences (CCS) at ORNL has been one
of the world’s leaders in computational
power over the last several years.
However, contracts in place for
systems at DOE Defense Programs
(DP) laboratories (Los Alamos
National Laboratory and Lawrence
Livermore National Laboratory)
provide for systems extending to 3 TF,
or well beyond the roughly 200
gigaflops (GF, or billion flops) in the
CCS. The applications emphasis for
these DP machines is assurance of the
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reliability of the U.S. nuclear stockpile
in an era of no weapons testing, which
basically defines DOE’s Accelerated
Strategic Computing Initiative (ASCI).

Computation, modeling, and
simulation requirements for the DOE
Energy Research (ER) community also
extend into the multiple-TF realm.
Providing a substantial component of
this computational capability and
establishing routine TF-level
distributed computing are the foci of
this ORNL initiative. Given the
striking accomplishments of the CCS
in bringing its Intel Paragons to very
high levels of productivity by

 connecting the two largest CCS
Paragons over high-speed
asynchronous transfer mode (ATM)
OC-12 networks to provide a
machine with peak performance
near 200 GF and

« taking the distributed computing
lead with Sandia National
Laboratories (SNL) by solving huge
problems through linking the
Paragons at the two sites over ATM
networks,

the CCS clearly represents the
development environment required to
bring a multiple-TF machine to
optimal effectiveness for an extensive
range of ER applications.

This last point is of prime importance
because the ER requirements extend
across a very wide spectrum.

A striking array of challenges awaits
TF-level machines. Meaningful
modeling of mechanical behavior
becomes possible, including static and
dynamic properties of dislocations and
dislocation arrays, radiation effects,
and complex phenomena such as
stress-corrosion cracking. Further,
proper modeling of mechanical
behavior can lead to structural integrity
and an understanding of aging far
surpassing current levels. Multiple-
component-alloy design studies with
the objective of maximizing strength-
to-weight ratios will be key to
achieving fuel efficiency goals for
automobiles. Investigations of the
performance of these alloys in
simulated harsh environments will lead
to alloys providing improved longevity
and safety when operating in such
environments and will also extend the
range of operating conditions for many
systems. Modeling of computer
processor and memory chips with ever-
decreasing feature sizes will require
highly sophisticated semiconductor
models incorporating accurate
thermodynamic capabilities to deal
properly with heat generation and
dissipation strategies.
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physics. Much of the experimental
work carried out at DOE’s high-energy
and nuclear physics laboratories is
aimed at probing this theory; it has
seminal implications for understanding
the development of our universe. In
principle, this theory should allow the
calculation of some of the most
fundamental quantities in nature. In
practice, it has proven extremely
difficult to extract many of the
predictions of QCD. Currently, the
only promising avenue for doing so is
through large-scale numerical
simulations. A multi-TF system should
enable definitive first-principles
calculations of the mass spectrum of
strongly interacting particles such as
neutrons and protons and of their
observable physical properties.
Another computational target is an
understanding of the phase transition
from ordinary matter to the suggested
quark-gluon plasma state of matter.
This state of matter, where particles
like protons disintegrate into their
quark and gluon constituents, is
predicted to occur under conditions of
extraordinarily high energy, in other
words, extraordinarily high
temperatures. The Relativistic Heavy
Ion Collider, a powerful accelerator
soon to come on line at Brookhaven
National Laboratory, will help
scientists search for evidence of the
quark-gluon plasma; computational
modeling will be needed to
complement this search.

A multi-TF system would enable
highly accurate three-dimensional
simulations of earthquakes in specific
geographic locales. In addition to
providing an expanding database and
concomitant extended understanding
of these phenomena, the simulations
would provide ground motion
information to assist architects and
engineers in designing buildings
capable of withstanding these motions.

The complex nature of subsurface
biological, physical, and chemical
processes has, in the last decade,
prompted extensive development of
computer models to simulate and
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predict the fate of environmentally
toxic materials in one of the most
valuable resources of this nation—
groundwater. The addition of valid bio-
physicochemical processes to current
models of this highly heterogeneous
system necessitates computational
systems in the TF range. Such systems
will enable the incorporation of
scientifically validated subsurface flow
and transport processes in multiphase
fluids and fractured geological
formations and promote the inclusion
of phenomena such as in-situ
bioremediation and molecular-level
geochemical kinetics. Perhaps even
more significant are the large-scale
water resources management strategies
that we would be able to establish
given TF-level computing. Risk
assessment and decision analysis could
be carried out for a time scale
sufficiently long to provide
scientifically sound and technologically
plausible solutions, thereby providing
invaluable support for those making
environmental and safety decisions
where financial realities compel
priority setting.

Substantial strides have been made
in modeling the oceans and the
atmosphere. However, additions of land
mass details and polar ice together with
improved resolution require TF
capabilities. Having accurate models is
extremely important for the future
because the effects of pollution,
greenhouse gases, and other
atmosphere constituents, if improperly
analyzed and interpreted, can lead to
technical and political decisions that
can have seriously deleterious
consequences for the planet.

In all of these application areas, and
more that could be included, important
problems already identified require
computational power in the range of
5 to 10 TF and even more for some
areas. Processing power is but one
factor in the specification of the
requisite balanced system. For a 5-TF
system, additional requirements include

* computer memory—>5 terabytes

* data storage capacity—7 petabytes

* input-output (I/O) capacity—200
gigabits/s

Further, the CCS partnership with
SNL has shown the way to solving
problems of extraordinary size and
complexity through linking
supercomputers over high-speed
networks. To extend this strategy into
the multiple-TF regime, an essential
expectation in our view, will require
networks operating in the range of 10
gigabits/sec, roughly OC-192
requirements.

The extension of computational
capabilities into the range described
here does require a very high degree of
sensitivity to the tenets of scalability.
To illustrate the scope of the proposed
system, we show on p. 21 a possible
layout of the computer cabinets for a
5-TF machine.

Hardware does not a 5-TF computer
make. Software challenges abound.
Operating systems, I/O software,
communications software and
protocols, visualization systems, and
network interfaces, together with
applications software, must all work
together with the hardware in solving
problems. Indeed, it is here in the
software realm that many of the most
difficult scalability issues will emerge.

It is obvious that there are major
challenges in designing, developing,
and ensuring near-optimum
performance from a system in the 5-TF
range. However, the contributions this
system would provide to the ER
science/technology programs and to
meeting ever-expanding expectations of
these programs demand that these
challenges be faced. Furthermore, the
partnership between ORNL and SNL
that has brought distributed computing
to unprecedented levels of capability
should be encouraged to extend these
capabilities into the TF realm. With the
Intel Teraflops machine now being
assembled at SNL (the design goal is
1.8 TF) and the proposed TF-level
machine at ORNL, this extension is
assured.—Kenneth L. Kliewer, director
of the Center for Computational
Sciences at ORNL.
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toxic metals from water. The Electric
Power Research Institute, the research
arm of the U.S. electric utility industry,
is sponsoring an ORNL project to use
inverse electrospraying to introduce
ozone into water contaminated with
toxic organic compounds such as
polychlorinated biphenyls (PCBs),
pesticides, and chemicals containing
benzene. Ozone breaks these
compounds down into simpler
compounds that can be removed by
other chemical or biological
treatments. In our approach, ozone
would be rapidly dispersed through the
water in the form of extremely small
bubbles. Because the ozone would be
carried more quickly into the water, it
would make contact with and break
down organic contaminants more
rapidly than would conventional
methods of ozonation.

Tiny bubbles are the key to
removing trace amounts of heavy
metals from water through a flotation
method of separation. Inverse
electrospraying can make
microbubbles that collide with and
attach to particles of heavy metals such
as chromium, copper, nickel, and zinc.
Because the microbubbles are buoyant,
they carry the metal particles to an
interface where they can be removed.

Inverse electrospraying may also
have other applications. It could be
used to make special materials that can
be formed only from very small
particles, such as ceramic precursors. It
may be used to provide oxygen to
aerobic bacteria that are introduced
into oil by normal electrospraying to
remove sulfur from the oil—a process
being developed by ORNL in
collaboration with several companies,
including Texaco, Exxon, Chevron,
and Energy Biosystems.

As information on inverse
electrospraying becomes more widely
dispersed, ideas on how to apply it
should continue to flow.

The work was sponsored by DOE’s
Environmental Management Science
Program and Office of Energy
Research, Basic Energy Sciences,
Division of Chemical Sciences. The
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ozonation research is supported by the
Electric Power Research Institute.

Hardwood forests on DOE’s Oak
Ridge Reservation don’t get equal
treatment. Thanks to ORNL’s unique
facilities for performing some of the
world’s largest ecological
manipulations, white and chestnut
oaks, red maples, and yellow poplar
trees are exposed to more (or less)
rain, higher levels of carbon dioxide
(CO,) or higher temperatures than
other trees in the natural forest
environment. Combined with our
computer modeling capabilities for
understanding biological processes
such as foliar photosynthesis, tissue
respiration, growth, nutrient cycling,
and decomposition, our “user
facilities” are attracting many outside
scientists to help us study the impacts
of global climate change on forest
ecosystems. ORNL is unequaled as a
national resource for gaining a better
understanding of how future climates
can affect southern forests in the
United States.

In the throughfall displacement
experiment conducted in the Walker
Branch Watershed on the Oak Ridge
Reservation, troughs intercept a
fraction of the normal precipitation in
one area and divert it passively
through gravity flow to another plot.
As a result, one-third of the trees in the
experiment receive normal rainfall,
another third get one-third less rain
and snow, and the final third receive
one-third greater precipitation.

After three-and a-half years, oak,
maple, gum, sourwood, and yellow
poplar trees were not noticeably
affected by the manipulated soil
moisture levels. However, during the
1995 drought, 20% of the dogwood
trees in this forest died on the dry plot
and only 3% died on the wet plot. This
finding suggests that, in a consistently
drier future climate, the presence of
dogwoods in southern forests would be
dramatically reduced.

Another key conclusion of the
throughfall displacement experiment
is that daily to weekly rainfall patterns
during the growing season are far
more important than fluctuations in
total annual precipitation for
understanding the ecological impacts
of moisture variations. Computer
modeling experts attempting to assess
the impacts of climate change on
forest ecosystems must recognize that
no rain in June when trees are actively
growing fast is more significant than
no rain in late summer when trees
hardly grow at all. We continue to
study the implications of dormant
season changes in rainfall to identify
impacts on forest nutrient cycling that
might produce long-term change in
forest productivity and composition.

In our open-topped chamber studies
of tree growth responses to elevated
COZ, we found little change in yellow
poplar saplings but increased leaf area
and more roots in white oak. A dozen
similar experiments across the nation
had widely different results. ORNL
developed an analytical approach
called the “growth per unit leaf area
index” (the mass in grams of wood
produced each year divided by leaf
area in square meters) that shows the
responses across different species and
site conditions to be basically uniform.
This approach enables extrapolation of
individual tree species responses to
predict the response of a whole mixed
forest to elevated CO,.

We found that the growth of maple
trees was reduced in chambers where
the temperature was kept 4°C higher
than ambient temperatures and that
sugar maples (found no farther south
than Chattanooga) were more severely
affected than red maples (found as far
south as the Gulf coast). In both
species, the negative growth effects of
temperature were offset by the
positive growth effects of elevated
CO,. This finding suggests that, for
predicting tree growth in the future,
the overall effect of both increased
atmospheric CO, concentrations and
global warming must be considered.

ORNL researchers seek to
determine if forests could slow down
the onset of global warming by
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compounds in a solution of sodium and
potassium nitrate could be combined
with grout, solidified as concrete
monoliths, and disposed of on site as
low-level waste. Such separations
would reduce ORNL’s waste disposal
costs.

To help solve this problem, ORNL
researchers have developed a method
to remove both cesium-137 and some
of the RCRA metals from the mixed
waste, leaving low-level waste behind
for disposal at a reduced cost. They
have developed and tested a
laboratory-scale ion-exchange
continuous-flow system, scaled it up,
and proved it works in the Cesium
Removal Demonstration Project. The
key to the system’s success is a
commercial preparation of crystalline
silicotitanate (CST) manufactured by
UOP’s Molecular Sieves Division
under a DOE program also involving
Texas A&M University and Sandia
National Laboratories. ORNL
researchers, who had tested eight
different cesium sorbents, were the
first to show in a continuous hot-cell
operation using real waste liquid that
CST can effectively remove cesium-
137 from radioactive liquid waste.

In the ion-exchange process, the
liquid waste flows down a column
through CST crystals, which contain
sodium ions as a result of the
manufacturing process. CST takes up
and holds both cesium and some of the
RCRA metals while releasing the
sodium ions to the liquid waste passing
through. CST prefers cesium and some
of the other metals to sodium because
they fit better in CST’s crystal
structure. The final waste-loaded CST
product is a batch of dried granular
material resembling white sand. A full-
scale demonstration of the CST
successfully processed 15% of the
ORNL waste inventory. The first batch
loaded with radioactive cesium from
the Melton Valley Storage Tanks was
sent to DOE’s Savannah River Plant to
be vitrified into glass logs. The
remaining batches are being stored on
site until they can be shipped to DOE’s
permanent disposal site (probably the
Nevada Test Site).
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Waste-loaded CSTs have passed
several toxicity characteristic leaching
procedure (TCLP) tests required by the
Environmental Protection Agency.
When the leach testing solution was
contacted with the CST test batches,
none of the RCRA metals were leached
out at levels above the leach testing
limits. As long as TCLP tests verify
that the toxic metals are permanently
trapped in each CST batch, DOE will
accept it for long-term geologic
isolation (unless it contains transuranic
elements, in which case its destiny is
likely to be DOE’s Waste Isolation
Pilot Plant in New Mexico).

The CST process is also being
considered for cesium removal at
DOE’s Hanford, Idaho, and Savannah
River sites. It has been estimated that
the CST process would save Hanford
$500 million in reduced waste disposal
costs. CST also takes up strontium-90
(an emitter of beta radiation), but it’s
not the ideal sorbent for the task.
Research is under way to find a better
strontium sorbent to effectively remove
another bad actor from DOE waste.

The research was sponsored by DOE’s
Office of Waste Management and
Office of Science and Technology.

An environmental researcher uncaps
an injection well on the Oak Ridge
Reservation and pours in a container of
what appears to be plain water. The
clear solution actually contains trillions
of microscopic silicon beads tentacled
with DNA fragments. As stand-ins for
different radioactive contaminants,
their job is to show how contaminants
in groundwater move through a
subterranean maze of broken rock and
soil.

As they drift down a groundwater
current, some of the minuscule beads
lodge against fracture walls or become
trapped in dead-end fissures. The
survivors seep calmly along until they
near an intersecting fracture; the
current accelerates, and soon they’re

navigating whitewater: a veritable tidal
wave surges through the junction,
shooting half the spheres upward into
an ascending stream. There they careen
into another fleet of beads flying their
own DNA flags. This fracture soon
empties into yet another, and spheres
from both fleets finally sweep into a
monitoring well to be taken into
custody for analysis.

Those flag-flying silicon vessels
represent a major advance in tracing
the movement of radioactive
contaminants through the reservation’s
tortuous underground environment.
One of several novel types of tracers
developed at ORNL, they hold great
promise for aiding DOE’s
environmental restoration efforts, as
well as for guarding against pollution
of water supplies in other settings.

Tracers are “surrogate
contaminants,” harmless substances
that mimic the behavior and physical
and chemical makeup of specific toxic
counterparts, such as radioactive waste
or hazardous chemicals. They can
indicate the origin and movement of
contaminants by showing which
sources do—and which sources
don’t—feed into a contaminated area.

The DNA tracers are silicon
hydroxide beads, a fraction of a micron
in diameter, tagged with fragments,
each containing 20 pieces of the DNA
constituents A, C, T, and G. The
number of DNA tags available to label
tracers is thus 4%, more than a trillion.
Therein lies a key strength of the
technology: It allows production of
virtually unlimited numbers of tracers
that behave identically but that are
easily distinguished because each DNA
tag naturally pairs with complementary
DNA fragments of a known sequence.
Until the DNA tracers were developed,
there were not enough different tracers
to map all the intersecting groundwater
pathways underlying the Reservation
that various radioisotopes could take.

Groundwater under the reservation
traverses fractured bedrock that
transports it rapidly and porous shale
that absorbs and then releases it slowly.
Think of the subsurface as a huge
sponge with a web of cracks. Water
runs through the cracks quickly,
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intended functions, some in all
likelihood will undergo degradation
from exposure to hostile environments,
just as some U.S. concrete bridges and
highways are deteriorating. Examples
of potential threats to the integrity of
nuclear-plant containment structures
are listed in a document prepared in
1996 by ORNL and Johns Hopkins
University for the U.S. Nuclear
Regulatory Commission (NRC). The
document is titled Report on Aging of
Nuclear Power Plant Reinforced
Concrete Structures.

One potential threat to these
structures is corrosion of the
reinforcing steel bars used to
compensate for the low strength of
concrete when it is loaded in tension.
Another threat would be an attack by
chemicals, which can either erode the
concrete or cause harmful expansive
reactions of its constituents. Also,
concrete located in regions where
moisture accumulates can crack from
exposure to freezing and thawing
conditions. Finally, if the concrete is
exposed to elevated temperatures or
irradiation, it can crack and lose its
strength and rigidity.

The report’s authors have
documented examples of degradation
already present in some nuclear power
plant containment structures—
corrosion of steel reinforcement in
cooling-water-intake structures, greater
than estimated losses of forces used to
precompress the concrete in
prestressed concrete containment
designs, and cracking and spalling of
containment dome concrete as a result
of weather-induced freezing and
thawing. As nuclear power plants
continue to age, the authors state, the
incidences of degradation can be
expected to increase.

By the end of this decade, more than
60 U.S. commercial nuclear power
plants will be more than 20 years old,
with some nearing the end of their
initial operating license period. Faced
with the large costs of shutting down
and cleaning up reactors and replacing
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lost generating capacity with other
sources, many U.S. utilities are
expected to seek extensions of their
initial plant operating licenses
(nominally a 40-year period). Although
mechanical and electrical equipment in
a plant can be replaced, it would be
extremely difficult and economically
unattractive to replace a concrete
containment structure. To get approval
from the NRC for a continuation of
service, utilities must provide evidence
that the concrete structures will
continue to perform as designed.

Since 1988, ORNL researchers have
been developing a methodology the
NRC can use as part of the evaluation
process for nuclear power plants
seeking to continue operation. Under
this program, ORNL’s Structural
Materials Information Center was set
up to collect and disseminate, both on
paper and electronically, data on how
the properties of materials vary over
time under the influence of
environmental stressors. Currently,
more than 140 materials are being
evaluated in the center. We have
developed an aging assessment
methodology that uses ranking criteria
to identify structural components and
degradation factors of primary
importance for managing aging
structures. This methodology enables
utilities to focus their inspection
programs on structures or structural
components most important to aging
and identifies the type of degradation
that might be expected.

‘We have established guidelines and
criteria for assessing the condition of
concrete containment structures. Also,
a reliability-based approach has been
developed that can be applied in
evaluation of these structures to
estimate their current and future
performance. One application of this
approach would be in the development
of optimized in-service inspection and
maintenance programs.

In addition, we have conducted in-
depth evaluations of (1) several
concrete-related technologies, such as

knowledge-based systems for concrete
and concrete-related materials; (2) in-
service inspection and condition
assessment techniques and
methodologies for their application;
(3) corrosion of metals embedded in
concrete, including criteria for
applying methods to halt or prevent
corrosion (e.g., cathodic systems that
protect the embedded steel
reinforcement by forcing corrosion to
occur at another location so the
structure is not affected); and

(4) ways to repair degraded concrete
structures, such as filling cracks with
epoxy or polyester materials, using
chemical grouts to halt water seepage,
and using inorganic and organic
materials to replace spalled concrete
materials.

Results of this program are
summarized in the ORNL-Johns
Hopkins University report mentioned
earlier. Although this activity
addressed concrete structures in
nuclear power plants, our program
results could be applied to buildings,
bridges, roadways, and other
infrastructure-related facilities. We
know enough to provide sound advice
on managing aging facilities, even
though not all the answers are cast in
concrete.

The project was sponsored by the
NRC’s Office of Nuclear Regulatory
Research, Division of Engineering
Technology.

Now that the arms race is over, the
United States hopes that Russia will
join a new race: ridding the world of
excess weapons-grade plutonium as
quickly as possible. This potentially
hazardous material, along with highly
enriched uranium in surplus nuclear
weapons, is a legacy of the end of the
Cold War between the United States
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and the former Soviet Union. To give
the race a jump start, President Clinton
announced his latest nuclear weapons
nonproliferation strategy, whose
formulation was influenced by an
ORNL-led study.

On January 14, 1997, the Clinton
Administration announced a two-
pronged strategy to ensure that
plutonium from dismantled U.S. and
Russian nuclear weapons will never
again be used in weapons production.
A $2.3 billion, 20- to 30-year program
was proposed for putting 50 metric
tons of U.S. surplus plutonium out of
harm’s way. It was decided to
permanently store some of the bomb-
grade material by immobilizing it in
glass or ceramic logs and mixing it
with highly radioactive waste for
storage in canisters in a U.S.
repository. The remainder of the
plutonium would be used as mixed-
oxide (MOX) fuel in existing
electricity-generating commercial
reactors, which ordinarily are fueled
with slightly enriched uranium.

In January 1994, President Clinton
and Russian President Boris Yeltsin
asked experts to jointly study options
for the long-term disposition of fissile
materials, particularly plutonium,
taking into account the issues of
nonproliferation, environmental
protection, safety, and technical and
economic factors. The Department of
Energy’s (DOE’s) Fissile Materials
Disposition Program was established
soon after to implement the Presidents’
directive. ORNL then became DOE’s
lead laboratory for characterization,
assessment, and development of
reactor-based plutonium disposition
options.

In collaboration with utilities, other
national laboratories, and the Canadian
government, ORNL’s Fissile Materials
Disposition Program, managed by
Sherrell Greene, led a 3-year study to
identify and evaluate U.S. reactor
options for plutonium disposition. The
study, recently documented in a series
of ORNL Reactor Alternative
Summary Reports, examined the
challenges and consequences of
producing and burning MOX fuels.
This study provided much of the
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scientific basis for President Clinton’s
recent decision to burn some of the
plutonium as MOX fuel in American
commercial light-water reactors.

The plan is to burn MOX fuel in 3 to
6 reactors for 10 to 15 years to dispose
of surplus plutonium as quickly as
possible. The plutonium would be used
only once; the spent fuel from the
reactor would not be reprocessed to
extract residual plutonium and
maximize the fuel’s energy value, as is
done in Europe. Instead, the spent fuel
(which is unusable as weapons
material) would go into long-term
storage in a U.S. geological repository.

Partly because plutonium and
uranium absorb neutrons differently,
the ORNL-led study found that
relatively minor reactor modifications
would be required, along with some
modifications in fuel-handling and
spent-fuel systems, for selected
reactors to burn MOX fuel. Also,
safeguard and security measures must
be upgraded at these reactors to ensure
that plutonium-containing fuel is kept
out of the hands of people bent on
making an atomic weapon.

The technologies needed to fabricate
MOX fuel from dismantled nuclear
weapons were described in the ORNL-
led study. The heart of each nuclear
warhead is a plutonium metal pit, a
sphere smaller than a bowling ball. In
one facility, each pit will be converted
chemically to a mixed oxide, using a
process being developed at DOE’s Los
Alamos National Laboratory: First,
hydrogen will be added, producing
plutonium hydride, and then hydrogen
is driven off, leaving plutonium metal,
which is then oxidized, producing a
fine plutonium oxide powder. In a
second facility, depleted uranium will
be added to the powder to make
mixed-oxide fuel elements.

The ORNL-led study concluded that
new technology must be developed for
the efficient conversion of plutonium
pits to powder. Estimates indicate the
facilities for fabricating MOX fuel
could be ready in 10 years.

On the international front, the Joint
Russian-U.S. Plutonium Disposition
Options Study was recently issued,
thanks partly to ORNL leadership.
ORNL staff members Bruce Bevard
and David Moses wrote major sections
of this report. ORNL’s Jim Stiegler sat
on the 9-member U.S./Russian
Steering Committee on Plutonium
Disposition, which provided oversight
for this report. Stiegler has since been
replaced by Gordon Michaels, director
of ORNL’s Nuclear Technology
Programs. Co-chairs of the committee
are Nikolai Egorov, deputy minister of
Minatom (equivalent to the nuclear
part of DOE), and Bruce MacDonald
of the White House Office of Science
and Technology Policy.

In addition, ORNL has begun
managing the implementation of two
multiyear, multinational programs to
demonstrate three different types of
MOX technologies: American light-
water reactors, Canadian deuterium-
uranium heavy-water reactors, and the
VVER pressurized water-cooled
reactors in Russia. The Russian
government, which is not enthusiastic
about the immobilization option, plans
to dispose of at least 50 metric tons of
surplus plutonium by burning it as
MOX fuel in electricity-generating
reactors. Thanks to the moxie of
ORNL and other U.S. participants, the
race to disarm should forge ahead.

The ORNL research was sponsored by
DOE, Office of Fissile Materials
Disposition.

ORNL has developed industrially
appealing processes for producing
high-temperature superconducting
tapes. Now, we are w  tng with
industry to determine how to produce
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Also, a high-efficiency compressor
was installed. Three motors that used
to operate on alternating current to
drive two fans and the compressor
were replaced with three direct-current,
electrically commutated motors, which
use less electricity and release less
waste heat. Finally, the automatic
defrost control, which daily removes
ice from refrigerant coils to improve
their heat transfer, was replaced with
adaptive defrost, so that defrosting
occurs only when needed—perhaps
every other day in summer and once a
week in winter, depending on the
humidity and number of times the
refrigerator door is opened.

ORNL and its CRADA partners—
Amana, General Electric, Maytag,
Sub-Zero, Sanyo, W. C. Wood, and
Whirlpool—also developed a second
model that is more cost-effective than
the initial prototype. It has all the extra
features except for vacuum insulation
around the freezer and increased
evaporator area. This second model
would result in a savings of
approximately $4.5 billion annually.

Vacuum insulation (such as the
powder-evacuated panels being studied
at ORNL) may be revisited in an
ongoing CRADA between ORNL and
Frigidaire. The CRADA’s goal is a
production model, leading to a highly
efficient refrigerator on the market in
three to four years; such an appliance
should pay for itself in three years
through reductions in electricity bills.
The problem is that the hydrochloro-
fluorocarbon HCFC-141b that is now
used as the blowing agent to insulate
refrigerators will be banned in 2003.
The replacement insulation will likely
be less energy-efficient, making
vacuum insulation look more cost
effective.

Both the technically feasible and
cost-effective models use the ozone-
friendly refrigerant R-134a, which has
been designated to replace CFC-
containing refrigerants in new
refrigerators because of its lack of
chlorine.

Because it is a greenhouse gas and
thus contributes to global warming,
R-134a may also have to be replaced.
One proposed replacement is a
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hydrocarbon, which raises the risk of
house fires. Engineering problems
must be solved to avoid house safety
problems and adverse effects on global
change. The idea is to keep our food
cold without making the globe too
warm.

The research was funded by DOE’s
Office of Building Technologies, State
and Community Programs, and by the
Appliance Research Consortium of the
Association of Home Appliance
Manufacturers.

Electrical power is often delivered
or stored in a form different from
what’s needed for a particular use. So,
to get power to the people, a device
called an inverter is needed to convert
incoming power from, say, direct
current (dc) to alternating current (ac)
at variable frequencies and voltages.
Unfortunately, such conversions waste
electrical energy and generate heat.

To address this problem, a new type
of power inverter is being devised—
one that may be a building block for
technologies ranging from electric
buses, to more efficient heat pumps, to
safer brain surgery techniques. Called
a soft-switching inverter (SSI), this
device is more efficient, more
compact, and more reliable than
conventional inverters. Also, it
produces little electromagnetic
interference—those irritating magnetic
fields that interfere with proper
operation of other electronic devices.

The first SSI developed at ORNL
was the resonant snubber inverter
(RSI), which has been patented. Now,
our researchers are developing the next
generation of SSIs, which are expected
to have a wide array of industrial and
military uses.

A conventional hard-switching
inverter uses six semiconductor
transistors (switches) that open and
close up to 20,000 times per second to

create an alternating current. Every
time a switch is turned on or off with
full current or voltage running through
it, high, instantaneous power losses are
generated. These power spikes wear
out switches and equipment and
produce waste heat. The RSI adds
small auxiliary components that
temporarily divert the power from the
main switches so that they are turned
on and off without power loss.

Because the RSI operates more
efficiently than a conventional inverter
(98% vs 94% efficiency at high
power), it produces less waste heat. It
loses only 2% of the energy at high
speeds and 20% at low speeds,
compared with conventional inverter
losses of 6% at high speeds and 30 to
40% at low speeds. Lower heat losses
decrease the possibility of equipment
degradation and failure and allow a
more compact design. SSIs use lighter,
cheaper “sinks” to absorb the operating
heat, and device components can be
safely placed closer together.
Compared with the newest
conventional inverter, the SST weighs
only about one-third as much and
occupies one-tenth the volume.

Because the SSI is smaller and
lighter, it may be used in electric cars
or buses. Its greatest efficiency gains
are at the mid-power range at which it
would operate in an automobile.

An SSI-equipped heat pump would
run continually at varying fan speeds
instead of cycling on and off. It would
use less power because heat pumps use
five times as much power cycling on as
is consumed during normal operation.
Also, it would run more quietly while
offering improved comfort.

ORNL has a cooperative research
and development agreement with
Stereotaxis involving use of the RSI in
a medical procedure that employs
superconducting magnets to route tiny
magnetic devices through the brain.
The technology could be used to inject
medicines, perform biopsies, thermally
destroy targeted tissue, or deliver
radioisotopes to a tumor, minimizing
the amount of brain tissue involved in
surgery or radiation treatment.

SSIs may also be used in industrial
machinery such as pumps,
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inspection, and its cost is only 3% that
of conventional methods.

As the heart uses energy to pump
blood, its regular, vigorous pulsations
send shock waves through the body.
The energy of the body’s vibrations is
transferred to any object the body
touches, such as the inside of a truck.
Amazingly, a hidden person’s heart
transmits pulsating energy that can be
detected at the truck’s exterior surface
by vibration sensors linked to a
computer.

To make it possible to detect the
presence or absence of a heartbeat
among the truck’s other vibrations,
ORNL researchers were asked to
develop a mathematical procedure
called an algorithm. The algorithm
they developed uses a mathematical
function called a wavelet—a small
wave that rapidly dies out. The
wavelets in the algorithm have a
characteristic shape that closely
matches typical human heartbeat
signals. Using the wavelet function
algorithm, the computer compares the
wavelet functions to vibration signals
from the truck. If there’s a close match,
the computer tells the guard to search
the truck; if there’s no match, the guard
gets the green light and lets the truck
pass through the portal without a
search.

The heartbeat detector has other
obvious applications. For example, it
could detect any prisoner who tries to
escape by hiding in a laundry truck. It
could pinpoint illegal aliens from
Mexico who sometimes sneak across
the border to the United States in cars
after taking the stuffing out of car seats
and squeezing in under them. In 1996
the heartbeat detector was tested at two
prisons: the Riverbend Maximum
Security Institution in Nashville,
Tennessee, and the Centinela State
Prison in California. It was also tested
for eight hours each at the San Ysidro
and Otay Mesa portals at two border
crossings between Mexico and the
United States.

Because of its practical uses, the
Oak Ridge heartbeat detector was
licensed by Lockheed Martin Energy
Systems to Geovox Security, Inc.,
which introduced a commercial
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version in the fall of 1996. The
company has sold one heartbeat
detector to the British Home Office
(equivalent of the U.S. departments of
Justice and the Interior), which
operates all United Kingdom prisons.
Many U.S. prison facilities are
interested in purchasing heartbeat
detectors, as well. They want to guard
against letting the wrong people out
just as DOE’s nuclear defense plants
want to guard against letting the wrong
people in.

The project was funded by DOE’s
Office of Security Affairs.

In the metal casting industry
worldwide, workers have been killed
and large buildings and heavy
equipment have been destroyed by
steam explosions caused by contact of
molten metal with water. According to
data collected by the Aluminum
Association, from 1980 through 1995
the aluminum industry experienced
several hundred explosions during
casting operations which resulted in
hundreds of injuries, about 10 deaths,
and extensive property damage. Three
devastating explosions occurred in
1986 alone. The steel, magnesium, and
pulp and paper industries also
encounter steam explosion events. The
most famous metal-water explosion of
1986, however, occurred not in these
industries but at the Chernobyl nuclear
power plant, causing an uncontrollable
release of radioactivity over much of
Europe.

The aluminum industry, which
began conducting its own explosion
experiments 40 years ago, concluded
that, under certain conditions, a few
organic coatings prevent explosions at
surfaces submerged in water; however,
there was no understanding of why or
to what extent the coatings provided
protection. The most widely used
organic coating in aluminum casting
pits is the coal-tar epoxy Tarset
Standard. But when this industry

mainstay and other similar paints were
banned largely because of their
toxicity, the industry turned to ORNL
for help.

We were asked to conduct basic
research to determine why, under what
conditions, and to what extent these
organic coatings prevent explosions.
We were also asked to use this
information to devise an alternative,
environmentally friendly protective
measure. ORNL was chosen because
our researchers have been studying the
potential problem of steam explosions
in water-cooled research reactors in
which fuel elements are made of
uranium-aluminum mixtures
sandwiched between aluminum plates.

In the aluminum industry, an
aluminum ingot is formed by pouring
molten aluminum into a steel mold that
is lowered into a steel-lined (or
concrete) pit of water. The water cools
the mold, eventually solidifying the
aluminum. Because of the chaotic
nature of the process, significant
quantities of molten aluminum can
pour over submerged surfaces,
sometimes leading to energetic
explosions. To reduce the chance of a
catastrophic event, the aluminum
industry has coated the mold and pit
linings with organic coatings such as
Tarset Standard.

When molten aluminum first comes
into contact with water, a protective
steam film forms. It has been found
that some sort of “trigger” causes the
steam film to destabilize and collapse.
As a result, the molten aluminum mass
breaks into literally millions of hot
particles, causing water they come in
contact with to flash to high-pressure
steam. ORNL researchers proposed
that explosive boiling of entrapped
water and external shocks (e.g., from
jack hammers used in metal casting
houses) could serve as triggers. ORNL
researchers also suggested that
noncondensible gases introduced into
the steam film would cushion external
triggers.

To test these ideas and find out why
some coatings are more effective than
others in preventing steam explosions,
we developed a unique experimental
apparatus called the Steam Explosion
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detector camera to acquire images of
the fluorescent plasma; optical
emission and absorption spectroscopies
that differentiate among the plume’s
atomic and molecular species and
states; and an ion probe, which
measures ion energy and plasma
density. From these tools, scientists can
learn how fast the plume is moving and
how much material in different atomic
forms is present in the plume’s
different parts.

By monitoring the plume, ORNL
researchers can predict whether the
film being produced will be uniformly
thick. They can determine which
conditions—Ilaser beam energy and
wavelength, gas pressure, substrate
temperature—have changed and how
much any change should be corrected
to optimize film quality. From the
diagnostics, they have found that most
of the plume blasts from target to
substrate in 20 microseconds and that
the fast plume material moves from
1 to 5 centimeters per microsecond.

How fast the material moves, where
it goes, how much rebounds from the
substrate, and what type of product is
formed depend partly on whether the
plume is in a vacuum or background
gas. For example, if the target is
graphite in a background gas like
argon, all-carbon buckyballs can be
produced. If graphite is zapped in a
vacuum with a laser beam, the product
could be an amorphous diamond film
that emits electrons when subjected to
a strong electric field. Because this
film is a superhard, transparent field
emitter which can excite phosphor
coatings, one company is using laser
ablation to make amorphous diamond
films for flat panel displays; these
devices are needed to make much less
bulky television sets and computer
monitors, similar to the flat screens of
notebook computers. ORNL
researchers are looking at ways to
deposit amorphous diamond films that
could emit electron beams in lieu of
light to pattern silicon chips. In this
way, more circuits can be packed on
each chip, making a chip both smaller
and smarter.

ORNL’s plume diagnostics have
revealed just how different background

58

State of the Laboratory

gases and varying gas pressures slow
down the plume, causing the material
to cluster together. As a rule, the gas
absorbs energy from collisions
between the expanding plasma and gas
molecules, slowing down many plasma
species. As the gas pressure is
increased, some of the rapidly
expanding plasma escapes with few
collisions, but most gets caught in a
snowplowed pile of gas which acts like
a shock wave. As a result, the plume
splits into two or three components.
ORNL researchers developed the first
accurate model of plume splitting and
were among the first groups to
understand it.

Monitoring of many types of
ablation plumes showed that clusters of
bound atoms ejected from the target
can sometimes ruin an amorphous
diamond film, but that clusters created
by collisions with a background gas—
the “third component” of a split
plume—can be useful in other ways.
For example, in experiments involving
doping zinc telluride films to learn
how to make cheaper blue-light-
emitting diodes, the nitrogen gas itself
was incorporated in the film. When
film growth was conducted using each
of the three components of material
observed with the plume pictures,
researchers produced films that possess
quite different electronic properties.
The best films were obtained when the
nitrogen pressure was high enough to
kill the damaging superfast “first”
component, but the nitrogen content
was low enough to avoid formation of
the clunky nanoparticles of the “third”
plume component. ORNL researchers
now are intentionally making larger
clusters and nanoparticles at higher
pressures, from supertough nanotubes
to nanocrystallites (which emit light in
electric fields), all of interest for flat
panel displays.

In respect to laser deposition
plumes, ORNL researchers don’t use
film to get good pictures, but instead
use pictures to get good films.

The research is supported by DOE’s
Office of Energy Research, under the
Division of Materials Sciences in the
Office of Basic Energy Sciences.

The most efficient refrigerators—the
compressor-based kinds found in our
kitchens—are noisy because they have
moving parts. They are not, therefore,
the best choice for chilling foods and
beverages in nuclear submarines.
Because subs must operate as quietly
as possible, the needed cooling is
provided by refrigerators using
thermoelectric materials such as
bismuth-telluride alloys. These
thermoelectric materials are much less
efficient than compressor-based
refrigerators—they provide less
cooling per watt of electricity
consumed. But, although less
economical, they are quiet, more
reliable, and convenient. Some can
reach temperatures as  w as 160 K, or
—113°C. Thus, they are also used for
beer coolers, water coolers, and spot
cooling of electronic circuits on chips.

Thermoelectric materials conduct
electricity well, but they conduct heat
poorly. If these materials could be
designed to be much more efficient,
they could be used to  ike car air
conditioners and home refrigerators,
avoiding the need for refrigerants that
threaten the ozone layer or strengthen
the greenhouse effect  might even be
possible to design a thermoelectric
material that can chill high-
temperature superconducting cables to
77 K, replacing liquic  trogen, the
cheapest coolant that enables such
wires to conduct electricity without
resistance.

ORNL researchers have
demonstrated a novel approach to
designing thermoelectric materials that
could provide the req  =d cooling at
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and extend the lifetimes of laptop
batteries. Memory chips made of these
new transistors will be able to retain up
to a million times more information
than chips of the same size today.

The ferro-gated transistor is a metal-
on-oxide field-effect transistor, a very
small semiconducting device that
consists of three metal electrodes and a
silicon base. When a conventional
field-effect transistor is turned on,
electrons injected by a source electrode
flow as a current through the silicon
base for collection at a drain electrode.
To turn the transistor off, a gate
electrode between the other electrodes
applies an electrical voltage to a
dielectric film which pinches off the
current by raising resistance in the
silicon base. In this way, a transistor
can function as an on-and-off switch or
as a repository of a bit of information
coded as a combination of 1’s and (’s
(the “on” transistors are each storing a
1 and the “off” transistors are each
storing a 0).

The new ferro-gated transistor is
different from the conventional field-
effect transistor in one way. The
dielectric film between the gate
electrode and the silicon base in the
new transistor is formed from barium
titanate, rather than silicon oxide.
ORNL researchers perfected a
technique for depositing barium
titanate as a crystalline film on silicon,
made metal oxide silicon capacitors,
and proved that the properties of
barium titanate meet requirements of a
ferro-gated transistor.

The crystal structure of barium
titanate gives it desirable ferroelectric
properties—in certain regions, positive
and negative ions separate, setting up
an internal electric field. Alternatively,
such an electric field is maintained in
silicon oxide by using external power.
The internal electric field of barium
titanate remains unchanged and
requires no external power unless it is
flipped. Depending on whether it’s up
or down, the field either pulls up or
pushes away electrical charges in the
silicon substrate, facilitating or
resisting the flow of electrical current.

The semipermanence of the barium
titanate’s internal field gives the new
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transistor two advantages. First,
information held by millions of “on”
and “off” ferro-gated transistors is
retained when the power is shut off.
Second, chips containing such
transistors require less electricity
because power is needed only when it
is necessary to flip the internal electric
field of any transistor’s barium titanate
film.

Because its dielectric constant is 250
times higher than that of silicon oxide,
the barium titanate layer exerts a
stronger influence on the transistor’s
conductivity; thus, less area is required
for the gate electrode, making it
possible to put the source and drain
electrodes closer together. As a result,
the transistor can be made smaller, and
because electrons would travel a
shorter distance between the source
and drain electrodes, the device is
faster.

In today’s computers, two transistors
and two power-hungry capacitors are
required to store one bit. If ferro-gated
transistors are used, only one transistor
is needed per bit—a change in the
“logic state” that greatly cuts power
requirements. Memory chips made of
these new transistors will be able to
retain a thousand to a million times
more information. For example, a one-
centimeter-square chip today (about
the size of a small shirt button) would
hold 64,000 to 256,000 bytes, whereas
a chip the same size containing ferro-
gated transistors would hold one
billion bytes (gigabyte) of information.

To make computers even faster in
the future, memory circuits will be
incorporated into the processor chip.
The spinning hard drive will be a thing
of the past. Today it takes hundreds of
milliseconds to retrieve information
from a gigabyte hard drive disk and to
write information to it. If ferro-gated
transistors are used for gigabyte
memory circuits of processor chips, it
will take only fractions of a
nanosecond to read the information
and a few hundred nanoseconds to
write information for storage in future
computers.

Rodney McKee received a NOVA
Award for Technical Excellence from

Lockheed Martin Corporation for this
development. It was funded by ORNL’s
Laboratory Directed Research and
Development Program and by DOE’s
Office of Energy Research, Basic
Energy Sciences, Division of Materials
Science.

They don’t peer into a crystal ball
to predict the successful materials of
tomorrow. But ORNL researchers have
helped transform crystals into new
technologically important materials
such as substrates for the growth of
epitaxial electro-optic and
superconducting thin films.

Electronic and optical devices can
be made of thin crystalline films
deposited on and supported by a
durable substrate. A substrate is an
underlying template that lines up the
crystals of a thin film grown on it so
that it conducts electrons or light. The
substrate should not react with the film
and, to avoid film breakage, it should
expand at the same rate as the film
when both are heated.

Few crystals can meet these criteria,
but single-crystal magnesium oxide
(MgO) is an excellent substrate for
thin-film devices. However, for some
devices, the typical MgO crystal has
previously been too small. Through a
cooperative research and development
agreement, ORNL and Commercial
Crystal Laboratories (Naples, Florida)
developed new insights into the MgO
crystal growth process, leading to the
formulation of a new concept for the
nucleation and growth of this material.
Drawing on this concept, researchers
can grow MgO crystals whose
diameters are double or triple those
previously produced—just the right
size for customers needing larger
substrates for developing new
electronic and optical devices such as
switches and modulators for light-
based communication networks and
all-optical computers. This new MgO
crystal-growth technology will help
U.S. high-technology firms avoid total
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together over the years. It turned out to
be timely.”

The HRIBF is the only facility in the
world dedicated to the acceleration of
radioactive ion beams with sufficient
intensity and energy to be useful for
nuclear physics and nuclear
astrophysics. HRIBF’s radioactive ion
beams provide a tool for creating new
superheavy elements, extremely large
deformed nuclei, and nuclei beyond
their limits of stability, helping to
answer important questions about the
nature of the nucleus. Two-thirds of the
experiments at the facility will be
devoted to studying the structure of
exotic nuclei that exist for just a
fraction of a second.

About a third of the experiments
using HRIBF radioactive ion beams
will be performed to solve mysteries in
nuclear astrophysics. These studies
will focus on the formation and fate of
stars. One goal is to better understand
spectacular nova and supernova
explosions in which temperatures at
the center of doomed stars reach
billions of degrees, fueling exotic
fusion reactions that produce iron and
all the naturally occurring elements in
the universe heavier than iron. As the
star blows itself up, it scatters heavy
elements such as the iron, calcium,
silver, tin, iodine, gold, mercury, lead,
and uranium isotopes that are the basis
of life and of our civilization.

On August 30, 1996, the HRIBF
(whose chief components include the
Oak Ridge Isochronous Cyclotron and
the tandem accelerator housed in
ORNL's landmark tower) produced its
first beams of radioactive ions and
accelerated them using the tandem
accelerator. Radioactive arsenic-70
ions were produced by bombarding a
liquid germanium target with a proton
beam from the Oak Ridge Isochronous
Cyclotron. Although its intensity was
only a few thousand ions per second,
the beam was easily detected by
stopping it on a moving tape system
and observing its radioactive decay. A
beam of arsenic-69 ions was produced
in the same test. In March 1997, the
HRIBF started its experimental
program using beams of radioactive
arsenic-69.

Numbers One and Two, 1997

In 1997, scientists from universities
and laboratories around the world will
be conducting experiments they hope
will answer questions about nuclear
physics and nuclear astrophysics. The
HRIBF facility will serve a national
and international community of about
300 scientists from 33 states and 20
foreign countries, providing a unique
new tool for understanding nuclear
matter, the main constituent of the
visible universe.

The HRIBF is the only facility in the
world capable of supporting a wide
range of nuclear astrophysics and
nuclear structure physics studies—an
exciting, fast-growing new field that
has been identified by the U.S. nuclear
science community as a top priority for
future development.

Hendrie concluded the dedication by
saying “I see the future of physics as
quite bright.”

HRIBF is supported by DOE’s Office
of Energy Research, Basic Energy
Sciences, Division of Nuclear Physics.

Hot fluids form and circulate deep in
the earth’s crust. However, how they
react with minerals and organic matter
to form rock masses, magmas, ore
deposits, oil, and natural gas is not
well understood.

Using unique instrumentation,
ORNL researchers are gathering data
and developing “equations of state”
that help geologists gain a more
quantitative understanding of the
origin and evolution of fluids in the
earth’s crust. It is now evident that
frequently used equations published by
leading scientists are seriously in error.
The new data and equations will lead
to improved geologic models that will
either support or refute current theories
about how rock masses and energy
resources form.

Natural fluids in the earth’s crust
reach extreme, or “supercritical,”
temperatures and pressures at great
depths. When water reaches the
supercritical state—at temperatures
above 374°C and pressures above 222
bars (approximately 222 times
atmospheric pressure)—it acquires
special properties. Compared with true
liquids and gases, supercritical water-
rich fluids are often more reactive with
rocks, causing the formation of new
minerals and hydrocarbons.

The new equations of state are
based primarily on data obtained from
a custom-designed, vibrating-tube
densimeter constructed at ORNL. This
unique instrument is used to determine
the volumetric properties of fluids
under extreme conditions. A
commercial vibrating-tube densimeter
that measures densities of fluids at
ordinary temperatures and pressures
was modified extensively to create an
instrument that could be used at
temperatures as high as 500°C and at
pressures up to 2000 bars. Currently,
measurements are being made on
fluids in the carbon-oxygen-hydrogen-
nitrogen (C-O-H-N) system. The fluid
species of principal interest in this
system are water (H,0), carbon
dioxide (CO,), methane (CH,), and
nitrogen (N,). Using the special ORNL
densimeter, it is possible to mix these
species in any proportion to create
intermediate fluid compositions of
interest. During experiments, fluids
flow through a U-shaped tube, which
vibrates in response to forces generated
by magnets. By measuring the period
of vibration of the U-tube (the denser
the fluid, the slower it vibrates), the
density of the fluid flowing through the
tube can be calculated.

Additional research on C-O-H-N
mixtures is being performed with
another unique ORNL instrument: a
hydrogen-service, internally heated
pressure vessel. This apparatus is used
to determine the effective concentrations
(activities) of the species in supercritical
aqueous fluids. By combining the data
obtained from the vibrating-tube
densimeter and the hydrogen-service,
internally heated pressure vessel, ORNL
researchers can determine how aqueous
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for forming gas-phase ions from
involatile materials. One technique,
called laser desorption, uses the laser.
The other technique is electrospray,
mentioned above, which is particularly
well suited for liberating biopolymers
in solution to yield gaseous ions. When
the solution is passed through a
hypodermic needle held at 3000 to
4000 volts, the liquid exiting the
needle breaks up into a fine mist of
droplets from which ions emerge. The
ions are then drawn into the vacuum
system of a mass spectrometer where
they can be manipulated and measured.

Although widely employed in the
biomedical community and, in
particular, the drug industry, the
electrospray technique had limited
ability to help scientists directly
analyze mixtures, because it tends to
form multiply charged ions with a
distribution of charge states. Hence,
each mixture component tends to give
many peaks that can result in a
complex mass spectrum, even with just
a few components.

This situation changed, however,
when ORNL researchers developed the
ion-ion reaction technique to enable
identification of individual proteins in
complex mixtures. In ORNL’s
demonstration of this technique, singly
charged negative ions formed by glow
discharge were introduced into the
quadrupole ion trap and reacted with a
positively charged protein mixture
formed by electrospray. The negative
ions plucked the excess protons, or
positive charges, off the proteins in the
mixture, reducing dramatically the
number of peaks per mixture
component so that each protein in the
mixture could be readily identified in
the simplified spectrum.

ORNL researchers have also
introduced positive rare-gas ions to
react with negatively charged DNA
molecules, causing their fragmentation.
In this way, ion-ion reactions can
enhance the ability to sequence pieces
of DNA. This capability could be
useful someday for detecting an
infectious organism or identifying a
genetic disease. Because the motion of
each ion in the ion trap mass
spectrometer’s oscillating electric field
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depends upon mass-to-charge ratio,
ORNL researchers seek to develop
methods for ion manipulation to enable
ultrasensitive detection of targeted
biopolymers in body fluids, such as
proteins that signal the onset of
disease. Because of its high speed,
high sensitivity, and high specificity,
ion trap mass spectrometry offers an
attractive means for detecting disease
in its early stages so it can be reversed
in time to stop the negative effects.

Most of this research has been
sponsored by DOE, Office of Basic
Energy Sciences, Chemical Sciences
Branch. Biomedical applications work
has been sponsored by the National
Institutes of Health, and bio-agent
detection work has been initiated with
DOE’s Office of Nonproliferation and
National Security.

ORNL has long been a leading
center for studying the molecular
structure of substances using neutron
scattering at research reactors. Using
our powerful Intel Paragon
supercormputers, we are now also a
world leader in molecular simulation
calculations. Here’s a true story that
illustrates these complementary
capabilities, demonstrating ORNL's
continuing leadership as a strong
center for neutron science,
computational science, chemical
science, and materials science
research.

In 1991 Peter Cummings (who at the
time was on the faculty of the
University of Virginia and since 1994
has been an ORNL-University of
Tennessee Distinguished Scientist) and
ORNL researchers Hank Cochran,
Mike Simonson, and Bob Mesmer
performed molecular simulations of
supercritical water on the Oak Ridge
Cray computer. The simulations
showed hydrogen bonding in
supercritical water—a non-liquid, non-
gaseous state of water produced at high
temperature and pressure.

In December 1993 the prestigious
scientific journal Na ¢ published a
paper that disputed the Oak Ridge
results. It stated that  utron scattering
experiments conducted at the
Rutherford-Appleton aboratory in the
United Kingdom indicated that
hydrogen bonding is essentially absent
in supercritical water. The paper’s
authors asserted that > simple water
model used in the Oak Ridge
simulations needed modification.
Subsequent publicati s based on
molecular simulation calculations by
the ORNL group anc y other research
groups challenged the results of the
U.K. laboratory scientists and their
collaborators from the University of
Rome, showing that the scattering
results were unphysical and suggesting
possible error in the correction for
inelastic scattering.

In response to the allenges, in
1996 the British-Italian group
reexamined its neutron scattering data,
using an improved correction for the
results of inelastic scattering. From
their reanalysis, group members found
that hydrogen bonding is indeed present
in supercritical water as predicted by
the Oak Ridge simulation group. They
also reanalyzed the data they had
obtained a decade earlier for ambient
water—data that had been the basis for
understanding and modeling water
structure by research ; worldwide.

As aresult of the new analysis, the
British-Italian group, led by Alan
Soper, has revised the description of
water at ambient conditions (i.e., at
room temperature and atmospheric
pressure). The structure of water at
ambient conditions is extremely
important because of water’s role in
many biological and chemical
processes at ambient conditions.

Interestingly, the widely accepted
data disagreed with an earlier
understanding of water structure, as
determined more than 20 years ago by
ORNL chemist Al Narten through his
neutron scattering studies at our High
Flux Isotope Reactor (HFIR). Soper’s
revised results now agree much better
with Narten’s. The British-Italian
group’s paper correcting its previous
neutron scattering results was published
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Electronic notebook entries can be
digitally authenticated and signed,
individually or collectively. They can
be electronically time stamped and
notarized. While entries cannot be
modified once signed, the pages can be
annotated and forward referenced.
Entries can be secured by encryption,
both in transit and in storage. All these
security actions can be performed
transparently to the users, thus adding
no complexity to the user interface.

The ORNL prototype uses Common
Gateway Interface scripts to access
notebook pages. The researchers are
developing Java applets (mini-
programs written in the Java
programming language developed by
Sun Microsystems) to enter objects in
the notebook, such as a pen-based
sketch pad. Of course, as they make
further developments in this project,
they record their progress—in their
electronic notebooks.

The research was initially supported by
ORNL’s internal Laboratory Directed
Research and Development Program.
Funding now comes from DOE’s
Mathematical, Information, and
Computational Sciences Division. A
demonstration version of ORNL's
notebook is available on the World
Wide Web (http://www.epm.ornl.gov/
~geist/java/applets/enote). It can be
accessed by any authorized user from
any type of computer that has a Web
browser.

It would be nice to be able to solve
any scientific problem using one
computer. But one ordinary single-
processor computer in an office isn’t
always enough: new problems
continually demand more power and
speed. Some scientific problems are so
complex that the only approach is to
divide and conquer. The problem is
broken into small parts, and hundreds
or thousands of computer processors
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are linked together to attack pieces of
the problem at the same time for a
rapid solution. The linked processors
form one computer—but it’s a parallel
supercomputer that fits in a large room.

In the quest to solve increasingly
complex problems, a project is under
way to link geographically separated
parallel supercomputers by a high-
speed network to form one distributed
supercomputer. An ORNL team is
working with researchers from Sandia
National Laboratories and the
Pittsburgh Supercomputing Center to
develop this system linking four
massively parallel supercomputers:
ORNL’s XP/S 150 (2048 individual
processors) and XP/S 35 (512
processors) Intel Paragons, one Intel
Paragon at Sandia (1840 processors),
and Pittsburgh’s Cray T3E (512
Processors).

Although the concept is simple, the
task is not. For example, the
supercomputers at the three centers use
different operating systems and
compilers. A program written for any
one of the computers must be able to
run on two to four machines
simultaneously despite the system
differences, a feat somewhat like
flawless simultaneous translation into
three languages at lightning speed.
This translation is done using Parallel
Virtual Machine (PVM) software
developed at ORNL.

Another challenge is speeding up
communication among supercomputers
so that no processor is idle while
waiting for data from another
computer. The asynchronous transfer
mode (ATM) interface card, developed
by GigaNet, increased the
intermachine communication rate from
the 300 kilobytes per second possible
with Ethernet to 72 megabytes per
second (MB/s). But there are other
bottlenecks.

Think of data exchange between
computers as pumping water through a
hose. One slowdown has been the
pumping rate: the intermachine
message routing systems currently
move data through a service node—a
“doorway” out of the machine—that
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carries only 17 MB/s. APVM
modification called “direct to ATM”
routing will send data directly to the
ATM network instead, enabling
applications to use nearly  of the 72
MB/second bandwidth (the hose)
between machines. The change will
accelerate communication between the
ORNL Paragons to about 72 MB/s.

The primary slowdown between
ORNL and Sandia, on the other hand,
has been the hose. The inter-site Energy
Sciences Network (ESnet) moves only
1 to 2 MB/s between the two sites now;
however, network capacity upgrades
will increase the data flow to 12 MB/s
soon and to 72 MB/s in a few months.

The two ORNL Paragons are already
linked and running applications.
Linking the geographically separated
computers is more complicated: for
some applications, individual
processors must be added
incrementally, the system tested, and
the bugs worked out.

The first phase of a materials
application for modeling the magnetic
behavior of nickel-copper alloys is
running on ORNL’s Paragons. The
materials code is set up to run one atom
of the model per computer processor. A
production run on 1372 processors
across the ORNL Paragons completed
more than 2.2 quadrillion mathematical
floating point operations. Plans include
a 2048-processor run that will involve
the ORNL XP/S 150 and Sandia’s
Paragon, as well as a 2916-processor
run that will involve the ORNL XP/S
150, possibly the XP/S 35, Sandia’s
Paragon, and Pittsburgh’s Cray T3E.

A shock physics code developed to
address nuclear weapons safety is
running across the ORNL and Sandia
Paragons at a gradually increasing
scale. It involves predicting the
response of a nuclear weapon to a
hypothetical nearby chemical explosion
to assess whether a sympathetic
detonation would be likely. This code
has run on 1024 processors at ORNL
and Sandia, and will also be used for
fundamental scientific studies such as
the consequences for global climate of
an asteroid striking an ocean.
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storage), and then PVM will decide the
most efficient way to run it, do the
necessary translations, and port it to
the appropriate processors without
further instruction from the user.

The formidable security systems and
access restrictions around all three
computer centers are another obstacle.
Sandia, particularly, because it is a
weapons laboratory, has a practically
impenetrable firewall around its
computing system designed to deflect
anything from the outside. Methods
had to be devised to get data through
the security systems without
compromising their effectiveness and
to prevent interception of data
traveling over the network. Sufficient
progress has been made to allow
shared computer runs between ORNL
and Sandia.

One of the highest hurdles
remaining is scheduling run time on
the machines. Competition is stiff for
time on even one of the
supercomputers; negotiating
simultaneous computing time and
preparing each machine for shared
runs is a logistical nightmare. At
present, an expert must schedule each
linked run manually. The goal is
eventually to automate the entire
scheduling process from input of code
to output of results.

Most of the low-level infrastructure
for the distributed system is in place.
The seamless environment work is
aimed at making access to the system
progressively easier so that the user
will see and use the entire collection of
resources as a single computer. At
present, only about five persons have
the skills to set up an application to run
at more than one site; the long-term
goal is for any scientist with an
appropriate application to be able to do
s0.

Several scientific problems are
already being solved in our multiple-
center distributed computing
environment. The supercomputing
team is working with researchers to
meet their needs for more computing
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obstacles to running these
supercomputer clusters seamlessly in
parallel.

This project is funded by DOE'’s
Mathematical, Information, and
Computational Sciences Division.

The speed of parallel computer
processors isn’t the only thing that
dictates how fast supercomputing
applications can run. Just as essential
is the speed with which processors can
store and access data. In fact, given the
development of lightning-fast parallel
computers and the exponential growth
in the sizes of data sets, some
computing experts think the time
required for data storage and retrieval
will set the pace for computing for the
foreseeable future.

The pace has been quickened by the
development of the High-Performance
Storage System (HPSS) by IBM and a
consortium of national laboratories,
including ORNL. IBM began
marketing the system in late 1996. The
HPSS moves very large data files
among high-performance computers,
networked workstation clusters, and
storage systems many times faster than
was possible before.

Powerful parallel computers
generate vast quantities of data
(including results of calculations), and
systems are needed to accept, store,
catalog, and retrieve those data rapidly
and with absolute reliability. The
HPSS addresses those demands using
standard but, for optimal effectiveness,
top-of-the-line network and storage
technologies and vendor products. It is

about a million lines of code—that
controls a user’s storage hardware and
network devices and generates and
maintains the “metadata” (information
that identifies the stored files in
detail—labels, locales, sizes, access
limitations, etc.) needed by a particular
site.

An HPSS package consists of
servers (central computers in local area
networks) and “data movers,” software
modules that transfer data streams
between processors and storage
devices. The package is completely
modular; any module can be upgraded
or replaced without affecting the rest
of the system. Like most storage
systems, it is hierarchical: From the
computer, it routes data into disk
storage arrays (high speed but modest
capacity) and later, for archiving, onto
tape (high capacity but slower access).
The HPSS manages these different
classes of storage devices as a single
system.

One secret to the HPSS’s success is
that all computer processors and
storage devices are connected directly
to the network so that data move
directly between them at network
speed. (Conventional storage systems
route data through a server and a
control interface, a big bottleneck.)
Another HPSS plus is parallelism:
Many data streams can move
simultaneously among multiple
computing processors and multiple
storage devices, or a single  1ge file
can be split into smaller subfiles that
are transferred simultaneously. These
advantages give HPSS the capability to
transfer data at rates of gigabytes
(billions of bytes) per second; the
actual speeds for a given site are
limited only by the amount of available
hardware.

Advanced techniques are used to
ensure security and protection of data.
Client-server processes are structured
as “transactions,” related groups of
functions that must occur together to
maintain the integrity of the data set. If
all parts of a transaction are not
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completed, the entire transaction is
redone.

The HPSS is scalable and almost
infinitely extensible. It can assimilate
virtually any number, speed, and
capacity of processors and storage
devices.

ORNL’s Center for Computational
Sciences is converting its entire
storage system from NSL-Unitree to
HPSS. Sandia, Lawrence Livermore,
and Los Alamos national laboratories
already have adopted the system, as
have a number of other high-
performance computing centers. It will
be used by these DOE defense labs to
carry out their responsibility of
ensuring the integrity of the U.S.
nuclear stockpile in a world without
nuclear testing.

The HPSS will be useful in any
environment that involves high-speed
transmission of substantial amounts of
data, such as hospitals, corporations,
universities, and some types of online
services. (Cable services that provide
movies on demand, for example,
would be a natural for the HPSS.)
ORNL is a member of HOST, a
conglomerate of medical care
institutions, medical groups, vendors,
and research institutions interested in
using the HPSS for storing and rapidly
accessing medical records. The
requirements for the task would be
enormous: all medical records in the
country must be retrievable quickly
through one index, and security
measures must eventually be in place
to prevent unauthorized access to or
tampering with records.

ORNL is developing additional
features for HPSS and is working with
Storage Tek, a maker of tape libraries,
to ensure that HPSS works properly
with that company’s very fast
Redwood drives. Work is under way on
other compatibility issues to ensure
that the HPSS is adaptable to platforms
across the computer industry.

Given its unique combination of
speed, parallelism, and scalability, the
HPSS is expected to define the state of
the art in advanced storage system
software for some time. It will be
setting the pace for high-speed
computing into the 21st century.
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The project was supported initially
through a CRADA with IBM and now
is funded through the Accelerated
Computing Strategic Initiative, part of
DOE’s Defense Programs.

The squeaky wheel gets the grease
to reduce friction between moving
parts and prevent them from burning
up. But it’s less widely known that
motor oils used in our cars today will
not be able to take the heat as
lubricants in tomorrow’s highly
efficient vehicles. Because the lean,
clean cars being developed for the U.S.
Partnership for a New Generation of
Vehicles will operate at higher
temperatures and engine speeds,
today’s motor oils would break down
too fast to be reliable. Thus, industry is
searching for advanced lubricants that
will stand up to the harsh conditions of
advanced vehicles. The problem is that
it would take many decades for
researchers in the industry to
synthesize and test billions of different
hydrocarbon liquids to identify the
most promising candidates for
advanced lubricants. An attractive
complement to experimentation is
computation.

ORNL researchers have shown that
molecular simulation calculations on
our Intel Paragon supercomputers can
accurately predict the performance of
advanced lubricants. We have
developed algorithms and parallel
codes for use on the Intel Paragon so
that we can simulate the behavior of
lubricant molecules. This
computational approach should
provide industry with a much faster,
cheaper way to identify suitable
lubricants for advanced vehicles.

Many different lubricant candidates
(i.e., hydrocarbon liquids) can be
synthesized, and even more can be
simulated. The properties of a
hydrocarbon liquid depend in a
complex way on two factors: the way
in which molecules interact with each
other and the conformations of the
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individual molecules  mselves in the
liquid—that is, the s il
arrangements of atoms in a molecule
that stem from free rotation of the
atoms about a single chemical bond.
Complicating matters further is that
these two factors are©  mately
interrelated (molecules interacting with
each other affect their conformations,
and vice versa). As a result,
hydrocarbon liquid p  erties are
found to depend on the number of
carbon atoms in the molecule’s
backbone and the nur r, position,
and length of branches along the
backbone, as well as on temperature
and pressure.

In our simulations, we have studied
how the viscosity of v ious
hydrocarbon liquids varies with all
these factors. Viscositv is a measure of
resistance to flow; it’s  ghin corn
syrup and low in alcohol. If the
viscosity of oil changes during use,
problems could ensue. If the oil
viscosity is too high before you start
your car on a cold mc  ing, the engine
might not start; if it’s too low when
you’re driving on the interstate
highway during a summer afternoon,
your engine might fail.

Viscosity of a lubricant can be
changed by a number of factors.
Because different fluids have different
viscosities, the structure of the
hydrocarbon molecules—backbone
length, branching, etc.—is expected to
affect viscosity. Temperature is a
factor—liquids usually have a lower
viscosity at a high temperature. A third
important factor is the shear rate. The
shear rate in a lubrica s determined
by how rapidly the two solid surfaces
being lubricated move past one another
and how far apart the moving surfaces
are. With a faster speed and narrower
distance, the shear rate climbs.

At low shear rates most liquids,
including lubricants, exhibit constant
viscosity when the shear rate changes.
This constant viscosity behavior is
called Newtonian behavior because it
is described by Newton’s law of
viscous flow. On the other hand, at the
high shear rates that occur in
automobile engine lubricants, most
liquids (including lubricants) exhibit
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Santa Barbara and the University ot
Tllinois at Urbana-Champaign, research
groups have experimentally studied the
viscosity of liquids between surfaces
moving past one another separated by
only a few atomic diameters. They
found that the viscosity measured in
this so-called “confined flow”
appeared to be much higher than that
of bulk oil, and they inferred that the
flowing oil’s molecules may be lined
up in layers parallel to the moving
surfaces. This behavior occurs at shear
rates much lower than those in your
engine.

Previous molecular simulations
(using models of unknown accuracy)
apparently supported these
interpretations; however, our
molecular simulations of squalane in
confined flow (using models proven to
be accurate) have challenged the
earlier conclusions. We found that the
viscosities of the confined and bulk oil
are identical when correct attention is
paid to all of the factors involved in
either simulations or experiments. We
concluded that at high shear rates,
shear flow alone is sufficient to align
the molecules, and the aligning of
narrowly spaced surfaces affect the
viscosity only at very low shear rates.

Our accurate computer simulations
have challenged the consensus from
results of previous experiments and
simulations, but from this challenge
has come a new level of molecular
understanding. Just as the squeaky
wheel gets the grease, we believe the
exciting new results of molecular
simulations will attract the attention of
both experimental and theoretical
scientists and of industry, as well.

The research was sponsored by the

Laboratory Directed Research and
Development Program at ORNL.
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Like people, some materials behave
normally and others do not. Take a
normal metal or alloy and heat it up. It
will expand because the more the
material is heated, the more its atoms
vibrate and push apart. Take a normal
magnet made of ferromagnetic metals
such as iron, nickel, or cobalt. Its
atoms are magnetic—like compass
needles, they can be aligned up or
down to north or south poles,
producing a large magnetic field.

Now consider a disordered alloy of
nickel and iron called Invar (short for
“invariable”). Discovered 100 years
ago by the Swiss-born French physicist
Charles Guillaume (who received a
Nobel Prize for physics in 1920 for his
discovery), Invar is not normal. Heat it
up to a certain temperature range and it
won’t expand or contract (it’s
invariable); however, its ability to
maintain its dimensions over a wide
range of temperature makes it useful
for highly precise Swiss watches,
pendulums in clocks, standards of
measure, high-precision instruments,
shadow masks for televisions and
computer monitors (to reduce glare),
and tubing surrounding fiber-optic
cables.

Invar is also a magnetic material—
but not a normal one. For one thing,
based on neutron and X-ray scattering
data obtained by ORNL researchers,
Invar’s resistance to contraction has
been definitively linked to magnetic
pressure: natural repulsion by iron
atoms as they approach each other
during cooling keeps the vibrating
atoms from moving even closer
together, nearly canceling the
contraction effect. For another thing, the
orientations of its atomic magnets are
unusual for a magnetic material; they
are not simply up or down—sometimes
they point outwards at an angle, like a
compass needle pointing north-
northwest. Because it is so abnormal,
Invar is one of the most studied and
most complicated of materials.

disordered nickel-iron alloy in which
the atoms are randorr  arranged
within a face-centered cubic structure.
Using an ORNL-dev¢ ped computer
code on 256 nodes of the Intel Paragon
massively parallel supercomputer, they
calculated the orientations of 256
magnetic atoms of an var alloy that
is 36% nickel and 64% iron. Such a
material is highly magnetic but on the
borderline—small changes in volume
or composition (e.g., an increase in
iron content) could re It in loss of
magnetism.

We started with atoms whose
magnetic moments (¢ ntations with
respect to the direction of
magnetization) point in random
directions. Our comp! r code, which
knows the position of each nickel and
iron atom, performs the quantum
mechanics calculations to determine
which way the magnetic moment of
each atom should point. The code
calculates electronic charge density
(how electrons arrange themselves
about sets of nuclei), magnetization
density (imbalance in up and down
electron spins), and the average
orientation of the magnetization
associated with each atom.

When the volume of the Invar alloy
is decreased or its iron content is
increased, two changes might occur,
according to earlier studies. The alloy
can remain ferromagnetic with all its
magnetic moments pointing in the
same direction, parallel to the direction
of magnetization (collinear), but
getting sr_naller, accounting for the
sudden drop in its magnetic strength.
Or the magnetic moments of atoms on
the cube corners of the face-centered
cubic alloy could point up while the
magnetic moments of atoms at the
center of each face point down, making
the alloy antiferromagnetic but still
collinear.

Our calculations suggest that some
magnetic moments are
antiferromagnetic and some are
noncollinear (at an an; - to the
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spins in a circle, moves sideways,
zigzags, moves at any angle without
turning, and changes directions without
having to be stopped and restarted.
Because the casters rotate freely,
steering does not depend upon forcing
the front wheels of the chair into
position, as with a conventional chair.
The chair turns by simply rotating on
its platform base, so the wide turning
radius needed for conventional
wheelchairs is eliminated.

The maneuverability of the
advanced wheelchair will also
eliminate the wasted motion and power
consumption that results from fixed-
wheel steering. It allows users to
choose routes based on their own
preferences, rather than on the
maneuvering limitations of their
wheelchairs. The agility of the chair
allows access to places that are
awkward for conventional wheelchairs.
For example, it will be able to zip into
and out of tight corners without
turning.

CyberTrax plans several other
improvements for its TransRover,
including an improved seat design,
superior ergonomics, and advanced
battery technology. Improved circuitry
will provide rapid internal recharging
of the batteries, which will reduce
downtime.

The light weight and three-piece
modular construction of its design will
make the wheelchair easy to pick up
and transport in an automobile trunk or
back seat. The cost of the advanced
wheelchair is expected to be
comparable to that of conventional
electric wheelchairs. The TransRover
has the potential to free users from the
limitations of conventional powered
wheelchairs, which may eventually
become obsolete.

Funding for the research that led to
this invention was provided by DOE’s
Office of Energy Research, Office of
Basic Energy Sciences, Division of
Engineering and Geosciences,
Engineering Research Program.
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You’'re helping some friends paint a
room. After finishing a wall, you see
that the guy painting the window trim
needs help, so you grab a brush and
pitch in. When the two of you are
through, as the others finish painting
the baseboards, you clean the brushes
and wipe up the paint spots on the
floor.

It seems easy enough, but that
simple scenario represents a range of
behaviors so complicated that science
cannot explain them: perceptions,
deductions, motivations, choices. No
one really knows how humans make
the constant adaptations necessary to
work together. Imagine how difficult it
is to program similar behaviors into
robots so they’ll work as a team.

In the past, robotics research tended
to focus on developing a single robot
that could do all the required jobs on a
mission. One problem with that
approach is that such a Renaissance
robot would need to have an enormous
range of capabilities. A bigger problem
is that one malfunction in it could
scratch the whole mission.

ORNL is focusing instead on
developing multiple, less-complex
robots that can work in teams to
accomplish missions. A software
system called ALLIANCE, developed
by an ORNL researcher, is designed to
“motivate” robots to carry out a
mission together and enable them to
make rudimentary adaptations to the
work environment.

ORNL’s robot team, four R2D2
lookalikes, has successfully
demonstrated the ALLIANCE
architecture in carrying out tasks such
as cooperative manipulation,
cooperative observation of multiple
targets, and movement in formation.

ALLIANCE gives each robot the
ability to select appropriate actions for
itself in light of its teammates’ actions
and the status of the mission. Robots
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fail a lot, and researchers can’t foresee
and program a response for every
possible failure. ALLIANCE enables
the robots themselves to determine
how to respond to mission-threatening
failures.

“Motivational behaviors™ are
programmed into the individual robots
to direct them in selecting actions. The
primary motivations are called
impatience and acquiescence:
impatience drives a robot to take over a
task that is not being completed by
another robot; acquiescence allows a
robot to give up a task it cannot
complete successfully.

ALLIANCE distributes control
equally to each robot team member,
allowing each to select its tasks
without any central command.
Bandwidth limitations preclude
extensive conversation or negotiation
among robots to coordinate the work.
Instead, each unit broadcasts
information periodically to the others
about what it is doing. The robots use
sensory feedback to monitor their own
and other robots’ performance, to
indicate whether adequate progress is
being made on each task.

For example, Robot A may be
periodically broadcasting, “I"'m
painting this wall.” If Robot B’s
sensors indicate that, on the contrary,
Robot A is just standing there waving a
brush and the wall isn’t being painted
at all, Robot B will take over the task.
Robot A will give it up gracefully. The
task and the mission can be
accomplished despite the failure of
Robot A.

The potential applications for
cooperative robot teams are legion:
almost any task in which it is desirable
to reduce human exposure in
dangerous tasks or tedium in highly
repetitive ones. The possibilities
include hazardous waste cleanup,
surveillance and monitoring in
contaminated areas, industrial and
building maintenance, earthmoving,
mining, and military applications such
as locating and detonating land mines.
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In 1996 as in other years, we found
several opportunities for saving money,
making our operations more efficient,
and doing business in more innovative
ways.

During 1996 ORNL continued to
reduce employment levels in response
to declining budgets and changing
program emphasis. Two reduction-in-
force (RIF) programs were requested
of DOE and approved. The first in
March, to accommodate mid-year
funding adjustments, included a
voluntary reduction-in-force (VRIF)
program. Twenty employees were
terminated, including five voluntary
reductions. The second program was
approved for September in anticipation
of a fiscal year (FY) 1997 budget
decrease. This reduction included an
enhanced VRIF program with 150%
normal severance pay; 66 employees
were terminated, including 49
volunteers. In November, DOE’s Oak
Ridge Operations (ORO) announced
FY 1997 work force restructuring for
about 1680 positions in the Oak Ridge
area, including 230 at ORNL.

In January 1996, Lockheed Martin
Energy Research Corporation was
formed to manage and operate ORNL.
Many services have been and continue
to be purchased from Lockheed Martin
Energy Systems, Inc. Some services,
however, were transferred from Energy
Systems to ORNL. Initial transfers
included 88 employees to the Office of
Public Affairs, the Human Resources
Division, the Office of Technology
Transfer, and the Legal Department.
The transition continued, and on
January 1, 1997, 326 positions were
transferred to provide needed support
and service in waste management,
information management and
technology, human resources, property
and materials, and engineering.
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During the years following the
technical safety appraisals and the
Tiger Team reviews in the late 1980s
and early 1990s, it became obvious
that DOE national laboratories faced
reduced productivity and rising costs
that stemmed from excessive DOE
oversight and the labs’ compliance
with multiple government standards. In
1995, for example, some ORNL
facilities were audited more than five
times, resulting in excessive costs and
lost productivity. These same facilities
were subject to DOE orders and
requirements that added significant
costs—but no value—to their
operations.

Questions were raised. Was so much
oversight of the labs by DOE really
needed to ensure their safe and
efficient operation? Which standards
were really necessary? Which actions
were sufficient to meet the intent of
environmental, safety, and health
(ES&H) regulations?

These issues were identified by a
number of review committees, and
resolving the problems became critical
to the Lab’s survival. By boldly
embarking on two programs
simultaneously, ORNL took the lead
throughout the DOE complex.

In a January 1995 meeting, the
national laboratory directors pressed
then Energy Secretary Hazel O’Leary
for relief from excessive oversight. In
April 1995, ORNL, working in

Operations, Environment, Safety, and Health

partnership with DOE-ORO and
DOE’s Office of Energy Research,
proposed a pilot program to reduce
ES&H oversight. The pilot program,
which ran throughout FY 1996, was
based on enhanced self-assessment by
ORNL, meaningful performance
measures that were mutually agreed
upon with DOE, and a focused
appraisal of short duration. What was
the outcome? ORNL maintained
quality ES&H programs, while DOE
significantly reduced ES&H oversight.
Thus, the pilot program was the model
for the current way of doing business
at ORNL. In fact, the pilot was so
successful that DOE’s ES&H oversight
policy is being rewritten to incorporate
the principles of operation tested at
ORNL.

As the ES&H pilot was progressing,
ORNL also addressed the issue of
multiple standards. DOE has a
“requirements process,” a system of
orders and directives that begins in
DOE Headquarters and flows to DOE-
ORO and other operations offices.
ORNL operations are directed by DOE
through written information in the
form of orders, manuals, and guidance
documents. The problem was that the
regulations in these documents
duplicated provisions of “external
requirements’—laws, regulations, and
enforceable requirements from non-
DOE regulators with authority at
ORNL (e.g., the state of Tennessee and
the U.S. Environmental Protection
Agency). Sometimes the DOE
requirements were even in conflict
with external regulations and subject to
varying interpretations throughout the
DOE complex.

ORNL, in concert with DOE,
launched the “necessary and
sufficient” process to determine the
standards appropriate for the research
and support activities at ORNL. ORNL
research and operations staff,
supported by ES&H staff, developed a
set of standards that are in keeping
with the standards that industry and
academia would be expected to meet in
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conducting similar work. Incorporating
external standards wherever possible,
this new set of standards, approved and
in our contract with DOE, allows us to
work to accepted and understood
requirements. By modifying our ES&H
procedures and practices to reflect the
requirements of the approved standards,
ORNL will be a safer place to work,
and, because of reductions in ES&H
costs, we will be able to compete more
effectively for government research
funds.

On March 30, 1995, Under Secretary
of Energy Charles Curtis issued a
memorandum describing DOE’s
Business Management Oversight Pilot
(BMOP) program. This pilot was
successfully implemented at ORNL and
Lockheed Martin Energy Systems. The
overall pilot process received Vice
President Al Gore’s Hammer Award for
Quality in 1996.

The BMOP reflected a growing
partnership between DOE and its
management and operations
contractors, encouraging and rewarding
performance and continuous
improvement. BMOP facilitated a
paradigm shift from compliance-based
to performance-based, or outcome-
oriented, oversight. The pilot also
contributed to improved
communications between ORNL
managers and their DOE counterparts
through cooperative efforts such as the
development of mutually agreed-on
performance objectives and measures.

To implement the BMOP, we defined
the requirements and shared
information. A comprehensive BMOP
self-assessment was also developed and
submitted to DOE-ORO. The BMOP
performance objectives and measures
and the annual self-assessment reports
were combined with operational
awareness to provide DOE-ORO
reasonable assurance that business
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operations at ORNL were being
conducted in a cost-effective manner
using best management practices and
were conducive to achieving
continuous improvement.

We found that the BMOP had many
benefits. It received an overall positive
acceptance by DOE-ORO and ORNL
management. It strengthened
communications and fostered a more
effective working partnership between
DOE and ORNL management teams. It
established a clearer focus on required
outcomes and results, enabling
management to change its focus from
compliance-based to performance-
based improvements. BMOP reduced
performance appraisal and review
efforts, leading to significant cost
savings in the past year. It recognized
value added when the self-assessment
process is based on prenegotiated
performance objectives and measures.
It established databases that will allow
baselining and trend analysis to support
productivity improvements and
benchmarking (the baselines being
established will help to identify
conditions, based on facts and data,
with the potential for subsequent cost
and productivity improvements).
BMOP identified the need for
continued efforts to train personnel in
performance-based management
processes and to communicate
information about performance-based
management systems. It focused greater
management attention on performance
results and cost effectiveness, helping
to foster a change from rigid rules to
guiding principles and from audit
compliance to the evaluation of
management controls.

On May 15, 1996, based on the
success of the BMOP and upon
recommendation of the BMOP Steering
Committee, the Deputy Secretary of
Energy signed a memorandum
institutionalizing the performance-
based oversight process. The BMOP is
now referred to as the Business
Management Review (BMR) process.
The 1997 BMR assessment covers
budget and cost management, financial
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management, human resources,
industrial partnerships, information
resource management, maintenance
and operations, procurement, project
management, property and materials
management, real estate, and
transportation managc  2nt.

The BMR process is recognized as
an evolving process that should
complement ongoing communication
efforts and aid in establishing a
participative relationst ~ with our
main customer, DOE. Performance-
based oversight offers tremendous
potential for improver  Jst-
effectiveness and efficiencies. The
success of the pilot encourages ORNL
to continue striving for improvements
and refinements of the MR process.

ORNL is committed to devoting
more resources to research and
development and to making operations
more efficient. During 1996, 41
specific new actions were taken to
reduce and avoid costs, resulting in a
savings of nearly $14 million. Projects
from previous years that had cost
impacts for 1996 totaled nearly
$7 million, bringing the total savings
to $20.8 million.

How have we reduced our costs?
Organizational streamlining and
restructuring reduced overhead.
ORNL’s Engineering Technology
Division effectively consolidated
several functions over = past two
years to realize significant annual cost
savings. The division experienced a net
reduction of 28 full-time employees.
Several overhead organizations
reduced costs by const ling their
operations. The organizations include
the Office of Safety an ealth
Protection, the Office of Radiation
Protection, and the Of . of
Environmental Compl e and
Documentation.

Significant costs were avoided in
other ways. For example, we recycle
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lead from our legacy lead supplies.
Instead of purchasing an expensive
recoil separator for accelerator physics
experiments at our Holifield
Radioactive Ion Beam Facility, we
acquired the Daresbury Recoil
Separator at no cost from a United
Kingdom laboratory; all we had to pay
was the cost of shipping and installing
the device.

We continue to seek ways to reduce
and avoid costs.

seeks customer feedback through the
leadership of several ORNL-wide user
committees: Scientific Computing User
Advisory Committee (John Cobb);
Administrative Computing Steering
Committee (Russ Overbey); and
Network Forum (Bill Wing). This
advocacy role has been expanded to
the information management arena
with the appointment of Bob Conrad as
advocate for the library and
information area.

Where at ORNL can you get
library services; access to our
local data networks from your
office and home or while on
travel; help creating a Web
page; integrated publishing,
illustrating, and digital imaging
support for technical papers,
marketing materials, or proposal
generation; or technical support
for a UNIX workstation? The
answer is ORNL'’s new
Computing, Information, and
Networking Division (CIND).

This new division supports
the ORNL research mission in
the areas of scientific and
business computing,
information management, and
data networking. In these areas,
division staff offer cost-
effective services and
consulting, provide leadership
and strategic planning, and
assist in attracting funds to the
Laboratory.

CIND, whose director is Richard
Hicks, was created October 1, 1996, by
incorporating functions previously
performed by the former ORNL Office
of Computing and Network
Management and two central
organizations of Lockheed Martin
Energy Systems—Information
Management Services and Information
Technology Services.

CIND also has the unique role of
providing user advocacy and
Laboratory-wide coordination for
computing issues. In this role, the staff
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The division has the following
groups, which provide these services.
The Business Applications group

provides overall coordination of
business computing at ORNL and
helps obtain computer programming
solutions.

The Information Integration group
helps ensure that information systems
being developed communicate well
with one another, provides WebWorks
to assist with Web-related projects, and
offers desktop software solutions.

Networking groups manage,
maintain, and improve the underlying
data networks and software necessary
for efficient network operations,
maintain public local area networks
and ORNL connections to the Internet.
The Network Computing group
manages system software on the
primary ORNL internal and external
Web servers, provides Web application
software development services, and
provides technical support for
electronic mail applications.
The Workstation Support group
provides system administration
and technical support for
workstations and maintains
workstation-related software
and documentation.

In the Information
Management Section, Graphic
Services enhances scientific and
technical communication
through the design and
production of illustrations,
presentations, posters and
displays, brochures,
multimedia, and Internet
graphics. Publishing Services
provides personalized technical
publishing services, including
writing and editing, publishing
project management, proposal
development, word processing
and desktop publishing, Internet
publishing, and CD-ROM
publishing. ORNL Libraries
provide information support to
ORNL staff through library
collections, a large electronic
network of databases, and Web
interfaces allowing researchers
to access information from their
desktops. Records Management
manages all Laboratory records and
ensures ORNL compliance with
document control regulations. The
Technical Information Office serves as
the control point for releasing
scientific and technical information
and maintains the Comprehensive
Publications Registry.

A more complete and current list of
CIND services can be found on their
internal Web page: <http://www-
internal.ornl.gov/cind>.
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data you need to manage your project.
You look out the window and watch the
new construction under way. You're
pleased that your brother, also an
employee at the Lab, no longer
complains about not having the
transportation, tools, or supplies he
needs to do his job in research support
services. Reengineering of the ORNL
organization, you decide, has been a
good thing.

On January 1, 1996, Oak Ridge
National Laboratory began operating
under a new corporation, Lockheed
Martin Energy Research Corporation
(LMER). This was a watershed event
for the Laboratory because it provided
the opportunity for us to choose on our
own how best to operate our
organization. As part of this new
corporate arrangement, LMER
established several stand-alone
activities, such as the Legal
Department and the Human Resources
(HR) Division, which had previously
been provided by our sister company,
Lockheed Martin Energy Systems
(LMES).

Early in February 1996, ORNL
senior management decided to engage
an outside consulting company to
examine the Laboratory and make
suggestions for improving the
numerous processes we use to perform
our mission. We wanted to be better
able to compete for scarce federal
research funds, so our goal was to
improve our research productivity
while cutting costs through
reengineering—fundamental
rethinking and radical redesign of
business processes to bring about
dramatic improvements in
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importantly on their deliberate
approach to reengineering.

In late spring, senior management
formed the Reengineering Steering
Committee under the leadership of Jim
Roberto to consider the results of the
work of Emst & Young and the
contract transition teams that had
functioned prior to January 1, 1996.
This committee’s major
accomplishments were:

¢ Formation of reengineering teams to
examine our processes of finance
and business management, HR, and
research support services.

« Establishment of overhead reduction
goals for both research and
development (R&D) and support
divisions. Goals include a 40%
improvement in the cost-
effectiveness of support and
services, reduction of Lab overhead
below 40% (excluding reengineering
costs) by 1998, and an overall
increase of 15% in direct scientific
and technical effort per dollar by the
end of fiscal year 1998.

* Initiation of organizational
reengineering activities in all ORNL
offices and divisions.

e Integration of the Ernst and Young
recommendation into the results of
the LMER transition teams.

* Integration of the overhead review
process with reengineering.

» Identification of cost savings and
efficiency improvements totalling
$17 million in FY 1996.

During the fall and winter of 1996,
Jim Stiegler assumed leadership of the
reengineering effort, and new teams
were formed to examine various
processes. The Environment, Safety,
and Health team is rewriting our
environmental, safety, health, and
quality (ESH&Q) procedures to ensure
that they are “necessary and
sufficient”—that is, that their intended
functions meet various governmental
agencies’ ESH&Q expectations in an
affordable, timely way. The Science
and Technology Partnerships team is
examining ways to (1) improve
ORNL’s relationships with outside
organizations, (2) make it easier for
guest researchers to start work here,
and (3) expedite the formation of
partnerships with industry, academia,
and other federal laboratories to help
ORNL compete more effectively for
research funds. To help cut the
overhead of research divisions, the
Waste Management team is looking at
ways to manage newly generated
wastes as efficiently as possible and to
reduce waste management costs by
50% over a five-year period.

The Engineering Design and
Construction team is examining ways
to simplify design and construction to
attract federal funds so we can
construct needed new facilities or
maintain existing ones. The HR team is
developing a new competency-based
performance management and job
evalulation system that will simplify
the processes and transfer
responsibility and accountability to
line managers. HR has hired Towers
Perrin, one of the top international HR
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consulting firms, to help lead
development of these new systems.

The Finance and Business
Management team, in concert with
LMES, recommended the
implementation of a commercial, off-
the-shelf, enterprise information
system to replace a number of our
existing finance, project management,
acquisition, and HR systems. This new
system is a product of Systems,
Applications and Products (SAP), an
international company based in
Germany. SAP R/3 is a highly
integrated information system that will
eliminate the need to maintain and
update multiple databases. Installation
of SAP R/3 also meets one of our goals
in reengineering our fundamental
business processes: introducing
recognized “best business practices.”
Over the long term, it will reduce the
costs of maintaining multiple
nonintegrated business systems. SAP,
whose products are installed in more
than 7000 companies, leads the global
market in enterprise information
systems. We have established with
LMES a joint project team to
implement the SAP system. Jim Ball is
directing the project, Becky Verastegui
serves as technical director, Mike
McNeely is the business management
director, and Richard Green is the
change management director. The
system will be available for service in
fiscal year 1999. Emnst & Young is
serving as our implementation partner
and will play a major role in this
endeavor.

We have embarked upon a major
revision of most of our HR practices.
Employees will see significant changes
in compensation and performance
management, training and employee
development, the workplace, and
information systems.

In October 1996, ORNL'’s
Compensation Office, which is part of
the HR organization, introduced an
enhanced pay for performance
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program, an accelerated growth-to-
midpoint program, a focal date salary
increase program, and a new variable
pay program. Also, a revised and
simplified performance appraisal form
will be introduced this year to simplify
the appraisal process. A new
competency-based performance
management system will be developed
and piloted for introduction in 1998. In
addition, ground work for the
development of a new job evaluation
system is just beginning under the
leadership of Fred Shull, ORNL’s
compensation director. We expect to
pilot that new system in 1998, with full
implementation in the fall of 1999, if
all goes well.

The HR organization will use the
SAP HR module as our HR
information system. As a result, ORNL
will have a single system that
integrates all of our business and HR
information requirements.

Many employees recently have
spent most of their “classroom” time
satisfying training requirements to
ensure that the Laboratory is in
compliance with environmental,
health, and other regulations. We have
separated employee development from
compliance training. HR personnel will
renew their focus on overhauling
employee development activities to
improve career skills, especially in the
area of leadership. Compliance training
will be implemented through the
Operations, Environment, Safety and
Health Directorate.

The reengineering team that has
been studying research support
services rendered by ORNL'’s Plant and
Equipment (P&E) Division focused on
removing barriers to productivity and
creating long-term cultural change. Six

subteams were established and are co-
chaired by P&E management and
union representatives. The six
subteams are Strategic Investment
(Carpenter Shop); Strategic Investment
(Field Sheet Metal Shop);
Transportation; Materials Acquisition,
Control, and Delivery; Customer
Relations; and Heating, Ventilation,
and Air Conditioning (HVAC) Work
Group.

The team found that the high costs
of the services are linked only partially
to the hourly rate. We have room to
bring these service costs down and
intend to do so. The major source of
the costs, however, comes from
inefficiencies in our work practices
because of insufficient planning and
coordination. Our workers, who are
dispersed over several sites, cannot
always get to a work site because they
lack transportation. Others can’t do the
Jjob requested because either needed
supplies are unavailable or workers’
tools are antiquated (the average age of
our tools is 38 years, and our oldest
piece of equipment is a 1906 rolling
mill). Our goals include procuring
newer tools and improving job
coordination to ensure that workers
have needed transportation and that
parts are always available so that
workers can make needed repairs or
installations.

The carpenter shop team has
completed on schedule and under
budget all work necessary to reopen
the 7009 Carpenter Shop. This shop
had been shut down since the early
1980s because of asbestos
contamination.

The field sheet metal shop team has
located and procured a used power
shear that will be installed in Building
3044. The availability of the shear will
substantially reduce travel time for
personnel at the west end of the Lab
who need sheet metal work. The team
is now studying how best to organize
field sheet metal work to optimize
service to our customers.

The transportation team has focused
on identifying ways to better meet the
transportation needs of the P&E
Division without adding costs.
Improved, staggered shifts for the taxi
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service have been implemented to
increase the availability of
transportation to craft workers at the
beginning of the work shift and during
lunch when usage peaks. Division
vehicles have been redistributed for
more effective support, and a small
rental pool of vehicles has been made
available to meet short-term needs.
The team has implemented a west-end
transport service team consisting of
four truck drivers who will have access
to an assortment of vehicles.

To ensure a reliable source of
needed supplies, the materials team
opened a pilot bench stock area and
acquired Building 3023 from the
Instrumentation and Controls Division
to house the operation. To stock the
area, the team acquired most of the
equipment and material from the Oak
Ridge K-25 Site at no cost. Computing
and telecommunications equipment
was later installed, and material clerks
were hired to run the operation.

The customer service team is
continuing to identify better ways to
achieve and measure customer
satisfaction. Plans are being made to
provide customer service training to
division staff.

The HVAC team has recommended
a reorganization of the HVAC work
group that should provide more
focused and cost-effective support for
customers.

Cultural change activities are
beginning to gain momentum. Our
consultants from the University of
Alabama at Huntsville and the Saturn
car company continue to provide us
state-of-the-art advice on tapping the
strength of an effective union-
management partnership to achieve
customer enthusiasm. As joint teams
experience this strength through
successful completion of projects,
support for cultural change grows.

The Necessary and Sufficient
process has been used to develop
“Work Smart standards” for ORNL.
Using these standards as ESH&Q
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requirements for all work at ORNL, we
expect to improve ORNL's ESH&Q
performance while reducing costs and
other impacts on research. All ESH&Q
functions and tasks have been
evaluated against the approved Work
Smart standards by a team led by Doug
Craig, director of ORNL's Metals and
Ceramics Division, and Frank
Komegay of the Central Management
Offices. From this effort, four key
areas were identified in which
significant improvements could be
made. As a result, our goals are to
maintain our set of Work Smart
standards; communicate expectations
and requirements to staff, guests, and
subcontractors; provide meaningful,
cost-effective compliance training; and
provide assurance that operations are
in compliance with work smart
standards. We continue to make
improvements in these areas.

All required ESH&Q training has
been evaluated against our approved
Work Smart standards. We anticipate
significant savings in training costs as
we incorporate better methods to
deliver the material (on the World
Wide Web, for example); grant
requests for exemptions, allowing
some training to be given by subject
matter experts rather than training
staff; and hire the most cost-effective
contracter to provide the required
training.

All Laboratory-level ESH&Q
procedures are currently being
reviewed. Each requirement is being
evaluated against our work smart
standards. Our goal is to significantly
reduce the number and complexity of

the procedures, while enhancing the
usefulness and flexibility of the
documents.

Roles and responsibilities of
organizations and individuals that best
ensure compliance with requirements
are being determined. Enhanced self-
assessment programs will help
research and support organizations
find and fix problems in the most cost-
effective manner, using experience
from successful organizations. Some
organizational changes may be
recommended to ORNL senior
management.

ORNL will continue to be a world-
class research institution because we
recognize the need to ensure high
quality in our research and the ease
and effectiveness of our partnerships.
ORNL researchers collaborate with
researchers from industry, academia,
and other federal laboratories through
user agreements, cooperative R&D
agreements, work-for-others
agreements, licenses, and a variety of
other agreements. Through these
mechanisms, guest researchers work at
the Laboratory or our researchers do
research at other laboratories.

Having an agreement in place before
performing collaborative research is
necessary in order to establish
intellectual property rights and to
address liability issues. It is important,
however, that establishing the
agreement does not consume so much
time and effort that it hampers
collaborative research. The current
process for establishing partnership
agreements and for getting guests and
users into ORNL does just that.
Depending on the nature of the
agreement, as many as five or six
offices are involved in the current
process. When guest researchers arrive
at ORNL, it can take hours or even
days before they can get beyond the
red tape and begin research.

A Science and Technology
Partnerships reengineering team is
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Recently released statistics show
that technology developed at ORNL
and other Oak Ridge facilities is
making a difference among U.S.
industries. A total of $18.3 million in
commercial sales from Oak Ridge
licensed technologies was reported for
the 1996 fiscal year—an increase of
18% over the 1995 figure. Also, during
the past fiscal year, the Office of
Technology Transfer for Lockheed
Martin Corporation in Oak Ridge
executed 59 new cooperative research
and development agreements
(CRADAS) worth $48.6 million. It
also executed 39 new licenses and
2 options for a total of 41 deals.

Technology transfer activities at Oak
Ridge played a major role in
influencing six private companies to
either relocate or open operations close
to DOE facilities operated by
Lockheed Martin here.

Licenses can be either exclusive or
nonexclusive, depending on the
technology involved and the agreement
reached by the licensing executive and
the licensee. A license allows a
company to use a technology, to
manufacture a product, or both.

One license issued recently is for an
optical biopsy system that uses a laser
to determine if a tumor is malignant.
The system, licensed to Optical Biopsy
LLC, a subsidiary of Venture Alliance
of Knoxville and Pioneer Surgical of
Loxahatchee, Florida, may soon
replace conventional tumor biopsies. It

is already in use at the Thompson
Cancer Survival Center in Knoxville.

Another license was issued last
fiscal year to Turtle Mountain
Communications of Maryville for a
button-sized lens system that may
enable the manufacture of video
cameras and transmitters no bigger
than a microcassette. (See p. 102 for a
story on a partnership and license.)

Other noteworthy accomplishments
for the 1996 fiscal year include
$1 million in royalty income from
licenses and execution of the first
municipal CRADA with Los Angeles
County. This CRADA focuses on
solving water pollution problems
caused by urban storm water.

Through CRADAS, go = ment and
industrial partners collaborate on ideas,
share costs, and pool the results of a
particular research and development
program to bring technologies to the
marketplace. Private partners provide
resources for the research effort, while
ORNL or other DOE laboratories
provide personnel, facilities, and
equipment.

Customer surveys show that
industrial firms are pleased with the
services provided by government
partners in CRADAs. In 1996, the
amount of cash brought to Oak Ridge
($1.5 million) by private companies in
support of CRADAs exceeded the
typical “in-kind support” of any
previous year. So it’s been a win-win
situation for all.
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Turning Corn into Chemicals
the Biological Way

In England, it’s the term for wheat;
in Scotland and Ireland, it’s oats. But
in America, corn is the grass called
maize that was domesticated and
cultivated by Native Americans long
before Europeans reached the New
World. Although Americans consume
considerable amounts of fresh corn on
the cob, canned and frozen corn,
cornbread muffins, and popcorn, corn
in the United States is used primarily
as animal fodder and also for making
ethanol fuel and high-fructose syrup
for soda beverages.

Now, scientists from four DOE
laboratories, including ORNL, and a
private company propose another use
for corn. They have developed a
revolutionary process for turning corn
into chemicals needed to make
consumer products. In this process, a
new microorganism efficiently
ferments glucose sugar in corn to
succinic acid, which is an essential
ingredient in the manufacture of
plastics, clothing, paints, inks, food
additives, and automobile bumpers.

In 1996 ORNL and three other DOE
labs signed a $7 million agreement
with Applied CarboChemicals, a
Pennsylvania specialty chemicals
company, to manufacture chemical
feedstocks from renewable farm crops
like corn. The agreement involves use
of the new process, which has been
licensed to Applied CarboChemicals
and which received an R&D 100
Award in 1997.
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This bioprocessing method is
significantly less expensive than
conventional petroleum-based methods
for producing succinic acid. In
addition, it eliminates gypsum, an
undesirable by-product that must be
hauled to landfills. Also, the new
process promises economic benefits by
reducing reliance on imported oil or at
least by freeing up petroleum as a
source of chemicals so it can be used
as fuel. For example, if chemical
feedstocks normally produced from
petroleum were instead generated
using a single combined biological and
chemical plant, the oil saved could be
used to heat 80,000 single-family
homes for a year. Finally, the new
process could expand markets for corn
and other renewable feedstocks and
provide greater job security and
perhaps job growth within agriculture
and related industries.

The new process, developed by
ORNL, Argonne National Laboratory
(ANL), National Renewable Energy
Laboratory (NREL), and Pacific
Northwest National Laboratory
(PNNL), generates, separates, and
purifies succinic acid and uses it as an
intermediate to produce 1,4-butanediol,
tetrahydrofuran, N-methyl pyrrolidone
and other chemical feedstocks used to
make a wide assortment of products.
Existing domestic markets for such
chemicals total more than $1.3 billion.

ORNL was the technical project
leader, and ORNL researchers Nhuan

Nghiem and Brian Davison developed
the fermentation process. This process
uses a novel microorganism, developed
by ANL, that converts corn-derived
glucose to succinic acid at very high
yields. ANL also determined a way to
purify the succinic acid product. NREL
analyzed the economics of the new
process, and PNNL found ways to
catalyze succinic acid to produce
commodity chemicals, the final step in
the conversion process.

This research is part of DOE’s
Alternative Feedstocks program, which
is intended to forge new links between
the agricultural community and the
chemicals industry through support of
research and development that uses
crops to produce chemical feedstocks.
The research is funded by DOE’s
Office of Industrial Technology,
Alternative Feedstocks Program.
Funding is also provided through the
cooperative research and development
agreement with Applied
CarboChemicals.

Using bioreactor columns to ferment
comn, ORNL researchers recently
produced 50 liters of a succinic acid
product in each fermentation and
shipped the broth to ANL for
purification. Later this year 500-liter
fermentations will be performed. If this
DOE technology is commercialized
and used widely to process corn, the
United States may harvest rich
rewards.
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Two current ORNL researchers were
named corporate fellows in 1996:
Robert O’Neill and Stephen J.
Pennycook.

Stan David was named recipient of
the William Irrgang Memorial Award
by the American Welding Society. He
also was selected as a U.S. delegate to
the International Institute of Welding
Annual Assembly held in September
1996 in Budapest, Hungary.

Roger S. Carlsmith, retired director
of ORNL's Energy Efficiency and
Renewable Energy Program, received
the Sadi Carnot Award in Energy
Conservation—one of three prestigious
DOE Energy Science and Technology
Awards.

Kathleen Alexander was selected
one of 1996’s 10 “Outstanding Young
Americans” by the U.S. Junior
Chamber of Commerce and was
honored in Washington, D.C. She also
was elected a fellow of ASM
International.

J. Michael Ramsey received a
Technology Award from Discover
magazine for his innovative
development of a lab on a chip, called
“The Incredible Shrinking Lab” by the
magazine. He also received a 1996
NOVA Award from Lockheed Martin
Corporation.

Phil Jardine, Michael Smith, and
Thomas Thundat each received a
DOE Young Independent Scientist
Award for 1996, as did three scientists
from three other national laboratories.
Four of these six scientists, including
Jardine and Smith, received
Presidential Early Career Awards for
Scientists and Engineers. Jardine also
was appointed an adjunct professor in
the Department of Geological Sciences
at the University of Tennessee and was
elected chair of the Soils and
Environmental Quality Division of the
Soil Science Society of America.

Numbers One and Two, 1997

In 1996 ORNL received six R&D
100 awards from R&D magazine,
bringing ORNL's total for these
coveted techology awards to 85. ORNL
winners were H. Craig Dees (Gencell
101, bacterial cellulase for textile
finishing and other uses); J. Michael
Ramsey and Stephen Jacobson (lab
on a chip for minute chemical
separations); John Bates, Nancy
Dudney, and Chris Luck (thin-film
rechargeable lithium batteries); Tuan
Vo-Dinh, Kelly Houck, and David L.
Stokes (surface-enhanced Raman gene
probe for gene mapping, DNA
sequencing, and other uses); Lynn
Boatner and Ron Feenstra (potassium
tantalate or niobate crystals as
substrates for the growth of oxides for
electronic devices); and Thomas
Thundat, R. J. Warmack, Eric
Wachter, Patrick Oden, and Panos
Datskos (noncontact micromechanical
thermometer and microcantilever
Mercury vapor sensor).

Tuan Vo-Dinh was named the 1996
Tennessee Inventor of the Year by the
Tennessee Inventors Association and
the 1996 Inventor of the Year by the
Inventors Clubs of America, Inc.,
which sponsors the International Hall
of Fame Awards. Receiving Hall of
Fame Awards were nine ORNL
researchers in 1996: Vo-Dinh,
Michelle Buchanan, H. Craig Dees,
Curtis C. Travis, Tim C. Scott, Jih-
Shing (Jason) Lai, R. J. Warmack,
Eric Wachter, and Thomas Thundat.

Barbara Hoffheins, Robert Lauf,
Roddie Judkins, David Stinton,
Ogbemi Omatete, and Claudia Walls
received the Award for Excellence in
Technology Transfer from the Federal
Laboratory Consortium.

The Radiation Research Award
presented by the Radiation Research
Society was renamed the Michael Fry
Research Award after Michael Fry, a
cancer researcher in ORNL’s Life

Sciences Division. The new name
recognizes Fry’s achievements as
editor-in-chief of the journal Radiation
Research and his many other
contributions to the Society.

ORNL winners of three 1996 DOE
Materials Sciences Awards were
Stephen J. Pennycook, for studies of
atomic structure and properties of grain
boundaries in ceramics; John Budai,
Dave Christen, Amit Goyal, Charles
Klabunde, Don Kroeger, David
Norton, Mariappan Paranthaman,
and Eliot Specht for development of
biaxially aligned, high critical current
density, high-temperature
superconducting deposits on textured
metallic tapes; and George Wignall,
Brian Annis, Tony Habenschuss, and
David Londono, for theoretical studies
and neutron/X-ray scattering
investigations of structures of polymer
blends.

Dorothy M. Skinner was selected
to the first group of fellows of the
Association for Women in Science
(AWIS).

Don Batchelor and Martin Peng
were elected fellows of the American
Physical Society.

Fang C. Chen was elected a fellow
of the American Society of Mechanical
Engineers.

Ed Frome was named a fellow of
the American Statistical Association.

John G. Merkle was elected a
fellow of the American Society for
Testing and Materials.

Terry Tiegs was named a fellow of
the American Ceramic Society.

ORNL was honored with a
Corporate Technical Achievement
Award from the American Ceramic
Society.

Vinod Sikka received an award in
industrial technology at the 1996
National Energy Efficiency and
Renewable Energy Awards ceremony
in Washington, D.C., for the Exo-Melt
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