



































because the crew and equipment may be exposed
to deadly weapon fire and NBC agents.

An ORNL group is part of a national team
working to improve the safety and efficiency of
this essential element of armored warfare by
developing critical technology for automated
reloading of armored vehicles. This technology
will be demonstrated using the Future Armor
Rearm System (FARS). Under the project
guidance of ORNL’s Robotics and Process
Systems Division (RPSD), staff members from
RPSD, the Central Engineering Division at Martin
Marietta Energy Systems, Inc., and ORNL’s Plant
and Equipment Division have joined together to
help develop automated reloading technology.

The development of the FARS technology is
sponsored by the U.S. Army’s Project Manager
for Ammunition Logistics (PM-AMMOLOG)
through the Work for Others Office. The charter
of PM-AMMOLOG is to identify logistics
problems in the U.S. Army’s ammunition chain
and find solutions. Ammunition reloading for
heavy armored systems is a proven logistical
problem within the Army’s armored systems.
“The FARS program,” says project sponsor
Nelson Gravenstede, “is intended to develop,
integrate, and demonstrate technologies capable
of moving ammunition from a rearm vehicle into
the tank.”

To develop and demonstrate the FARS
technology, PM-AMMOLOG has put together a
team consisting of personnel from ORNL and
several other Army facilities. The team members
were selected based on their individual expertise.
The ORNL group was chosen based on our
experience with robotic and remote systems, our
advanced controls and integration capabilities,
and our ability to design systems to operate in
hazardous environments, such as nuclear fuel
reprocessing facilities and outer space. Other team
members include the Human Engineering
Laboratory at Aberdeen Proving Ground,
Maryland, and the Tooele Army Depot at Tooele,
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Utah. We are also collaborating with Benet
Weapons Laboratory of Watervliet, New York,
designer of the autoloader that will fit inside the
advanced tank. We are working with these groups
to develop the many subsystems of the FARS
automated reloading system. ORNL is responsible
for the ammunition handling and storage system,
the overall controls, systems integration, and final
technology demonstration.

The FARS will consist of a tracked, armored
chassis and a specialized mission module. The
mission module will house systems for storing
and transferring ammunition into the tank bustle.
Automated reloading, which will be demonstrated
with FARS technology at ORNL, will not only
ease the manual burden on the soldier but will
also provide a safer, faster, and more efficient

- means of reloading heavy armored systems. The

use of FARS technology will eliminate the
possibility of exposing soldiers to enemy fire or
NBC agents during the reloading operation.

With the FARS technology, when a tank is
running low on ammunition, the tank commander
will communicate that need to the base, which
will send a FARS to meet the tank. Because the
FARS will be on a tracked chassis, it will be able
to negotiate the same sort of terrain as tanks, and,
with its armored protection, the FARS will be
able to meet the tank closer to the fighting line
than the HEMTT. The FARS operator will
approach the tank and dock the transfer arm to the
port located on the tank bustle. While performing
the docking operation, the operators will stay
safely inside the FARS cab, relying on camera
viewing and joy-stick control of the transfer arm
to remotely guide it. Once the docking is
completed, the connection between the tank and
the FARS will be purged to remove any possible
contamination by NBC agents during reloading,
and a communication link with the tank will
indicate when ammunition transfer can begin.

Ammunition will be housed in the FARS in
individual storage cells. These cells will be
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conventional separation by gel electrophoresis. RIS
is a laser-based technique invented in Oak Ridge. It
can be used to identify and quantify most elements
by ionizing atoms of each with light of a
characteristic wavelength and then detecting and
counting the removed electrons to measure the
concentration of the target atoms. Combined with
mass spectroscopy, it can distinguish between
isotopes of an element based on differences in their
masses.

Although we first proposed using four stable
isotopes of sulfur because the chemistry for
attaching it to DNA bases was already known, we
found that the stable isotopes of tin are much more
useful because 10 different ones are available.
Because this work required the development of new
chemistry for attaching tin to DNA, we sought the
help of ORNL chemists. Rick Sachleben and Gil
Brown, both of the Chemistry Division, have
accomplished this goal and are working on, or have
proposed, several additional methods.

Bob Foote and Fred Sloop, both of the University
of Tennessee, have attached the tin to DNA bases,
and Rick Woychik and Frank Larimer, both of the
Biology Division, have employed tin-labeled bases
in standard molecular biology experiments,
demonstrating that the new labels perform as they
should. Finally, Norbert Thonnard and Heinrich
Arlinghaus, both at Atom Sciences, adapted RIS
procedures to detecting the tin-labeled bases
produced by Larimer and Woychik.

To ensure the accuracy of our sequencing
technique, we must select stable isotopes that are
not abundant in the environment to avoid
background interferences in our measurements. For
example, we will not use iron because it is abundant
in machinery and the earth’s crust. Because of their
low availability in the environment, we will test rare
earths for sequencing. A complexing agent that will
allow us to attach a number of rare earth isotopes to
DNA bases is being synthesized by Martha Garrity,
a postdoctoral fellow in chemistry from the
University of North Carolina.

Currently, the gel electrophoresis procedure is
being retrofitted to RIS by Mitch Doktycz, a recent
postdoctoral fellow in biology from the University
of Illinois. Debbie Czarniecki, a participant in the
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Great Lakes Colleges Association undergraduate
research program from Lawrence University, is
developing and evaluating altemnative ways of
attaching tin to DNA.

Another novel approach to this problem is
sequencing by hybridization (SBH). Several groups
have proposed new SBH methods, one of which
was reported back to Oak Ridge from Valencia,
Spain, by my son, Dan, who had met a group from
Belgrade, Yugoslavia, that was considering this
approach. As this new approach was studied by the
stable isotope group, Foote recognized the need for
innovative chemistry to make it a practical
procedure. He has been developing this chemistry
with the assistance of K. P. Stengele, a recent
arrival from Germany who has broad experience in
DNA chemistry. The Belgrade group has now
moved to Argonne National Laboratory to develop
the SBH method, and the Affymax Research
Institute is also working on the technique.

Yet another unconventional approach to DNA
sequencing is being pursued by Tom Ferrell, Bruce
Warmack, and Dave Allison, all of the Health and
Safety Research Division (HASRD). I joined forces
with them to provide advice and expertise on DNA.
The goal is to stretch a strand of DNA out on a flat
surface and observe the individual bases directly to
determine their sequence by simply taking a picture
of them. Getting DNA to hold still while its picture
is being taken has proven to be a vexing problem.

When Larry Bottomley came here from the
Georgia Institute of Technology this past summer,
he demonstrated that DNA can be immobilized on a
gold surface. Reproducible pictures can now be
obtained by Allison with a scanning tunneling
microscope and by Tom Thundat of HASRD with
an atomic force microscope. The group is very
enthusiastic over this success.

In the classical method for DNA sequencing, the
DNA molecule of interest is replicated (copied) by
an enzyme, DNA polymerase, to produce a set of
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NEW TECHNOLOGIES FOR DNA SEQUENCING

DNA molecules that represents a series of sizes
that differ by only a single nucleotide. By
subjecting the mixture of these DNA molecules
of varying sizes to gel electrophoresis, the
molecules are arranged by size. (Gel
electrophoresis involves placing pieces of DNA
in a conductive gel and placing a voltage across
the gel. The electric potential causes the DNA
pieces to move through the gel at varying rates,
depending on their size. Eventually this process
results in the ordering of pieces by size.) From
this array, and information obtained from the
method of their production by DNA polymerase,
the sequence is obtained.

The mass spectroscopists have proposed that
their instruments can produce such an orderly
array of different sizes, using the same mixture as
gel electrophoresis, and can distinguish among
the molecules of different sizes by detecting
differences in their masses or other properties.
Thus, they should be able to determine the
sequence directly.

Michelle Buchanan and Bob Hettich, both of
the Analytical Chemistry Division, have used
laser desorption Fourier transform mass
spectroscopy to sequence DNA molecules having
four to six bases. Gary Glish and Scott
McLuckey, also of the Analytical Chemistry
Division, have used tandem mass spectrometry
(MS/MS) to successfully detect a short DNA
molecule, called an oligonucleotide.

Winston Chen of HASRD has recently
proposed the use of ferrocene-labeled DNA to
facilitate ionization of the DNAs in the mixture of
sizes and the detection of individual species of
the different sizes by a high-resolution reflectron
time-of-flight mass spectrometer. Jack Davidson
of the Instrumentation and Controls Division has
proposed yet another approach that is yet to be

tested. These, along with all the other approaches
mentioned here, have the potential to increase the
rate of DNA sequencing by orders of magnitude.

From a lexical viewpoint, interpreting an array
of 500,000 letters (consisting of the A, G, C, and
T of the DNA alphabet) is a challenge. Where are
the words, the sentences, and the paragraphs?
Where do messages embedded in the DNA start
and stop? Some DNA sequences have been
interpreted, and these are being used by Richard
Mural and Ed Uberbacher of the Engineering
Physics and Mathematics Division to train
computers that are equipped with neural networks.
This training enables the computer to recognize
precise information encoded in the DNA
sequence, separating the genetically useful
“words” from the intervening, meaningless groups
of letters. This computer program, called GRAIL
(Gene Recognition and Analysis Internet Link), is
available on electronic mail networks. DNA
sequence data from many laboratories around the
country are now being interpreted by GRAIL,
helping researchers find genes among the other
information.

New technologies for DNA sequencing have
been the focus of the Human Genome Program
and may continue to be supported for two to four
more years. The current plan is eventually to
select the most promising methods and underwrite
them for use in the long-term effort to sequence
the human genome. As more powerful methods
become available, they will also be used to study
the genomes of other animals and plants. The
knowledge of genome sequence and structure can
be employed in treating disease and developing
superior food sources.
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sequence of the bases on
one side of the ladder
makes it possible to
determine the sequence of
the other.

ORNL researchers
have adopted a number of
approaches to sequencing
and mapping DNA. Some
methods are the highly
efficient descendants of
techniques that have been
used for years, such as gel
electrophoresis and
radiolabeling; others

Base pairs

Sugar-phosphate
backbone

employ nontraditional
technologies, such as
laser ionization and
computer modeling.
The result is a wide
array of research
programs that spans
several research

of DNA’s spiral
structure.

A schematic diagram

A three-dimensional
representation of DNA.

disciplines. Many of these
programs are described
below.

If it were possible to take a picture of a DNA
molecule, then the order of its bases might be
easily determined. Dave Allison and Bruce
Warmack, both of the Health and Safety
Research Division, are taking this
unconventional approach to sequencing DNA.

“Researchers in our group are using a new
class of microscopes to develop sequencing
technologies,” Warmack says, “and, for the first
time, we’re enjoying a good deal of success at
imaging complete DNA molecules.” Allison and
Warmack are working with two scanning probe
instruments, an atomic force microscope (AFM)
and a scanning tunneling microscope (STM), to
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determine whether DNA strands can be imaged
well enough toidentify individual DN A base pairs.

The AFM drags a fine metal probe (about 10 to 50
nm in width—a fraction of the diameter of a human
hair) across a sample bound chemically to a
supersmooth surface. The AFM measures variations
in the height of the probe as it is dragged across the
surface of the sample using a laser focused on the
probe’s tip. After the AFM makes 400 passes across
the sample at 1-nm intervals, the data it produces are
converted to a computer-generated image.

The STM, in much the same way as the AFM,
uses an electromagnetic probe to scan a sample at
narrow intervals and construct a computer image of
the resulting data.

Sample preparation for the AFM requires little
more than evaporating DNA out of a water solution
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even at room temperature in fluid solution,
allowing them to be detected simultaneously
with minimum overlap.

“We are interested in designing a labeling
system in which multiple labels could be
detected simultaneously,” Brown says. “From
the sharp nature of the emission spectra, these
elements appear ideal for detection.”

Because the lifetimes of the excited states of
these ions are relatively long, emission detection
can be time-gated, virtually eliminating signals
from background sources. “In time-gated
detection, a pulsed excitation source allows a
time delay between excitation and detection,”
says Brown. “After excitation, we delay turning
on the detector until sources of interfering light,
such as scattered excitation light, Raman
scattering, and impurity
fluorescence have died down,
allowing us to identify bases
with greater accuracy.”

Another advantage of this

half million dollars’ worth of equipment, it
ought to be a big improvement.”

Jack Davidson of the Instrumentation and
Controls (I&C) Division is hedging his bets on
sequencing techniques by working on
instrumentation for three different approaches:
conventional electrophoresis film methods, a
relatively new method known as sequencing by
hybridization, and his idea for a high-speed gel-
less system.

For the conventional film method, his goal is
to develop an inexpensive semiautomatic
scanner that will read the sequence of DNA
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corresponding
bases to be easily
distinguished,
even in solution at
room
temperature.
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become partners in the neural network,” says
Uberbacher. “We provide what we know about
the biology of exon sequences, and the neural
network learns how best to use the
information—each partner contributes
knowledge to the process.”

Although traditional statistical and
mathematical methods exist for analyzing
sequences, these often result in large numbers of
“false positives”—areas identified as exons that
really are not. Because each area identified as
“positive” must be experimentally verified, there
is a premium on selecting an effective, yet
conservative, method of analysis—one that
locates a high percentage of the total number of
exons, with a low false positive rate. The GRAIL
system provides such a method.

Recently, GRAIL was used to analyze a
sequence of bases thought to contain the

Huntington’s disease gene. The system located a
number of potential exons, clustered in such a
way as to suggest several genes. Subsequent
experimental work based on GRAIL’s predictions
has verified exons at 80% of the predicted
locations. Once the location of an exon is found, a
combination of experimental and informational
techniques can be used to determine the portion of
the sequence that makes up the gene.

To encourage researchers outside ORNL to
take advantage of GRAIL, users can send
electronic mail files of DNA sequences directly to
the system and it will automatically e-mail its
analysis back. Tumaround time is usually only a
few minutes for sequences containing fewer than
100,000 base pairs, and single or multiple
sequences may be sent.

Over 200 laboratories worldwide currently take
advantage of the GRAIL system in their search
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The GRAIL system analyzes sequences of DNA bases using seven algorithms or tests to determine the
likelihood that a given sequence contains all or part of a gene. A neural network then combines the results
of these analyses to identify relevant portions of the sequences.
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how the genetic code actually works. “Once
we’ve sequenced and analyzed all the DNA bases
of the human genome,” he says, “we will know
where all the genes are, but we won’t know what
they do.” Studying the mouse genome could
provide some of the missing pieces of the
genomic puzzle.

“If we determine the function of a particular
mouse gene whose location we know,” Woychik
says, “we can often look at the corresponding area
on a human chromosome and locate the
functionally equivalent human gene.”

One of the techniques Woychik uses to probe
the mouse genome is known as insertional
mutagenesis. In this technique, hundreds of
identical pieces of DNA are injected into mouse
zygotes (fertilized eggs) in the hope of creating
mutations in the resulting offspring. The DNA
fragments, or “transgenes,” are then incorporated,
seemingly at random, into the zygote’s genetic
code. More often than not, this process results in
normal laboratory mice, but every so often an
unusual variation in the appearance or physical
structure of one of the offspring, such as
malformed limbs or internal organs, suggests that
a mutation has occurred. “When we see an
abnormality in the appearance of the offspring,”
Woychik says, “we test to determine whether the
gene that was interrupted by a transgene is
responsible for the change in appearance.”

Another technique used to investigate the
function of various mouse genes is known as
targeted mutagenesis. In contrast to the random
mutations introduced by insertional mutagenesis,
targeted mutagenesis allows researchers to
detemine the effect of introducing a mutation at a
specific site on a selected gene.

This degree of accuracy is achieved by
introducing changes in the chromosomal DNA of
cultured embryonic cells using a process called
homologous recombination. In this approach,
altered genetic material is inserted back into the
context of a living mouse by microinjecting the
manipulated cells into a host blastocyst (a 4-day-
old mouse embryo).

Uncovering all the functional parallels between
the genes of mice and humans could easily occupy
several research lifetimes, but Woychik and his
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group have a more modest goal. Says Woychik:
“We hope we can begin to establish molecular
connections between individual genes on the
genome and specific developmental processes in
both mice and men.”

Gene Rinchik and his group in the Biology
Division investigate mouse-human homologies—
mouse genes that are functionally equivalent to
human genes. “Geneticists have found that the
human and mouse genomes are very similar,”
says Rinchik, who has spent the past 13 years
working with mice. “We have also found that
research into the mouse genome can answer a lot
of questions about the human genome because
large blocks of genes have been conserved
throughout evolution and remain remarkably
similar.”

Because the mouse is well understood
genetically, easy to work with, and similar to
humans in many ways, including genome size
and structure, it has become the major model for
the study of human genetics and biology.
Rinchik’s group is analyzing about 2 to 3% of
the mouse genome. “That doesn’t seem like
much progress,” Rinchik says, “but we’re also
trying to determine the function of individual
genes in the sequence as we go.”

The aim of Rinchik’s research is to develop
physical, functional, and mutation maps for the
mouse genome and to use this information to
predict the functions of the corresponding
regions of the human genome. “You can’t
determine this information simply from
sequencing the bases in a segment of DNA,”
Rinchik says. “Sequencing can provide important
information on products of certain genes and
reveal their biochemical functions, but it does
little to predict the function of the gene product
in the whole organism.”

To determine how a gene functions in the
organism as a whole, Rinchik uses heritable
mutations that alter the quality or quantity of the
gene product and studies the effect of these
alterations on the whole organism. One approach






















































By Sylvia Talmage and Barbara Walton

iny contaminants released to the

:nvironment or stored at

1azardous waste sites pose
potential threats to natural wildlife populations.
Scientists have been charged with developing
methodologies for characterizing contaminated
sites and assessing the potential effects of
exposure to these contaminants on both human
and wildlife populations. One approach to the
characterization of contaminated sites is analyzing
soil and water samples. Although such chemical
analyses can provide information on the
concentrations of contaminants present, they do
not take into account the biological availability of
the contaminants to the plants and animals or the
interaction of the contaminants within the
organisms.

Another approach to ecological assessment is
residue analyses of biota—plants and animals at
the site. The underlying assumption is that if
animals are exposed, some of the chemical will be
found in the tissues of their bodies. Thus, residue
analyses of biota (or, more specifically, the target
tissue of the chemical in the biota) collected at the
site can be a more meaningful analytical approach
in that it reveals not only that the contaminant is
present, but also whether it is biologically
available to produce a response. This approach
raises several questions. Are all animals at a site
equally suitable for monitoring? Do differences in
food habits and habitat matter? Should the choice
of species depend on the chemical of interest?

Small mammals, such as mice, rats, and voles,
living in contaminated environments are exposed
to contaminants over time and space and across
media. Therefore, smail mammals are realistic
“bioindicators” of exposure to chemicals. Results
of an extensive literature survey and field studies
conducted in the vicinity of ORNL demonstrated
to us the feasibility of using small mammals as
monitors of environmental contaminants. This was
the subject of Sylvia Talmage’s recent doctoral
dissertation undertaken in the Ecology Program at
the University of Tennessee in Knoxville. The
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research was conducted at ORNL under the
supervision of Barbara Walton of the
Environmental Sciences Division.

Compared with larger animals having extensive
home ranges and low reproductive rates, small
mammals are convenient and useful monitors
because of their small size, abundance, small home
range, short lifespan, early sexual maturity, high
reproductive rate, and short gestation period. In
addition, many are easy to trap. Unlike deer, small
mammals do not migrate long distances; thus, their
point of capture can be used to characterize the
extent of contamination and identify sources, or
“hot spots,” of contamination.

Furthermore, because different species of small
mammals have varying food and habitat
preferences, the species chosen as the monitor
could be important. Insect-eating mammals, for
example, might be better monitors than grass-
eating animals. Our research proved this to be true.
The insectivores, such as shrews, with a position
near the top of a food chain by nature of their diet,
were generally the best monitors for most
contaminants. Omnivores, such as white-footed
mice and deer mice, were also suitable monitors
for many contaminants; these species consume
vegetation, seeds, and insects. Herbivorous animals
such as cotton rats and voles were suitable
monitors only for contaminants that are taken up
by vegetation or deposited directly onto vegetation
in aerosol form—for example, automobile exhaust
or smokestack and factory emissions.

Most contaminants are taken up by target organs
or target tissues. For example, mercury will
concentrate in the kidneys and liver and
radioactive strontium will appear in the bone.
Many organic compounds such as pesticides are
stored in fat tissue. Evidence of an animal’s
exposure to a certain contaminant can be
determined by an analysis of the target organ or
tissue.
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In describing the broad scope of the
astrophysical research proposed for the Holifield,
Jerry Garrett of the Physics Division refers to a
recent book about the physics of the creation of the
universe, called The First Three Minutes. * After the
first three minutes,” Garrett says, “the universe had
cooled sufficiently to allow protons and neutrons to
bind together to form deuterons. Once this
happened, most of the physics wasn’t particle
physics anymore, but nuclear physics. What we’ll
be looking at is not the first three minutes of the
universe, but the next 16 billion years.”

“A typical question in this area is, ‘Why is the
earth’s crust 3% oxygen; why isn’t it 10%?’ says
David Olsen of the Physics Division. “Or we might
want to know, ‘Why does '*O make up over 99% of
the total oxygen on earth while two other stable
isotopes, '"O and '*Q, account for only 0.2%?’ or
“Why are these percentages different in stars and
meteorites?’”

The answers to these questions are directly
related to the history of the early universe. How
and where were these elements made? What were
the temperature and density? How much energy
was being produced? “To answer these questions
we need to know more about the processes that
produce these isotopes in nature,” Garrett says.

One of the processes researchers will be able to
study with the improved facility is “rapid hydrogen
burning,” which is responsible for synthesizing
many of the light elements, up to iron. This process
is thought to occur in binary star systems in which
one of the stars is a red giant, made mostly of
hydrogen, and the other is a white dwarf, made
mostly of heavier elements. At some point, the red
giant becomes so large that the white dwarf can
pull hydrogen away from the giant. This hydrogen
is fed down to the surface of the white dwarf,
where it produces a thermonuclear explosion,
causing jets of proton-rich heavy elements to shoot
out into space (see illustration and photo, p. 67).

ORNL’s radioactive beam facility will produce
beams of many of the nuclides along the predicted
path of rapid hydrogen burning, enabling
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researchers to observe several of the reactions
involved in this process. Also, by studying the
nuclear properties of these stellar isotopes,
scientists will be better able to extrapolate the
properties of the nuclides that even the improved
facility won’t be able to produce.

“This whole process is predicted by
calculations, but is not very well grounded in
experiment,” Olsen says. “We need to establish
the nuclear properties of these isotopes to
determine how the process of rapid hydrogen
burning actually occurs.”

Houriela s new capaoinues wul aiso oe used to
expand its traditional area of endeavor, nuclear
structure studies. The enhanced facility will be
able to create more than 200 nuclei that could not
be produced with stable beams and targets,
increasing the number of nuclei that can be
produced at the Holifield to about 1600. The new
nuclei are concentrated in an unexplored section
of the chart of the nuclides and are distributed
among the proton-rich isotopes of elements from
fluorine to neptunium.

*“Qur current knowledge of nuclear structure is
based on information gained through
experimentation with nuclei that can be produced
with stable beams and targets,” says Garrett. “The
use of exotic beams will provide opportunities to
answer fundamental questions about nuclear
structure and study entirely new phenomena, not
observable with current techniques or predicted
by current theory.”

Proposed areas of nuclear structure research for
the upgraded facility include studies of nuclei
near the doubly closed shell nucleus, tin-100
('*“Sn); heavy nuclei having nearly equal numbers
of protons and neutrons; deformed, or “exotic.”
nuclear shapes; and new regions of nuclear
deformation.

108n is the heaviest possible nucleus with full,
or “closed,” shells containing equal numbers of
protons and neutrons. Nuclei with closed proton













with the Appalachian Regional Commission
(ARC) in an effort to provide badly-needed
educational opportunities to the region. One result
of this effort was a materials sciences workshop at
ORNL for Appalachian students and teachers.

For two weeks, 31 students and 7 teachers
selected by the ARC worked with researchers in
ORNL’s M&C Division. For most of them, it was
the first time they had been exposed to science at
such a high level.

“I"ve never seen anything like this,” said Paul
Terry, a junior at Livingston (Tennessee)
Academy, describing his first impression of
working with a scanning electron microscope.
“The first day, it felt like I was watching some
science fiction movie.” He and two other ARC
participants, Marvin Stemple, a science teacher at
Calhoun County High School, Grantsville, West
Virginia, and Lisa Campbell, a senior at Hurley
(Virginia) High School, were using the
microscope to examine the surface details of
different materials, primarily silicon carbide
composites.

Terry said he is grateful for the workshop
opportunity. “Most schools in our state have a
hard time just finding money for the basics,” he
said. “Without programs like this, small towns
like mine wouldn’t know what is going on in the
science world.”

For most workshop participants, it also was the
first time they had heard the term materials
science. Adam Robertson, a junior at Falkner
(Mississippi) High School, said he wasn’t quite
sure what to expect when he heard he would be
studying materials science at ORNL. “But within
a few hours, Lee (Heatherly) helped us understand
how materials science affects just about every area
of our life, even things like our cars, that we just
take for granted,” Robertson said. “Everything
here is so new to me that it’s been a little
overwhelming, but it sure beats trying to learn
from an outdated science book.”
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Heatherly, a research associate in ORNL's
M&C Division, said he hopes the program will
make students aware of the variety of fields and
opportunities available to them in science. “I just
wish we could reach more of them (students and
teachers),” Heatherly said.

In addition to their research, workshop
participants studied the issues of recycling,
learned about college funding resources, and
attended a career fair. But just as important, they
got to know other students with whom they had a
lot in common.

“It’s nice to see there are so many other kids
like me—we have a lot of the same goals and
dreams. I think most of us realize we may have to
work a little harder to get where we want to go,”
said Christy White, a senior at Ripley
(Mississippi) High School, whose goal is to be a
doctor. But even though materials science seems
far removed from medical science, White said the
ORNL workshop had helped her understand the
significance of science.

“Life itself is dependent on science,” she said.
“Everything you see and touch is affected by it.
It’s an exciting field, and what I’ve seen here just
makes me want to learn more.”— Karen Bowdle

Since the fall of 1991 at ORNL, nuclear
engineering students from the University of
Tennessee (UT) have been gaining hands-on
experience at what is arguably the best shielding
research reactor in the western world.

ORNL has entered into an agreement that will
open its Tower Shielding Reactor II to senior
nuclear engineering students from UT. The reactor
is located at the Tower Shielding Facility.

A memorandum of understanding outlines a
program that will allow the students to perform
startups and shutdowns and to become familiar












Virginia Dale, an ecologist in ORNL’s
Environmental Sciences Division, recently
visited agricultural areas of Rondonia to gather
data on changes in population patterns and land
use resulting from deforestation. She and her
ORNL colleagues used the data to construct
computer simulations that predict both the effects
of colonization and ecological changes on carbon
dioxide concentrations.

“By tracking the history of each lot and tenant,
we can simulate aggregate land-use patterns,”
Dale says. “Then we look at the results of
different scenarios to help determine the best mix
of land use and immigration to slow the increase
in carbon dioxide levels.”

Since the early 1970s, the Brazilian
government has constructed roads and
encouraged colonization in the Amazon region to
reduce overpopulation of coastal cities. Thus,
Dale says, road expansion is a reliable indicator
of the amount of deforested area.

The vast majority of the farmers who have
settled in Rondonia have burned large portions of
the lush rain forests and converted the land to
crop production and later to pasture as the
ground became depleted of nutrients. Because
forests contain about 90% of the carbon stored in
the earth’s vegetation, such burnings release
large amounts of carbon dioxide into the
atmosphere. “For at least a month each year,”
Dale says, “the smoke is so thick that the sun is
visible only at sunrise and sunset.”

Marcos Pedlowski, a Brazilian researcher at
Oak Ridge Associated Universities, accompanied
Dale for much of the research trip and
interviewed 86 local farmers to determine more
precisely how they use their land. Only two were
managing their farms with agroforestry
techniques—cultivating trees for lumber and
coffee or planting cacao trees for chocolate while
raising a mix of crops. The others still employ
slash-and-burn agriculture, which is lowering the
fertility of increasing amounts of land.

“Mixing crops and allowing trees to remain
and reach a harvestable size,” Dale says,
“appears to be a much more sustainable strategy
in the long run.” She added that the development
of the computer models, which is supported by
the ORNL Director’s Research and Development
Fund, will be vital in planning future land-use
strategies in South America and elsewhere.—
Wayne Scarbrough
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Implementation of an action plan to correct 414
deficiencies identified at ORNL during a 1990
Tiger Team assessment is estimated to cost $740
million.

On November 25, 1991, Secretary of Energy
James D. Watkins approved and directed
implementation of the “corrective action plan” for
ORNL. The plan describes the organizational
structure, management systems, and specific
responses that are being developed to implement
corrective actions and to resolve root causes
identified in the Tiger Team assessment. The
DOE Oak Ridge Field Office and ORNL prepared
the action plan with input from DOE’s offices of
Energy Research, Nuclear Energy, and
Environmental Restoration and Waste
Management.

The Tiger Team assessment is part of an overall
initiative introduced by Admiral Watkins in June
1989 to strengthen environmental, safety, and
health programs at DOE. The Tiger Team
identified a total of 414 “findings” during the
assessment, conducted from October 22 through
November 30, 1990. The findings included 331
safety and health, 70 environmental, and 13
management inadequacies.

Many deficiencies already have been corrected,
according to Mike Kuliasha, who headed
preparation of the action plan. Corrective actions
are being taken in order of priority to address the
most serious problems first. ORNL had no
category-1 findings that pose an immediate risk to
health or the environment. The Tiger Team did
make 12 category-2 findings that present a
significant risk. Kuliasha said that 10 of the 12
category-2 findings made by the Tiger Team will
be corrected by the end of 1992 and that the other
two deficiencies in this category will be remedied
by 1994,

According to a DOE news release: “In many
cases, the planned corrective actions are
straightforward and can be readily implemented
within funding levels. Because of the need to hire
additional people, develop and implement
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barriers to the adoption of conservation
measures, such as the compact fluorescent
lightbulb.

“Utilities in as many as 20 states use integrated
resource planning to choose new supply- and
demand-side options,” Hirst said. “Among other
things, those programs explicitly consider
conservation as an alternative to new power
plants.”

The report observes that electricity generation
results in about two-thirds of the sulfur dioxide
and one-third of the nitrogen oxide and carbon
dioxide emissions in the United States. “In the
past, some utilities reduced emissions beyond
levels required by federal and state laws to be
good corporate citizens,” Hirst said. “Now,
utilities have another motive for reducing
electricity generation to reduce pollution.
Because utilities must abide with regulations
such as the 1990 Clean Air Act Amendments,
pollutants will become more expensive for them
and, consequently, for ratepayers.”

The report, issued and available from ORNL,
also examined the reasons why utilities should
encourage their customers to adopt energy-
efficiency measures.

“Among the factors that should make utilities
want to intervene,” Hirst said, “are their interest
in improving relationships with customers,
technical know-how, and access to large amounts
of capital.”—Darryl Armstrong

Preliminary test results show that ORNL’s
development of a “cold” neutron source for an
advanced research reactor is promising. The
source will be operated at extremely low
temperatures on the world’s most powerful
research reactor currently under design.

That reactor, the Advanced Neutron Source
(ANS), is being considered for construction at
ORNL. The ANS would be designed to meet the
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national need for an intense, steady-state source
of neutrons for research and would enable the
United States to recapture world leadership in
neutron-scattering experiments.

A major justification for the ANS is to
provide neutrons of very low energy for
research in materials science, biology, and
fundamental physics. These cold neutrons are
produced by passing neutrons from the reactor’s
core through a moderator, which slows them
down by absorbing much of their momentum
during collisions with other atoms. The two cold
neutron sources that will be located near the
core of the ANS will be identical vessels
containing liquid deuterium at a temperature of
about 20 K.

Deuterium, an isotope of hydrogen, was
chosen as the moderator for the ANS cold
source because its molecules efficiently slow
down the neutrons without absorbing them and
because deuterium does not freeze at these low
temperatures.

At ORNL tests are being conducted using
models of the cold neutron source because this
type of moderator, known as a boiling
moderator configuration, has never been used at
the high heating levels expected in the ANS.
Because of the heat from gamma rays produced
by the reactor, the temperature of the deuterium
will tend to increase. This type of cold source
dissipates heat by allowing the deuterium to boil
so that its vapor transfers the heat to a heat
exchanger located above the cold source vessel.
The condensed deuterium flows back to the
vessel through a liquid return line.

In recent tests using a model consisting of
liquid nitrogen (at a temperature of about 75 K)
instead of deuterium and a grid of electric heater
wires to simulate the gamma heat, researchers at
ORNL have demonstrated stable operation of
the cold source at power levels greater than
expected in the ANS facility.

Further experiments will be conducted using
models that simulate the shape and heating of
the ANS cold source even more accurately. A
second series of tests using liquid hydrogen or
liquid deuterium will be performed.—Wayne
Scarbrough
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Do the eyes have i—
the ability to influence
reactor, robot, and
computer control?
ORNL's improvements
of eyegaze
measurement
technology could lead to
fascinating applications.
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