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unds that have
an uncanny ability to home in on particular targets
within the body. Their “magic” is provided by
chemically attached radioactive isotopes, labels
made of small quantities of radioactive material
that enable physicians to obtain detailed images of
internal organs, deliver doses of radiation to
specific destinations, and trace the movement of
medications—all without picking up a scalpel.

In recent years, a barrage of magic bullets has
been fired from laboratories around the country,
but because of their long and involved
development process, relatively few have been
tested in human patients—fewer still have found
commercial applications. Despite these odds, the
researchers of ORNL’s Nuclear Medicine Group
have gained reputations as sharpshooters, thanks
to four new magic bullets now in clinical
testing—a radiolabeled antibody that targets colon
cancer cells, a test agent for pancreas problems,
and imaging agents for monitoring blood flow in
the heart and detecting early signs of heart
disease. A fifth agent that promises to help track
the changes in brain chemistry resulting from
Alzheimer’s and related diseases is undergoing
preclinical studies.

Colorectal cancer is expected to claim 57,000
lives this year in the United States, making it
among the most deadly forms of the disease. This
grim distinction places it high on the “hit lists” of
scientists who work to make magic bullets ever
more effective. One of the obstacles facing these
researchers is the need for radiolabeled
compounds that not only do the diagnostic or
therapeutic job they were designed for, but also
are easy and convenient to use.

A new radioisotope generator system developed
at ORNL promises to make the versatile
radioisotope, rhenium-188, readily available for
the treatment of colon cancer and arthritis for
weeks at a time. “Rhenium-188 is expected to
have several applications,” says Russ Knapp, head
of ORNL’s Nuclear Medicine Group. “It can be
attached to therapeutic agents and used as a tracer
to monitor their movements through the body, or
it can deliver a dose of radiation to shrink or kill

an inoperable tumor. It may also be attached to
small ceramic particles and injected into
patients’ abdominal cavities to treat uterine
cancer. Members of the group who have made
important contributions to the development of
this generator system include Al Callahan, Ed
Lisic, Saed Mirzadeh, and Arnold Beets.

In addition, the rhenium isotope can be used
to treat rheumatoid arthritis in knees and other,
fluid-filled joints. In this treatment the isotope is
bonded to compounds that are injected into the
fluid of the joint; the energy released as the
rhenium decays helps relieve the painful
swelling and inflammation of joint membranes.
Similar applications have been suggested for
reducing the pain associated with bone cancer.

The grapefruit-size rhenium-188 generator
system has two advantages over systems that
produce other therapeutic radionuclides. First,
rhenium-188’s parent isotope, tungsten-188,
which is produced at ORNL’s High Flux Isotope
Reactor, has a half-life of 69.5 days. So, it takes
about 10 weeks for half of the tungsten-188 to
change or “decay” into rhenium-188. The
tungsten’s gradual decay provides a constant
supply of rhenium for several weeks—making it
much more convenient to use than most other
radioisotopes. In addition, as it decays, the
rhenium isotope produces photons, short bursts
of energy in the form of light, which allow its
distribution to be monitored with the photon-
sensitive cameras that are already widely used
for imaging in health-care facilities.

Working with David Goldenberg and his
colleagues at the Center for Molecular Medicine
and Immunology at the University of New
Jersey, researchers have developed a quick and
easy procedure for chemically linking rhenium-
188 to an antibody that homes in on colon cancer
cells. This combination, known as an
immunoconjugate, delivers a precisely targeted
dose of radiation to colorectal tumors. Although
the half-life of radioactive rhenium is only 16.9
hours, the radiation it releases can penetrate
nearly a centimeter into tumor tissue, suggesting
this technique could be useful for treating larger
tumors.

Initial studies in a group of 12 patients with
tumors that had not responded to other
treatments demonstrated the immunoconjugate’s
knack for concentrating in colorectal cancer

Despite the long and difficult process of developing “magic bullets” and getting them approved for testing in
humans, four new ORNL-developed compounds are now involved in clinical studies, and one is undergoing
preclinical testing. Here a patient exercises while being given ORNL'’s iodine-123-labeled heart-imaging
agent. (Courtesy, J. Kropp, M.D., and H.J. Biersack, M.D., et at., Clinic for Nuclear Medicine, University of

Bonn, Germany.)
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or with the chemical
structure of the radiolabeled
fat that was used,” says
Knapp. “We decided that, if
we could synthesize a fat
whose radiolabeled by-

products would probably be Gallbladder

excreted in the urine, we
could develop an effective
test.” While in Bonn,
Knapp synthesized a new
triglyceride fat containing
the iodine-131-labeled
fatty acid residue. This
radiolabeled test agent is
stable, can be stored for
several weeks, and most
importantly, its
radiolabeled component is
released in the urine. The
amount of radioactivity in
urine samples is then
analyzed and compared to
the amount administered to determine the rate at
which the fatty acid residue is being metabolized
by the pancreas.

Initial studies in laboratory rats were
conducted at ORNL with an iodine-125-labeled
compound by Nuclear Medicine Group members
Kathleen Ambrose, Al Callahan, Carla Lambert,
and Dan McPherson. The iodine-125 tag has a
longer half-life than iodine-131 (60 days versus
8), making it more convenient to use in animal
experiments. The results of these studies were
very promising—18.9% of the radioactivity from
the orally administered test agent was released in
the urine during the first 24 hours.

Knapp then developed a test procedure and
synthesized the iodine-131-labeled agent for
initial tests in humans conducted by Joachim
Kropp, M.D,, at the Clinic for Nuclear Medicine
in Bonn. Of the 23 individuals participating, 20
had normal pancreatic function and 3 had
previously documented pancreatic insufficiency.
The results of these studies showed that
participants with normal function released an
average of 61.8% of the iodine-131 in their urine
after 48 hours. The patients with impaired
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The pancreas (right) produces enzymes that help the body break down
fat. Failure to produce enough of these enzymes often signals serious
problems, such as pancreatic cancer or inflammation of the pancreas.

function released only 18.9%—significantly less
than the control group.

These preliminary results demonstrate that this
technique provides a simple test for pancreatic
insufficiency. “This approach is not as direct as a
typical nuclear medicine imaging procedure, such
as imaging a tumor,” says Ambrose, “but it gives
indirect proof of pancreatic disease or intestinal
absorption problems. Low excretion levels
identify individuals who need to undergo further
testing.”

Over the next year, Knapp and his
collaborators Joachim Kropp and Hans Biersack,
both of the University of Bonn, plan to gather
more extensive data from a larger group of
control patients and also from several different
groups of patients with various other types of
gastrointestinal disease.

Heart function tests are administered to
thousands of Americans each year. These tests are
of critical importance in diagnosing and treating
both congenital defects and diseases of the heart.
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Human decision making is traditionally intuitive
and based largely on experience and expertise.
Normally, this process requires both qualitative
and numerical data, but in the end, intuitive
feelings about a dilemma lead to the decision.
Many theories try to explore the nature of this
intuitive process, but at this point all we know is
that it normally works!

At first glance, computer decision making is
much simpler to understand, because it is based
wholly on numerical criteria. When should a stock
be sold? When the current price falls below a
particular value. When is a contaminated soil site
undergoing remediation considered clean? When
all the sensors at the site report levels of
contaminant below a certain critical value. When
should an alarm system go off? When the
temperature exceeds a certain value. However, the
stock decline may be a result of a general decline
in prices; the recorded sensor values, although low,
may result from seepage of hazardous material to
the bottom of the aquifer from whence it will
slowly pollute the water in the future; and the
temperature may have been sensed exactly when
someone was lighting a cigar. Generally speaking,
making a computer “smart” is a nontrivial task
because we must be able to foresee such
possibilities as the need to account for other stock
prices, dense contaminants, and cigar smoking and
somehow make the computer take these factors
into account.

Automated decision making is a process of
determining and carrying out an act in response to
a given input; the determination is made among
many responses to inputs that may vary
substantially. The actual input will normally be a
string of numbers. The key component of such a
process is the mathematical algorithm that must
determine what to do in response to the input.
Some common problems facing the algorithm
writer are the following:

a. How do we measure the input string to
determine our response?

b. How do we determine whether the chosen
response corresponds to what we intuitively
wish to happen?

¢. How do we take noise and uncertainty into
account?
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d. How do we make use of other possibly non-
numerical and sometimes subjective information
in our decision-making process?

e. How do we take into account contradictory sensory
input and still reach a decision on what to do?

The first problem is related to the classic question,
“How big is big?” It suggests the need to define a
size estimate or “norm” for our inputs.

The solution to problem b is often the most
difficult to determine. Commonly, automated
decision systems are developed to meet problems
arising in emergencies, for which actual tests are
not possible (e.g., explosions or fires). To address
this point, detailed simulations of the system of
interest must be combined, if possible, with
extensive human input.

The noise and uncertainty of problem ¢ are
constant companions to all systems. The combined
effect of all things that are either of unknown form
or origin or arise from known effects can be
regarded as noise. It is generally treated by tools
of probability. Uncertainty refers to varying degrees
of belief about various features of a process. For
example, given a variety of sensors for measuring
temperature at a point, measurement by one sensor
may be believed more accurate than that by another.
The actual belief can be assigned using the tools of
fuzzy analysis in which numerical estimates of
belief are blended with our expertise.

Problems d and e are probably the key difficulties
of artificial intelligence today. To deal with d, we
develop “expert systems” in which the rules to be
followed, such as when to sell stocks, are
implemented in accordance with the advice of an
expert in the field. Problem e arises when two
experts give opposing opinions about what is going
on or what policy is to be followed. Although criteria
abound for reaching decisions based on muitiple
sources of information, the area is still at the stage
of basic research and trial.

Considering the exponential growth of computing
power, it seems certain that number and logic
“crunching” will be less of a source of computing
difficulties. But it is equally clear that, as we turn
to the computer to make decisions in real time, we
will have little choice but to confront the problems
raised here and to develop new mathematical tools
to deal with them
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EDUCATIONAL ACTIVITIES

allows teachers or students to use the network to
request information on things like the effects of
global warming. When a request is received, a
researcher at the Laboratory or one of the other
institutions provides an answer via the network.

Similarly, ORNL’s Engineering Physics and
Mathematics Division offers a service called
Nethb. Neitlib is a data base of mathematical
routines students and teachers can access through
the network to perform a variety of time-
consuming functions, such as inverting a matrix.
This service has been around for years but has
become much more popular since it has been
accessible through the Internet.

OREN has also been asked by the National
Academy of Sciences to provide network access
for all of the Presidential Awardees—outstanding
teachers from all 50 states. OREN will provide
these educators with a way to interact with their
peers nationwide and share some of their award-
winning insights.

Wooten sees OREN as a winning proposition for
ORNL, its community, and the system’s users. “It
allows the Lab to be both a good citizen and a
source of information,” he says. “One of the
functions of a national laboratory is to support and
inform the community around it,” he says. “If you
don’t get the word out, you’re not doing a lot of
good.”—Jim Pearce

Six Tennessee high schools will participate in
DOE’s “Adventures in Supercomputing” (AiS)
program at ORNL. Twenty-five high schools from
across the state applied for spots in the two-year-
old program, which is offered by ORNL, Ames
Laboratory, and Sandia National Laboratories.

Today, many public schools still have little or no
access to computers. The AiS program provides
students with first-rate computing systems and
networks at no cost to the school.

Each selected school will receive a free, open-
ended DOE loan of four Apple Macintosh
computers, software tools, a color printer,
curriculum materials, and continuing support from
technical consultants. Students will have access to

federal laboratory supercomputers through the
Internet communications network. This service,
program coordinators say, will encourage
development of essential skills for high-tech
research in the future.

“Increasingly, science is advanced by use of
computer simulations and other computational
science techniques,” says Richard Hicks, AiS
coordinator for ORNL. Because computer models
can save considerable time and money and are
inherently safe, they benefit nearly every branch
of science.

Barbara Summers, who teaches chemistry,
calculus, and computer programming at Central
High School in Wartburg, said AiS has revitalized
her students’ interest in math and science. “It has
literally been a springboard for taking our school
into the world of high technology. Before we got
into the program, we didn’t have many kids with a
driving interest in math and science. Now, the
computer lab is full constantly,” she said. Her
students’ research projects range from design of
better materials for spacecraft to environmental
cleanup technologies.

In June, a team of two teachers from each
selected Tennessee high school attended a two-
and-a-half-week summer institute at ORNL,
where they were shown how to set up their
classroom workstations and were trained in
programming, networking, and the basic concepts
of high-performance computing.

Selection of schools is based on their ability to
fulfill the program’s goal of reaching women,
minority, and disadvantaged students and to
provide two highly motivated teachers. “This
program,” Hicks says, “not only addresses the
issue of improving overall technical literacy but
also seeks to expand the pool of students who
seriously consider scientific careers.”

Summers says she’s convinced the program is
already steering students in that direction. “Our
school doesn’t start until 8:45, but we have kids
showing up at 7:30 just to get on the computers,”
she said.

“It’s s0 exciting to see where we are now,
compared with where we were before the program
started here.”—Wayne Scarbrough and
Karen Bowdle
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ground. Busek, Tsipursky, and Hettich speculated

. in a 1992 paper that lightning strikes could provide
conditions that are favorable for the formation of
buckyballs.

The shungite fullerenes are notable not only for
their earthly origin, but also because they may have
been formed as solids-——most laboratory-created
fullerenes are grown in the gas phase. “This is the
first example of solid-phase fullerene growth,” says
Hettich, “It has raised a lot of questions about how
the rock was formed, how old it is, and how its
composition may have changed over time. Because
the shungite sample may be volcanic in origin, you
can imagine conditions, like those in a volcano, that
would be hot enough to form fullerenes and, at the
same time, have little or no oxygen or nitrogen
present. But right now, no one is sure exactly how
these fullerenes were produced.”

“This kind of discovery raises more questions
than it answers,” says Hettich, “but that’s not
necessarily a bad thing.”—Jim Pearce

“Sans doute!” a confident Frenchman might
say—*“‘without a doubt!” But in the brand new
world of fullerenes, this sort of certainty is
sometimes in short supply. Much of the uncertainty
surrounding these newly discovered carbon clusters
stems from their size—you could line up 25 “lion
C,,molecules on a ruler before passing the inch

-mark.

So, although tools like mass spectrometers can
be used to distinguish heavier fullerenes from
lighter ones—separating C ,, from C , for

instance—researchers still have trouble answering
some of the most basic questions about them. How
big are they? Are they shaped like spheres,
dumbbells, or what? How and where do other
atoms bond to their inner and outer surfaces?
Using a time-tested analysis technique of small-
angle neutron scattering, appropriately labeled
SANS, a team of researchers from ORNL’s
Biology, Chemical Technology, Health Sciences
Research, and Solid State divisions is working to
dispel some of the mystery surrounding fullerenes,
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including how they interact and bond with other
elements and with each other.

The preferred method of studying the structure
of most materials is crystallography. This
technique enables researchers to pinpoint the
location of every atom in a sample. “Even though
C,, has been crystallized, this is not always
possible with other materials,” says Stephen
Henderson of ORNL’s Biology Division. “Other
techniques, like SANS, are more accessible,
though they give less structural information.”
SANS requires only that the material be dissolved,
rather than crystallized; then scattered neutrons are
counted for several hours and the data are
analyzed.

The SANS research facility, located at ORNL’s
High Flux Isotope Reactor, is operated by George
Wignall of the Solid State Division. There.
dissolved fullerene samples are placed in the path
of a neutron beam. As the beam passes through the
sample, neutrons are deflected, or scattered, by
carbon molecules in the solvent. This scattering is
recorded by a detector, providing a two-
dimensional pattern, or “signature,” for the
material, which can then be analyzed to determine
the size and shape of the dissolved molecules. (See
the back cover of this issue for a SANS-eye view
of a solution of C, molecules.)

“The greatest significance of using SANS to
analyze fullerenes is its ability to discern shapes,”
says Bob Haufler, a postdoctoral fellow in the
Health Sciences Research Division (HSRD). “This
is clearly fertile ground for new chemistry. I think
it will be especially helpful in situations where
atoms of hydrogen or metals are attached to the
inside of the fullerenes.” “It’s also interesting to
see how the fullerenes interact with the solvents,”
says Kathleen Affholter of the Solid State Division,
“to see if polymers are forming, for example.”

The SANS facility “sees” objects in its neutron
beam by keeping track of the neutrons the objects
scatter. This scattering varies with the square of an
object’s volume, so when its diameter decreases by
half, it scatters only one-quarter as many neutrons.
As aresult, the smallest fullerenes are near the
lower limit of what the SANS can see—a factor in
the past reluctance of researchers to use SANS in
this type of research.
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Even though the outcome was in doubt, Wignall
encouraged Affholter and others to pursue the
project because the potential scientific payoff was
so high. “If it hadn’t been for George,” Affholter
says, “the project wouldn’t have started in the first
place.” When Affholter introduced the idea of
using the SANS facility for fullerene studies to
Bob Compton of HSRD, he said his group was
making some C , and C  molecules and they
didn’t know what they looked like—whether they
were dumbbell-shaped or just bigger versions of
the more or less round C,, and C, balls. “We
decided to look at the C60 and C70 balls first,” says
Affholter, “because they were available and their
sizes and shapes were already known.”

Because of the relatively small sizes of these
fullerenes, the researchers sought to optimize
several factors in the experiments. First, the
distance the neutron beam traveled through the
fullerene solution was increased from a typical
2 mm to 20 mm, increasing the likelihood of
interactions between the fullerenes and the neutron
beam. “As a result,” says Henderson, “we got
incredibly good statistics after an hour or so.
Often, for solution work, differences are hard to
see even after 10 hours of counting.”

Second, the fullerenes were dissolved in a
solvent that is relatively transparent to neutrons to
maximize the contrast between the two. “A visual
analogy,” says Henderson, “would be observing
blue balls in a transparent solvent, rather than in a
blue solvent.” Fortunately, the solvent that
provided the best contrast also dissolved C, and

60
C,, most effectively, again putting more molecules

inﬂghe path of the beam.

The team hopes to expand its work to include
further explorations of the basic chemistry of
buckyballs, including imaging fullerenes that have
been combined with other elements, such as
hydrogen, fluorine, and various metals. They
expect to be able to determine how many and
where these “piggyback’ atoms are attached to the
inner and outer surfaces of the fullerenes. They
also expect to be able to produce and analyze
larger fullerenes.

It is difficult to get this kind of information
from other techniques,” Henderson says. “We also
expect to be able to see whether these additional

atoms have expanded the structure of the
fullerenes. The actual mechanics and chemistry of
adding other atoms to these molecules helps us
understand how they react and combine with other
elements. It could be that these materials—
hydrogenated fullerenes, for instance—are better
starting points for making other products.”

“This project was an excellent example of
cooperation among four research divisions,” says
Affholter. “Everybody had something to add to the
project. Everybody talked and pulled together to
make it work.” The success of this group bodes
well for the future of the informal collaboration.
*We’ve gotten together to determine what we want
to do next,” Affholter says. “We like doing this
kind of work, and if we don’t do it, people at other
labs will.”

Sans doute!

Now that the “new world order™ left in the wake
of the Cold War has had a couple years to take
shape, several trends are clear. One is that, despite
predictions of a new prosperity and a peace
dividend, conflicts, both ancient and new, continue
to make the world a very dangerous place. Another
more disturbing trend is that unfamiliar variables
must be figured into the world's balance of
power—an equation that had remained relatively
unchanged for four decades.

Far from causing peace to break out across the
world, the end of the Cold War and the collapse of
the Soviet Union have actually increased the
number of nations with access to sophisticated
military hardware. In addition. the economic
instability that accelerated the Communist bloc’s
demise continues unabated in its successor states,
pressuring some of them to offer high-tech
armaments to any government that can afford
them.

Among the weapons finding their way into the
burgeoning international arms market are
submarines. For example, last November The New
York Times reported deployment of a U.S. nuclear
submarine in the Persian Gulf following Russia’s
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The LCC provides a 91-meter-long (300-foot-
long) model ocean that enables researchers to
simulate underwater conditions like pressure,

temperature, and current flow to test low-cavitation

hull designs and other low-noise components in a
realistic environment.
Because the LCC is located on dry ground,

researchers can use state-of-the-art computers and

acoustic sensing technology to eavesdrop on the
most minute sonic ripples emanating from scaled-
down submarines and components during
underwater operations. The LCC’s sophisticated
instrumentation is largely a result of work done
over the past seven years by ORNL’s Real-Time
Computing Systems Group working with
researchers at the Navy’s David Taylor Research
Center in Bethesda, Maryland, and the Naval Sea
Systems Command.

The product of this long-term joint effort is the
Large Cavitation Channel Data Acquisition and
Analysis System (LCCDAAS). By incorporating
instrumentation that can be electronically steered
to look at all aspects of a propeller, hull, or other
component, this system is 5 times more sensitive

than any other noise-detection facility and focuses

on noises in three dimensions, instead of one or
two. This capability allows researchers to more
effectively isolate unwanted noises in the
components being tested.

The method of noise detection and isolation used

by the LCCDAAS is called beamforming.
Beamforming is a way of combining individual

hydrophones are assumed to be traveling in the
same plane—arriving simultaneously at all of
the sensors when the array is steered broadside
to the target. In reality, sound waves are
spherical, but for closely spaced hydrophones at
a great distance from the target, the difference is
negligible. When the target is much closer to the
hydrophone array, as close as 2 meters (6 feet) in
the LCC facility, the sound waves reach
different hydrophones at different times, and the
computer must make instantaneous time-delay
adjustments to determine the source of the
sound.

To accomplish this feat in real time, the
system’s sensors funnel 4.6 million
measurements each second to a bank of eight
computers operating in parallel. The system can
beamform 45 acoustic data channels
simultaneously as well as monitor 128 facility-
related sensors measuring parameters such as
water temperature, pressure, and acidity level.
This amount of computational firepower
produces an instantaneous acoustic analysis of
each component being tested. The computer
system then integrates acoustic data with the
facility measurements to give researchers a
picture of the environmental conditions being
simulated as the data are gathered.

In a time when both national security and
government spending often dominate the news,
the LCCDAAS is proving to be doubly
beneficial. Not only do the data the system,

sensor data to enhance the signal-to-noise ratio for produces translate into stealthier submarines
noise levels below that of the background noise in with greater versatility and effectiveness, but
the ocean or test facility. Beamforming also they also streamline the design process and help
enables researchers to determine where the noise is avoid cost overruns by enabling designers to
coming from. correct potential problems on scaled-down hulls

The beamformers use 95 sensors, or hydro- and other components before they go into
phones, in four frequency bands, from 1250 Hz to production.

Future plans for the system include expanding
capabilities at the LCCDAAS to decrease
analysis time and possibly developing a more

20 kHz, covering four octaves of sound. A single
hydrophone would pick up noise from all
directions, but by using an array of hydrophones,
beamforming “aims” the array at the target and compact, shipboard version of the system to
keeps extraneous noise to a minimum. monitor experiments at sea. In the meantime, the
When a beamformer is operating in a large body LCCDAAS is helping ensure that U.S. forces

of water, the distance between the beamformer and can keep both a low profile and a watchful eye
its target is much larger than the distance between on things as the new world order evolves.
hydrophones, so the sound waves reaching the —Jim Pearce
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If the atmospheric concentration of carbon
dioxide (CO,) were doubled, the total biomass of
young tree seedlings apparently would increase by
about one-third, based on the results of 58
controlled exposure studies. Averaged across forest
species, this increase in biomass would be evenly
allocated to leaves, stems, and roots, especially
fine roots.

These tentative conclusions are based on data
collected by Stan Wullschleger and Rich Norby,
both of ORNL’s Environmental Sciences Division.
They are compiling the first data base on the
capacity of forest trees of different species to
sequester carbon in a future world whose
atmosphere is enriched in CO,.

The ORNL data base should help clarify the
growth responses of 73 forest tree species to
elevated concentrations of atmospheric CO,.
Extensive data bases have already been compiled
to address the growth responses of agricultural
crops to increased atmospheric CO, concentrations.

Once completed, this data base will make it
possible to determine whether growth responses to
experimental CO, enrichment vary according to
climate and whether CO,-induced increases in
biomass above and below the ground are likely to
be limited by nutrient and water availability, which
may be linked to global warming. Information
from this data base will be evaluated within the
context of global carbon models to assess future
global change scenarios.

—Carolyn Krause

Habitats of threatened and endangered birds,
turtles, alligators, and fish in South Carolina may
be vulnerable to a rise in sea level that could result
from global warming, according to ORNL
research.
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Tammy White and Richard Daniels, both of
the Environmental Sciences Division, identified
nine species whose habitats are at risk to a sea-
level rise that could result from glacial melting.

“The habitat of the nationally endangered
Bachman’s warbler will be most affected by sea-
level rise,” White says. “This finding is
significant because the species is near extinction
in South Carolina.

“The continued existence of nesting habitat is
essential for the survival and reestablishment of
these species. The threat to the species of a
potential climate warming is not considered by
the Endangered Species Act of 1973. This act,
which defines methods for identifying and
protecting threatened and endangered species,
assumes that the climate remains stable.”

In this analysis, White and Daniels considered
geophysical factors such as elevation, land
erodibility and subsidence, shoreline retreat, and
the energies of high waves and tides. They
correlated a coastal vulnerability index—
calculated values indicating the relative
vulnerabilities of coastlines to inundation and
erosion as a result of sea-level rise—with the
habitats of the threatened and endangered
species.

The species and percent of habitat at risk were
found to be Bachman’s warbler, 67%; red-
cockaded woodpecker, brown pelican, and bald
eagle, 50%; loggerhead sea turtle and wood
stork, 40%; American alligator and piping
plover, 35%; and shortnose sturgeon, 14%.
Except for the shortnose sturgeon, these species
nest along the coastline.—Carolyn Krause

Even in this age of information, “informatics”
is not a household word. Nevertheless, it is the
linchpin of what may prove to be one of
science’s greatest feats—deciphering the human
genome.

Individual laboratories at ORNL are
microcosms of global efforts now under way to
understand the estimated 100,000 human genes
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an accessible, comprehensive data base for
ORNL'’s gene-mapping efforts (in which scientists
determine the location of specific genes along
strands of DNA). And third, it will implement a
variety of analytical “tools” to help researchers
access gene-mapping data bases and sequence data
to query about a specific base sequence, gene
location, or other information about genome
function.—Wayne Scarbrough

In recent years, DOE has strengthened its efforts
to clean up hazardous waste resulting from past
operations and to greatly reduce the amount of new
waste produced at its facilities nationwide.

As part of the efforts, chemical engineers at
ORNL have designed a unique facility to monitor
and evaluate methods of treating wastewater. The
work is being funded by DOE's Office of
Environmental Restoration and Waste
Management.

Called the Wastewater Treatment Test Facility
(WTTF), it was designed to be a scaled-down,
combined version of two elaborate wastewater
treatment systems at ORNL—the Process Waste
Treatment Plant and the Nonradiological
Wastewater Treatment Plant.

“It was made to simulate, on a small scale, the
operations at both plants,” said Cliff Brown, a
section head in ORNL’s Chemical Technology
Division.

The test facility is an aluminum trailer that has
been outfitted as a high-tech laboratory. Inside,
small stainless-steel tanks and tall plastic columns
filled with carbon chips and purifying resins treat
samples of wastewater to remove contaminants.

The first phase of treatment in the laboratory
simulates the Process Waste Treatment Plant. In
the small stainless-steel tanks. calcium,
magnesium, and other minerals are separated out to
soften the water, and any radioactive contaminants,
such as cesium-137 and strontium-90, are removed
by a purifying resin,
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Then begins a second round of purification,
imitating operations at the Nonradiological
Wastewater Treatment Plant.

In a process called air stripping, wastewater is
pumped to the top of clear plastic columns and
allowed to trickle down through about 3 meters
(10 feet) of packing material that resembles chips
of seashells. This approach increases the water’s
surface area, making it easier for organics, such as
toluene and xylene, to move out of the water and
into a flow of air that is continually pumped up
through the columns, which reach from floor to
ceiling. The air, which carries and disperses the
chemicals in a more environmentally safe manner
than does water, is then siphoned away through an
exhaust system. (If large amounts of contaminants
were being stripped, the air from the columns
would undergo additional treatment before being
discharged to the outside.) To further ensure
purification, the water is filtered again, this time
through a column filled with chips of activated
carbon. Such filtration removes large organic
molecules and any mercury that may be present.

The step-by-step treatment precisely mimics
the operations in the two full-scale facilities. “But
because of its operating scale, the pilot-plant
testing is much less expensive and greatly reduces
risks to the environment,” Brown said.

The wastewater most recently tested at the pilot
plant came from ORNL’s Solid Waste Storage
Area Number 6 (SWSA-6), which is scheduled to
be closed by Martin Marietta Energy Systems’
Environmental Restoration organization. During
closure, full-scale wastewater treatment will be
necessary. and plans are to use the Process and
Nonradiological plants for that purpose.

“The pilot plant worked just great in testing the
SWSA-6 samples,” said Tim Kent, principal
investigator at the test facility. He said the tests
answered one of the most important questions
about closure of the storage area: whether the two
full-scale plants could treat the wastewater
without producing mixed waste, a combination of
wastes that are regulated individually as
“hazardous™ or “radioactive.”

“Mixed waste poses the biggest challenge, both
from a regulatory and a disposal standpoint,” Kent
said. “We were really pleased to find that treating
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Division. It is being prepared for operation later
this year. Earlier tests of it in England indicated
that it can see, or resolve, features as small as 1.3
angstroms. It will complement ORNL.’s 100-
kilovolt STEM, which can image atoms 2.2
angstroms apart. A unit of measure, an angstrom
is one ten-billionth of a meter and about one
millionth of the diameter of a human hair.

Once in operation, the ORNL microscope
should have higher resolution than the 1-million-
volt Atomic Resolution Microscope at DOE's
Lawrence Berkeley Laboratory, a conventional
electron microscope that can resolve individual
atoms that are only 1.6 angstroms apart. A 1.3
million volt microscope being built by a
Japanese company has achieved 1-angstrom
resolution, “but the images produced by these
conventional instruments generally cannot be
directly interpreted by the eye.” Pennycook says.

“The key advantage of the Z-contrast images
is that we can interpret them by eye,” he adds.
*“In other words, unexpected structures are
immediately apparent.”

Furthermore, using special computer programs
developed for radio astronomy, Pennycook
believes the new ORNL microscope “can break
the 1-angstrom barrier” and achieve a resolution
on the order of 0.8 angstrom.

Using the 300-kilovolt microscope,
Pennycook says, ORNL researchers and
collaborators should be able to see copper atoms
in high-temperature superconducting material
made of oxides of yttrium, barium, and copper.
With the 100-kilovolt microscope. scientists can
see only the wider-spaced columns of yttrium
and barium atoms, which have higher atomic
numbers (heavier nuclei based on numbers of
protons).

“We should also be able to better observe
interfaces—the ways that different crystalline
grains of materials come together at grain
boundaries,” Pennycook says. “Examples are
metals, ceramics, semiconductors, and
superconductors. This information on grain
boundaries is important for many applications of
high-tech materials. Examples are increasing
electron speed in semiconductors and compact
electronic devices and improving the ability of
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high-temperature superconductors to carry
electrical current.”

The ORNL method for achieving ultrahigh
resolution costs about $2 million, roughly 10% of
the cost of building and operating a conventional
microscope having equivalent resolution. The
conventional approach requires a large building
and a team of operators to run and maintain the
microscope. The ORNL approach requires only
one operator and a normal-size room.

Pennycook says that the interpretation of
atomic images is improved by his use of a ring-
shaped detector, which picks up electrons
scattered through large angles (like foul balls in a
baseball game) rather than those moving through
the central hole (like balls hit “up the middle” in
rapid succession).

“The number of electrons scattered by the
sample is directly related to the composition,”
Pennycook says. “Because atoms of higher atomic
number, or Z. scatter more electrons, they produce
a brighter image. We call this technique
Z-contrast imaging because, although atoms are
always white in the image, the heavier an atom is,
the whiter it appears.”

The 300-kilovolt microscope has higher
resolution than the 100-kilovolt one because its
higher accelerating voltage produces electrons of
a shorter wavelength. The smaller the wavelength
and the more tightly the electron beam can be
focused, the sharper the image. Pennycook plans
to extend the range of materials he images to
include more complex semiconducting and
superconducting materials and metals and
ceramics.—Carolvn Krause

Unknown elements and the ways they link up
to each other in materials can now be identified at
the atomic level using a microscope technique
developed at ORNL. This approach, described in
the November 9, 1993, issue of Nature, could lead
to more effective high-temperature super-
conducting materials for energy-saving
applications.
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calculations simultaneously. They are called
supercomputers because if, each node is assigned a
small part of a huge problem, the supercomputer
can provide solutions in a few hours, whereas
previously weeks or even months were required.

The first code to be run on the XP/S 35 was
developed by Bill Shelton of the Engineering
Physics and Mathematics Division and Malcolm
Stock and Yang Wang, both of the Metals and
Ceramics Division. This code calculates the
physical properties of disordered materials, such as
metallic alloys as well as intermetallic and ceramic
compounds, on the basis of a fundamental view of
the electron “glue” that holds together the atomic
nuclei in matter. The code is useful both for
understanding physical properties of disordered
materials such as electrical resistivity and for
predicting the temperatures, pressures, and other
conditions under which elements will mix as well
as the types of ordered and disordered compounds
these elements will form. Such information is
critical to the design of new alloy systems and
development of new theories.

Another code developed at ORNL under the
Materials Grand Challenge Project calculates
densities of electrons and surface energies to
identify the preferred binding sites for a single
germanium atom on a reconstructed silicon
surface. The code was developed by Victor
Milman, now of the Solid State Division (SSD),
and a team of researchers at Cambridge University
in England after electron microscope images made
by Dave Jesson of SSD suggested that a
germanium atom could exchange positions with a
silicon atom on a surface. The images were
obtained using Steve Pennycook’s Z-contrast
technique described on p. 60. A colorful
visualization of these calculations appears on the
front cover of this issue of the Review.

“Because experimental information on
germanium diffusion on the silicon surface is
indirect,” says Milman,“theoretical modeling is the
only way to understand this interaction between
germanium and silicon atoms. This large first-
principles calculation is possible only due to the
availability of the massively parallel computers.”

Such calculations combined with information
from Pennycook’s Z-contrast electron microscope
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images (see previous highlights) may lead to an
understanding at the atomic level of how to grow
light-conducting silicon-germanium films. Such
“optically active” silicon-germanium films would
revolutionize the manufacture of advanced
semiconductor devices that incorporate light-wave
guides. These devices will increase the speed of
information flow because light signals are faster
than electrical currents. Wave guides for compact
disk players and other uses are currently made of
gallium arsenide. Because gallium arsenide is
more expensive than silicon and involves the use
of the toxic metal arsenic, silicon-germanium
films could better meet the need of the computer,
communications, and entertainment industries for
faster and cheaper semiconductor devices.

These materials challenges will more likely be
met if ORNL succeeds at the challenges of
operating a new class of parallel machines with an
increasing number of nodes. ORNL in 1994 will
be testing an XP/S 75 (1024 nodes) and an XP/S
150 (2048 nodes). Won't it be grand to run ORNL
codes on more and more nodes?

—~Carolyn Krause

For the past decade, researchers at ORNL’s
Waste Examination and Assay Facility (WEAF)
have been using neutron interrogation technology
to determine or verify the contents of drums of
radioactive waste. A spin-off of this process,
known as the Pulsed Interrogation Neutron
Gamma system, or PING, is demonstrating the
versatility of neutron interrogation as an analytical
tool.

In recent years, PING has been adapted by
ORNL researchers for potential use in airport
security systems and is now being billed as a tool
for discriminating between chemical and
conventional warheads; verifying the absence of
high explosives in nuclear warheads; and
monitoring the sulfur, energy, and trace-element
content of coal.
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chemical, composition of the samples is
determined by an analysis of several waves of
gamma rays resulting from collisions between
neutrons and atoms in the sample. These collisions
cause atoms of different elements to emit gamma
rays of characteristic energies, allowing
researchers to determine which elements are
present in the sample.

Samples are bombarded with two kinds of
neutrons, fast neutrons and thermalized neutrons.
The neutron generator produces “fast,” or high-
energy neutrons in pulses of about 10
microseconds with gaps of approximately 90
microseconds between pulses. At the end of each
pulse, some of these neutrons pass through a
neutron moderator, which slows them down,
creating “thermalized” neutrons.

Within the first few microseconds after a
neutron pulse begins, interactions between fast
neutrons and carbon and oxygen atoms, if any are
present, produce gamma rays of 4.44 and 6.13
million electron volts (MeV), respectively. In the
gaps between pulses, the thermalized neutrons
interact with nitrogen, sulfur, and chlorine atoms
to produce characteristic gamma rays of 10.828,
5.42, and 6.11 MeV, respectively.

After every few hundred pulses, a gap of several
microseconds allows the detection of gamma rays
from oxygen, fluorine, and phosphorus nuclei (at
energies of 6.13, 1.357, and 1.779 MeV,
respectively), which have become radioactive
through interactions with fast neutrons. This
longer gap is necessary for the detection of
fluorine and phosphorus because they emit
relatively low-energy gamma rays, which are
obscured by high-energy gamma rays emitted by
other elements during the system’s normal cycle.

The neutron generator currently used with the
PING system requires 24 minutes to produce
enough gamma rays to analyze a sample. A larger
generator could cut this time to two minutes or
less. Schultz and other ORNL researchers are
working with commercial firms to develop a
generator for use with the system. They are also
working with a group of French researchers to
borrow a suitable generator.

“We’ve proven the principles of the system,”
says Schultz. “We’ve collected gamma-ray data on
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each of the elements separately; now we have to
do it all at once with either real or simulated
explosives. When we get a larger neutron
generator, we can begin doing this kind of work.”

If all goes well with the new neutron generator,
the PING system may soon add arms control
verification to its diverse list of capabilities.
—Jim Pearce

To determine whether groundwater has been
cleaned up or whether a pollution problem is
developing, methods for spotting trace amounts of
groundwater contamination at waste sites are
needed. Such detection technology may be field
tested soon in Oak Ridge.

One highly sensitive technique for detecting
and identifying trace contaminants in groundwater
is being developed at ORNL. The technique has
the potential of being a million times more
sensitive than current detection methods.

The high-tech probe, which combines a
computer, laser, optical fibers, and a power
supply, is called a spectroelectrochemical sensor.
It is being developed by Eric Wachter, John
Storey, Bob Shelton, and Tye Barber, all of the
Measurement Systems Research Group (under
Richard Gammage) in the Health Sciences
Research Division.

Field tests of this groundwater monitoring
technique were conducted in September 1993 at
the Paducah Gaseous Diffusion Plant, where
concentrations of the groundwater contaminant
trichloroethylene (TCE) are already well
documented. TCE is a potential carcinogen
commonly used for removing grease from metals
and for dry cleaning clothes. According to
Wachter, the technique enabled direct detection of
TCE in groundwater at levels as low as 150 parts
per million.

Besides TCE, the technique could be used to
detect other common groundwater pollutants,
such as other chlorinated hydrocarbons, aromatic
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devices with reproducible properties. It can also
automate and control deposition of superlattices—
artificial materials created by laying down very
thin layers of two or more materials in sequence.
AMDA’s hardware components include a motor
to move six targets through the laser beam and a
plug-in board for an IBM PC/AT computer.
The software enables the user to define a layer as a
thickness of a given material depositied at a
specific rate. Information on a selected sequence of
layers can be stored on a disk and recalled for
future use, thereby ensuring reproducibility from
run to run.

The first license of a superconducting wire
manufacturing technology developed at ORNL has
been issued. Energy Systems has signed a license
agreement to commercialize the technology with
Superconductive Components, Inc. (SCI), a
Columbus, Ohio, firm. A superconductor is a rare
material that conducts electricity without the
energy-wasting resistance typical of copper and
other common electrical materials.

ORNL researchers Don Kroeger and Jorulf
Brynestad and ORNL consultant Huey Hsu have
developed a process for producing
superconducting powder precursors of BSCCO
material, which contains bismuth, strontium,
calcium, copper, and oxygen. The product is an
oxide metal powder that can be doped with lead to
improve its properties.

According to Kroeger, “The process can
produce lead-doped powders without measurable
lead loss. The distribution of the particle sizes is
narrow, from 0.1 to 1.0 micron. The grain size
within a particle is very fine. And the chemical
homogeneity from grain to grain is good.”

The process is scaleable to high powder
production rates. SCI will further develop the
process to produce powders for sales and for use in
bearings, current leads, superconducting wire, and
magnetic levitation demonstrations.

Edward R. Funk, president of SCI, says, “The
licensing of the ORNL BSCCO process completes
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ORMNL researchers are using the Lab's Small Angle Neutron Scattering facility to image clusters of carbon molecules
known as fullerenes. The pattern produced by passing a neutron beam through a solution of fullerenes enables
researchers to determine the size and shape of the molecules. This particular pattern was produced by a solution of G,
molecules. See articles on pages 49 and 51.
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