
































“To achieve
excellence as
an
institution,
we should
strive to
attract more
graduate
students and
postdoctoral
fellows.”
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STATE OF THE LABORATORY—1991: STRENGTHENING R&D

Sincovec, both of Ward’s division; Malcolm
Stocks of the Metals and Ceramics Division; and
others drafted a proposal in 1991 requesting
funding under the new high-performance
computing initiative that had been working
through the DOE system. The competition was
very tough, because competitors with whom we
were playing had great resource advantages. But,
because of our growing expertise in parallel
computing, I am pleased that ORNL was one of
the two sites selected by DOE to become high-
performance computer research centers. Our goal
will be to start solving complex scientific
problems, called Grand Challenges, using a
parallel supercomputer. We will first focus on
modeling the transport of pollutants in
groundwater and designing new alloys. We will
receive $120 million over the next five years to
establish and operate a new Center for
Computational Science, and we will recruit a
director to manage the center.

Let me comment on our success in becoming a
computer center. It is often assumed that all it
takes to win a project is a good proposal. We tend
to forget that many dedicated employees at DOE
and other government agencies actually fight hard
for budget items that are important for our nation.
Members of Congress and their staffs have also
worked to ensure funding for the high-
performance computing initiative. Many people
deserve our collective thanks for bringing ORNL
this opportunity. We have an obligation to do a
good job for them and I am quite confident that
we will do so.

Engineering workstations are powerful
intermediate computing tools that are gaining
wide acceptance. They can perform many
calculations that once were run only on large
mainframe computers. Unfortunately, ORNL has
less than 100 engineering workstations, whereas
some of our competitors have a few thousand.
This is one area in which we hope to improve.

Computers are also important tools for
educating future scientists. On Saturdays, high
school students come to the Laboratory to attend
the Saturday Academy of Computing and
Mathematics. We patterned this school after the
Fermi Laboratory’s Saturday Academy for High-

Energy Physics. We encourage high school
students to work on computers in what is turning
out to be a very effective and popular program.

Interdisc linary
Research Programs

From my experience in teaching physics for
about 20 years at several universities,

I learned that universities have a difficult time
operating interdisciplinary research programs. It is
difficult for two faculty members to do
collaborative research within one department, let
alone across departmental lines. ORNL has its
share of problems, but one of them is not setting
up and managing interdisciplinary research
programs. In 1991, in addition to the Center for
Computational Science, we started or became
involved in several interdisciplinary programs.

First, we established the Center for Risk
Management, headed by Curtis Travis. It is
important to understand the risks and benefits of
various activities, including remediation of
hazardous waste sites.

We also established the Bioprocessing Research
and Development Center, headed by Chuck Scott.
This center will develop bioprocesses that
economically produce fuels and chemicals from
fossil materials and renewable feedstocks,
including recycled waste material such as paper.
In addition, it will develop bioprocessing systems
to remove and degrade pollutants. Emphasis will
be on expanding interactions with academia, other
national laboratories, and industry and on
technology transfer. (See “R&D Updates” for
more details.)

In addition, ORNL has joined the University of
Tennessee and the Tennessee Valley Authority in
establishing the Joint Institute of Energy and the
Environment. It will promote cooperative research
and educational programs involving all three
institutions. In this way, we can help each other
provide even better services.

In 1991 the HFIR completed its 300th reactor
fuel cycle. To help us celebrate, we were sort of
visited by a president of the United States. Some
of Zachary Taylor’s remains were sent to ORNL
for neutron activation analysis at the HFIR to
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determine if he had died of arsenic poisoning as a
historian had theorized. Neutrons were used to
irradiate samples of his hair, fingernails, and
bones, because various substances irradiated with
neutrons give off characteristic gamma-ray
signatures that make possible a determination of
the elemental composition of the samples.
Analytical chemists Larry Robinson and Frank
Dyer found that the samples contained virtually no
arsenic. And President Bush might be interested to
know that they had no reason to suspect broccoli
poisoning as the cause of Zachary Taylor’s death,
either.

Recrt ing and
Retaining Staff

To achieve excellence as an institution, we
should strive to attract more graduate students and
postdoctoral fellows. Many of these may fit into
permanent positions at ORNL after they complete
their scientific or technical education here. In this
way, we lower the average age of the scientific
and technical staff at the Laboratory, which is
around 46. It is nice that everybody loves it here
and that we have a good stable population. But the
Laboratory would benefit from having a greater
number of young researchers to offer us energy,
enthusiasm, and new ideas. We need a higher
turnover rate, and we should hire more young
researchers.

How do we go about recruiting and retaining
staff? One way is to offer fellowships, such as the
nationally competitive Hollaender and
Householder Fellowships. An appropriations bill
contains language establishing a High
Temperature Materials Laboratory (HTML)
Fellowship Program, which would make the
HTML an educational vehicle for both industrial
and university materials researchers. Fellowships
are a good way to attract prospective scientific
staff members. We look each other over, and
some of them will stay.

One problem I asked our Corporate Fellows to
look at was the fact that few people know that
ORNL has been sponsoring postdoctoral research
programs. They came up with a plan for a new
ORNL Postdoctoral Program, which was
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approved by the Laboratory’s Executive
Committee. One of the features of the plan is that
Oak Ridge Associated Universities will still
operate the program but increase the Laboratory’s
visibility as the sponsor of these postdoctoral
fellowships.

Another way to attract highly capable
researchers is through new programs such as the
Visiting Distinguished Scientists and Engineers
Program. The first Visiting Distinguished
Scientist is E. Ward Plummer, the William Smith
Professor of Physics at the University of
Pennsylvania and an internationally renowned
surface physicist. He is going to collaborate with
the Surface Physics and Theory Groups in the
Solid State Division. Through this program, we
can call attention to what we are doing, involve
some renowned experts in our activities, and give
them the recognition that they deserve.

Interaction with
External Groups

We are not an island. The Laboratory staff must
interact with people in external organizations to
survive. Energy Systems’ Office of Technology
Transfer and ORNL’s High Temperature
Superconductivity Pilot Center, which has 17
active agreements with industrial firms, have done
fine jobs of bringing people together to help move
Laboratory developments into the marketplace—
one of DOE’s goals. Technology transfer is really
a contact sport—a way of getting people from
various disciplines to rub shoulders and play a
game in which everybody should be a winner.

One good example involves a partnership
between IBM and ORNL in research in high-
temperature superconductivity. If the new high-
temperature superconducting materials are placed
in a magnetic field, the magnetic flux will move
under the influence of an electric current, causing
the material to dissipate energy. But if the
magnetic flux lines can be pinned—say, by some
defects in the material—it will continue to
conduct without energy loss. Working with IBM
researchers, ORNL researchers bombarded
samples of yttrium, barium, and copper oxides
(YBCO) with a beam of high-energy tin ions at

“Technology
transfer is
really a
contact
sport—a way
of getting
people from
various
disciplines to
rub
shoulders
and play a
game in
which
everybody
should be a
winner.”
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AN EYE ON REACTOR AND COMPUTER CONTROL

The eye-image monitor shows the human eye as it
scans a stimulus display. The eye-gaze system
grabs 30 frames per second for image processing
and computes eye-gaze direction based on the
relationship between pupil center and corneal glint.

information should be presented so that it can be
easily understood and used.

Curiously, the operator is the only control
element in the plant whose behavior cannot be
described in terms of a known set of equations,
because little is known about the cognitive
activity of operators. Because the cognitive
activity of the brain cannot be observed directly,
little attempt was made for man; , irs to
understand what | _ors were actually thinking
while controlling the plant. System designers
most likely assumed that a plant could be operated
safely and efficiently if operators were trained to
follow procedures and that, consequently, it was
not necessary to understand the mental processes
of the operator.

An obvious alternative approach in the study of
cognitive behavior is to ask operators what they
are thinking and use their answers to suggest ways
to better support cognitive tasks. Verbal protocol
analysis techniques have been used with some
success, but they suffer from several weaknesses.
Psychological research has shown that verbal

reports are biased toward the expectations of the
questioner, or what the respondent believes are
questioner expectations. Answers often conform
to textbook statements of written procedures.
Verbal explanations usually reveal the tip of the
iceberg, but a vast store of tacit knowledge often
remains hidden during the fast pace of events.

On the other hand, eye-gaze data are
quantitative and can be treated as any other
quantitative data. The scan path the eye traces
over a display is objective and unbiased. Finally,
eye movements can occur rapidly and keep pace
with high-speed cognitive processes.

The ™-7e-gaze Sys!

Eyetracking technology has undergone a slow
evolution over the past 20 years. The new eye-
gaze system marketed by LC Technologies of
Fairfax, Virginia, offers state-of-the-art
eyetracking. Most of the hardware is off the shelf.
Eyetracking is done with a standard personal
computer equipped with a video frame-grabber
board. An infrared-sensitive high-speed camera is
mounted under a standard high-resolution
computer screen. A small light-emitting diode
(LED) is positioned at the center of the 75-mm
camera lens.

When the human eye is focused in the camera
lens, infrared light from the LED is reflected off
the eye. A simple algorithm takes advantage of
two optical phenomena resulting from infrared
illumination. One of these effects is the bright-eye
effect, an illumination of the pupil similar to the
red-eye effect that photographers try to avoid. The
other is a bright spot created on the surface of the
comea, known as corneal glint. If the vector
relationship between the pupil center and corneal
glint can be determined, then the direction of the
eye gaze can be calculated. Furthermore, if
someone is calibrated to a particular display
screen (a simple procedure involving fixating on a
series of circles presented on the screen), then the
point being looked at can also be calculated.

This simple method of determining eye gaze
was discovered by Tom Hutchinson of the
University of Virginia in the early 1980s, and it
was licensed for commercial production to LC
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“The eye
scan path
reveals the
order in
which the
pilot fixates
on the
instruments.”
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AN EYE ON REACTOR AND COMPUTER CONTROL

least three layers in eye-gaze protocols to reduce
the large number of data that must be analyzed.
The gaze point—the spot on the screen where the
user is looking—is the lowest level of data; it is
sampled at a rate of 30 Hz by the eye-gaze
system. At this rate of sampling, 1800 gaze points
will be determined for every minute of data
collection.

An intermediate level of analysis is the
fixation—a sequence of gaze points within a
small area that occurs over a short time. Eye
fixations are closely related to detailed visual
processing of objects in the scene, and they occur
in the foveal or central region. Virtually every
object is recognized when the eye fixates on it,
and not while the eye is engaged in rapid, or
saccadic, movement. The fixation lasts from
200 ms to several seconds. Even while the eye is
fixated, gaze-point activity is characterized by
slight jitters and perhaps some drift. New
fixations are characterized by sudden movement.
At ORNL we have developed a fixation post-
processing routine to analyze raw data on gaze
points and identify the location and duration of
fixations. This procedure reduces the number of
data by up to an order of magnitude.

The highest level of analysis is the area of
interest, which corresponds to a meaningful
region in the graphical user interface. For
example, if the display shows a plant schematic,
the area of interest might correspond to a region
containing drawings of valves, pumps, or turbines
as well as connections such as pipes. Eye-fixation
protocols can be analyzed to determine how much
scan time is given to each area of interest. This
measure indicates the relative depth of cognitive
processing given each area on the display.

We can also study the transfer of attention from
one area of interest to another by assembling an
area-of-interest transition matrix. This matrix
shows the number of fixations between each area-
of-interest pair, indicating that the user is
combining information from several areas of
interest before making a decision. The ¢ lexity
of the scan path is reflected in the number of
successive fixations between areas of interest as
compared with the number of successive fixations
within areas of interest. We are trying to

determine whether the complexity of transitions
among several areas of interest, based on eye-
fixation data, is related to the mental work load of
inspecting a graphical user interface.

Cog ive Eng ;
Experiments ]

We are preparing to conduct cognitive
engineering experiments using a UNIX
workstation at ORNL. We selected a UNIX
platform to separate the development platform
from the eye-gaze system. The goal of much of
our development work on the UNIX workstation
has been to create experimental tasks for which
eye-gaze data can be captured. In addition, we
want to store keyboard strokes and mouse clicks
to correlate with eye-gaze protocols. Some of our
original graphical user-interfaces were created
using the X Window System on the UNIX
platform to ensure portability of the software.

Controlled experiments are needed to
standardize procedures for collecting eye-gaze
protocols. In the standard experimental setup, a
volunteer is seated at the workstation and an
infrared-sensitive camera, calibrated to the
monitor, is mounted underneath. A series of
graphical user interfaces to various human-
machine systems are presented to the volunteer
subject, who is charged with a specific task or
responsibility. In a prediction task, for example,
each volunteer is shown initial conditions of a
transient event, such as loss of a primary pump,
and a candidate outcome state, such as elevation
of coolant temperature, is displayed in another
window. The subject’s task is to verify the
plausibility of the outcome state.

A related task is diagnosis. Each volunteer is
shown an outcome state and is asked to choose
among alternative initiating events that could lead
to this state. In this example, to get the right
answer, the subject must select “loss of power to
pump” instead of “turbine trip” or “feedwater
valve fails to open.” In fault detection, a normal
transient is depicted. The subject monitors the
transient and is asked to respond appropriately to
the fault when it is detected. In this example, the
subject first notices the temperature change or
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pump coastdown. For implausibility detection a
subject views a display showing dynamic data
from a simulated system and attempts to
determine the validity of the data.

Evaluatic _of L ip™ vs

Scan path traces from early eyetracking
instruments in human-machine systems were first
used to analyze the arrangement of displays. The
aviation industry used eyetracking in the cockpit
because each pilot is faced with a cluttered
arrangement of displays on an instrument panel.
When monitoring the status of the aircraft, the
pilot views the displays in a relatively fixed
order. If the pilot is required to repeatedly scan
back and forth across the panel to locate and read
instruments, monitoring becomes quite
cumbersome. This situation will be reflected in
an extended and convoluted scan path. The eye
scan path reveals the order in which the pilot
fixates on the instruments. From this
information, instruments that are fixated on in
succession can be grouped to simplify scan paths
during monitoring.

Scan paths can reveal more than the best way
to arrange instrument displays. The eye-mind
hypothesis suggests that stages of an operator’s
cognitive processing can be inferred while this
individual inspects graphical user interfaces. The
actual stages of processing inferred from the data
can then be compared with an ideal cognitive
model to determine how actual processing
departs from the intended use of the display. This
comparison provides the analyst with a powerful
basis upon which to evaluate the effectiveness of
advanced interface concepts.

In addition, types of cognitive error and their
frequency will be observable in eye-gaze
protocols. Such errors may include reading a
display incorrectly, forgetting to perform an
action, and reaching the wrong conclusion.
Models of cognitive error during inspection of
operator interfaces offer a powerful new
dimension of evaluation. Eye-gaze protocols
both suggest and validate sources of cognitive
error. We believe that “natural” interfaces that
conform to the mental model of the operator
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ought to minimize opportunities for cognitive
€rror.

Pre ction of
Ment: /¢ < Load

The complexity of control rooms of
conventional nuclear power plants is well-
documented. The need to integrate diverse
information simultaneously can produce periods
of peak overload for the operator. Therefore, it is
important to be able to predict those situations
that may result in excessive mental work load for
individual operators. During the onset of an
accident such as loss of coolant, the operator
would be inundated by a large number of alarms
and annunciators. Identifying the relevant alarms
is a difficult pattern-recognition problem that may
induce high work load and stress.

Indications of mental work load can be found in
eye-gaze protocols as operators extract
information from displays showing relevant data
about plant status. Psychologists have long known
that pupil diameter is related to cognitive arousal
or the need for information, and hence, the degree
of mental work load. Scan path complexity is
another estimator of mental work load. We have
performed pilot testing with problems in mental
multiplication of numbers. Our results indicate
that difficult problems tend to generate Ionger and
more complex scan paths. We believe that eye-
gaze data reflect not only the degree of
effectiveness of interfaces but also task
complexity.

A correlation may exist between mental work
load and scanning strategies employed for
different tasks. We suspect that low-work-load
activity such as passive monitoring leaves a
distinct eye-gaze signature. Eye movements
during passive monitoring are referred to as open-
loop scanning; the next fixation does not depend
on the information conteat of the present fixation.
Displays may be scanned according to a simple
predetermined sequence. On the other hand, fault
diagnosis is probably characterized by closed-
loop scanning, in which the location of the next
fixation is not determined until cognitive
processing of the present fixation is completed. If

“We believe
that eye-gaze
data reflect
not only the
degr. of
effectiveness
of interfaces
but 'so task
complexity.”
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AN EYE ON REACTOR AND COMPUTER CONTROL

this hypothesis is true, closed-loop scanning
should be detectable in the correlations between
eye fixations and the information content of
displays.

As suggested in the introduction, a possible
future application of eye-gaze measurement
technology is determining when reactor operators
are too fatigued to do their jobs effectively. In
such cases, detection of excessive mental work
load by a computer could activate it to assist the
operator in reactor control.

Intelligent interfaces could guide the operator’s
attention to relevant displays by highlighting,
blinking, or zooming in on the appropriate
information. Real-time expert systems could
present the operator with an estimate of current
plant status together with an explanation of what
happened. Many other kinds of cognitive
assistance are possible under conditions of peak
work load.

Telerobotics and
Human- - :-Loop
1 -get Recogni )»n

The human eye may also be used to control a
computer. In this case, eye-gaze measurements
can be entered into the computer as a substitute
for keystrokes and mouse clicks. An individual
facing a graphical user interface can issue a
specific command to the computer merely by
looking at a specific region on the monitor.
Controlling a computer by looking at it promotes
a feeling of power in the user. It is almost as if the
user commands the computer directly with the
mind. The interface, if properly designed, can
become so natural that the user forgets it is
present, leaving the impression of mind control.

LC Technologies has produced several
impressive applications for the disabled. One of
the most useful programs is an eye typewriter. A
graphical keyboard is presented to the user who
types by focusing, or “dwelling,” on the region
containing the next letter of text to be generated.
When dwell time exceeds the user-selected
threshold, the letter appears in the text at the top

of the monitor. A special “key” is used to delete
mistaken picks. One problem with eye input is
the so-called “Midas touch” situation. When the
user is searching an area for a particular letter,
many false positives can be created: such items
are evaluated and then rejected. The incidence of
false positives can be lowered by increasing the
dwell threshold for selection, but the trade-off for
increased accuracy is decreased processing speed.

Teleoperated vehicles and robots that have
many degrees of freedom that may be manually
controlled may benefit from eye input. For
example, a legged vehicle under manual control
while climbing stairs may require both hands of
the teleoperator to control leg motions. Eye input
could be used to control additional degrees of
freedom, such as video camera position.

We are now engaged in a proof-of-principle
project that will demonstrate eye-gaze control of
the perspective view of a 3-D interactive
graphical interface. The new interface is “natural”
because object rotation responds to the user’s
active search for information. When the user
shifts the eyes to see hidden parts around the edge
of an object such as an airplane or robot arm, it
automatically rotates toward the user and reveals
the areas of interest.

Data on human eye gazes may also enhance
computer vision, one of the most difficult
problem areas in robotics and automatic target
recognition (ATR). ATR systems have not
achieved the reliability and robustness required
for this difficult task. The human visual system is
highly advanced and able to use the parallel
architecture of the brain to perform visual tasks
unequaled by computer systems. Human-assisted
ATR may be able to improve the performance of
such systems.

For example, if a simplistic ATR computer is
asked to search for enemy tanks, it may scan the
entire scene, including the sky, for such objects.
A human would look at the ground, not the sky,
for such targets. In human-assisted ATR, real-
time eye-gaze data taken as a person surveys the
scene would be used to guide the ATR in
identifying regions of that scene where targets
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mountain stream, a beating heart, a

smallpox epidemic, and a column

of rising smoke are all examples of
dynamic phenomena that sometimes seem to
behave randomly. In actuality, such processes
exhibit a special order that scientists and
engineers are only just beginning to understand.
This special order is “deterministic chaos,” or
chaos, for short.

Today chaos theory is employed to monitor and
control the interaction between particulates and
gases in the turbulent flow of a fluidized bed, thus
improving its performance and reducing
emissions of gaseous pollutants. In the future
chaos theory may be used to smooth airplane
flight and reduce fuel consumption. Heart
pacemakers may someday be tuned to issue
warnings when they detect undesirable heartbeat
patterns that signal a heart attack days or weeks
away.

As aresearcher in ORNL’s Engineering
Technology Division, I am particularly interested
in applying the new discipline of chaos theory to
engineering. Chaos theory seems to be especially
suited for dealing with a major difficulty that has
puzzled engineers for centuries: how to describe
processes that are governed by explicit laws of
cause and effect but seem to behave almost
randomly in practice.

Turbulent fluid flow, as in fluidized beds used
in industry, is a good example of such an unruly
process. Even though the governing physical laws
are known, under many conditions—such as in a
mountain stream or near the wing of an airplane—
the mathematics of fluid flow becomes extremely
complicated, and the actual behavior becomes so
erratic that making detailed predictions is
impossible. Attempts to understand this problem
have prompted some of the deepest questions in
modern physics.

To make at least some headway in practical
situations, engineers have traditionally relied on
statistical descriptions or “correlations” of

irregular phenomena. These summarize empirical
experience—that is, measured data—in some
convenient form, usually guided by general
physical constraints or relationships. In cases
where only gross or average behavior patterns are
important, these descriptions have often been
useful. The development of aircraft design
correlations from wind tunnel measurements is a
good example of empirical engineering.

Unfortunately, empirical engineering can be
costly and inefficient. Numerous trial-and-error
experiments must be performed to generate
correlations relevant to situations of interest.
Correlations are also only valid for the parameter
ranges tested; extrapolation to untested situations
is risky at best.

More recently, engineers have attempted to go ORNL is
beyond empiricism by developing computer app lyin g
models that simulate physical laws and details to
a high degree of precision. This approach has chaos
been made possible by the increasing availability theory to
of high-speed, large-memory computers. . .
Although successful in some cases, such engineering
“number-crunching’ approaches are often costly problems
and complicated, may contain many untestable such as
assumptions, and frequently yield little .
improvement in fundamental understanding. fluidized

Another important problem with detailed beds.

computer models is that they are sometimes
“linearized” to make them more tractable. In
other words, all physical influences are assumed
to be directly additive; that is, if a given
magnitude of cause A produces X units of effect
B, then twice the previous magnitude of A
produces 2X units of B. Nonlinear relationships
are not so straightforward. For example, doubling
A might cause B to increase fourfold. We now
know that nonlinearities are often essential to the
behavior of many systems and that their removal
can completely change the resulting dynamics.
Chaos theory offers a new approach for
explaining and dealing with complicated
behavior. As more engineering problems are

Stuart Daw (left) and Ke Nguyen of the University of Tennessee examine a fluidized-bed column whose
pressure differences are displayed on the oscilloscope (see photo on p. 45). The researchers are studying

chaotic fluctuations in fluidized-bed pressures.
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SEEKING ORDER IN CHAOS

considered in light of this theory, it is becoming
increasingly apparent that irregularity is often a
key to understanding the fundamental nature of
dynamic systems. Apparent randomness can result
not just from unknown physical parameters,
measurement error, and outside noise, but also
from simple, nonlinear deterministic components.
In fact, many systems appear to be dominated by
deterministic randomness.

Chaos vs Ra

Deterministic chaos should not be confused
with the common notion of total disorder. In a
sense, deterministic chaos is the opposite of
disorder because it actually refers to highly
structured behavior. The word chaos was coined
by early investigators because the structure can be
invisible to the casual observer, thus giving the
impression of randomness.

As the adjective deterministic implies, this type
of chaos arises in physical processes or systems
that follow explicit rules of cause and effect.
Thus, in practice we can model the current state of
a deterministic system as a unique function of its
previous state. Typically, the relationship between
past and future is expressed in terms of finite
difference or differential equations.

The motion of a satellite around the earth is a
familiar deterministic system. Given an initial
satellite position and velocity, the laws of
Newtonian mechanics make possible construction
of a model that unambiguously predicts the
satellite’s position and velocity at the next
moment. By contrast, in processes such as the
decay of an atomic nucleus or the motion of an
electron in an atom, the governing laws of
quantum physics allow predictions only of the
probabilities of succeeding states. In these latter
cases an unambiguous relationship no longer
exists between conditions at one instant in time
and the next.

What Causes Chaos?

At first glance, the idea that irregularity can
arise from deterministic behavior would seem to
be a contradiction. In mathematical terms,
deterministic irregularity is related to a property

ymmness

known as sensitivity to initial conditions. This is a
technical form of the more common notion that
sometimes even very slight changes in starting
conditions can result in drastic changes to the final
outcome. A familiar example of this notion is the
saying: “For want of a nail the shoe was lost, for
want of a shoe the horse was lost, for want of a
horse the rider was lost, for want of a rider the
battle was lost,” and so on.

When dynamic systems exhibit sensitivity to
initial conditions, our ability to predict what will
happen next decreases exponentially over time.
Even if we know the deterministic law relating the
states at time ¢ and time +1, we will never be able
to know the starting state at time ¢ with infinite
precision. We may be able to predict the next state
with acceptable accuracy, but as we extrapolate
farther into the future, the effect of the initial
uncertainty grows so rapidly that it soon dominates
our result. Before long we have no hope of making
an accurate prediction. To a casual observer it can
appear that the system is being perturbed by some
random influence.

The most common cause of sensitivity to initial
conditions is the presence of nonlinearities in the
governing relationship between sequential states in
time. As described previously, nonlinearities are
characterized by nonproportional changes in the
result for a given change in input. For example, the
equation y = x* is a nonlinear relationship between
x and y. Doubling x quadruples y. The equation
y = 2x, on the other hand, is linear. The first
equation can be linearized by assuming that, for
cases of interest, x is nearly constant at some value
k and rewriting the relationship as y = kx. In effect,
this change forces the equation to be linear. The
importance of nonlinearities was almost completely
unrecognized by the scientific and engineering
communities until within the past two years or so.
Before that time nonlinearities were basically
ignored because they were mathematically
“messy.” Most models that contained nonlinearities
were linearized so that they could be solved in
analytical form,

With the advent of modemn computers, it became
possible to observe the results of nonlinearities
directly without the need to resort to analytical
solutions. As a result, a few key researchers

Oak Ridge National Laboratory REVIEW




quickly began to realize that science
had been systematically excluding
(albeit unknowingly) a major reality in
the behavior of the natural world.
Surprisingly, this realization has been
slow to take hold in the technical
community as a whole. Scientists and
engineers still have a strong tendency
to linearize models, even though they
may be solving those models using a
computer. We are still strongly
influenced by a legacy of linear

thinking.
1 *S  cture
in m .

To better understand how the

& cast 1: x(0)=0598574

CASE 2 : X(0)=10598600

inherent order in chaos can be

visualized, it is helpful to consider

another simple example. Anyone who

has driven on a hot desert road during

the day has seen the dancing mirages
produced by the air as it rises from the heated
surface. The motion of the air in this case is a
form of natural thermal convection, induced by
the air’s lowered density as it warms near the
road. This same basic process produces the
thermals exploited by birds and hang glider pilots.
A simplified mathematical model of this process
was developed about 30 years ago by Professor
Edward Lorenz of the Massachusetts Institute of
Technology. Mathematically, the model consists
of three ordinary differential equations that
describe how the global patterns of air flow and
temperature change over time. Nonlinearities are
prominent in two of the equations.

Integrating the model over time produces a
simulation of the patterns that would be observed
in the layer of air. The figure on this page is a
depiction of the Lorenz variable representing the
air flow (designated by convention as X) plotted
against time. The figures show two different
traces, each representing the behavior that would
occur for slightly different starting conditions.
Note the rapid divergence in similarity between
the two traces after an initial period during which
they remain close together.
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Two time series plots of flow from the Lorenz model of
thermal convection illustrating the rapid divergence in
behavior resulting from slight changes in the initial condition.

We could be content to just observe the
variation of flow and temperature patterns
individually over time, but a much more useful
approach is to plot the flow and temperature
variables against each other as in the figure on
p. 40. Recall that X represents flow; Y and Z
represent horizontal and vertical temperature
variations. At each moment in time, the Lorenz
model produces values for X, Y, and Z that
represent a complete description of the
dynamical state of the convecting air layer.
When continously plotted, the XYZ combinations
produce a “map,” or “trajectory,” of the patterns
produced over time. Such plots are termed state-
space or phase-space trajectories.

As we see in the figure on p. 40, the XYZ
patterns produced by the Lorenz model vary
continually over time, never settling down to a
single point and never exactly repeating.
Nevertheless, over relatively long periods of
time the Lorenz phase-space trajectory begins to
fill in a distinctive shape called the attractor.
Magnifying this structure reveals an endless
level of repeating detail that can be described in
terms of a new mathematical tool called fractal

“Anyone
who has
driven on a
hot desert
road during
the day has
seen the
tncing
mirages
pro ed by
the air as it
rises from
the heated
surface.”
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“Fourier
analysis is
clearly
appropriate
when the
governing
relationships
and resulting
patterns are
linear, but it
Is inadequate
when the
data being
analyzed are
chaotic.”
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SEEKING ORDER IN CHAOS

Cl tic ..me
Series Analy:

About three years ago [ began
collaborating with three other ORNL
colleagues in applying chaos theory to
engineering systems. Qur principal
interests were (and still are) to
determine if particular systems are, in
fact, deterministically chaotic, to
visualize and quantify the chaotic
patterns if they exist, and to use the
resulting information in practical ways
such as improved design and control.
After considering various approaches,
we decided that the best approach
would be to focus on the analysis of
time series measurements.

Graphical representation of the simultaneous variations in flow
(X), horizontal temperature gradient (Y '), and vertical
temperature gradient (Z) produced by the Lorenz model of
thermal convection. Deterministic chaos causes these
variables to oscillate in a pattern that never exactly repeats.

geometry. Fractal geometry is a universal
characteristic of chaotic processes involving
friction. which are of primary interest to
engineers. Nonchaotic systems also have
attractors, but their attractors are not fractals.

To distinguish chaotic attractors from
ordinary ones, the former are called strange
attractors. Attractors provide a unique way of
defining and comparing the structure of
different chaotic processes. In effect, it is
possible to use the attractor as a kind of
dynamic “fingerprint.” Not only do attractors
allow us to more conveniently picture the
underlying patterns, they can be mathematically
analyzed to obtain numerical descriptions. Even
slight changes in the chaotic behavior (when the
system parameters, operating conditions, or
inputs are changed, for example) are readily
detectable as changes in the attractor
characteristics. Much of chaos theory focuses
on the proper methods for visualizing and
describing attractors.

Time series measurements are
sequential records of physical
variables such as velocity,
temperature, or pressure that are
collected for some period of time from
a process or system. Typically, such
measurements are depicted graphically
as time traces like the Lorenz X
variable in the figure on p. 39. Other familiar
examples of such data are stock prices,
temperature and rainfall records, and the speed of
acar’s engine.

The analysis of nonchaotic time series is highly
developed and relatively routine. One common
technique used by engineers is Fourier analysis, a
mathematical procedure that models variations
over time as combinations of sine waves (that is,
regular waves of constant amplitude and
frequency). Fourier analysis is clearly appropriate
when the governing relationships and resulting
patterns are linear, but it is inadequate when the
data being analyzed are chaotic.

In evaluating chaotic time series measurements
from engineering systems, we have found that the
most productive approach is to construct phase-
space trajectories analogous to those shown in the
figure on the opposite page. Because it is usually
not possible to measure all of the dynamic
variables in a system, trajectories must typically
be constructed from a small set of selected time
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series measurements. Construction is
accomplished using a mathematical

technique called embedding. The f
embedding technique is, in fact, so

powerful that it is theoretically possible x

to construct a representation of the
behavior of all of the dynamical
variables of a system from
measurements of a single variable.
Thus, for example, it is possible to
reconstruct the contributions of Y and Z
in the Lorenz model (and thus a
dynamically equivalent facsimile of the
figure at left) from measurements of the
X variable alone!

The final result of the embedding
procedure is a transformation of the
original time series data into a
reconstructed phase-space trajectory as
shown in the figure at right. Once this
reconstruction has been accomplished,
the resulting patterns can be analyzed in
detail to determine whether or not the
system is chaotic, linear, or purely
random. If it is chaotic, the distinctive
measures of the attractor can be used to
uniquely define the underlying structure

t —>

TIME DOMAIN

X1

PHASE SPACE

and compare it to other systems,
conditions, or models.

Dynamical systems often have more
than three important components, and
the resulting phase-space can be
difficult to visualize directly because it
requires more than the three dimensions
encountered in everyday experience. One approach
to this problem is to make projections of the
trajectory in two or three dimensions.
Mathematically, however, the analytical procedures
are identical, and no serious problems occur in
making quantitative descriptions of trajectories in
more than three dimensions.

Specific Applications

We initially selected fluidized beds as a trial
engineering system for applying chaotic time series
analysis. Fluidized beds are widely used in industry
to promote intimate mixing between particulate
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To analyze chaotic time series, the original data are
transformed into a “reconstructed” phase space. The phase-
space reconstruction represents a kind of “fingerprint” of the
dynamical patterns in the data.

solids and fluids (either liquids or gases). Briefly,
they consist of vertical chambers containing
“beds” of solids through which fluid flows
upward. The fluid flow is sufficiently high to
suspend the solids, which swirl about the chamber
in turbulent patterns reminiscent of thermal
convection. Commercially important processes
using fluidized beds include refining petroleum
and minerals and fluidized combustion of waste
and high-sulfur coal.

The turbulent flow of fluid and solids in
fluidized beds is one of the most desirable
characteristics for mixing, but it is also the source
of much complexity and engineering uncertainty.
Although fluidized beds have been prominent in
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SEEKING ORDER IN CHAOS
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Phase-space patterns reconstructed from fluidized-bed
pressure measurements. Each pattern is a two-dimensional
projection of a five-dimensional trajectory. Note the significant
pattern changes that occur as a result of changes in
fluidization state.
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the chemical and petroleum industries
for several decades, their design and
control is still largely empirical. It is still
common to find large multimillion-
dollar facilities initially constructed for
specific performance specifications
(such as yield of a particular chemical
product or degree of sulfur removal)
only to discover after startup that
expensive testing and trial-and-error
equipment modifications must be made
to meet the original design goals.

Our approach in applying chaos
theory to fluidized beds has been to
analyze the experimental chaotic time
series of pressure and voidage
measurements taken from several
different test facilities here and at other
collaborating DOE laboratories and
universities. From past experience we
know that pressure and voidage
fluctuations are good indicators of the
fluidization state. The results to date
clearly demonstrate the presence of
deterministic chaos and suggest the
possible ranges of chaotic behavior that
can be expected in commercial fluidized
beds. The figure at left illustrates three
examples of chaotic attractors
constructed from fluidized-bed pressure
signals. Note that the plots shown are
two-dimensional projections of five-
dimensional trajectories.

Our experience with fluidized beds
demonstrates that chaotic time series
analysis is a much more discriminating
method for characterizing and
monitoring fluidization state than
conventional methods such as Fourier
analysis. Thus, it should be possible to
use chaotic measures to design and
control fluidized beds more effectively
than in the past.

One control application that has
already been developed is a fluidization
control module now being incorporated
into uranium processing facilities at the
Oak Ridge Y-12 Plant. An essential
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component in the Y-12 control
scheme is a device that reconstructs
the fluidized bed’s attractor from
pressure measurements and
continually analyzes its key features.
When the attractor structure begins to
deviate significantly from optimum
values, a control signal is sent to
correct the bed operation, making it
operate more efficiently than was
previously possible.

While continuing to work with
fluidized beds, we have expanded our
scope of potential chaos applications
into other areas such as pulsed
combustion, motor current signature
analysis, nuclear reactor monitoring,
and internal combustion engine
diagnostics. Results from preliminary
investigations in several of these
areas are very encouraging.

For example, using simplified
computer models, we and
collaborators from DOE’s
Morgantown Energy Technology
Center have demonstrated that chaos
can result from interactions among
the basic heat, mass, and momentum balances in
pulsed combustion (see the figure at right). Because
these same basic balances are present in most
flames, we believe that chaos may affect many
types of combustion. It is known that fluctuations
of flow, concentration, and temperature in flames
are often major factors in the production of
pollutants such as nitrogen oxides and unburned
hydrocarbons. If such fluctuations are the product
of deterministic chaos, it should be possible to use
chaos theory and chaotic time series analysis to
develop totally new methods for reducing
undesirable combustion emissions from automobile
engines, power plants, and waste incinerators.

10

VELOCITY

We plan to continue exploring the use of chaos
theory as a basis for engineering diagnostics. As
described previously, we will attempt to use chaotic
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Phase-space trajectory of a thermally pulsed combustor
illustrating chaotic fluctuations in combustion temperature and
pressure.

time series analysis on systems of interest to
detect subtle changes in their attractors that
indicate the onset of undesirable performance
or imminent failure of critical components.
Beyond providing improved diagnostics, we
anticipate that chaos theory will contribute to
the development of radically new control
strategies. For example, chaos theory may be
combined with pattern-recognition techniques,
parallel computers, and high-speed algorithms
for extremely rapid “on-line” decision making.
Sufficient data processing speed would allow
the introduction of real-time control changes to
force the system to behave in a particular
fashion. An example of an application of this
idea would be in the development of “smart”
monitors for automobile engines. Such
monitors could evaluate an attractor
representing engine performance and determine
if the pattern meets certain criteria (e.g., less
than some allowable maximum for production
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atteries are a familiar part of everyday

life. Many of us depend on heavy

lead-acid batteries to start our cars; a
variety of dry cells to operate cameras, toys, and
portable sound systems; small lithium-iodine
batteries to power cardiac pacemakers; and tiny
lithium—magnesium oxide coin cells to run
watches.

Packing more power into batteries while
reducing their size and weight has become a goal
for researchers because of growing interest in
smaller, lighter batteries for a variety of purposes.
Tiny batteries smaller than a button are needed to
provide electrical energy for computer memory
chips, medical implant devices, and
radiofrequency transmitters in car key sets to
prevent car theft. Medium-size batteries are useful
for consumer electronics, such as laptop
computers and cellular phones. Large-scale,
lightweight batteries are needed to power electric
cars.

A major issue in the development of new
batteries is the materials used. Many household
batteries contain lead, cadmium, and mercury—all
toxic materials. New Jersey now has a law that
requires manufacturers to eliminate mercury from
batteries by the end of 1995 and mandates that
collection programs be set up for certain batteries
containing mercury, lead, or cadmium.

The focus of research is to create batteries that
contain fewer toxic materials, are rechargeable,
and are able to pack in more energy per unit
weight and volume. Batteries using lithium have
yielded promising results.

The size and weight of a battery are generally
thought to be related to the amount of energy it
stores. Hence, the larger a battery, the more
electrical energy it can supply. Electrical energy is
expressed in watt-hours—the product of the
current, voltage, and discharge time when the
battery is in use. However, more important figures
of merit for a battery are the energy density,

which is watt-hours divided by battery volume in
liters, and specific energy, which is watt-hours
divided by battery weight in kilograms. Although
a lead-acid battery in a car can produce a large
amount of energy, its energy density and specific
energy are low. On the other hand, lithium—
manganese oxide coin cells in watches cannot
supply the same amount of energy, but their
energy density and specific energy are much
higher.

At ORNL a group led by John Bates of the
Solid State Division has developed a thin-film
lithium microbattery for computer memory chips
that is much thinner than plastic wrap. “The
purpose of these batteries is to hold the memory
until the power comes back,” says Bates. If such
a battery could be scaled up to propel electric
vehicles, he calculates it would be an
improvement over the lead-acid battery by a
factor of 8 in energy density and a factor of 10 in
specific energy.

The main goal of the ORNL work, however, is
to find ways to develop microbatteries for
microelectronics. Integrated circuits on silicon
chips have made possible the reduction of
computer size. As a result, modern appliances
and cars are now controlled by microprocessors.
However, partly because of differences in the
levels of research activity and money, reduction
in the sizes of batteries has not kept pace with the
reduction in the sizes of electronic devices.

For example, consider nonvolatile computer
memory chips. They have nonrechargeable
batteries as backup so that the information stored
as electronic charges is not lost in case of a
power failure. However, each lithium battery is
many times larger than the chip using it. ORNL’s
development of thin-film lithium batteries offers
the means to scale down the sizes of batteries to
more closely match the sizes of microelectronic
components. The ORNL work may result in the
first practical rechargeable microbattery.

John Bates examines a thin-film lithium battery in the light of the nitrogen glow discharge in the vacuum

deposition chamber used to produce microbatteries at ORNL's Solid State Division. The nitrogen gas reacts

with lithium orthophosphate to form a new battery electrolyte film discovered at ORNL. Photographs in this

article by Bill Norris.
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ORNL has
developed a
thin-film
lithiu

micrc attery
for comy ter
memory
chips.
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larger than the chips for which they provide
backup energy. Someday they may be replaced by
smaller thin-film lithium batteries based on the
ones developed at ORNL using a newly
discovered material for the electrolyte.

The ORNL group is also adapting this
microbattery technology for use in miniature
radiofrequency transmitters expected 1o be
commercially available someday. The group
hopes to contribute to the development of scaled-
up batteries for consumer electronics and electric
cars (see sidebar on p. 56).

Why Thin-Film
Lithium Ce ;?

Why did Bates and his colleagues choose to
investigate thin-film lithium cells? First, they were
attracted to lithium’s advantages. Because lithium
has a small atomic mass and the highest
electrochemical potential for a metal, it makes a
good reactant for a battery that must have high
cell voltage and high specific power. They chose
thin films for batteries because they make an
effective cell which can be manufactured by the
same processes used by the electronics industry.
Battery cell components can be prepared as thin
(~1um) sheets built up as layers. The area and
thickness of the sheets determine battery capacity.

Deposition of thin films increases the contact
area of the cell components, resulting in a high
fraction of reactants. Thin films result in higher
current densities and cell efficiencies because the
transport of ions is easier and faster through thin-
film layers than in bulk materials.

The major challenge to the development of the
lithium cells was to find an electrolyte that
satisfactorily conducted ions and was stable in
contact with lithium. In the fall of 1991, groups at
Eveready and the University of Montpellier in
France reported the development of solid-state
rechargeable thin-film cells with lithium anodes.
The French group’s cells had low current densities
and short lifetimes, but the Eveready cells had
excellent current densities and were charged and
discharged hundreds of times. The Eveready cells
use a titanium sulfide cathode and an oxysulfide-
based electrolyte. In both cases, however, the cells
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required an extra layer of lithium iodide to protect
the electrolyte from attack by lithium. At ORNL
Bates’ group has developed an even better cell
using an oxynitride-based electrolyte, which is
stable with a lithium anode.

Bu ra
Better B: tery

The ORNL research program began in
November 1986 at a Materials Research Society
meeting when Jim Roberto, director of the Solid
State Division, heard a talk on microbatteries by
Minko Balkanski of the Universiti Pierre et Marie
Curie in Paris, France. There Roberto discussed
with Bates the possibility of ORNL conducting
research in support of microbattery development.
In April 1987, Bates and Dudney submitted a seed
money proposal entitled “Micropower Sources”
and obtained internal funding from ORNL. By
November 1987, they had their first vacuum
chamber for film deposition. In June 1988, Bates
and Dudney submitted a proposal on “Microionics:
Materials and Devices™ and received support for
fiscal year 1989 from the Director’s R&D Fund at
ORNL. In November 1988 Bates’ group fabricated
the first vanadium oxide cell ever made at ORNL
and possibly anywhere else. It marked the
beginning of a series of successes for the group in
microbattery development.

“Our work started from scratch,” Bates says.
“We had no deposition equipment and no
experience in thin films. We began our electrolyte
studies using a lithium phosphosilicate system.”

The electrodes of the ORNL thin-film battery
are lithium (Li) and noncrystalline vanadium oxide
(V,0,). Vanadium oxide was selected as the
cathode because it is an intercalation compound
that permits a lithium ion to move into and out of a
framework without causing more than a small
expansion or contraction of the structure. Lithium
ions move into the VO, structure during discharge
of the cell and are forced out of the structure
during recharge. The amorphous material is
preferred over the crystalline form because three
times more lithium ions can be inserted into the
amorphous cathode, thus making a battery that has
a higher capacity.
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every battery has an internal
resistance to ion transport. Our
goal is to overcome this
resistance by increasing the ion
conductivity of the electrolyte.
The result will be a better
battery.”

How 1 1Is
Deposited

The thin-film lithium cell is
fabricated at ORNL by
depositing successive layers of
the cathode, electrolyte, and
anode using direct-current and
radiofrequency magnetron
sputtering and thermal
evaporation. The battery is only
6 microns thick, or one-third the
thickness of plastic wrap (a
micron is a millionth of a meter),
and cells have been deposited on

alumina or glass substrates. I

Magnetron sputtering is done
in a vacuum chamber at near
room temperature in pure argon,
oxygen, and nitrogen gases. A

"ATOMIC"” SCALE BATTERY
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v
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thin 2.5-cm-diam disk of a target

material is loaded into a
commercial magnetron sputter
source. The targets are vanadium

How ORNL'’s thin-film lithium battery works is shown here
schematically on an atomic scale. The lithium oxidizes, diffuses
through the electrolyte as an ion, and intercalates (inserts itself)
into the reduced V,0O, cathode.

metal for the cathode and Li,PO,

for the electrolyte. A high

voltage is applied to the target material. At low
gas pressures, the voltage generates a plasma
discharge. The positively charged ions in the
plasma are accelerated to the target material
because of its negative charge, and upon
bombardment, some of the target atoms are
ejected, or sputtered.

The sputtered atoms then condense on the
battery substrate positioned about 5 cm from the
sputter target. Permanent magnets positioned
beneath the target enhance the sputtering
efficiency by confining the electrons in the plasma
close to the target surface, thereby increasing the
ionization of the atoms in the sputtering gas.
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“Currently, the deposition rates are quite low
because pushing for a more rapid rate of film
growth would sacrifice the film’s uniformity and
quality,” Bates says. “But this production problem
should be considerably reduced when larger
sputter sources are employed.”

The final cell layer, the lithium anode, is
deposited by thermal evaporation under vacuum.

CR2 )Aw 1Evere:

The ORNL group has apparently solved the
problem of lithium attack on the thin-film
electrolyte. However, a remaining problem that
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Wast: R&w .

By Diedre Falter

n the past few years efforts to clean up

hazardous waste at sites across the

country, including Department of Energy
facilities, have increased dramatically. Vast
economic and personnel resources are being
devoted to environmental restoration. Sometimes
problems can be solved quickly using available
techniques; however, solving many old
environmental problems requires new methods and
technologies. Creating these new approaches is the
task of the Office of Technology Development
(OTD) within DOE’s Office of Environmental
Restoration and Waste Management.

The success of this task depends to a
considerable degree on maintaining open lines of
communication between OTD and its counterparts,
the Office of Environmental Restoration and the
Office of Waste Operations. These organizations
are involved in the nuts and bolts work of
restoration, remediation, and waste management,
often responding to crisis situations. During the
course of this work, some areas are found to have
cleanup and waste management needs that cannot
be met with existing technologies. OTD’s mission
is to be attentive to these areas, seek out possible
solutions, and nurture their development so they
can be implemented in the field.

At ORNL, innovative environmental restoration
and waste management techniques for OTD are
being developed in the following areas:

« Characterization—developing advanced models,
field measurement and sensing methods, and data
acquisition and analysis systems for mapping and
determining the contents of a waste site;

- Bioremediation—developing microorganisms to
“eat” or otherwise stabilize selected organic
contaminants, such as trichloroethylene (TCE) and
polychlorinated biphenyls (PCB), and inorganic
species, such as uranium and lead, in situ (in place)
or in process;

« Treatability—developing methods for treating
soils contaminated with volatile organic
compounds and low levels of radioactive
substances;
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« Robotics—developing robotic systems and
remote technology to characterize and clean up
waste without exposing workers to a hazardous
environment;

» D&D—decontamination and decommissioning
of metals and concrete to assist in disassembling
old facilities and in replacing several major
facilities in the Defense Programs
Reconfiguration;

» Transportation—performing evaluations of
transportation needs for on-site and off-site
transfer of hazardous and mixed waste (hazardous
and radioactive waste combined); and

» Technology transfer—promoting the transfer of

technologies developed at ORNL that tiall -
chnologies developed a . L that potentially ORNL is
could improve program effectiveness, reduce .
costs, and save time for federal agencies, industry, devel oping
academia, and the international community. innovative
All these activities involve developing new environmental
remediation and waste management methods or restoration
modifying existing teghniques to cr_egte .cos-t- and waste
effective, energy-efficient waste-minimization
technologies. management
technologies.
C r t )

Finding more economical ways to clean up soil
and groundwater contaminated by radioactive and
hazardous chemicals is a priority in environmental
restoration and waste management. The first step
toward reducing the cost of cleaning up sites is
reducing the cost of collecting and analyzing soil
and groundwater samples. The process of
collecting and analyzing samples is not only
costly, but it also delays cleanup efforts because
of the time required to obtain results. The Office
of Technology Development is currently
supporting a number of projects at ORNL
addressing these problems.

For example, ORNL researchers Marcus Wise,
Cyril Thompson, and Mike Guerin, all of the
Analytical Chemistry Division, have developed a
portable, real-time, direct-sampling ion-trap mass
spectrometer that can detect hazardous organic
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sludge from these tanks before they begin to leak.

Mixed wastes offer plenty of tough problems for
researchers to solve. For instance, many aqueous
mixed waste streams contain concentrations of
nitrate that exceed drinking water standards. Al
Mattus of the Chemical Technology Division is
searching for ways to chemically reduce the
nitrates contained in these mixed waste streams,
producing gaseous ammonia and achieving
acceptable nitrate levels. At the same time, Chet
Francis of the Environmental Sciences Division is
hot on the trail of a method for selectively
removing uranium from soils containing high
concentrations of silt or clay. Selectively removing
the uranium would be much less costly than
transporting, storing. and monitoring of tons of
contaminated earth.

Robotics

In the movies, robots are literally able to ““boldly
go where no one has gone before™ and save human
adventurers from risking life and limb. Real-life
robots are being developed at ORNL and elsewhere
to help reduce or eliminate the risks of exposing
personnel to radioactive or hazardous wastes.
Researchers are applying the principles of robotics
to develop servomechanical devices that
incorporate sensors, computer control, and human-
machine interfaces for efficient remote operations
under hazardous conditions and for improvements
in productivity. Typically, a robot possesses
sufficient autonomous control capability to perform
many of its functions automatically, but more
difficult tasks are supervised and guided by a
human operator who is remotely located—out of
harm’s way.

ORNL researchers are focusing on developing a
practical robotics technology to reduce the hazards
and costs of cleaning up DOE sites. The work is
being carried out by a research team headed by Bill
Hamel, who also serves as one of the National
Robotics Program coordinators. This team forms an
important part of the Robotics Technology
Development Program in OTD. This national
robotics effort is addressing needs at many DOE
laboratories and weapons and materials production
sites.
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The ORNL team seeks to develop robotic
technology for applications involving underground
storage tanks, buried wastes, waste minimization,
contaminant analysis automation, waste facility
operations, and decontamination and
decommissioning associated with DOE facilities.

Research efforts in the characterization and
remediation of underground storage tanks are led
by Barry Burks of ORNL’s Robotics and Process
Systems Division, Recently, a team led by Burks
achieved tremendous success in applying
computer-based laser imaging techniques to
mapping the surface topology of radon-emitting
uranium ore residue stored in silos at what used to
be the Fernald Feed Materials Production Center in
Ohio. The accuracy of the surface maps has
enabled workers to precisely apply a foot-thick
contaminant barrier of low-permeability clay over
the waste to reduce radon emissions, saving DOE
millions of dollars in remedial action costs (see
sidebar on p. 86).

ORNL'’s efforts in remote charactenzation of
buried waste sites are being led by Brad
Richardson and Mark Noakes, both of the Robotics
and Process Systems Division. Previous
collaborative work with the U.S. Army is now
being extended toward development of a special
low-ferromagnetic signature vehicle that will
significantly improve the performance of
subsurface mapping sensors, and a new ORNL-
Army collaboration is seeking to adapt a military
backhoe to remote excavation of buried waste
trenches and contaminated soils.

Members of Hamel’s team are working on
robotics projects with researchers at other DOE
sites who are supported by the Robotics
Technology Development Program. These
collaborations are expected to result in significant
progress in applying robotics and remote
technology to the cleanup of DOE sites.

The need to make the world a healthier, cleaner,
and safer place to five in has motivated people
everywhere to join together to solve a common
problem—<cleaning up the environment. Tom
Gagnier, coordinator of the Office of Technology
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construction. Progress is being made;
however, DOE, the electric utility
industry, the Nuclear Regulatory
Commission (NRC), and the Congress
are taking major steps toward
establishing designs, regulatory
processes, and a legal framework for
future nuclear plants. For example, in
late May 1992 the U.S. House of
Representatives passed legislation
similar to a previously passed Senate
bill and similar to new NRC
procedures that will permit one-step
licensing of nuclear power plants.
Concurrently, the industry and DOE
are working on designs for passive-
water reactors and advanced reactor
concepts to be certified by the NRC.

Because licenses of the existing
plants are for 40 years, they will begin
to expire at the end of the century,

INSTALLED NUCLEAR CAPACITY IN U.S. (GW)
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before the advanced nuclear plants can

be available, even under the license-

reform rules. Nonetheless, the United States is on
the verge of a significant increase in nuclear
power production capability, an increase that will
be vital until advanced plants take their place in
power generation. This increase is to come from
the renewal of the operating licenses for the
existing nuclear plants. Instead of permanently
shutting down dozens of nuclear plants and
removing an important source of electricity, the
NRC and utilities may extend their operating life
20 years. License renewal is the second most
important decision that must be made at the
nuclear energy crossroads.

The figure here shows the rapid loss of nuclear
generating capacity that will occur after the year
2010 if no additional plants are built or licenses
extended. However, it is anticipated that up to
75% of the 112 existing plants, or some 80 plants,
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will apply for license renewal. In addition to
helping meet demand for electricity, renewal of
licenses can lead to major economic savings. For
example, it has been estimated that if the licenses
were renewed for 20 years for all of the existing
nuclear plants, a savings of up to $200 billion
could be realized. The principal reason is that the
utilities have amortized the capital cost of the
plants over the initial 40-year license period.
Increased operating and maintenance costs for an
aging plant during a renewal period will be much
less than the capital investment required to build
new plants, nuclear or fossil. Additionally, the
economic infrastructure of the utility industry
would experience significant relief if replacement
of these plants were deferred by up to 20 years.
Current federal regulations permit license
renewal, but they do not give guidance on the

The capacity of
nuclear power
plants to generate
electricity in the
United States has
reached its
maximum and wilt
decrease
dramatically after
the year 2010
unless the
licenses for these
plants are
renewed.
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requirements. Anticipating that nuclear utilities
would request renewal of plant licenses, the NRC
began several years ago to establish regulatory
policies, technical bases, and procedures
appropriate to license renewal. The NRC is now
completing that process, and the regulatory bases
to approve these renewals and to oversee the
plants during the renewal period are essentially all
in place. For this effort, the NRC has drawn
heavily on ORNL to conduct supporting research.

The regulatory requirements for license
renewal fall into two categories—technical and
environmental. The NRC places such
requirements in the U.S. Code of Federal
Regulations. Plants seeking license renewal must
satisfy review requirements both at the time
renewal is granted and during the renewal period.
As in earlier phases of developing nuclear power,
ORNL has contributed significantly to both areas
by supplying data, analysis, and technical
interpretations to the NRC. The NRC require-
ments and some of ORNL’s contributions are
presented below.

Technical Requirements

The technical requirements for license renewal
are based on two key principles: (1) the existing
current licensing basis (CLB) for each operating
reactor provides an acceptable level of safety for
operation during the renewal term, and (2) each
plant’s licensing basis must be maintained during
the renewal period, using existing or new
programs that focus on the management of age-
related degradation of plant systems, structures,
and components (SSCs). Evaluators of a renewal
application will determine if the applicant has
taken the required steps to

« document the CLB for that plant—that is, state
all the codes, standards, and regulatory guides
that apply to that specific plant;

* identify the SSCs—safety equipment plus those
components that may affect the performance of
safety equipment;

« complete an assessment of the plant to verify
that it complies with the CLB at the beginning
of the renewal period;

« establish a program that can identify and
monitor age-related degradation of SSCs
throughout the renewal period; and

» establish a program to demonstrate that the
plant is in compliance with the CLB
throughout the renewal period.

The CLB is composed of the original
licensing requirements (e.g., codes, standards,
regulatory guides) plus requirements that have
been added for the plant during its current
license period. Compliance with the CLB
ensures that at least the current margins of safety
are maintained throughout the renewal period.
One major emphasis for the NRC has been to
identify exactly which parts of the plant should
be required in the SSCs to avoid or mitigate the
consequences of hypothetical accidents.

ORNL has been a major participant in
conducting research on the age-related
degradation of many of these structures and
components. This work has included identifying
degradation mechanisms, developing methods
for monitoring degradation, evaluating
approaches (rules, criteria, and limits) for
mitigating the effects of degradation, and
establishing technical bases for rules limiting the
effects of aging. In particular, ORNL researchers
have addressed concrete structures, pressure
vessels, and engineered safety systems
components.

Concrete Structures
Studied at ORNL

The containment building and the basemat, on
which the reactor sits, are the two most
important concrete structures in a nuclear power
plant in terms of safety. Material and structural
degradation resulting from aging and
environmental influences must be understood
and managed to ensure the integrity of these
components and the associated defense against
release of radiation to the environment.

ORNL addresses concrete structures in the
NRC-sponsored Structural Aging Program, led
by Dan Naus and Barry Oland, both of the
Engineering Technology Division. The
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temperature of neutron radiation. In other words,
the life-limiting conditions for a vessel depend on
the neutron exposure and the conditions under
which it is accumulated. Of course, during the
approved period of extended operation, the
accumulated radiation exposure will be greater than
for the plant’s initial 40 years. Current limits on
allowable embrittlement are expected to apply in
principle during renewal periods, and the current
research is aimed at verifying that these limits will
not be exceeded during a 20-year extension. With
respect to monitoring RPV aging, one key need is
in-reactor surveillance programs that give accurate
data on the neutron exposure and vessel
embrittlement during operation. Frank Kam and his
project team are working closely with the NRC to
improve surveillance programs by combining the
best available dosimetry techniques with the
periodic testing of tensile and fracture specimens
made of the RPV steel and weld materials that are
exposed to actual reactor operation. They also
maintain for the NRC a carefully documented
national surveillance data base on which regulatory
guidance for embrittlement assessments is based.

If the calculated embrittlement for the vessel in a
specific plant reaches the allowable limit,
regulations permit the owner to thermally anneal the
vessel to remove a portion of the accumulated
embrittlement. In work for the HSSI program, Bill
Corwin and Randy Nanstad are verifying the correct
times and temperatures for annealing to achieve
acceptable levels of recovery for vessel steel and
welds that may be more than 20 cm
(8 in.) thick. Their experiments on welds removed
from the vessel of the cancelled Midland Nuclear
Plant Unit No. 2 will determine the degree of
recovery from annealing and reembrittlement rates
during subsequent radiations for prototypically
thick welds. The HSSI Program staff are carefully
combining these results with those from earlier and
smaller specimen studies to provide the NRC with
the best available basis for establishing annealing
standards. The NRC is completing development of
a regulatory guide to permit utilities to anneal their
RPVs and to continue operation after annealing
even under license renewal.

Radiation-induced embrittlement is not the only
age-related degradation mechanism affecting RPVs.
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Material damage caused by thermal and mechanical
stress cycles over time results in degradation that
must be factored into the allowable life
assessments. By knowing the plant’s operating
history, the owner can compute accumulated
damage resulting from thermal aging, fatigue, and
other factors to determine the remaining allowable
life for the vessel, as defined by the code criteria in
the CLB. Thus, accurate records of a plant’s
operating and maintenance histories are recognized
by utilities as important for license renewal.
Nanstad’s group also continues to study the aging
of these steels under long-term thermal exposure
conditions.

q
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ORNL researchers are studying aging of nuclear
reactor plant components, such as valves, pumps,
steam generators, and vessel internals. Because the
condition of these aging SSCs must be considered
throughout license renewal periods, the research is
focused on (1) developing guidelines for assessing
the condition of components at the end of the
current license period, (2) devising methods for
monitoring age-related degradation during the
license renewal period, and (3) where possible,
identifying approaches to mitigate age-related
degradation effects.

For the past eight years, ORNL has been a lead
laboratory for the NRC in this area and has made
some major breakthroughs, especially in developing
techniques for nonintrusive monitoring of valves.
This work has led to patented techniques and
substantial technology transfer to industry. Don
Casada, the manager of this research, describes
these developments in the second sidebar to this
article on p. 95. The research at ORNL is part of the
NRC'’s overall Nuclear Plant Aging Research
Program.

P 7/

A proposed NRC rule will cover environmental
effects that should be addressed during the process
of license renewal. Over the past few years, a
multidisciplinary team led by Rich McLean, Lance

W____(

“ORNL
researchers
are studying
aging of
nuclear
reactor plant
components,
such as
valves,
pumps,
steam
generators,
and vessel
internals.”
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McCold, and Johnnie Cannon, all of the Energy
Division, has intensively studied the potential
environmental impacts of extended nuclear plant
operation (see the interview on p. 114). The
study identified more than 100 issues, made
detailed assessments of potential environmental
impacts, and examined the relationships of the
issues to the National Environmental Policy Act
(NEPA). The final goal was to identify the many
issues that can be treated on a generic basis and
the remaining few that must be handled on a
plant-by-plant basis.

The results of the study were published for
public comment in late 1991. The public-
comment period recently ended, and ORNL is
helping the NRC formulate responses. After the
NRC makes its final responses, this part of the
license extension rule will be complete. The
NRC will document the final rule as a
modification to Part 51 of Element 10 of the
U.S. Code of Federal Regulations (10 CFR 51).

Upon completion of the generic
environmental impact statement for extending
nuclear plant operation, all the regulatory
instruments will be in place to allow
applications for license renewal. The first
license renewal application was expected to be
for the pressurized-water reactor of the Yankee
Atomic Electric Company’s (YAEC) Yankee
Nuclear Power Station in Rowe, Massachusetts
(see photo on p. 88). Commonly called Yankee
Rowe, it was the oldest operating nuclear power
plant in the United States, and its license was
scheduled to expire in 2000. However, YAEC
recently decided to retire this plant because of
economic considerations, including the cost of
the extensive efforts that would have been
required to qualify its embrittled reactor vessel
for continued service.

The first application to renew a license for a
boiling-water reactor is expected to come from
the Northern States Power Company (NSPC) for
its Monticello Nuclear Power Plant, whose
license is scheduled to expire in 2010. Both of
these plants have in recent years been the focus
of advanced studies by DOE and the Electric
Power Research Institute to assess the issues of
aging and potential procedures for license
renewal. The NSPC is expected to submit its
application for license renewal in early 1993.

The lead time between submittal of a renewal
application and expiration of the initial license
period is expected to be about 15 years. About
5 years will be required to obtain approval for
all aspects of the application, and the other
10 years are allowed for the plant owner to
provide an alternative source of electricity
should the application be denied or if the owner
decides not to extend the plant’s operation. The
license renewal is to become active when the
approval is granted and to extend through the
renewal period. For example, if the renewal is
approved 10 years before expiration of the initial
40-year license, the renewal will cover the
rernaining 10 years plus the approved renewal
period.

In conclusion, meeting the growth in demand
for electricity in the next several decades in the
United States can be easier and less costly if the
operating licenses of existing nuclear power
plants are renewed for another 20 years. ORNL
has played an important role by providing the
NRC with technical expertise, data, and analyses
on which to base regulatory criteria and
guidelines for license renewal. The development
of the regulatory procedures is now essentially
complete. It is expected that ORNL will
continue to contribute to the development of
nuclear power technologies, including the
advanced reactors that will be certified by the
NRC for the next generation of nuclear power
plants,
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> 3: Pick A Number

What Edwi 1 Abbott

Did Not Know
about Flatland

By Alan D. Solomon

magine living in a world of two,

rather than three, dimensions. Edwin

Abbott (1838-1926)—a prominent
schoolmaster, scholar, and theologian who
lived in England—anonymously published a
book on this fantasy in 1880. It’s called

Flatland, A Romance of Many Dimensions. A
From our three-dimensional perspective,

the inhabitants of Flatland appear in a
variety of flat geometric shapes, including
triangles, circles, and squares. Viewed
from their perspective, Flatland was
populated by lines of varying lengths
and points for very slender people. The
book focuses on the impact of a major
event in Flatland’s history in which a
three-dimensional sphere slowly
passes through the country, first
driving the Flatlanders away
from its expanding circular
intersection with their
world, then slowly
retreating back to a
point, and finally
disappearing. The
Flatlanders would
view this event as
time-related.
Abbott seeks to
broaden our
conception of time
by using this
physical analogy.
According to Abbott,
Flatland was a difficult and dangerous place in
which to live. Some of its inhabitants were so thin
that, when angry, they could actually run through

5)

Z\ others, breaking them up into little
6 pieces. Moreover, the Flatland
government was highly intolerant of
dissenting opinions, jailing the hero
of the story for believing that the
universe was not really flat.
Thanks to insights by the Dutch
mathematician, physicist, and
astronomer Christian Huygens
(1629-1695), however, we may
9 better understand the intolerance
and difficult personalities of
Flatland’s people. In a series of
7 works, Huygens showed that
sound waves in our three-
dimensional world move
“sharply” through space and
time. That is, if we are standing at
a distance from the source of a
gunshot, for a time we hear
nothing. Then we hear a rapid
report followed again by silence.
Not so in Flatland. Here there
would also be silence until the
sound of the shot reached us. But
forever after that time, we
would continue to hear sound
arising from the shot—a kind
of eternal reverberation.
Because our world is full of
sound, the result would be a
constant background noise of
varying volume—perhaps
resembling the world of a
parent who has bought a very powerful stereo
system for his or her teenager—and lasting
forever!
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Abbott’s latla 1was published in
papei ¢ kin its fifth edition by _'arr s
_'oble Books in 1983.

Further support for the assertion that sound
propagation is not “sharp” in two dimensions, as it
is in three, arises from the analysis of a particular
partial differential equation, the so-called “wave
equation,” by a number of applied mathematicians
over the past 300 years. More generally, for spaces
having an even number of dimensions (2, 4, 6,...)
sound propagation would not be sharp, while in
spaces having an odd number of dimensions (1, 3,
5,...), it would be. Knowing this, perhaps a future
visitor to an “Evenland” of an even number of
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dimensions will find many more interesting things
to tell us.

Abbott’s Flatland was published in paperback
in its fifth edition by Bames & Noble Books in
1983. Those interested in learning more about
Huygens’ Principle, or sound propagation in
general, can turn to the book Methods of
Mathematical Physics, Vol. 11, by R. Courant and
D. Hilbert (Interscience Publishers, 1962) or to
me for more information

|
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Activities; Robert James
Zerby and Charles Douglas
Hochanadel received an
award of achievement in the
category of design graphics,
presentations, for the Martin
Marietta Energy Systems,
Inc., Back School slide
presentation; and Richard
Booker and Mitchell
Williamson received an
award of achievement in the
category of design graphics,
exhibits/displays, for
Environmental Sciences
Division Monolith.

Numerous ORNL
publications won awards in
the Technical Publications and
Art Competition sponsored by
STC’s East Tennessee
Chapter. In brochures, an
award of merit was given to
Wanda Jackson and Mark
Spann; in newsletters, award
of excellence, Charles
Reeves, Jr., Susan E.
Hughes, Linda E. Battle,
Allyn Zerby, and Frances
Littleton; award of merit, Bill
Cabage; award of
achievement, Carbon
Dioxide Information Center,
Frederick M. O’Hara, Jr.,
Frederick W. Stoss, David
Fields, Marilyn E. Langston,
Information Technology
Group, Cheryl A. Koski,
Ken Davis, Gloria Glandon,
Anne E. Freels, Shelia E.
Poligone, Margaret L.
Givens, and Sandra R.
Schwartz; in organization
manuals, award of distinction,
Laura J. Morris, Gay Marie
Legsdon, Linda S. Cooper,
John Holbrook, Rosemary
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Adams, Dami Rich, and
Robert T. Russell; award of
merit, Gay Marie Logsdon,
Waltina L. Lyons, Tina M.
Thomas, Joe Rich, John
Holbrook, Dami Rich, and
Rosemary Adams; in house
organs, award of merit, Judy
Wyrick, Gloria Caton,
Ceramic Technology for
Advanced Heat Engines
Program Staff, Tim Ellege,
and Marilyn E. Langston; in
promotional materials, award
of excellence, Wanda G.
Jackson, Berta Swain,
Robert A. Eldridge, and
Lynn Freeny; award of merit,
Michael R. Aaron, Regina
Stinnett, and Larry W,
Davis; in periodic activity
reports, award of excellence,
Amy L. Harkey, Marsha K.
Savage, Lydia S. Corrill,
Gay Marie Logsdon, Delores
H. Ogle, Karen N. Gibson,
Jon Jefferson, Deborah
Barnes, and Vickie Conner;
award of merit, Wanda G.
Jackson, Walter S.
Konsinski, Jr., Larry W,
Davis, Vicky Rolfe, Sandi
Lyttle, Darrell C. West, Ann
Wilson, Deborah Counce-
Brown, Ronald A. Evans,
Steve Goodpasture, Richard
Grant, Toni G. Jett, Frank
Kornegay, Gary W. Snyder,
Mark F. Tardiff, Linda
Jeffers, Sandi Lyttle, James
Mason, Nancy Smith,
Thomas Tallant, Vickie
Conner, Carol Hodge, Jamie
Payne, and Leon Smith; in
whole periodicals, award of
distinction, David L.
Feldman; award of merit,
ORNL Editing and

Graphics Staff; in scholarly
and professional journals,
award of distinction,

S. Marshall Adams and
James E. Breck; award of
merit, Barbara T. Walton
and Todd A. Anderson;
award of achievement,
Charles D. Scott, John E.
Mrochek, Martha G.
Stewart, Timothy C. Scott,
Gordon E. Michaels, Eugene
Newman, and Milicia Petek;
in trade/news articles, award
of distinction, Virginia H.
Dale; award of excellence,
Janet H. Cushman, Lynn
Wright, and Linda K. Shaw;
award of merit, Jon
Jefferson, Deborah Barnes,
Vickie Conner, Richard B.
Gammage, Carolyn Krause,
Michael R. Aaron, and
Cindy Robinson; in books,
award of excellence,

S. Marshall Adams; in
technical reports, award of
distinction, Robert S.
Turner, Robert B. Cook,
Helga Van Miegroet, Dale
W. Johnson, Jerry W.
Elwood, Owen P. Bricker,
Steven E. Lindberg, George
Hornberger, David S.
Shriner, Samuel B.
McLaughlin, Margaret K.
Lyday, W. W. Heck, D. W.
Johnson, J. D. Joslin, C. E.
Peterson, and P. M. Irving;
award of excellence, Larry
Dresner, Sandra Vaughn,
ET/FE Publications Office,
Brenda Smith, Margaret
Boone Nestor, Judy Neely,
Phyllis Sumner, and Cindy
Johnson; award of merit,

D. K. M. Shum, ET/FE
Publications Office, Brenda

Smith, Darcus Johnson,
Cynthia Southmayd, Evelyn
Carver, Cindy Johnson,
Margaret Eckerd, Judy
Neely, Jane Parrott, and
Phyllis Sumner; award of
achievement, Laura M. Yust,
Anne E. Adamson, Human
Genome Management
Information System; in
mechanical illustration, line
art, black and white, award of
distinction, Elizabeth S.
Martin, Larry H. Bohanan,
John Waggoner, Melanie D.
Conger, Mike A. Darnell,
Ray M. Evans, and Ed
Aebischer; in interpretive
illustration, line art, color,
award of achievement, Mark
Robbins and M. B. Lewis;
interpretative illustration, tone
art, color, award of
achievement, Mitchell
Williamson and Michael
Farrell; in design graphics,
brochures, award of merit,
Sandra M. Schwartz; in
design graphics, covers, color,
award of excellence, Vickie
Conner, Wanda G. Jackson,
and Beverly Wilkes; award of
achievement, Sandra
Schwartz and Ken S. Davis;
in design graphics, posters,
award of distinction, Anna
Fraser, Bert Longmire, and
Jan Hickman; award of
merit, Sandra R. Schwartz;
award of achievement,
Sandra R. Schwartz; in
design graphics, presentations,
award of excellence, Robert
James Zerby and Charles
Douglas Hochanadel; award
of achievement, Mitchell
Williamson and Uegang Wu;
in design graphics, exhibits/
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waste management needs;
Jack L. Yarber, for technical
support through outstanding,
sustained contributions to the
operation of plasma-
confinement experiments.

ORNL employees who
received an Operations and
Support Award, which
recognizes significant
improvements to efficiency,
major cost avoidance or cost-
reduction efforts, innovations
that enhance programmatic
operations, and extraordinary
personal effort in support of
major projects and goals, are
Robert L. Atchley, for
innovative leadership
resulting in the most cost-
effective fire department with
the lowest fire loss ratio in
Energy Systems; Virginia M.
Cannon, for unsurpassed
expertise in Energy Systems’
policies relating to hiring,
termination, and internal
payroll status changes;
Aurelia Carter, for
distinguished service to the
staff of the Metals and
Ceramics Division through
enthusiastic cooperation and
assistance in division
financial planning, internal
timekeeping, and cost
reporting; Edward D.
Aebischer, Syd Ball,
Christopher Bottcher, John
Bownds, Bob Dory, David
Giles, K. Bruce Jacobson,
G. Malcolm Stocks, Michael
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R. Strayer, and Kibbee D.
Streetman, for development
of the Saturday Academy of
Computing and Mathematics;
Elizabeth L. Dagley, Linda
Amburn, Charlene M.
Horak, and Alan Scott
Icenhour, for superlative
leadership in interpreting,
developing, and implementing
an effective self-assessment
program at Oak Ridge
National Laboratory; Nancy
Dailey, J. Ken Greer Jr., and
David D. Skipper, for
significant achievement in the
preparation of Resource
Conservation and Recovery
Act permit applications and
closure plans; Norma Jean
Hensley, for superior
performance as section
secretary and for promoting
continuity of section business
voluntarily during her
supervisor’s absence; Robert
Mason, Thomas H. Monk,
Mark R. Peet, Sharon M.
Robinson, Gil W. Sherrill,
Warren T. Thompson, and
John R. Trabalka, for
exceptional commitment in
preparing for application of
Federal Facilities Agreement
requirements to the active
Liquid Low-Level Waste
System at ORNL; D ___dR.
Miller, for innovative
leadership in greatly
increasing the quality and
efficiency of Instrumentation
and Controls Division
maintenance at ORNL and in

enhancing career development
opportunities for a diverse
staff; Mary Anne Sedlmeier,
for outstanding administrative
implementation of the new
DOE order on occurrence
reporting; Randy M. Walker,
for achieving a turnaround in
the effectiveness of the ORNL
transportation and packaging
function for radioactive waste
and other hazardous materials;
Allison Baldwin, Charles R.
Boston, Johnnie B. Cannon,
Tina C. Curry, Charles W.
Hagan, Anthony B.
Hopwood, and Carolyn H.
Krause, for significant
contributions in the
preparation of the proposal to
site Complex 21 on the Oak
Ridge Reservation; Paula F.
Wright, for administrative
support and dedication to
Research Reactors Division
staff and to the division’s
missions and goals; S. D.
Wright, for excellence in
administrative support for
ORNL and the Analytical
Chemistry Division.

The following ORNL
managers received a
Management Achievement
Award for contributions
characterized by exemplary
performance in leadership,
planning, organization,
staffing and control functions;
achievements in dealing
effectively with resource
limitations and other

constraints, meeting or
exceeding schedules,
attaining mission goals,
training and motivating
people, and demonstrating
support for company values;
or specific accomplishments
during the award period or
over a long period: Robert 1.
Van Hook, for exemplary
achievements in leading
ORNL’s Environmental
Sciences Division in research
and operations activities; and
Colin D. West, for
exceptional service as
manager of the Advanced
Neutron Source Project.

A Community Service
Award, which recognizes
outstanding and noteworthy
performance in voluntary
activities of benefit to the
community and involving
considerable personal time,
demonstrated dedication and
continuous long-term service,
significant contribution to
quality of life in the
community, demonstrated
and recognized leadership
abilities or considerable
creativity in the initiation and
implementation community
projects, was given to G. C.
Robinson, Jr., for leadership
in community service that has
opened the doors for many
children and families to
experience a more
meaningful life
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“The ORNL
research
divisions
have
strongly
supported
the gro 'h
and
development
of all these
educational
programs.”
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and has emphasized education as a primary
mission of the department. The reason DOE has
looked to Oak Ridge is the combination of
resources at ORNL and ORISE and the links that
exist between these organizations and other
regional institutions, such as the University of
Tennessee and the Tennessee Valley Authority.”

The partnership between ORNL and ORAU has
produced thousands of undergraduate, graduate,
postgraduate, and faculty research appointments
and internships at ORNL over the years and has
greatly enhanced the research base of colleges and
universities throughout both the region and the
nation. “ORAU is an avenue into the lab largely
because of its extensive network into the academic
world,” says Al Wohlpart, head of ORISE’s
Science/Engineering Education Division.

DOE’s multilevel University-Laboratory
Cooperative Science Education Program and two
newer national initiatives, the Science and
Engineering Research Semester and the Teacher
Research Associates Program, are mainstays of
DOE’s educational effort in Oak Ridge. More
recently, increasing emphasis has been placed on
the wide range of undergraduate and graduate
internship opportunities and on development of a
new ORNL Postgraduate Research Program
designed to strengthen the vital contribution that
postdoctoral appointments make at ORNL. These
varied programs provide research and training
opportunities at ORNL in disciplines ranging from
environmental science to analytical chemistry to
genetics research. “The ORNL research divisions
have strongly supported the growth and
development of all these educational programs,”
says Aebischer. “The things we do in this office
could not happen without the cooperation of the
divisions in matching the research interests of the
participants with the research needs of the Lab.”

These programs give participants the type of
research experience that’s not available on
campus, providing them access to state-of-the-art
equipment and enabling them to collaborate with
world-class researchers.

Joint projects. The latest trend in joint ORNL-
ORAU educational projects has been to broaden
their scope to include programs for precollege
students and their teachers—from kindergarten

through high school. “We’re doing a lot more at
the beginning stages of the pipeline that ultimately
produces scientists and engineers,” says
Aebischer. “We have more programs at the
elementary and secondary levels, both for students
and for teachers.” Some of these programs are
described below.

« The Science and Mathematics Action for
Revitalized Teaching (SMART) program was
implemented to combine the resources of
ORNL, ORAU, and schools in Chattanooga,
Roane County, and Harriman to enhance
science and mathematics education. These
school systems represent very different urban
and rural environments and diverse student
populations.

Established in 1989, the SMART program
brings teachers together with scientists and
technical specialists from ORNL to develop
new instructional materials and implement
new teaching strategies. To maximize the
impact of teacher development activities, a
communication network has been established,
linking teacher liaisons at each school with
each other and with program administrators at
ORAU and ORNL. Meetings for teachers in
each system are held on a regular basis to
allow them to share information and stay
informed about SMART activities.

Over 200 teachers have participated in
SMART workshops and training to assess the
needs of their education programs over the two
years of the program’s existence. This ongoing
involvement has resulted in system-wide
improvements in science and mathematics
programs in participating school districts.

Like SMART, the Teachers Research
Associates Program, formerly known as
STRIVE, emphasizes helping teachers develop
innovative methods of communicating the
importance of scientific research to their
students. This program gives junior and senior
high teachers the opportunity to spend part of
their summers as members of research teams at
ORNL, ORISE, or one of six other DOE
research facilities. A portion of each week is
spent exploring ways to incorporate their
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research experiences into their teaching
activities.

The Minority Challenge Program promotes
interest in science and engineering among
junior high and high school students in five
counties surrounding Oak Ridge. The program
includes career awareness workshops, visits to
college and university campuses, summer
internships, and a summer science camp where
students participate in classes and laboratory
experiments.

Last year’s East Tennessee Regional Science
Bowl, cosponsored by ORNL, ORAU, and
Pellissippi State Technical Community
College, drew 26 high school teams from
Tennessee and Georgia to vie for the privilege
of competing in the National Science Bowl in
Washington, D.C.

Area high school students joined hundreds of
college students and faculty members at the
third annual Women in Science and
Technology Conference. The conference
highlighted expanding scientific career
opportunities for women in government,
medicine, academia, and private industry
through lectures and discussions.

These programs and a host of others are a sign
of the continually expanding commitment on the
part of DOE, ORNL, and ORAU to meet the
challenge of providing today’s students with the
kind of high-quality science education that will
allow them to compete and succeed in the world
of tomorrow.—Jim Pearce
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DOE has funded a program to introduce
supercomputing concepts into the high school
classroom in Tennessee, Iowa, and New Mexico.
The new program, “Adventures in
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Supercomputing” (AiS), is being offered by
ORNL; Ames Laboratory, Ames, lowa; and
Sandia National Laboratories, Albuquerque,
New Mexico.

Richard Hicks, AiS coordinator for ORNL,
said that the response to the program in
Tennessee has been tremendous. “We had more
than 40 schools across the state apply,” Hicks
said. “I was pleased with the enthusiasm that all
of the teachers expressed about the need for this
type of program in Tennessee.” A committee
composed of Tennessee state officials, educators,
and ORNL personnel selected seven high
schools from the applicant pool.

AiS is based on a teaching curriculum first
developed and tested in Alabama schools. In this
successful program, high school students
produced computer simulations to study
heredity, the aerodynamics of a wind tunnel, the
progression of the AIDS virus in a human body,
and the thought patterns of a schizophrenic
person.

Under the AiS program, participating schools
received free loans from DOE of four Macintosh
computers, which are networked to a
supercomputer manufactured by nCUBE
Corporation. The nCUBE supercomputer, which
is a multiple-processor, massively parallel
supercomputer, is being loaned by nCUBE
Corporation of Foster City, California, at no cost
to ORNL to implement the AiS program. Bobbi
Hazard, vice president of sales for nCUBE
Corporation, stressed nCUBE’s commitment to
education.

“Today’s students are the researchers and
engineers of tomorrow,” Hazard said. “Exposing
students to leading-edge technology, which
normally is available only to the elite in
scientific research and commercial industries,
will significantly improve the students’
education, and in the long term, the computer
industry as a whole.”—Anne E. Armstrong
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group for study. The original analysis was done by
Ida Lee, a postdoctoral scientist; physicist Samuel
McKenzie; and Arakawa.

If additional funding can be obtained,
McKenzie and his colleagues will use two
ultraviolet lasers to extend the technique to
detecting pesticides and heavy metals and
measuring pollutant concentrations in fish scales.
To determine the accuracy of their technique, they
will compare their measurements of pollutants in
the outer edge of scales of dead fish from the
Savannah River Site with the results of analyses
of the total content of each fish—Carolyn Krause

N .

A Bioprocessing Research and Development
Center has been established at ORNL in
recognition of the increasing importance of
biotechnology to the nation’s long-term security
and economic prosperity. Bioprocessing uses
living organisms to produce new products. Results
from ORNL’s expanded bioprocessing research
and development effort will be transferred to the
industrial sector to help make the United States
more competitive in the marketplace.

Under the new initiative, scientists from
ORNL’s Chemical Technology Division,
supported by the Biology and Environmental
Sciences divisions, will develop bioprocesses for
energy-related programs and environmental
control and will produce a variety of commodity
and specialty chemicals.

“The hallmark of our efforts, supported by
some 25 years of past experience in bioprocessing
research, will be to expand interactions with
academia, other national laboratories, and
industry,” says Chuck Scott, senior corporate
fellow and newly appointed director of the center.
“Transferring bioprocessing technologies to
industry will be the ultimate goal of most of our
research and development work.”

ORNL scientists will concentrate on
bioprocessing systems that can economically
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produce fuels and chemicals from fossil materials
and renewable feedstocks, including recycled
waste material such as paper. Researchers also
will develop bioprocessing systems to remove and
degrade pollutants.

Funding for the center comes from the
Department of Energy. Other government

agencies benefiting from ORNL’s contributions “Tran sferri ng
will include the Department of Defense and the . .
Environmental Protection Agency, which need b loprocessing
advanced techniques for environmental control technolo gi és
technology and waste recycling; the National .
Institutes of Health, which can use advanced toﬁmdustry
processing techniques to produce therapeutic will be the
agents; and the Department of Agriculture, which ultimate goa )
seeks processes for the small-scale conversion of
surplus and waste agricultural products. Of st Of
ORNL has established an interlaboratory our research
initiative for bioprocessing research and /

development with Argonne National Laboratory
in Argonne, Illinois; the Idaho National
Engineering Laboratory in Idaho Falls, Idaho; and
the National Renewable Energy Laboratory in
Golden, Colorado. Laboratory scientists will also
collaborate with several university laboratories,
including the Center for Environmental
Biotechnology at the University of Tennessee in
Knoxville.

ORNL'’s achievements in biotechnology over
the years include (1) creating advanced techniques
for producing liquid and gaseous biofuels to
provide alternatives for meeting future energy
demands, (2) developing bioreactor systems for
producing ethanol and other chemicals, (3)
removing nitrates and phenols from industrial
wastewaters using microorganisms, and (4) using
biological agents to remove hazardous material
from polluted soil and groundwater.

Funding for programs within the Bioprocessing
Research and Development Center is being
provided by several DOE offices, including the
Office of Energy Research, the Office of
Technical Coordination, the Office of Fossil
Energy, and the Office of Industrial
Technologies.—Brian Daly

relopment
work.”

135







microwave frequencies. Then we came up with
the idea of transmitting a simple reference signal
into the wall at an angle and comparing the wave
characteristics of the signal going in with those of
the reflected signal coming out.”

The microwave signal transmitted into the
structure is partially reflected by different layers
of materials or irregularities, giving a composite
reflection that contains information about each
internal layer. This composite signal is
considered the “signature” of the structure under
test. “Standard” signatures are obtained from
structures of known composition that are in good
condition.

When the signature of the test structure
matches the standard signature, the structure is
considered normal. A test signature that differs
significantly from the standard may indicate
irregularities in composition or it may be a sign
of structural deterioration. By varying system
parameters, such as the frequency of the
microwaves or the separation between
transmitting and receiving homns, the system can
be customized for a wide variety of structures.

A more rigorous challenge for the microwave
probe was a test wall built at the K-25 Site. “The
K-25 wall incorporated a lot of irregularities,”
Bible says. “They filled some blocks with mortar
and stuffed paper or rubber gloves into others—
anything they could think of that workers might
have done while building the walls at Y-12.
That’s when we decided to use a computer to
compare test signatures with an entire set of
standard signatures representing a range of
possible wall characteristics.”

Once tuned for a particular structure, the
simple readout eliminates problems of
interpretation and allows large areas of a
structure to be rapidly examined. Eventually,
Bible hopes to incorporate the entire system into
a simple, hand-held unit that can be used by
individuals with a minimum of training and will
display the results of its analysis on a liquid
crystal display screen.

The probe can also be used for inspection of
building foundations, concrete walls, bridge
pillars, and road surfaces and for the location of
hidden polyvinylchloride pipes that elude metal
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detectors. Bible expects that this inexpensive,
easy-to-use probe would benefit agencies charged
with inspecting and maintaining the nation’s
infrastructure, allowing limited funds to be used
on structures most in need of repair.

—Jim Pearce

Studying Snails and
Stream Health

A type of snail that is abundant in most streams
in east Tennessee is noticeably absent in
contaminated Qak Ridge streams, indicating a
significant level of pollution. Such a snail could
serve as a sensitive indicator of and contributor to
improved water quality in Oak Ridge streams as
remediation programs take effect.

These are two conclusions of a recent study by
Walter Hill, a research associate in the University
of Tennessee’s Graduate Program in Ecology, and
Arthur Stewart of ORNL’s Environmental
Sciences Division. These stream ecologists have
focused on snails of the family Pleuroceridae and
of the genus Elimia, which are present in large
numbers in freshwater habitats. Such snails are
particularly useful as indicators of the presence of
contamination.

Elimia snail studies have been funded by Oak
Ridge biological monitoring and abatement
programs set up to assess the impacts of pollutants
on stream life. These programs are required by the
National Pollution Discharge Elimination System
permits issued to Department of Energy facilities,
including those on the Oak Ridge Reservation.

In their paper “Grazers, Periphyton and
Toxicant Movement in Streams,” Hill and Stewart
report that Elimia have probably been eliminated
from Oak Ridge streams because of pollutants
such as polychlorinated biphenyls (PCBs), heavy
metals (mercury, cadmium, and chromium),
chlorinated drinking water, and once-through
cooling water discharges. The absence of Elimia,
the scientists add, not only makes it difficult to
study the indirect biological effects of
contamination but may also lead to an increased
accumulation of contaminants in fish and other
animals higher in the food web.

“Elimia
snails have
probably
been
eliminated
from Oak
Ridge
streams
because of
pollutants.”
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To help the nation monitor gains and losses in its
wetlands, ORNL is playing an important role in
designing a program to measure changes in coastal
land cover—marshes, swamps, forests, farms, and
urban areas—and to provide reliable data on these
changes. Two researchers in the Computing and
Telecommunications Division at ORNL are
working with the National Marine Fisheries
Service to develop the CoastWatch Change
Analysis Program (C-CAP). Since the early 1980s
Jerome Dobson, a senior research staff member,
and Edward Bright, a geographic information
analyst, have been developing the program, which
is supported by the National Oceanic and
Atmospheric Administration (NOAA).

A recent proposal to change federal policy to
open once-protected wetlands to development
angered some environmentalists. The controversy
hinged on questions on the definition of wetlands,
the role they play in the environment, and the
wetland area lost to development or natural
changes.

Wetlands are those areas of the landscape where
land and water meet. They help to control flooding,
purify water, and provide an important habitat for
fish and wildlife.

“The pressure to protect wetlands has been
growing in concert with the environmental
movement,” Dobson said. “As a result, several
agencies are supporting a national effort to map
land cover and detect wetland gains and losses.”
Mapping will be done with the aid of geographic
information systems, satellite and aerial data, and
various ground-based data bases.

Dobson said the greatest challenge lies in the
sheer size of the effort. “Detecting changes in small
areas can be accomplished by making image-to-
image comparisons, but detecting changes for areas
that cover hundreds or thousands of square
kilometers is more difficult,” he said. To obtain
accurate comparisons, C-CAP researchers first had
to develop a consistent method of categorizing land
cover (e.g., agree where marshes end and
grasslands begin). In September, NOAA, the U.S.
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Fish and Wildlife Service, the U.S. Geological
Survey, and the Environmental Protection Agency
agreed on a standardized classification scheme for
defining categories of land cover.

For each area being monitored, current and
earlier satellite scenes must be selected, and
careful attention must be given to cloud cover,
tidal stage, and vegetative season. Training
samples containing areas of known land cover are
selected with the help of wetlands ecologists and
regional specialists and are then matched with
patterns of light reflected from the known area, as
identified through remote sensing by satellites.

Satellite images consist of 30-m? rectangles
called pixels; data for each pixel indicate the
amounts and wavelengths of light reflected from
the surface. The type of land cover in each pixel
can be determined through statistical analysis
comparing unknown pixels with the training
samples, Dobson said. “This way we can detect,
for example, whether we’re looking at an urban
area or an agricultural area.” He explained that
multiple samples of each area are selected to
represent each land-cover classification. Then the
classified land cover is graphically overlaid on a
map.

After initial classifications have been made, the
researchers begin tests for reasonableness and
consistency. These are accomplished by comparing
selected areas with other wetlands data sources and
by investigating the appearance of unlikely pixels,
such as urban pixels showing up in areas where
cities are not known to exist, he explained. “Once
we’re satisfied with the results for each current
scene, we add adjacent scenes to create a single
regional data base,” Dobson said. “Then we repeat
the entire process for the earlier time period based
on the same ground control points.” He said the
process of detecting changes between the two
scenes consists of a pixel-by-pixel comparison and
the creation of a matrix for recording the changes.

Dobson said no literature previously existed on
how to assess error levels for changes from one
time period to another. “We brought in the top
error-estimation specialists, who came up with a
new and clever solution that involved focusing
first on the area and then on the classification,” he
said.

“To elp e
ne on
monitor its

pr¢_am to
measure
changes in
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provide
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Although national in scope, C-CAP will be
administered as a series of regional efforts with
help from state governments and universities.
Candidates include Chesapeake Bay, Galveston
Bay, Tampa Bay, coastal South Carolina, North
Carolina, and Rhode Island. “Selected regions
will be monitored every five years, except for
areas that have experienced environmental
disasters or rapid population growth,” he said.
“Those will be monitored more frequently.”

Dobson believes the methods and technology
developed for C-CAP are the same as those
needed for global environmental monitoring and
modeling. “The same protocols developed for C-
CAP
and the care taken in its development are needed
for monitoring such problems as deforestation and
desertification. The consistent land-cover
classifications are especially important to global
monitoring, where we encounter very subtle
gradients from temperate to tropical vegetative
species,” Dobson said. “Also, if sea levels begin
to rise, the most sensitive indication of these
changes will be differences in coastal vegetation.”

Accuracy assessments for C-CAP will soon be
completed, and Dobson said initial resuits have
been encouraging. “If the results are as good as
we expect them to be, C-CAP will provide more
than just an effective measurement of changes in
coastal wetlands. It will also be an effective tool
for analyzing public policy and practices to ensure
valuable U.S. wetlands are protected, and it could
provide environmental analysts with the means to
monitor changes in global environmental
conditions.”—Karen Bowdle

Yir'es 1 s
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Robots can now move freely in a highly
radioactive environment too hazardous for
humans, thanks to a new method of wireless
communication developed at ORNL. With this
invention, engineers in ORNL’s Instrumentation
and Controls Division have made it possible for
untethered robots to operate freely in hot cells
used for reprocessing nuclear fuel.

Until recently, wireless communication in large-
volume hot cells had been considered impossible
because the metal walls of the cell cause
electromagnetic echoes, or reflections, that confuse
robots. The new method employs directional radio
waves of very high frequency to reduce the
reflections to an acceptable level. It also eliminates
damaged and tangled robot wires.

ORNL engineers have tested the new concept by
constructing a Transportable Reflecting
Environment Communication System (TRECS).
The radio computer system sends signals to the
robot’s computer, enabling it to perform duties
within a cell about the size of a football field.

TRECS’ electronics are designed to withstand
temperatures up to 60°C (140°F) and doses of
gamma radiation up to one million rads (200 rads is
considered lethal to humans). Although relatively
maintenance-free, the system is designed
modularly to facilitate any needed remote
maintenance.

Use of this system will eliminate the large cable
bundles that would otherwise be required between
the walls of the cells and the operating robots.
“TRECS has been fully developed and tested and is
ready for commercialization,” says Steve Schrock
of ORNL’s Robotics and Process Systems
Division. “We expect the system could be adopted
for use in hot cells toward the end of this decade.”

As part of a DOE cooperative agreement with
the French Commissariat a I’Energie Atomique
(CEA), French researchers recently tested the
TRECS on robotic , pment installed in metal-
lined facilities in France. Shrock said the testing
was “very successful.”—Brian Daly
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A campaign to produce isotopes of transuranic
elements for use in research at DOE laboratories
and at other scientific facilities has been
successfully completed at ORNL’s Radiochemical
Engineering Development Center (REDC). This
was the first group of such target isotopes

Oak Ridge National Laboratory REVIEW
















passes to completely join the two plates of steel
together.

Using neutron scattering, the researchers
obtained a three-dimensional map of strains in a
series of “volume elements” in the weld, the heat-
affected zone, and the base metal of the steel
plate. Each volume element was several cubic
millimeters. From the measurements of the
strains (which extend along the length, width, and
height of each volume element), the researchers
calculated the residual stresses in each of the
three principal directions.

Stresses (or forces) on a crystalline material
cause lattice strains. The size of a strain can be
determined by measuring the distance between
the planes of atoms in the material. In a
crystalline material containing residual stresses,
compressive stresses cause these distances to
decrease, and tensile stresses cause them to
increase in comparison with lattice spacings in a
stress-free material.

The scientists irradiated the welded sample
with a neutron beam having a fixed wavelength
of 1.65 angstroms, selected to make the scattering
angle 90° for a stress-free ferritic steel sample.
However, when residual stresses exist, the
separation between the atomic planes is smaller
or larger than the separation in the stress-free part
of the sample, so the neutrons are scattered at
slightly different angles. From the observed
diffraction angles, the lattice spacings and,
therefore, the strains are determined.

By changing the sample position and using a
special detector to accurately count the neutrons
scattered at various angles, the researchers
obtained a detailed map of residual stresses in the
weld sample. The key to their success was the
computer-controlled sample stage, beam
collimators, and detector attachment added to the
existing triple-axis neutron spectrometer at the
HFIR. These modifications and this study were
made possible by support from the ORNL
Director’s R&D Fund.

In the experiment on the ferritic steel weld
sample, the researchers found large tensile
stresses parallel to the weld line in the weld metal
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and out into the steel plate where the stresses
eventually became compressive.

“We found that the tensile stresses approach
the yield stress of the material and may nearly
exceed this stress in the weld zone,” Hubbard
says. “If these stresses are not minimized, such
welds could show signs of cracking after
exposure to applied loads. These residual
stresses can be reduced in the weld by post-weld,
stress-relief heat treatments. Our ability to map
residual stresses in welds will allow us to
evaluate the effectiveness of such treatments.”

Multipass welds are commonly used in many
industries. “Our data,” says Hubbard, “will be
useful in predicting the properties of multipass
welds in ferritic plates and will provide a basis
for modeling multipass welds.” Hubbard adds
that the HFIR instrument could also be used to
map residual stresses in industrial objects such as
ceramic-coated turbine blades or oil well
casings.—Carolyn Krause

« € “resents Integrated
F( est St dy Results

A landmark book edited by an ORNL scientist
and a former ORNL staff member contains
valuable information for researchers and
environmental managers. The new book
examines the effects of atmospheric pollutants
on forests and their implications for forest
management and pollution control. One of its
surprising findings suggests that some American
forests in the Southeast may be more vulnerable
than those in the Northeast to acidity from the
atmosphere.

The book Atmospheric Deposition and
Nutrient Cycling in Forests (Springer-Verlag
Publishers, New York, 1992) was edited by
Dale W. Johnson, a former ORNL soil scientist
now with the Desert Research Institute of the
University of Nevada, and by Steven E.
Lindberg, leader of the Atmospheric and
Geochemical Processes Group of ORNL’s
Environmental Sciences Division (ESD).

“The HFIR
instrument
could also be
used to map
residual
stresses in
industrial
objects such
as ceramic-
coated
turbine
blades or oil
well
casings.”
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becomes acidified by the deposition of sulfate and
nitrate.

“The IFS findings,” says Johnson, “could
improve the accuracy of forecasts of nutrient
deficiencies in forests that may result from
atmospheric deposition or harvesting.”

Among the important findings of the IFS study
are these:

» Atmospheric deposition of acidity, sulfate, and
nitrate was greatest at the high-elevation sites
affected by cloudwater. It was higher in the
southeastern United States (e.g., Smoky
Mountains) than in the Northeast (e.g.,
Whiteface Mountain in New Hampshire). This
finding is unexpected and could not have been
revealed by traditional bulk collector
measurements.

= Except perhaps for mountain forests, acidic
deposition combined with ozone exposure is
unlikely to cause tree leaves to lose significant
amounts of their nutrients.

Deposition of sulfate and nitrate has increased
the rate of nutrient leaching from most of the
forest soils at IFS sites by 20 to 60%, making
these nutrients unavailable for use by trees and
forest vegetation. Levels of potentially toxic
aluminum rose in the most acidic soils.

« Atmospheric deposition may have contributed to
the declining health of some red spruce stands in
the Smoky Mountains, particularly Clingmans
Dome, by increasing the leaching of both nitrate
and aluminum from the soil. As a result, nitrate
levels increase in streams and aluminum
becomes more available for uptake by trees (in
preference to the nutrient calcium) and for
transport to streams, where it can harm fish.

According to the IFS, an Oak Ridge loblolly
pine site is considered vulnerable to total nutrient
leaching by deposited acids because its highly
weathered soils are low in minerals that could
neutralize these acids. However, because of the
high tolerance of loblolly pine to leached
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aluminum in soil solution, decline of the loblolly
pine forest around Oak Ridge is deemed unlikely.

One of the outside reviewers who praised the
book said, “This synthesis has provided
convincing evidence of many issues in
atmospheric deposition, and it will be an
important text for years.”

Although completed in 1989, the IFS has
resulted in spin-off research projects at ORNL and
elsewhere. Sandy McLaughlin of ESD built on
IFS findings in his proposal of continued studies
of the effects of aluminum and calcium on the
physiology of spruce trees in the Smoky
Mountains. Helga Van Miegroet and Chuck
Garten have received ORNL seed money to use

nitrogen isotopes to determine the critical sources “C learly, the
and sinks for atmospheric and soil nitrogen in
Smoky Mountain forests. Supported by the U.S. IFS ’_‘esults
Forest Service and the National Park Service, continue to
Lindberg and Jim Owens have designed and i nﬂue nce
conducted a study of sulfur deposition on forests
at different elevations on Clingmans Dome. f uture
“Because of the IFS findings in the Smokies,” research on
says Lindberg, “the National Park Service has the eﬁ‘e cts Of
committed to establishing a long-term air . .
pollution, water quality, and forest health arr pOl lution
monitoring study near the IFS site on Clingmans on fore sts.”

Dome. Clearly, the IFS results continue to
influence future research on the effects of air
pollution on forests.”—Carolyn Krause

ect n Mic
S ow
Superc 1 :tors Grow

High-temperature superconductors can be made
by using lasers to deposit films on a substrate, one
atomic layer at a time. But the ability of the
superconductor to carry useful amounts of
electrical current depends on its structure, and
achieving the best microstructure could require
some fine-tuning of the film deposition process.

Steve Pennycook of ORNL’s Solid State
Division has developed an imaging process using
an electron microscope that can reveal in detail
how the individual atomic layers of
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snapshots of each superconducting layer and can
reveal problems in layer structure, such as surface
roughness.”

Because barium atoms are the heaviest in
YBCO, they are bright white in Z-contrast
micrographs; however, in images of both the
insulating and superconducting layers,
praseodymium is the brightest of all imaged atoms
because it is the heaviest element present. In some
of Pennycook’s images, the barium atoms resemble
the vertebrae in an X ray of part of a human spinal
column. Other images show steps between layers
of YBCO unit cells, a record of the presence of
islands at that stage of the film’s growth.

The details of film growth obtained by
Pennycook help Douglas Lowndes and his Solid
State Division associates determine how to alter
laser ablation to obtain superconducting films that
can carry useful amounts of electrical current.
Laser ablation is a technique in which bits of
superconducting material are evaporated and
deposited in a controlled way as a layered film on a
substrate.

Pennycook’s images indicate whether they
should consider changing the oxygen pressure,
temperature, and rate of film deposition to improve
the film microstructure. “If the material is
deposited too fast, there is less time to form islands,
and the growth mode changes,” Pennycook says.
“Increased surface roughness may result, causing
short circuits in device structures.”

One of the results of the collaboration between
Lowndes and Pennycook was the discovery that
making a “superlattice” by depositing two layers
(instead of one) of a superconducting material
between each pair of insulating layers results in a
film that is better able to carry electrical current
without losing its superconductivity.

Pennycook’s imaging capability will improve
dramatically later this year with the installation of a
newly built 300-kilovolt STEM. This technology
will allow him to achieve a resolution of
1.3 angstroms, the highest direct resolution in the
world. With his current microscope, he can easily
image a YBCO unit cell, which is 12 angstroms
high, and a layer of barium atoms, about
2 angstroms high. An angstrom is about one
millionth the diameter of a human hair.
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With the new capability, Pennycook will obtain
sharp images not only of the barium atoms but also
of the yttrium and copper atoms in YBCO. He
plans also to extend these studies of growth
mechanisms to other materials, including
semiconductors, metals, and ceramics.—Carolyn
Krause

OR L Res : che s
C v B a s
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For thousands of years, trees and grasses have
been burned to produce heat. But only recently
have scientists recognized that large-scale
cultivation of trees and grasses could meet a
significant portion of the country’s future energy
needs.

Growing concern over increased levels of carbon
dioxide in the atmosphere, resulting from burning
fossil fuels, and their effect on global warming has
aroused considerable interest in biomass crops.
Janet Cushman, a staff member of ORNL’s
Environmental Sciences Division and manager of
DOE’s Biofuels Feedstock Development Program,
said when biomass crops are burned for energy, the
carbon dioxide produced is merely the recycled
carbon dioxide removed from the atmosphere
during plant photosynthesis, “a vast improvement
over emitting carbon dioxide from fossil stores as
you do when coal and oil are burned.”

Cushman said biomass is an especially promising
option for reducing carbon dioxide emissions from
transportation systems because it is the only
renewable energy source that can produce liquid
fuels, such as methanol and ethanol, for vehicles.
“All the others—hydroelectricity, direct solar,
geothermal, and wind—produce only electricity or
heat,” she said. The main obstacle to the
widespread use of biomass-derived fuels has been
their cost. However, by developing more
productive crops and by continuing to decrease
production and conversion costs, ORNL
researchers believe biomass-derived ethanol costs
could be lowered to 60 to 70 cents per gallon
within the next 5 to 10 years, a price competitive

“With the
new
capability,
Pennycook
will obtain
sharp images
not only of
the barium
atoms but
also of the
yttrium and
copper
atoms in

YBCO.”
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nonwoody species and to select the best for
development. However, the researchers soon
realized that different nonwoody species are best
for different situations. “A suitable grass crop can
be developed for any kind of land that becomes
available for energy feedstock production,” she said
“and grass crops can also be grown and harvested
with standard farm equipment, which lowers the
cost for interested farmers.” Annual crops can be
used in rotation with conventional agricultural
crops. Perennial crops form dense stands that can
protect erosion-prone soils. Legumes can fix
nitrogen, reducing fertilizer use. All of these types
of crops could have a place in energy production.

After National Energy Strategy activities in 1991,
DOE proposed an aggressive biofuels initiative
with a goal of having a proven technology for
producing ethanol from plants’ cellulosic
materials—not just the starchy parts of the grain
now being used—by the year 2000.

Cushman believes that to arrive at this target,
several pilot-scale facilities that process between 40
and 100 tons per day, 300 days per year for 2 years
will be needed, so the facilities must be operational
no later than 1998. “And if genetically improved
trees are to be a part of the project, they must be
planted by 1992, since in most parts of the country
it takes six years to grow a tree,” she said.

“We’ve received several calls from people
interested in biofuels crops. In California there is
interest in putting together a consortium of farmers
and industries. And in Minnesota, several groups
have already been thinking about what it would
take to get dedicated energy crop production
facilities going,” Cushman said. Enthusiasm is
clearly building. The next step is to develop the
needed support.

Besides the environmental value of carbon
dioxide recycling, Wright reported that biomass
crops offer other benefits. “A lot of cropland is
easily eroded. If we could plant perennial grasses or
trees on that land, it would reduce soil loss and at
the same time offer an economically viable crop for
farmers,” Wright said. Biomass crops also offer
economic benefits to the United States by reducing
dependence on foreign oil and by providing
alternative crops that could boost the nation’s farm
economy.
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Wright said it is also important to have a strong
scientific understanding of the environmental
issues related to biomass crop development. “Of
course, environmental issues depend on who
you’re talking to. If you’re from an agricultural
background, you want to know that soil
productivity can be maintained,” she said, noting
that some people looking at biomass from an
environmental standpoint consider the habitat and
biodiversity issues to be most critical. “Some
groups are concerned that if new markets are
created for agricultural products, additional
cropland might be cleared, encroaching into
sensitive habitats, like wetlands or stream
buffers,” she said. To address those issues, such
groups as the U.S. Environmental Protection
Agency and the Audubon Society are assessing
policy options that would encourage
environmentally acceptable, large-scale biomass
energy systems.

Wright said another environmental concern is
the chemicals needed for energy crops, even
though they require fewer chemicals than
traditional food crops. “The trend is to use fewer
chemicals,” she said. “We’re learning when and
how to apply chemicals conservatively—in
narrow strips, for example, rather than broadcast
over the entire site.”

Wright believes the amount of readily available
cropland will continue to increase. “Given
predictions that in the future more crops will be
produced on less land and that export demands
will decline, then less land will be needed for food
crops,” Wright said. “If we can develop fuel crops
that produce an average of 10 dry tons per acre,
we could ultimately supply half the country’s
transportation fuel needs on 125 million acres.
Although these goals are very optimistic, research
could make them achievable within 30 to 40
years.”

ORNL researchers make a point of keeping all
the groups involved in this research talking to
each other. Cushman believes this is one reason
the program has been so successful. “Even though
most of the crop development research takes place
at different universities and agricultural facilities,
we feel it’s crucial to have a strong central
organization that keeps people talking and that

“If we can
develop fuel
crops that
produce an
average of
10 dry tons
per acre, we
could
ultimately
supply half
the country’s
transportation
tel needs on
125 million
acres.”
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“The ATF
researchers
have also
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significant
contributions
to
understanding
confinement
in toroidal
plasmas.”
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cuts across state, regional, and institutional
boundaries,” she said. As an example of fruitful
interaction, researchers from ORNL and the
National Renewable Energy Laboratory of
Golden, Colorado, are working together on a
project to examine the chemical changes that take
place in biomass crops during storage and how
these changes might affect the quality of the
alcohol produced.

America’s farmlands have long been considered
the breadbasket of the world. And within the next
few years, if ORNL researchers are successful,
these farmlands may also become known as an
important energy resource for the nation.—Karen
Bowdle

ATF Exper nent
Under Repair

ORNL’s Advanced Toroidal Facility (ATF),
the world’s largest fusion experiment of its type,
ceased experiments on November 15, 1991, after
nearly four years of operation (and over 20,000
“plasma shots”). The $20-million ATF is a
stellarator, which, along with the better-known
tokamak, belongs to the family of toroidal
(doughnut-shaped) confinement devices that
dominate modem controlled fusion research.

Fusion energy is produced by fusing high-
energy nuclei of hydrogen isotopes. Magnetic
fields can be used to confine these nuclei in a hot
ionized gas, or plasma. In this way, loss of plasma
energy to the vessel wall is substantially reduced.
It is predicted that an improved toroidal device
that effectively confines a fusion plasma could
lead to a practical source of electricity by the
middle of the next century.

The ATF stellarator (shown in the figure) uses
helical windings to create the magnetic field that
contains and stabilizes the plasma used in
experiments; the circular coils position and shape
the plasma. By contrast, for plasma confinement
the tpkamak requires a plasma current that must
be driven for steady-state operation. Other
comparably sized stellarators operate in Germany,
Japan, and Ukraine. (For background information

on the ATF and magnetic fusion research at
ORNL, see the Number Four, 1987, issue of the
Review.)

Since it started operation in January 1988, the
ATF has had a distinguished history. The ATF’s
unique design allowed creation of a wide range of
plasma configurations for study of fundamental
physics issues relevant to both tokamaks and
stellarators.

During the first year, ATF researchers studied a
regime of plasma operation that has the potential
for confining plasma having more energy content
for a longer time at a given magnetic field strength.
An unexpected magnetic field perturbation had
allowed access to this “second-stability” regime at
much lower power than had been otherwise
needed.

After compensating for this field perturbation,
ATF researchers studied other basic confinement
physics issues including the “bootstrap current,” an
internal self-generated current in toroidal plasmas
that must be maximized in tokamaks and
minimized in stellarators for optimum
performance. The ATF group found that its
experimental measurements of this current agreed
with theoretically predicted values, giving
confidence that the bootstrap current can be used
for optimizing future tokamak and stellarator
designs.

The ATF researchers have also made significant
contributions to understanding confinement in
toroidal plasmas. Comparison of measured
fluctuations in the edge-plasma parameters in the
ATF and in a comparably sized tokamak allowed
researchers to gain a better understanding of the
role of these fluctuations in causing deterioration
in plasma confinement. These studies have been
extended to the plasma core in the ATF in a
collaborative experiment between ORNL scientists
and researchers from the Institute of General
Physics in Moscow. Results of preliminary
analyses show evidence of a particular plasma
instability that was sought in this experiment.
Throughout its history, the ATF program has
featured collaborations of this type with U.S.
universities and fusion laboratories in Japan, Spain,
Russia, Ukraine, and Germany.
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The winning entries were ion implantation to
produce hard-surfaced polymers, a method of
accurately blending new compounds with ozone-
depleting chlorofluorocarbons (CFCs) in air
conditioners and refrigeration units to cut down on
the use of CFCs, the surface-enhanced Raman
optical data storage system, and a computer
technology for identifying the genes in sequences
of genetic information.

Since 1967 when the Laboratory first entered the
competition, ORNL has received 69 R&D 100
Awards (originally called I*R 100 Awards) and
Energy Systems has received 79, placing Oak
Ridge first among DOE sites in this competition.

John Henry could have been a polymer-
drivin’ man. According to song and story,
America’s hammer-swinging, s -pounding
railroad builder, John Henry, was a “steel-drivin’
man.” Of course, that’s only because he didn’t
have the benefit of recent developments at
ORNL’s Triple Ion Irradiation Facility (TIF). If he
had, he might have traded in his steel spikes for a
set made of ion-implanted Kapton, a light, durable
polymer with a surface that is three times as hard
as stainless steel.

Created using TIF’s three accelerators, this
potentially revolutionary material, along with other
“hard-surfaced” polymers, is the brainchild of Eal
Lee, Monty Lewis, and Lou Mansur, researchers in
ORNL’s Metals and Ceramics Division. Polymers
are chemical “strings,” or linear combinations of
repeating molecules used in a variety of products,
from soft drink bottles to machine gears.

Most ion-beam surface modification research has
been aimed at improving the physical
characteristics of semiconductors, metals and
ceramics to broaden their applications. The use of
polymers in severe environments has been limited
by their inherent softness and poor resistance to
wear, abrasion, and other factors. Researchers hope
to overcome these traditional weaknesses by using
ion implantation to combine the most useful
features of polymers, such as light weight,
flexibility, and corrosion resistance, with the
hardness of metals and ceramics.

To accomplish this, ORNL researchers are
trying to increase the number of bonds between

molecules by firing new atoms in the form of
positive ions into the polymer’s molecular matrix.
The new structures created through this process
couldn’t be achieved using traditional polymer
processing techniques because they don’t rely on
normal chemical reactions; instead, the ions are
wedged into the polymers’ molecular structure by
sheer force. “The ability to create new materials
that cannot be synthesized by conventional
chemical means,” says Mansur, “opens up entirely
new areas of materials science and engineering.”

This violent union produces new materials,
often having physical properties far different from
those of the original polymers. “Part of our work
is looking at the atomic and molecular basis of the
changes in the properties of these materials,” says
Lee. “Another part is applying what we’ve
learned.”

During the studies, polymers are implanted with
boron, carbon, silicon, and iron ions by the TIF
facility’s three accelerators using either single
beams or two or three beams simultaneously. The
use of multiple beams produces reactions not only
between the beams and the target, but also
between the ion species of the beams themselves.
This approach yields different, and in some cases
better, results than using the three beams
separately.

To determine the effect of the ion treatments,
the implanted materials are analyzed using a
number of techniques, including microscopic
methods, hardness and wear testing, X-ray
analysis, and Raman spectroscopy.

The primary effect of high-energy ion-beam
processing on polymers is to produce materials
having an increased number of interconnections
between molecules in all three dimensions. This
increased molecular interaction often results in
several enhanced surface features, such as

Hardness. Depending on the type of ion beams
used, ion implantation studies at ORNL have
produced polymers that are 13 to 41 times as hard
as their untreated counterparts.

Wear resistance. Improvement of wear resistance

varies with the polymer-ion beam combination
used. The most impressive increase in wear
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films can be applied to any surface and ion-beam
treated, producing hard, wear-resistant protective
coatings. lon beam processing also improves
resistance to oxidation and chemical attack,
suggesting that hard-surfaced polymers may be
useful in low-earth orbit, where atomic oxygen
severely erodes traditional polymers.

An important finding of the project is that the
degree of molecular interaction of the treated
polymers is closely correlated with their hardness,
indicating that ion implantation has increased the
carbon content of the backbones of the polymer
molecules, producing a more rigid structure.
Spectrographic analysis of the samples confirmed
that ion-beam treatment increases the number of
new bonds between molecules. Because the
degree of hardness is dependent upon the type of
ions implanted, new types of bonding, not present
in the untreated material, are thought to play an
important role in increasing hardness.

Currently, ion-implanted polymers are still
considered high-tech materials, and their cost of
production is too high for the mass market. This
will limit initial applications to high-value-added
products and critical components; however, costs
could come down as demand increases.

Other technologies, such as oxide coating and
mineral treatments have been used in the past to
im_  ethe ace properties of polymers, and
more recently, u olet-cured, scratch-resistant
polymers have come onto the market. However,
no commercially available product comes close to
the hardness achieved by ion-beam processing at
ORNL.

Now, just imagine what Paul Bunyan could
have done with a hard-surfaced polymer axe....

CFC/HFC ratiometer eases move to 0zone-
friendly coolants. Chlorofluorocarbons, or CFCs,
are gaseous compounds commonly used in
automotive, industrial, and residential air
conditioning and refrigeration systems. When
CFCs are released or leak from these systems,
some of them eventually make their way into the
upper atmosphere, where they break down the
layer of ozone that screens out sunlight’s
ultraviolet rays. Overexposure to these rays is

linked to a variety of ailments, including skin
cancer.

To combat the problem of ozone depletion,
beginning in 1993, the use and production of
CFCs in the U.S. will be drastically curtailed. The
good news is that researchers have found ozone-
safe substitutes for CFCs. The bad news is that
these chlorine-free replacement gases, called
hydrofluorocarbons (HFCs), aren’t compatible
with the existing systems, so they can be used
only in new ones.

So, what can be done with existing systems
when they need to be recharged with refrigerant?
Well, the good news is that several mixtures of
HFCs and CFCs have been developed that are
both easier on the ozone than CFCs alone and
compatible with existing systems. Since CFC/
HFC blends are being developed for use in
automobile air conditioners over the next few
years, it will become increasingly important to
identify the kinds of refrigerant used because
charging these dzvices with the wrong kind of
refrigerant could cause irreversible damage. Also,
the refrigerants must be mixed at specific ratios to
function effectively. Unfortunately, some
compounds in the mixture are more likely to leak
from the system than others. So, the bad news is
that, in order to get the correct mixture, either the
-~+'4 of gases present in the system must be
known before it is recharged, or the refrigerant
must be replaced entirely.

Traditional methods of determining this ratio
include analyzinga = ple of the system’s
contents in a gas chromatograph or an infrared
spectrometer. However, the high cost of this
equipment and the need for specially trained
operators rule these options out for most air
conditioning or refrigeration repair contractors. To
make this capability more widely accessible, Fang
Chen of ORNL’s Energy Division and Steve
Allman and Winston Chen, both of the Health and
Safety Research Division, have developed a CFC/
HFC ratiometer, which is capable of identifying
the refrigerants present in a given sample and
determining the concentration of each component
when mixtures are used.

This instrument takes advantage of differences
in the electron drift velocities of different gas
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small as shirt buttons and thinner than plastic
wrap, must be sealed to protect them from air.

Eveready has been developing a 2.5-V solid-
state, thin-film rechargeable lithium battery, and
recently ORNL developed its own rechargeable
3.7-V thin-film lithium battery. The ORNL and
Eveready batteries have several potential
applications as miniature power supplies for
microelectronics, including miniature sensors and
micromotors. (For details on the ORNL
development, see the article “Thin Films for
Advanced Batteries” on p. 46 in this issue.)

“Our goal is to develop a microbattery that
could be fabricated directly onto a computer
memory chip to preserve information in the event
of a power failure,” says John Bates, principal
investigator for the CRADA and leader of the
Ceramic Thin Films Group of ORNL’s Solid
State Division. “But before the thin-film battery is
ready for commercialization, we must develop a
protective thin-film coating.”

Under a CRADA signed in March 1992 by
Eveready and Martin Marietta Energy Systems,
Inc., the two organizations will develop a thin-
film technique to seal the batteries and protect
them from exposure to air. Currently, the batteries
must be stored in a protective argon atmosphere
to prevent corrosion of the lithium film. A
successful packaging technology will make
possible the rapid commercialization of the
ORNL and Eveready thin-film batteries.

Bates and his colleagues—Nancy Dudney,
Greg Gruzalski, and Chris Luck, researchers in
the Solid State Division—have been developing a
rechargeable thin-film battery that could be
fabricated directly onto a chip or its package.
Currently, nonrechargeable batteries much larger
than the chips are used to prevent loss of data
during power failures and must be added to
circuits as separate components. A thin-film
battery could be incorporated directly into the
integrated circuit of a computer memory chip
during its manufacture.

To rpake its thin-film batteries, the ORNL
group uses special equipment to deposit one layer
of material at a time on a ceramic or glass surface,
called a substrate. The first layer, made of
noncrystalline vanadium oxide, forms the

positively charged electrode, or cathode. The
second layer is the electrolyte, a new material
discovered by the group in 1991 and called
lithium phosphorous oxynitride. The electrolyte
conducts lithium ions and separates the electrodes
between which electrons flow in an external
circuit, providing needed electrical energy. The
third and top layer deposited is lithium, which
forms the negatively charged electrode, or anode.

The ORNL group will work with the Eveready
Battery Company, which uses lithium for the
anode but different materials for the cathode and
electrolyte. The researchers will deposit protective
layers on test cells supplied by Eveready. The
procedure will allow the battery to be sealed in
place on, for example, a carrier for a computer
memory chip.

“We will work with Eveready on determining
which thin-film material or combination of
materials could best seal up the battery without
altering the properties of the films,” Bates says.
He predicts the group will develop a self-
contained thin-film battery of more than 3.5 volts
during 1992. “Eventually,” he says, “thin-film
technology will make possible the development of
batteries as small as the period at the end of this
sentence.”

Computer images and geographic data for
characterizing environmental conditions.
ORNL researchers are working under a CRADA
with staff from the Vitro Corporation of Silver
Spring, Maryland, on the application of ORNL-
developed computer software to the remediation
of environmental problems. The CRADA partners
will use commercial systems and Geographic
Information Systems (GIS) software developed at
ORNL to aid in site characterization and
remediation studies. The long-term goal is to
design, construct, and apply advanced GIS
technology to support environmental assessment
and restoration.

GIS software is a computer tool to aid in the
management, analysis, and display of geographic
and environmental data. Environmental
measurement data (e.g., concentrations of
groundwater contaminants) are combined with
spatial information provided by maps of land
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“The foam adhesive offers an insulating benefit,”
says Jeff Christian of the Energy Division, one of
the principal investigators for the CRADA. The
other ORNL investigators are Ken Wilkes and Phil
Childs, both of the Energy Division.

Thermal performance of roof insulation.
ORNL’s Energy Division, the Society of the
Plastics Industry, and the Polyisocyanurate
Insulation Manufacturers Association are
collaborating under a CRADA. Their goal is to
determine the thermal performance of experimental
foam insulation boardstock produced by U.S.
insulation manufacturers.

ORNL’s Roof Research Center is being used to
conduct thermal testing and determine the relative
aging characteristics of ozone-safe roof insulation.
The foam contains hydrochlorofluorocarbons
(HCFCs), which do not persist nearly as long in the
stratosphere as chlorofluorocarbons (CFCs).

One outcome of this work may be an improved
HCFC-blown roofing insulation that is nearly as
efficient in its thermal performance as CFC
insulation. As a result, it may be possible to
accelerate the elimination of CFC insulation for
roofs and help preserve the stratospheric ozone
layer that protects humans from hazardous solar
radiation.

A second major outcome is the development of a
procedure to accelerate the thermal aging process
of these foams so that the long-term resistance to
heat flow (R value) of these HFC-blown closed-cell
foam insulations can be predicted. These foams
lose some of their thermal resistance as a result of
the diffusion of air into the foam and the diffusion
of the blowing agent out of the foam. An accurate
estimation of the lifetime R-value of these foam
insulations will provide a benchmark for
developing even better insulations.

The principal investigators from ORNL for this
CRADA are Ron Graves of the Metals and
Ceramics Division and Jeff Christian, George
Courville, and Randy Linkous, all of the Energy
Division.

Heat transfer studies of Kalina power cycle

systems. ORNL and Exergy, Inc., of Hayward,
California, are working together under a CRADA
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to improve the design of condenser-absorbers for
generating electricity using a Kalina power cycle.
Kalina power cycles, which use working fluid
mixtures such as ammonia and water, will be
more efficient than conventional steam power
systems and can be used with a variety of energy
sources, such as fossil, nuclear, solar, and
geothermal energy.

“The Kalina power cycle system is like a
refrigerator working in reverse,” says Fang Chen,
ORNL’s principal investigator for the CRADA
and a member of the Energy Division. “Instead
of using electricity to make it work as a
refrigerator, the device uses a refrigerant for
converting heat into electricity in the same way
as water is used to make steam to drive a turbine.
The Kalina power cycle is more efficient than the
steam power cycle because the working fluid
boils and condenses at a variable temperature
whereas water in a steam cycle boils and
condenses at a constant temperature.”

ORNL researchers from the Energy and
Engineering Technology divisions are
conducting heat transfer tests of ammonia-water
mixtures under various conditions of a Kalina
power cycle. They use condenser-absorber tubes
supplied by Exergy for the condensing heat
transfer tests.

The researchers will determine the effects of
ammonia-water film condensation at various
thicknesses on the heat transfer of tube surfaces
under various conditions of the Kalina power
¢~ The results of the tests will be used to
develop an engineering design data base to
improve the design and development of cost-
effective condenser-absorbers for Kalina power
cycle systems. This project is a part of the
Thermal Sciences Program of DOE’s Office of
Industrial Technologies.

Development of radiation detector. ORNL
and Pellissippi International, Inc. (PI), of
Knoxville have signed a CRADA to develop a
new type of radiation detector.

ORNL scientists will conduct research and
design studies for a dosimeter that, for the first
time, could detect neutrons through optical
imaging of charged-particle tracks in a gas. As
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part of an anticipated two-year joint effort, PI will
develop a prototype optical detector chamber to
which ORNL will have access for research.

Neutron measurements are required for
personnel protection at facilities where this
radiation occurs. An improved radiation detector
employing this latest technique could monitor
neutron radiation levels more accurately and
provide additional information beyond existing
capabilities. If successful, the new cooperative
research also could open new avenues of research
in radiation physics.

James E. Turner and Robert N. Hamm, both of
ORNL'’s Health and Safety Research Division,
developed the optical detector in collaboration
with former staff members Scott R. Hunter, G.
Samuel Hurst, and Harvel A.Wright. For the idea,
the group was awarded a patent, which has been
assigned to PI. The work there is being coordinated
by Hunter and PI's president, William A. Gibson.

The research is being sponsored by DOE’s
Office of Health and Environmental Research and
the National Cancer Institute.
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Energy Systems and Detroit Diesel Corporation
have signed a CRADA for developing advanced
technology and manufacturing practices to
machine and inspect ceramic components used in
heavy-duty diesel engines. Detroit Diesel has
become a leading manufacturer of such engines
and has been responsible for such innovations as
the electronically-timed unit fuel injector.

The CRADA was signed in Detroit Diesel
Corporation’s headquarters by Roger Penske,
chairman and chief executive officer of Detroit
Diesel, and William W. Carpenter, Energy
Systems vice president for Technology Transfer.
The signing was witnessed by Richard A. Claytor,
Assistant Secretary for Defense Programs, U.S.
Department of Energy.

The research effort will rely on the expertise of
DOE’s Oak Ridge Y-12 Plant in precision

machining, developed from manufacturing
components for nuclear weapons, and ORNL’s
expertise in advanced materials. These
capabilities are being combined in the recently
established Ceramic Manufacturability Center
jointly funded by DOE’s Conservation and
Renewable Energy and Defense Programs
offices.

“This collaboration in the field of precision
machining of ceramics parts is in the middle of
one of our fields of expertise,” Carpenter said.
“That a large manufacturer of diesel engines is
willing to collaborate with us in this field is a
testament of great value to us. We intend to use
our expertise to assist Detroit Diesel in its
commercial quests. We both can benefit greatly.”

Obijectives of the project include improving
the accuracy and consistency of critical
dimensions on ceramic components such as
diesel engine fire decks, cam roller followers,
engine valves, injector components, and other
similar parts. Manufacturability issues will be
addressed using techniques such as component
thermal analysis, finite element modeling, and
fluid flow analysis.

The project will support DOE’s Defense
Programs and Conservation and Renewable
Energy technical needs in manufacturing hard
materials and will enable U.S. industry to
maintain a position of leadership in the structural
ceramics field.

Under this three-year agreement, costs of the
cooperative research effort will be equally shared
by Detroit Diesel Corporation and DOE (through
Martin Marietta Energy Systems) at a total cost
of $2.4 million.

Operations will be conducted in a Ceramic
Manufacturability Center now being established
at ORNL’s High Temperature Materials
Laboratory (HTML) under a cooperative
program for Precision Machining of Cost-
Effective Ceramics Components. Location of the
center in the HTML enables Detroit Diesel
Corporation and other industrial participants in
the program to take advantage of the world-class
materials capabilities available at the HTML.

Ceramics are an attractive material for use in
engines. They are stronger and lighter than steel
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central chamber to the rotor periphery, where
portions of it are mixed with reagents present in
the individual reaction chambers.

The reagents react with specific components of
the blood to form chemical compounds. The rates
of individual chemical reactions and the
concentrations of the newly formed light-
absorbing compounds can be determined by
passing light into the chambers and measuring the
emerging light signals. Light signals are
transmitted and measured by a stationary optical
system within the analyzer.

The amount of light transmitted through a
chamber indicates the level of a particular body
chemical in the blood. Variation in light intensity
over time indicates reaction rate and, thus, the
levels of other chemicals.

The system’s software converts the measured
light-transmission signals into units of
concentration or activity (reaction rates) and
prints or stores this information, which is later
uploaded to a larger computer. From this
information, physicians can diagnose disease and
organ malfunction or pronounce the patient to be
in good health.

ORNL is one of several DOE laboratories
involved in the Optical Sensing Manufacturers/
Utilities Group (OPSM/UG), an organization
formed in 1991 to match the needs of electric
utilities with technology for new optical sensing
applications. The group also encourages its
members to jointly develop, test, and demonstrate
new technologies.

For the utilities, sensors using advanced optical
detection technologies will play a key role in
addressing increasingly complex issues in
environmental monitoring, power generation,
power distribution, and load control.

Eric Wachter, a research staff member in
ORNL'’s Health and Safety Research Division,
said DOE will benefit from its involvement.
“Much of the technology that DOE is committed
to develop, such as that needed for environmental
monitoring, can be used by private industry,”
Wachter said. “By working with utilities and
optical sensing manufacturers, we will be able to
develop joint approaches to sensing applications.”

OPSM/UG’s first meeting, held April 15, 1992,
was hosted by Southern California Edison at its
research center in Irwindale, California, and was
timed to coincide with the Exp~ €~~sors West
exposition in nearby Anaheim.

Qak Ridge National Laboratory REVIEW









