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THE COVER: Stan Milora checks a
pneumatic pellet injector, which can
repeatedly shoot pellets of frozen
hydrogen into fusion plasmas to refuel
toroidal devices (artists’ renderings of
which appear around Milora). This
ORNL-developed pellet injector will be
tested in 1985 on the Tokamak Fusion
Test Reactor and will help the tokamak
achieve energy breakeven in the late
1980s. See article on page 1.
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1 Shooting for Fusion Energy Breakeven:
Pellet Fueling Research at ORNL By STAN MILORA
ORNL scientists have developed a gun and a centrifuge accelerator to “shoot” frozen pellets
of hydrogen fuel into tokamak fusion plasmas. One ORNL inector helped MIT exceed the

Lawson criterion, another achieved steady-state plasma fueling, and an improved version of
ORNL technology should help a Princeton tokamak’s energy output equal the energy input.

10 Sleuthing with Secondary Ion Mass Spectrometry
By WARNER H. CHRISTIE

ORNL analytical chemists helped a scientist from DOE’s Savannah River Plant determine
how the impurities in plutonium fuel degrade the properties of an ORNL-developed cladding
alloy used for heat sources aboard spacecraft.

20 The Organic Matter Base of Reservoir Food Webs:
ORNL Studies the Ecology of Man-Made Lakes
By BRUCE KIMMEL

What determines the biological productivity of man-made lakes? ORNL ecologists are using
a variety of research approaches to address a fundamental question about large reservoirs
as aquatic ecosystems.

28 Disease-Causing Microbes: The Energy Connection
By RICHARD L. TYNDALL
Heated waters and cooling towers associated with energy production can be a source of
disease-causing microbes, including the Legionella bacteria responsible for the potentially
fatal Legionnaires’ disease. ORNL and UT researchers have discovered two new species of
Legionella in artificially heated water.

36 Transportation Energy Conservation: What ORNL
Models and Analyses Show By CAROLYN KRAUSE
The demand for and price of motor fuel have fluctuated considerably in recent years.
David L. Greene and ORNL’s Transportation Group have followed these fluctuations closely

and analyzed consumer responses to fuel price changes and more efficient cars on the
market. The group also has studied how to drive to save fuel
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Stanley L. Milora is manager of the

Pellet Fueling Program in ORNL's Fusion

Energy Division. A native of Hazleton,

Pennsylvania, he received a Ph.D.
degree in aeronautics and astronautics
from the Massachusetts Institute of

Technology (MIT). In 1972 he joined
ORNL as a staff member of the Reactor
(now Engineering Technology) Division,
where he worked on geothermal energy
with the late Richard N. Lyon. With
Jefferson Tester he coauthored a book
entitled Geothermal Energy as a Source
of Electric Power. In 1976 he joined the
Fusion Energy Division. In his current
position he coordinates pellet fueling
activities for the Department of Energy.
He has conducted theoretical and
experimental research in pellet fueling at’
ORNL, MIT, and Princeton Plasma
Physics Laboratory (PPPL). His
research interests include
thermodynamics, fluid mechanics and
heat transfer, plasma physics, and
advanced energy conversion systems.
He is a fellow of the American Physical
Society. Here, Milora adjusts the
repeating pneumatic pellet injector that
will be used this year on the Tokamak
Fusion Test Reactor at PPPL. Working
in the background are, from right to left,
Dan Schuresko, Chris Foster, Stephen
Combs, and Larry Baylor.

Shooting for Fusion Energy Brenkeven:

Pellet Flmg Research at ORNL

By STAN MILORA

t the 1983 meeting of the
American Physical Society’s
Division of Plasma Physics,
scientists from the Massachusetts
Institute of Technology (MIT)
reported that they had achieved for
the first time the minimum

conditions required for
demonstration of energy breakeven
(energy output equals energy input)
in a plasma fusion device, The
dramatic announcement, which was
made November 3, 1983, at a news
conference in Los Angeles, referred

ORNL scientists have developed a gun and a centrifuge accelerator to
“shoot” frozen pellets of hydrogen fuel into tokamak fusion plasmas.
One ORNL injector helped MIT exceed the Lawson criterion, another
achieved steady-state plasma fueling, and an improved version of
ORNL technology is expected to help a Princeton tokamak’s energy

output equal the energy input.
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to the accomplishments made by
MIT plasma physicists on the
Alcator-C tokamak device just two
days earlier. I learned of the news
at my desk the day following the
announcement in a telephone
conversation with a reporter who
was seeking clarification of an
Associated Press wire story. This
news report described the
breakthrough and credited Oak
Ridge National Laboratory with
having provided the vital ingredient
in the success of the experiment.
What Martin Greenwald, Dave
Gwinn, and Steve Wolfe at MIT had
achieved in November was of great
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A technician adjusts an ORNL pellet
injector on the Poloidal Divertor
Experiment at Princeton Plasma Physics
Laboratory.

importance to fusion researchers in
general and to the proponents of
the tokamak device in particular. A
tokamak is a doughnut-shaped
device with roughly the same
proportions as an automobile tire.
Unlike a tire, which confines
pressurized gas by an impermeable
barrier, the Alcator device and
other tokamaks like ORNL’s
Impurity Study Experiment (ISX-B)
confine a heated plasma composed
primarily of electrons and
deuterons (deuterium, or heavy
hydrogen, atoms stripped of their
electronic charge by the high
temperature) in a powerful
magnetic bottle having the shape of
a toroid. In principle, the charged
particles that form the plasma are
constrained by the magnetic lines
of force to circle the torus
indefinitely on nested magnetic
surfaces (like growth rings on a
tree). But the problem plaguing
fusion researchers ever since the
first serious fusion reactor concept
was proposed 30 years ago is that
magnetic fields in practice are not
perfect barriers. The constituent
particles and, more importantly,
heat can diffuse across the
magnetic surfaces.

Minimizing this heat loss is the
most vexing problem facing today’s
fusion researchers. It is important
because if the thermal conductivity
of the plasma is too large, heating
the deuterons and tritons (tritium
ions) in a fusion plant to
temperatures at which the
thermonuclear fusion reaction can
occur at a sufficient rate to
compensate for the heat losses
would be virtually impossible.

For a plasma to put out at least
as much energy from fusion
reactions as the amount of energy
being fed in to heat it (breakeven),
certain criteria must be met. In this

2

context, the figure of merit for any
given laboratory plasma fusion
device is the energy confinement
time 7g, which is roughly analogous
to the R-values (resistance to heat
flow) of insulation used in homes.
More precisely, 7g is directly
related to the characteristic time
required for the plasma energy to
decay by heat conduction across the
plasma boundary. For a fusion
reactor to work at all, as the
British physicist John Lawson
showed long ago, the product of the
energy confinement time 7g and the
plasma number density » (given as
the number of nuclei per cubic
centimeter) must exceed a
minimum value given by the
expression nrg > 6 X 10'%s/cmS.
This result is known as the Lawson
criterion. Unless this criterion is

exceeded, fusion devices cannot
provide the sustained heat source
that utilities require for generating
electricity.

Exceeding the Lawson criterion
is one of two requirements for
achieving energy breakeven in a
fusion research device. The other
requirement is to raise the
temperature of the plasma to more
than 100 million degrees Celsius. In
1978 that milestone was nearly
achieved by the Princeton Large
Torus (PLT) with the help of the
neutral-beam heating technique
pioneered at ORNL. In 1983
Alcator-C lacked the ability to heat
its plasma to such a high
temperature.

The Alcator-C device was
constructed in 1978 with the
principal objective of exceeding the
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Lawson criterion—that is, of
achieving the minimum plasma
density and energy confinement
time needed for fusion energy
breakeven. That Alcator-C could
even touch this elusive Holy Grail
of fusion researchers was due in
large part to its powerful magnetic
fields. With a toroidal field
strength approaching 12 T,
Alecator-C could “hold” plasma
densities on the order of 10! cm™3,
or one to three orders of magnitude
greater than the plasma densities
of its competitors. All that was
needed for the MIT scientists to
accomplish their goal was an
energy confinement time of about
50 ms and a way to build up the
plasma density to the desired level.
The need to increase plasma
density prompted the involvement
of our pellet fueling group at ORNL
in the landmark experiment at
MIT.

Puzzling Problem

The refueling of a hot plasma
proved to be a puzzling problem in
the 1950s for the earliest fusion
researchers. They recognized that if
one simply admitted gaseous
hydrogen into the vacuum chamber
surrounding the plasma column, the
slow-moving molecules of fuel
would be ionized by the energetic
particles after penetrating only a
few centimeters into the edge of the
plasma. As charged particles, the
fresh fuel could penetrate no
further because of the magnetic
forces; thus the interior of the
plasma would soon be depleted of
its reactants.

A team of scientists under the
direction of Lyman Spitzer at
Princeton University proposed a
solution to this problem. They
suggested injecting the fuel in the
form of a macroscopic solid at high
speed. A pellet of solid hydrogen
has a neutral charge and, as such,
could penetrate magnetic fields, but
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The dependence of energy confinement
time on line-average plasma density for
Alcator-C. The curve is a prediction based
on a mix of theory and empiricism from
Alcator-A results. Courtesy Martin
Greenwald, Massachusetts Institute of
Technology.

This sequence illustrates the operation of
ORNL’s single-pellet pneumatic injector
used on the Impurity Study Experiment
and Poloidal Divertor Experiment
tokamaks. In (a), room temperature
hydrogen gas is liguefied and frozen in a
cylindrical cavity in a disk. In (b) the
disk rotates 180° to carry the frozen pellet
to a position between a miniature gun
barrel and a propellant valve. In (e) the
valve is energized and admits high-
pressure helium gas to the base of the
pellet.

its surface would ablate (evaporate)
rapidly in the intense plasma heat
(like the proverbial snowball in
hell). The evaporation of fuel would
proceed fastest in the hotter
interior regions of the plasma,
where the fuel is needed most. But
the first calculation of this process
made around 1955 suggested that a
pellet on the order of 1 mm diam
would be consumed in as little as

1 X 1075s. To travel across a 1-m
plasma column in so short a time,
the fragile cryogenic pellets would
have to be propelled to the
astronomical speed of 100 km/s.
The theorists then turned the
problem over to the engineers.

Guns and Centrifuges

In the early 1970s the sponsor of
the national fusion program—now
the Department of
Energy—recognized the importance
of a credible plasma fueling scheme
and began an exploratory research
program. In 1976 Chris Foster, who
had developed the first practical
pellet-injection device as part of his
graduate studies at the University
of Illinois, performed the first
experiments in plasma fueling on
the Oak Ridge Tokamak (ORMAK).
He used a liquid hydrogen droplet
generator to inject 0.1-mm-diam
spheres of hydrogen ice at speeds of
100 m/s into the edge of the
plasma. The tiny frozen pellets
barely perturbed the plasma and
penetrated it only a few
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for various experimental devices. The el s gl
open circles represent pellet injection Overhead view and schematic (right) of ORNL’s centrifuge injector, which was
results. Thermalized breakeven refers to imiamm‘:u (.m of 19;:': the D-(IIgl:zwtfnak at GAc;‘echnﬁ‘:ogielc in San Diego.
conditions in which the fusion power The pellet injector is shown in the foreground. Developed by Chris Foster, this apparatus
equals the input heating power for a was the centerpiece of a joint collaboration involving ORNL, GA Technologies, and the
thermal ion energy distribution. Japan Atomic Energy Research Institute. With this device steady-state pellet fueling was
Unthermalized breakeven refers to the demonstrated for the first time. In a historic experiment, the gas-fueling valves were
f:’“':: m ;e"m:‘:m finally turned off altogether at D-III, and the plasma responded to pellet injection by
pradustl By ssorgviis icle beam increasing in density to record levels for D-III.
;"r’;mfwnmf;h;m l‘n'::":”m injection, even though fabricating 52-em pla.).sma column. The pellet
cessilTbioss sbs S Tolbasionls Fusion Toet and accelerating frozen hydrogen evaporation and ionization were
Reactor is to heat a pellet-fusled plasma bullets at 260°C below zero (which complete in less than 1 ms; but
with 27 X 10* W of injection power. is only 13° above 0° abs) would be during this time, the plasma
awkward. density increased substantially, and
centimeters, but the results I got the gun idea from a Dick the size of this increase agreed with
substantiated the theoretical Tracy comic strip; Foster, it the rise expected from the number
predictions made two decades seemed, was inspired by of nuclei contained in the solid
earlier. The experiment led to the nightmares. He pursued a more pellet.
development of the modern theory novel and complicated approach This ORNL experiment was
of evaporation of hydrogen ice in that would use a whirling arbor hailed worldwide for having
magnetized plasmas. (like a rotary lawn sprinkler) to demonstrated the technology that
Later in 1976 I joined Foster in accelerate pellets by centrifugal would solve the problem of plasma
ORNL'’s Fusion Energy Division to | forces. The centrifugal accelerator, fueling—only no one needed it in
start the DOE pellet fueling which the wags likened to a Rube 1978. The reason for its unlikely
development program that would Goldberg contraption, would fate was that resourceful plasma
contribute so much to the 1983 require several years to develop. physicists in the mid-1970s had
success of MIT’s Alcator-C. From However, the first pellet-injection found a way to circumvent the need
the outset, Foster and I pursued gun was ready in 1978 for its for the technical complications
two radically different accelerator inaugural test on the ISX-A inherent in cryogenic pellet
concepts to improve on the velocity tokamak at ORNL. injectors. The fueling method ruled
performance of the early liquid These first experiments out by the fusion theorists of the
droplet generators. To me, a produced interesting, if not 1950s—gas injection—was so simple
miniature gun using compressed spectacular, results. This time, the to implement that it would
helium gas as the propellant hydrogen pellets were large enough inevitably be tried and shown to
appeared to be a straightforward (about 1 mm) and fast enough work (albeit for unknown reasons)
way to achieve high-speed pellet (300 m/s) to penetrate 15 cm into the on all of the laboratory fusion
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social chit-chat and neighborhood gossip at
parties—these seem normal to most people engaged in
technical work. Perhaps such people are sick and do
need treatment, but most of us who were around before
the computer age can see little change in our colleagues’
preoccupation with work—be it computers or
experiments. Going overboard on anything can create
problems, and computers are no exception.

However, I agree with Brod that the complete
orientation of many persons to computers can cause
serious problems. One problem is the slow loss of
professionals with “hands on experience, the tactile and
visual perceptions of the materials they work with,” as
Brod puts it. Because many computer users seem to lose
touch with the real world, creative thought and
innovativeness are lost. Closely allied to this deficiency
is the danger of unquestioning acceptance of programs
and simulations whose creation or comprehension lies
beyond the operator’s grasp.

For example. in mv own area of interest.

gamma-ray peaks and determine their energies and
abundances. Many users of these programs have no
conception of how these gamma-ray branchings were
originally obtained, how interferences are overcome, or
how accurate the programs are. Just as city dwellers
have divorced themselves from the realities of growing
food, so modern researchers have separated themselves
from experiments. Bread, to the urbanite, comes in a
plastic wrapper; frequently electronic components for
experiments are conceived on breadboards and come
concealed with the software in mysterious packages the
size of breadboxes.

Persons who work with computers or who have
children or spouses who do should read this book with
an open mind, taking care to differentiate between the
conclusions that exaggerate and those that ring true.
The information explosion and the computer age are
upon us, so we must study and diagnose ourselves. As

Brod says, “There are no generations of retired
combuter nsers whose advice we can assk and avamnlaa

The following books were authored
or edited by ORNL staff members.

Room Temperature Phosphorimetry
for Chemical Analysts, Tuan
Vo-Dinh, John Wiley & Sons, Inc.,
New York, 1984.

Stmalarity Solutions of Nonlinear
Partial Differential Equations,
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Lawrence Dresner, Pitman
Advanced Publishing Program,
Marshfield, Massachusetts, 1983.

Models and Parameters for
Environmental Radiological
Assessments, ed. Charles W. Miller,
Technical Information Center,
Office of Scientific and Technical
Information, U.S. Department of

Energy, Oak Ridge, Tennessee, 1984.

Energy Use: The Human Dimension,
T. J. Wilbanks (coauthor with

E. Aronson and others), W. H.
Freeman Company, San Francisco,
California, 1984.

Resonance Ionization Spectroscopy
84, eds. G. S. Hurst and

M. G. Payne, The Institute of
Physics, Bristol, United Kingdom,
1984.































companies that ORNL staff
members have organized to
commercialize ORNL-
developed technologies.
According to Mel Koons, the
Center’s vice-president, the
companies are Redox
Sciences, Inc., and
Technology Corridor
Instrumentation, Inc.

Redox Sciences will
produce Deoxid, a new
particulate material used to
make culture media for
anaerobic, or oxygen-
shunning, bacteria. The
company's founders are
Deoxid’s developers,
Howard Adler and Weldon
Crow of ORNL'’s Biology
Division, and Harold Schmitt,
a former ORNL researcher
who now heads another
spin-off company, Atom
Sciences, Inc.

According to Adler,
Deoxid is likely to replace
some current clinical tests
for anaerobic bacteria such
as those that cause
gangrene and tetanus
infections, because it is
faster and much more
reliable than the present
tests.

Technology Corridor
Instrumentation (TCI) will
produce specialized mineral-
insulated sheathed
thermocouples, heater
cables, and thermocouple-
heater based instruments for
industry, research
institutions, and universities.
According to TCI President
Reg McCulloch, a member
of ORNL’s Engineering
Technology Division (ETD),
the thermocouples and
heater cables can be
combined to make unique
devices for measuring
temperature, fiuid levels,
heat, or flow. TCl will also
make gamma thermometer
systems by combining its
thermocouples and heater
cables with technology
developed in ETD’s
Advanced Equipment
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Development Laboratory.
Gamma thermometers made
by TCI will be used to
measure coolant level and
heat flux in Arkansas Power
and Light Company
reactors.

A new federal policy
greatly broadens patent
rights for Martin Marietta
Energy Systems, Inc.,
ORNL's operating
contractor: it allows Energy
Systems and similar
contractors to own and
license the patents on most
inventions developed at the
DOE ftacilities they operate.
In the past, DOE has had
automatic first rights to the
patents, although it has
transferred some patents to
inventors, contractors, and
other companies. An
amendment to a federal law
passed in November 1984
(P.L. 98-620) gave nonprofit
government contractors the
patent rights to most of their
inventions; before leaving
DOE in February 1985,
then-Secretary Donald Hodel
extended that policy to
DOE'’s profit-oriented
contractors, such as Energy
Systems.

According to Bill
Carpenter, Energy Systems
vice-president for
Technology Applications, the
new policy will simplify and
speed up the
commercialization of
technical developments. It
applies to all patents except
those related to
(1) technologies to which
the federal government
needs to retain title, such as
uranium enrichment; and
(2) international agreements
of the U.S. government.

When Energy Systems
receives a patent, the
company will license rights

to companies interested in
commercializing the
development. Inventors will
be given first consideration
in evaluations of licensing
proposals. Notes Carpenter,
“None of the money
received in royalties and
licensing fees will become
Energy Systems income.
Instead, all of it will be
reinvested in product
refinement, prototype
production, royalty shares
for inventors, university
programs, and other
technology-transfer
activities. As a result, our
early successes in
commercialization will pave
the way for future
successes.”

new class Or auguie
intermetallic alloys
developed at ORNL. Nickel
aluminides offer greater
high-temperature strength
than stainless steel and
superalloys, and they avoid
the brittleness of most
structural ceramics.
Promising applications
include diesel-engine valves
and turbine-engine disks.
Currently a major diesel
manufacturer is seeking
exclusive rights to the
materials.

meuTh 101 myirrievel
radioactive waste. The
glass, featured on the cover
of Science magazine
October 5, 1984, was
developed by Brian Sales
and Lynn Boatner of ORNL’s
Solid State Division. It
possesses far greater
stability and resistance to
radionuclide leaching than
previously developed

materials, such as
borosilicate glass. The glass
also promises to have useful
optical qualities. Three
companies have indicated
interest in obtaining rights to
market the glass.

curpuierniZea mrormauon
system for monitoring the
location and movement of
hazardous materials at
ORNL is now undergoing a
pilot test at a new
telephone-company R&D
facility, Bell Communications
Research. The facility is the
research arm of Bellcore, a
collection of the seven
separate Bell companies
formed by the breakup of
AT&T. The computerized
system, which uses bar-
code labels on containers of
hazardous materials, allows
complete tracking of the
containers at ORNL from
receipt through use or
disposal. Bellcore has
expressed interest in
marketing the system
nationwide.

nave Touna tnat implanting
nitrogen in the titanium alloy
used in artificial hip joints
can increase the durability of
the joints by hundreds of
times. Current replacement
hip joints have lifetimes of
about 10 to 15 years, so
many of the 75,000 to
100,000 patients per year
receiving today’s artificial
joints will require repeat
operations. Nitrogen-
implanted hip joints,
however, would apparently
last a lifetime and thus
eliminate the need for
multiple operations. A major
medical manufacturer plans
to produce a number of ion-
implanted joints during 1985
for clinic~! *~=*s in human
patients.
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have reasonable thermal stability. This
combination of a high molecular weight
and a tendency for chemical reactivity
explains why conventional identification
procedures have been unsuccessful in
accounting for most of the particulate
organic matter.”

+ are all familiar with the

wehavior of rotating objects
sucn as toy gyroscopes or the earth
itself. We know that if the rotation is
rapid enough, changes can occur. For
example, an object that is not strictly
rigid will change shape under the
influence of forces generated by the
rotation. Thus because of centrifugal
force, the earth has acquired a bulge at
the equator and a flattening at the
poles. Atomic nuclei can also rotate and
may become deformed in response to
rotational forces. Other properties, too,
that pertain to the rotation of
macroscopic bodies also apply to
nuclei.

However, the behavior of rotating
nuclei is much more complex than that
of large, spinning bodies. Nuclei are
extremely small and must be described
by quantum, rather than classical,
mechanics. Furthermore, nuclei consist
of relatively few constituent particles
(protons and neutrons). The interactions
between individual particles, rather than
the collective motion of the nucleus,
often are extremely important.

The effect of very rapid rotation, or
high angular momentum, on the
structure of nuclei is one of the frontier
fields of nuclear physics. To nuclear
physicists, one of the most fascinating
research areas is the influence of
angular momentum on the shape of
nuclei, particularly those formed by the
“fusion” of projectile ions with target
nuclei. Heavy-ion accelerators, such as
Oak Ridge National Laboratory's
Holifield Heavy lon Research Facility
(HHIRF), are capable of bringing
together two massive nuclei to form
compound systems with the largest
amount of angular momentum they can
sustain (typically ~60 to 100 units)
without flying apart because of the
centrifugal force. High-resolution
gamma-ray spectroscopy under such
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conditions has made it possible to follow
shape changes in “cold” nuclei with
increasing angular momentum. A cold
nucleus has an excitation energy that is
almost all tied up in generating its
angular momentum; very little energy is
left over for intrinsic excitation, which
“heats” the nucleus.

Hot, rapidly rotating nuclei are also
formed in heavy-ion collisions. However,
they cannot be studied by the standard
techniques of gamma spectroscopy
because they seldom emit gamma rays
until they have cooled by evaporation of
particles (mostly neutrons, protons, and
alpha particles, which are clusters of
two protons and two neutrons apiece,
as in helium nuclei). Because of the
importance of and interest in studying
shape changes in hot, rotating nuclei, a
different technique is needed.

Recently, ORNL physicists Jim
Beene, Mel Halbert, and Dave Hensley
in collaboration with Avraham Dilmanian
and Demetrios Sarantites of Washington
University at St. Louis used the nation’s
only spin spectrometer—the
72-detector “crystal ball” at the
HHIRF—to detect cascades of gamma
rays associated with alpha-particle
emission. This technique is expected to
be a powerful probe of shape effects at
high angular momentum. Unlike standard
gamma spectroscopy, this technique
allows the detection of almost all
gamma radiation emitted by the nucleus
and the accurate determination of the
direction of emission of each gamma
ray.

Detection of gamma rays from hot
rotating nuclei gives a reliable estimate
of the angular momentum of the alpha-
emitting nucleus because most of the
angular mon tum is removed by
gamma rays (which, in this case, almost
always carry away two units of angular
momentum each). The second piece of
information that the gamma cascade
provides is the orientation in space of
the angular momentum vector for each
alpha-emitting nucleus. The physicists
can determine this orientation because
decaying nuclei tend to emit gamma
rays in a preferred direction—
perpendicular to the nuclear angular
momentum, or spin direction.

A typical emission event includes 15
to 20 gamma rays. Because the ORNL
spin spectrometer detects almost all
emitted gamma rays, a good estimate

of the spin direction is possible. The
physicists were able to determine the
direction each individual nucleus was
“pointing” at the time the alpha particle
was emitted. Consequently they can
determine the distribution in the direction
of alpha particie emissions with respect
to the orientation of the parent nucleus
itself. In a conventional nuclear reaction
experiment, the distribution of alpha
particles is measured with respect to a
direction fixed in the laboratory (usually
the beam direction). The nuclear
reaction produces nuclei with a wide
range of orientations relative to any
fixed direction in the laboratory,
resulting in a smeared out alpha
emission distribution and a loss of
crucial information.

How can the study of the direction
of alpha emission with respect to the
nuclear spin direction provide
information on the shape of hot, rapidly
rotating nuclei? Consider the forces
“felt” by an alpha particle about to be
emitted from the surface of a nucleus.
The alpha particle is positively charged,
as is the rest of the nucleus. Because
like charges repel like charges, it
“feels” a strong electrostatic, or
Coulomb, repulsion, while at the same
time it feels the strong short-range
attractive force that binds the nucleus
together.

For a deformed (i.e., aspherical)
nucleus, the repulsion depends on the
location of the alpha particle. Figure 1
shows a one-dimensional representation
of the associated potential energy for
two locations of the alpha particle. The
deep well at short distances results
from the attractive nuclear force; the
positive potential at larger distances is
the Coulomb repulsion. To be itted,
an alpha particle must get across or
through the potential “barrier.” The
alpha particle at position 1 on the
nuclear surface feels the potential
barrier indicated by the solid line, while
the particle at position 2 sees a lower
(dotted line) barrier because it is farther
from the center of the nucleus. Emission
of an alpha particle with an eventuat
kinetic energy E, (see the figure) can
occur over the barrier for position 2,
while it can occur only through the
barrier for position 1. That is, the
particle effectively “tunnels” through the
bottom ot a “hill” instead of traveling
over it. The latter would be strictly
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‘U.S. Army Medical Bioengineering
Research and Development Laboratory
at Fort Detrick in Frederick, Maryland,
asked Oak Ridge National Laboratory to
study the biological effects of diesel fuel
aeroso! to determine whether a health
hazard existed. The Biology Division
and Analytical Chemistry Division
collaborated on a five-year study, which
was recently completed.

The study involved exposing rats to
aerosolized diesel fuel in inhalation
chambers. For all of the experiments,
ORNL biologists used systems designed
and built at ORNL for generating,
monitoring, and controlling concentrated
petroleum aerosols in the inhalation
chambers. These systems were
developed in 1979 by Bob Holmberg
and Jack Moneyhun of the Analytical
Chemistry Division and Tom Gayle of
the Instrumentation and Controls
Division.

In 1980 the first studies of the
effects of aerosolized diesel fuel on
Sprague-Dawley rats were performed
by Walden Dalbey and Simon Lock of
the Biology Division. Groups of male and
female rats were exposed to
concentrations of aerosol particulates
ranging from 2.7 to 16 mg/L for 2, 4,
or 6 h. Such concentrations are
significantly greater than the
concentrations to which humans are
most likely to be exposed. Most of the
rats subjected to the higher
concentrations died within 48 h of
exposure. Autopsies showed that the
respiratory tract, primarily the lungs,
was the target of the toxicity: Darkly
reddened lungs and fluid in the trachea
were characteristic features. Rats
exposed to lower concentrations also
died if exposed for the longest duration
(6 h). It was concluded that mortality
was highly correlated with the
multiplication product of particulate
concentration and duration of exposure.

An attempt was made to identify
biological changes that occurred in
response to certain exposure levels, or
“doses,” of the diesel aerosols. In
separate experiments, Dalbey and Lock
studied the number of puimonary free
cells after single exposures and the
breathing pattern before and during
exposure. These experiments were
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done to determine whether dose-
response relationships existed. The
researchers found that the number of
pulmonary free celis increased over a
four-day period following a single
exposure. Breathing frequency
decreased as a result of exposure to
diesel fuel aerosol; maximal depression
was reached after, at most, 30 min of
exposure. An inverse linear relationship
existed between maximal depression of
breathing frequency (at 30 min) and
increasing aerosol concentration over
the range of 0.5 to 6 mg/L. For diesel
fuel aerosol, the RDgp—that is, the
concentration necessary to cause a
50% reduction in respiratory rate
(measured at 30 min)—was estimated
to be 3.75 mg aerosol particulates.

In subsequent experiments, 12
groups of rats were exposed 1 or 3
times per week for a total of 9
exposures. Those exposed three times
per week lost body weight during the
course of exposure. Lung weight
increased in exposed animals probably
as a result of the thickening of the
alveolar walls and the presence of
excess pulmonary free cells, which
accumulated in the lung spaces. The
researchers aiso found that the more
frequent exposures (three per week)
caused more changes than occasional
exposures (one per week). Variation in
duration of exposure appeared to have
very little effect, and a dose-response
relationship was not usually apparent
with differences in concentration.

How much of the diesel fuel smoke
particles actually were deposited in the
lungs of rats inhaling them? To find out,
Dalbey and Lock collaborated with
Roger Jenkins, Del Manning, Mike
Maskarinec, and Moneyhun of the
Analytical Chemistry Division in using
the dosimetric tracer decachiorobiphenyl
(DCBP), which was added to the fuel
prior to aerosolization. The analytical
chemists determined the amount of
DCBP in tissue extracts of rats exposed
to DCBP-containing smoke by puritying
the extracts on activated Florisil and by
analyzing them by gas liquid
chromatography using an electron
capture detector.

The largest internal amounts of
tracer were deposited in the lungs.

These mice are exposed to diesel fuel
aerosols in an inhalation chamber
designed by ORNL’s Analytical Chemical
Division. Biology Division researchers
have found no significant cumulative
toxicity in animals exposed to levels to
which humans are most likely to be

Animals exposed to higher aerosol
concentrations had greater levels of
tracer deposited in their lungs than
those exposed to lower concentrations
for the exposure duration. The fraction
of inhaled particles actually retained in
the lungs ranged from 4 to 8%, with the
rest being excreted.

What are the biological effects of
relatively low concentrations of diesel
fuel aerosol—the levels to which
humans are most likely to be exposed?
Lock, Richard Schmoyer, and Richard
Griesemer, director of the Biology
Division, examined this question in
experiments involving rats exposed to
concentrations of O, 0.25, 0.75, and
1.5 mg diesel fuel aerosol per liter for 4
h/d, 2 d/week over a 13-week period.
No deaths occurred during the exposure
or recovery periods. Slight changes in
the rats’ response to a loud sharp
sound (startle response) were noted.
These changes were apparently an
acute effect because no evidence of
permanent changes in the central
nervous system changes was detected
as measured by the startle response.
Other slight changes observed included
an elevated number of pulmonary
cells—lavaged alveolar
macrophages—and changes in tissue
weights of the exposed animals. No
significant cumulative toxicity, however,
may be attributed to these diesel fuel
aerosol exposures.
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The following ORNL and Martin
Marietta Energy Systems, Inc.,
staff members received awards in
the 1985 publications competition of
the East Tennessee Chapter of the
Society for Technical
Communication: Kenneth Cowser
and Vivian Jacobs, Francis E.
McKinney “Best of Show” award
and award of distinction in the
book category for Synthetic Fossil
Fuel Technologies; John E. Till
and H. Robert Meyer, award of
merit in books for Radiological
Assessment; B, Z. Egan, N. E.
Lee, C. A. Burtis, J. Y. Kao,

J. M. Holland, and Martha
Stewart, award of distinction in
scholarly and professional articles
for “Use of Laser-Excited
Fluorescence To Measure Mixed-
Function Oxidase Activity,” Clinical
Chemastry, September 1983; Irene
Brogden, David Stinton, E. W.
McDaniel, and H. O. Weeren,
award of excellence in scholarly
and professional articles for
“Characterization of Hydrofracture
Grouts for Radionuclide Migration,’
Advances in Ceramics: Nuclear
Waste Management, 1984; Carolyn
Krause and Susan Hughes, award
of excellence in scholarly and
professional articles for
“Communicating Health Risks to
the Public,” ORNL Review;
Jonathan Woodward, Elias
Greenbaum, and Martha Stewart,
award of merit in scholarly and
professional articles for “An
Immobilized Chloroplast-
Ferredoxin-Hydrogenase System
for the Simultaneous Production of
Hydrogen and Oxygen,”
Biotechnology and Bioengineering
Symposium, No. 25, 1983;
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Robert B. Honea, award of
excellence in technical reports for
National Inventory of Abandoned
Mine Land Problems: An Emphasis
on Health, Safety, and General
Welfare I'mpacts, Robert A.
Langley and Margaret Nestor
Johnson, award of merit in
technical reports for Data
Compendium for Plasma-Surface
Interactions; W. R. Huntley and
Carolyn Srite, award of
achievement in technical reports
for Performance Test Results of a
Lithium Bromide- Water Absorption
Heat Pump That Uses Low-
Temperature Waste Heat: Final
Report; Bill Clark, Steven Wyatt,
and Jack Rich, award of merit in
promotional materials for Martin
Marietta Career Opportunities, Jon
Jefferson, award of achievement in
trade and news articles for “ESD
Probes Links Between Stream Flow,
Fish Population,” Lab News;
Ernest G. Silver, Sharon H.
McConathy, and Joan Roberts,
award of merit in whole periodicals
for Nuclear Safety; William
Fulkerson and Janice M. Asher,
award of excellence in periodic
activity reports for Energy Division
Annual Progress Report for Period
Ending September 30, 1983,

Robert L. Wendt and Deborah
Stevens, award of excellence in
periodic activity reports for ORNL
Site Development and Facilities
Utilization Plan.

Stan Milora and Chris Foster
received the Outstanding Technical
Accomplishment Award from the
American Nuclear Society for their
developments of pellet fuel
injectors for fusion devices.

Bill R. Appleton has been
appointed to a three-year term on
the Solid State Sciences Committee
of the National Research Council.

Ron Leinius has been appointed
director of the new Computing and
Telecommunications Division.

Ron Bradley has been appointed
manager of ORNL’s Fossil Energy
Program.

Ben’ A. Carreras, Ralph
Isler, Stanley L. Milora, and
David W. Swain have been elected
fellows of the American Physical
Society.

Martin Marietta Energy Systems,
Inc, has been named employer of
the year for 1984 by the McGhee-
Tyson National Guard Base.

Suman P. N. Singh has been
appointed to a task group of the
National Acid Precipitation
Assessment Program (NAPAP). He
will serve as national laboratory
representative to NAPAP Task
Group H, which is responsible for
the development and assessment of
effluent control technologies to
control the release of sulfur and
nitrogen oxides from fossil-fueled
steam plants.

Richard G. Haire has been
appointed to the editorial board of
the new journal Lanthanide and
Actinide Research.

ORNL’s Information Division and
the information functions of the
other two Oak Ridge plants of
Martin Marietta Energy Systems,
Inc., have been consolidated into a
new Information Resources
Organization, which is managed by
G. Daniel Robbins.

Terry Donaldson has been named
coordinator of ORNL’s
Biotechnology Program.

The Society for Risk Analysis
presented its first Distinguished
Service Award to Curtis Travis.

Cullie Sparks has been named a
member of the National 6-GeV
Synchrotron Steering Committee.
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