














Because all aspects of the opera-
tions on the Oak Ridge Reservation,
including the protection of the
environment, rested with the
agency responsible for administer-
ing programs on the site and
because that agency possessed regu-
latory authority, the operations
were exempt from the regulatory
authority of any other agency.
From the beginning, all federal
agencies were subject to NEPA;
however, they were expected to
comply substantively, rather than
procedurally, with the law. Opera-
tions were to be self-regulated; they
were not subject to licensing, per-
mitting, or inspection. Thus, activi-
ties at national laboratories were
expected to adhere to the substan-
tive meaning of NEPA, but they
were exempt from regulation by
either the U.S. Environmental Pro-
tection Agency (EPA) or the U.S.
Nuclear Regulatory Commission
(NRC).

Despite the fact that ORNL was
not subject to formal assessment
under NEPA, ORNL officials were
mindful of the new attitudes sweep-
ing the nation and began to exam-
ine Laboratory practices that were
affecting the environment. While
ORNL had always carried out its
work with radioactive materials in
ways that led to the development of
advanced technologies for handling
and disposing of these materials,
ORNL managers found that a
number of the Laboratory’s earlier
methods for disposing of radio-
active and hazardous waste materi-
als were inadequate. That is, these
methods did not measure up fully
to interpretations of some of the
principles enunciated in NEPA.
What was done before the enact-
ment of NEPA was based on the
prevailing concept at that
time—that dilution would take care
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(R&D) results on society; the other
is the effect on the environment of
the dispersion of materials. A sub-
sidiary local effect is the employ-
ment of about 4500 persons (1984
figures) and the consequent com-
munity well-being.

The ultimate impact on society
of ORNL’s R&D is unlikely to be
evaluated in the short term because
until R&D becomes incorporated
into the body of science or becomes
applied technology, its potential
impact remains a matter of specu-
lation. Moreover, once applied—for
example, in new materials for
nuclear and coal-burning power
plants—ORNL’s contribution will
merge with that of other institu-
tions, and recognition will be lost.

Nevertheless, the Laboratory’s
scientific strength is internationally
acclaimed. Many members of the
research staff have been recognized
by their peers through awards,
appointments, citations in the
scientific literature, and invitations
to participate in collaborative
efforts both here and in other coun-
tries. ORNL staff members who
have chosen to leave have often
moved to positions of leadership in
government, industry, and universi-
ties.

A more recent record of ORNL’s
contribution to technology, as
measured by an external standard,
is the 37 IR 100 awards presented
to the Laboratory. These awards
are given annually by Industrial
Research & Development for the
year’s most significant advances in
technology. ORNL has received
more IR 100 awards than any
other U.S. Department of Energy
laboratory. It may be many years,
however, before we know whether
these prizewinning ORNL advances
will become commercial produects
and processes that are useful to
consumers or to society as a whole.

Although ORNL'’s impact on the
world of science and technology is
largely beneficial, one cost of
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On December 13, 1983, Martin
Marietta Energy Systems, Inc., was
named as the new contractor to
replace the Nuclear Division

of Union Carbide Corporation on
April 1. The following promotions
and management changes went into
effect April 1: Herman Postma,
ORNL director, has been named
vice-president of Martin Marietta
Energy Systems; Raymond
Wiltshire of Martin Marietta in
Denver, Colorado, has been named
executive director for Support and
Services, replacing Kenneth W.
Sommerfeld, who has been
appointed vice-president for
Enrichment; Fred R. Mynatt,
director of ORNL’s Instrumentation
and Controls Division, has been
promoted to associate director for
Nuclear and Engineering Technolo-
gies, replacing Donald B. Trauger,
who has been named senior staff
assistant to Postma. Two former
ORNL employees have also been
promoted: Clyde Hopkins has been
named senior vice-president; and
Gordon Fee, Y-12 Plant manager,
has been named vice-president of
Martin Marietta Energy Systems.

Marvin L. Poutsma has been
named director of the Chemistry
Division, replacing Q. Lewin
Keller, who has been appointed
director of the Transuranium
Research Laboratory.

Ivan Sellin has received the Jesse
W. Beams Award for 1983 from the
Southeast Section of the American
Physical Society. The award was
given for “significant and meritori-
ous original research in physies.”
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John B. Storer, M.D., and
Richard F. Wood have been desig-
nated Corporate Research Fellows
of Union Carbide Corporation.

Robert W. Roussin has been
appointed director of the Radiation
Shielding Information Center.

Robert M. Nicklow has been
named head of the Crystal Physics
Section of the Solid State Division.

Bennie J. McNabb has received
the 1983 Engineering Associate
Achievement Award of the Ameri-
can Society for Metals.

Stanley K. Borowski has received
the Mark Mills Award from the
American Nuclear Society for his
paper “RF-Assisted Current
Startup in the Fusion Engineering
Device.” The $500 award is given
annually for the best original scien-
tific paper by a graduate student in
the area of nuclear science and
engineering.

Leon N. Klatt has been elected
secretary of the Analytical Chemis-
try Division of the American
Chemical Society.

Helga Gerstner has been named
technical assistant to Chester R.
Richmond, associate director for
Biomedical and Environmental
Sciences. Tim Ensminger has
replaced her as director of the
Information Center Complex in
ORNL'’s Information Division.
Helen Pfuderer has been named
acting director of the Hazardous
Materials Information Center.

Harold L. Adair has been elected
vice-president of the International
Nuclear Target Development
Society.

Leroy Stratton has been named
manager of ORNL’s Low-Level
Radioactive Waste Research and
Development Program.

Jim Bentley has been elected to
the board of review of Metallurgical
Transactions.

Hugh R. Brashear has been
named head of the Research Instru-
ment Section of the Instrumenta-
tion and Controls Division.

L. Dean Eyman has been
appointed manager of the lead
office (located at ORNL) of DOE’s
new Hazardous Chemical Defense
Waste Program. Norman Cutshall
has been named head of the Earth
Sciences Section of the Environ-
mental Sciences Division. Carl
Gehrs has been appointed head of
the division’s Aquatic Ecology Sec-
tion, and Steven G. Hildebrand
has been named head of the
division’s new Environmental
Analyses Section.

Everett E. Bloom has been named
a Fellow of the American Society
for Metals.

Joseph A. Setaro has been named
head of the Technical Section of the
Operations Division.

R. G. Donnelly, J. 1. Federer,
K. H. Galloway, R. L. Heestand,
Henry Inouye, C. T. Liu, and A. C.
Schaffhauser each received a cita-
tion and a photograph for their

rk on the Voyager mission.

J. H. Smith has been appointed to
serve as the Board of Directors
representative to the Section
Management and Membership Com-
mittee of the American Society for
Nondestructive Testing.

D. W. Yarbrough has been selected
as chairman of the 19th Inter-
national Thermal Conductivity
Conference, and David L. McElroy
has been elected to serve a second
term as chairman of the Governing
Board of this conference, which will
be held in 1985 at Tennessee Tech-
nological University.

























you that the idea of an information
society has an intellectual and
academic appeal and that a natural
question arises as to the need for
other societal functions such as
basic services and manufacturing.
It seems to me that the need for
such functions will continue inde-
finitely. Through robotics and other
forms of automation, however,
manual labor will gradually be sup-
planted until a preponderance of
jobs in our society will involve
‘Third Wave technology.’

“This raises the fundamental
and crucial question of how to
prepare for such a shift. Public and
private education will no doubt be
affected, and government must be
responsive and adaptive to such a
shift,” Jamison continued.

“It is my opinion that the infla-
tionary trend since World War 11
has been, at least in part, caused by
this shift of work. That is, we have
more and more people engaged in
work that produces no salable prod-
uct. This is not necessarily bad, but
it does point out the need for revi-
sion in our economic theories.”

Certainly, signs of a deindustri-
alized American society and a
rapidly growing information and
services sector are abundant. Jobs
in heavy manufacturing are disap-
pearing, and automobile and steel
factories have shut down. While
Americans continue to be voracious
consumers, increasingly we are
buying our cars, shoes, clothes, and
electronic gadgets from Japan and
the newly industrialized Third
World—Brazil, Mexico, Korea,
Taiwan, etc. Because of the Third
World’s ability to produce high-
quality goods at a lower cost than
American industry can, our society
may appear to have no choice but
to become Third Wave.

Our heavy-manufacturing indus-
try is becoming more automated
and dependent on robots, thus
displacing workers. The demand for
computer programmers and
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engineers is high, yet our unem-
ployment rate exceeds 8%, suggest-
ing a mismatch between skills
needed and skills available. Too
many people trained for industrial
jobs cannot find work in an emerg-
ing information, or high-technology,
society without retraining.

Another sign is the increased
percentage of women in the work
force (52% of all American women
now work); this increase may be
due partly to the recent availability
of many new information-type jobs
as well as to the feminist move-
ment and the pinch of inflation in
the 1970s; in fact, women constitute
the bulk of information workers
today. Finally, closer to home, we
at ORNL see these trends in our
work: automated offices and labora-
tories, paper studies, and a
decreased emphasis on hard tech-
nology.

A number of business and
economic writers have echoed and
expanded these ideas. For example,
in the November 22, 1982, issue of
Forbes, James Cook, in a cover
story entitled “The Molting of
America,” points out that, since the
1920s, the best source of new jobs
has been the service industries. Of
25 million new jobs created between
1970 and 1982, he writes, only
2.3 million were in manufacturing.
In the same issue of Forbes, an
article entitled “Whatever Hap-
pened to Akron?” demonstrates
that change from manufacturing to
service and information can occur.
In 1955, 55,000 people worked in
Akron’s rubber plants; since 1977,
no passenger tires have been made
there, and truck tires were phased
out in 1982. As the tire business
rolled away, information and high-
technology industry rolled in.

Numerous books, essays,
articles, and television programs
have discussed the Information
Society and the future. However, I
picked Masuda as a focal point
because he has some logical

sequences in his book and because
he is Japanese. For the past few
years, emulating a much-admired
Japanese industry has become
almost a religion in U.S. business
circles. Furthermore, his book is
highly touted by the World Future
Society, which published the first
U.S. edition.

George Orwell once said that
intellectuals were prone to see the
future “as a continuation of the
thing that is happening.” Typical of
this is Gunther Stent’s The Coming
of the Golden Age. Stent, a Califor-
nia molecular biologist, wrote at
the height of campus unrest in the
1960s. He predicted a return to the
idyllic existence of Polynesia, with
a small intellectual cadre ruling a
population divided between two
classes, typified by the beatnik and
the hippie. This is not exactly the
kind of society we are living in
today.

Masuda also makes predictions
based on a continuation of what he
thinks is happening. He gives us an
optimistic view of mankind (albeit
unproved as of now) and a clean,
open path to a computopia. Will his
predictions be any better than
Stent’s? Does a high-technology
society in the so-called industrial-
ized nations of the West really
mean an end to industrialization?

The cover of his book diagrams
the process of the computer-
communications revolution and its
societal impact superimposed upon
a drawing of what appears to be
Mount Fuji. In one sense, the voy-
age that is supposed to lead us to
the Information Society is a sort of
odyssey. The ideas, the cover, the
geographical direction from which
this volume comes all call to mind
the closing lines of Keats:

Then felt I like some watcher of the skies
When a new planet swims into his ken;

Or like stout Cortez, when with eagle eyes
He stared at the Pacific—and all his men
Look’d at each other with a v~ ~~~mise—
Silent, upon a peak in Darier
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of ionizing radiation, the regulation
of exposure to metals and other
chemicals should be based on some
understanding of how they alter
normal biological processes. How-
ever, the scientific foundation for
understanding and determining
safe levels of human exposure to
toxic metals and other chemicals is
much Jess nearly complete than it
is for radiation. What can be done?
Here is how one group at Oak
Ridge National Laboratory got
involved.

It all started six and one-half
years ago when an ORNL
researcher was called into his divi-
sion director’s office to hear words
to this effect: “You have been suc-
cessful in doing research for many
years to develop a basis for health
protection from radiation. What we
need now are some analogous scien-
tific principles for predicting risks
from exposure to chemicals and for
regulating chemical exposures. Why
don’t you give that a try? We will
provide support at a level of two
persons, leave you alone for about
three years, and then evaluate what
you have done. If the chemical

mantown, Maryland, in August
1977. Kaye and Bob Wood, director
of the Pollutant Characterization
and Safety Research Division of the
U.S. Department of Energy (which
supports the basic physies pro-
grams in HASRD), had agreed to
fund a trial collaborative effort
between physicists and biologists
for the development of some
health-protection principles to be
applied in the nonnuclear arena.
Accepting the challenge was
easy. The major problem was to
find out what to do in a project
that seemed to be a long shot. As a
theoretical physicist, Turner had
little background at that time in
biological subjects and only a few
ties with members of ORNL’s
Biology Division—through the Oak
Ridge Tennis Club. However, the
acceptance of this mutual profes-
sional venture by several members
of the Biology Division was eventu-
ally to change that. During most of
the first year, Turner spent his
time making systematic contacts
within ORNL and elsewhere.
Through his discussions with other
ORNL staff members, he tried to
determine how to turn the lofty
ideal of doing nonnuclear
“dosimetry” into bench science,

problems are too diverse and diffi-
cult to yield useful generalities,
then that itself is probably worth
establishing. One condition, though:
The new effort must be undertaken
in collaboration with the Biology
Division.”

This challenge was offered to
Jim Turner by Steve Kaye, director
of ORNL’s Health and Safety
Research Division (HASRD) after
Kaye returned from a visit to Ger-
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especially the publishable variety.
Wendy Williams, also a HASRD
physicist, joined Turner at this
early stage. Rather than trying to
build a new program from scratch,
they sought to match their objec-
tives to the strengths of ongoing
programs in the Biology Division.
Turner and Williams contacted
John Storer, then director of the
Biology Division, who suggested
that they work through Dick Kim-

ball, who knew the division well.
An initial exploratory meeting was
held in the Biology Division on
October 26, 1977. From HASRD the
attendees were Turner, Williams,
and Harvel Wright; from the
Biology Division came Bob Cum-
ming, Dave Doherty, Jim Epler,
Michael Fry, Kimball, Salil Niyogi,
Gary Sega, Jim Selkirk, and Peter
Witschi. A few weeks later a group
from the Biology Division visited
the experimental physics labora-
tories of HASRD and then met
with Kaye.

In the Biology Division, Witschi
was organizing a comprehensive
new program in toxicology, and
Turner began spending all his
mornings there. Turner began a
lengthy period of reading, discuss-
ing, and attending classes at the
University of Tennessee Graduate
School of Biomedical Sciences. One
obvious problem was communi-
cation—that is, finding a common
ground for discussion among physi-
cists, biochemists, and toxicologists.
Eventually Turner learned to
“speak biochemistry.”

Before long, we decided that
metal ions should be the first
category of important chemicals to
study. Witschi had shown that
beryllium interferes with ribonu-
cleic acid (RNA) synthesis. Niyogi
and Rose Feldman were conducting
studies to determine how metal
ions cause RNA polymerase to
make errors in transcribing the
genetic code. Independently, in
early 1978 Bruce Jacobson had
received seed money to investigate
the effects of cadmium on certain
enzymes (substances that stimulate
chemical reactions in the body’s
cells) and transfer RNAs (ribo-
nucleic acids, also called tRNAs,
that help translate information
from messenger RNAs for the
synthesis of enzymes and other
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The Monte Carlo approach is
applied as follows. A cadmium ion
in one cellular compartment (e.g.,
bound to a protein in the cytoplasm
of a cell) has a probability, per unit
of time, of moving to any other
compartment. Informed guesses
are made for the initial set of
probabilities for intercompartmen-
tal transport of cadmium ions. The
Monte Carlo calculations are then
carried out, and the computed dis-
tributions of cadmium in various
compartments as functions of time
are compared with data from
experiments. The initial probability
estimates are refined and adjusted
until the experimentally observed
temporal transport is reproduced.
The final set of probabilities consti-
tutes a numerical representation of
the behavior of cadmium in CHO
cells.
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The idea was to carry out such
Monte Carlo calculations for a
variety of toxic and nontoxic metals
and see whether any predictive pat-
terns emerged in the values of the
probabilities. Paul Fureinitti col-
laborated with Turner in some
early programming to analyze the
cadmium data of Hildebrand. As
specific questions began to arise in
their modeling, John Cook and Hsie
provided essential input and advice.
Hayden, with assistance from the
others, completed the modeling of
the LANL cadmium data. This
work has been published.

Using a set of well-defined
growth conditions and another sub-
clone of CHO cells, Tan has also
obtained data on cadmium trans-
port. Although this line of investi-
gation shows promise, the required
metal transport experiments are

Ik

difficult and costly, and further
laboratory work with other metals
has not yet been carried out. The
Monte Carlo calculation provides a
tool for studying the route of inva-
sion of a cell by metal ions, but it is
too early to say which step in that
route is lethal to the cell.

The studies described above
focused on one aspect of the metal
toxicity program by using the
whole organism to search for a
numerical index or predictor that
correlates with chemical toxicity. It
may be more important in the long
run to understand basic mechan-
isms by which the metals can kill.
Why does a cell or organism die
from an excess of cadmium or zinc
or barium? What specific targets
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An example of mouse LD50 values for
divalent metal ions as a function of a
softness parameter, ¢,. The open circles
represent data obtained at ORNL under
uniform experimental conditions, and the
closed circles represent data taken from
the literature by other investigators. For
the 11 metals common to both groups, the
correlation coefficient for the ORNL
points is 0.77 compared with 0.60 for the
data from the literature. Error bars show
the 95% confidence limits for the ORNL
data.

are attacked by metal ions? How
do metals interfere with vital
processes and lead to death?
Clearly, it is essential to “look
inside the black box” and try to dis-
cover the details of changes induced
by metals at the molecular level. In
fact, the correlations we seek may
be most clearly demonstrable there.

Jacobson has been using a
variety of experimental techniques
to study the interaction of metal
ions with nucleic acids and certain
enzymes. One of his tools is the
RPC-5 chromatography system
developed several years ago by Don
Kelmers and Dave Novelli. Chroma-
tography, in this case, is a frac-
tionation procedure in which a mix-
ture of substances (tRNAs) is run
through a column where they sepa-
rate according to their individual
affinities for the matrix (in this
case, RPC-5) in the column. Jacob-
son and Vivian Hiatt of Knoxville
College studied the chromato-
graphic behavior of different
tRNAs in the presence of various
metal ions, and they found an unex-
pected result. In contrast to cad-
mium, magnesium, and nickel,
increasing concentrations of zinc
caused the tRNAs to elute—leave
the material on which they were
adsorbed—at progressively higher
ionic strengths. This finding does
not appear to be consistent with the
theory of hard and soft acids and
bases.

How do zinc ions affect tRNAs
and how do they interact with
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other nucleic acids, such as DNA
and messenger RNA? These ques-
tions are being studied by John
Flanagan of the University of
Tennessee. Identifying binding sites
of metal ions and subsequent strue-
tural changes is fundamentally
important in determining how
metal ions cause detrimental
effects. Nuclear magnetic resonance
(NMR) spectroscopy offers a power-
ful technique for investigating
these questions. Brian Reid at the
University of Washington is using
NMR to help delve further into the
ORNL finding on the behavior of
zinc. His instrument is one of the
few in the world that has the high
resolution needed to study the
structure of small nucleic acids.
Other studies have focused on
the anticodon of tRNA, the
sequence of three nucleotides in
tRNA that reacts with messenger

RNA to translate genetic informa-
tion into the structure of protein
molecules. Using the RPC-5 column,
Jacobson found that cadmium per-
turbs those tRNAs that have either
guanosine (G) or queuosine (Q, a
rare nucleotide) in the first position
of their anticodon. This finding led
Brian Hingerty to examine a math-
ematical model for the binding of a
metal ion to GpC [guanylyl-
(8,5)-cytidine], a dinucleoside
monophosphate, a portion of the
anticodon of some tRNA molecules.
Hingerty calculated the most stable
binding sites for the hard ion, cal-
cium, and the soft ion, cadmium,
both of which have the same size
and charge. Calcium causes minor
perturbations in the three-
dimensional GpC structure; in con-
trast, cadmium causes both the
guanine and cytosine rings to shift
and rotate 90° in the GpC struc-
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Stereoscopic views of the dinucleoside
monophosphate GpC in water (a) with
bound calcium (Ca), (b) in its native
state, and (c¢) with bound cadmium (Cd).
The hard calcium ion forms ionic bonds
with the phosphate linkage. The soft cad-
mium ion, which has the same charge
and ionic radius as the calcium ion,
forms covalent bonds with both the nitro-
gen (N, atom of guanine and the oxygen
(0, atom of the ribose. The directional
symmetry required of covalent linkages
causes considerable distortion of the GpC
structure in (c).

critical to a biological system. Thus,
the metal is toxic. We are currently
testing the hypothesis that the
degree of covalent-to-ionic nature
of the bonds that a metal ion can
form gives a general prediction of
its toxicity.

The time has passed rapidly
since the initial challenge was
extended in August 1977. As origi-
nally intended, the program was
reviewed after three years, once in
Washington and once on a site visit
in Oak Ridge. Both DOE and ORNL
agreed to continue the collaborative
metal-toxicity program. Most
recently, the participants discussed
the program’s objectives and future
with the two division directors
most closely involved, HASRD’s
Kaye and Dick Griesemer of the
Biology Division. If continuing DOE
and ORNL support and the
enthusiasm of the many partici-
pants are a measure, then the pro-
gram is a success. This collabora-
tive effort has developed an
approach, an outlook, and a forum
for communication and understand-

4

ing among persons with different
training but with a common scien-
tific purpose.

Is it necessary to understand
metal-ion toxicity at fundamental
levels? Can we not control the
entrance of toxic metal ions into
our biosphere and simply avoid the
exposure of humans to toxic
metals? An article in the August
1983 issue of Nature emphasizes the
importance of these questions.
“Despite increasing attempts to
control environmental pollution,
changes in the distribution and
availability of toxic metals like
mercury and cadmium are still
occurring. Apart from natural

processes, other contributory
factors include the gradual spread
of industrialization, the use of
sewage sludge as fertilizer, and the
acidification of Northern Hemi-
sphere groundwater. Animals
(including man and domestic
varieties) can accumulate harmful
concentrations of toxic metals.”

Because toxic metals and other
hazardous chemicals are not being
adequately contained, we had better
learn all that we can about them.
Much work remains to be done to
establish the necessary scientific
basis for predicting risks from
exposure to chemicals and far regu-
lating chemical exposures
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This flow sheet shows sol-gel and gel-
sphere processes for conversion of metal-
salt solutions to ceramic products.

processes for making these special
powders almost continuously since
the late 1950s. The primary applica-
tions were in the preparation of
nuclear reactor fuels, but other fuel
cycle applications and nonnuclear
uses have also been studied. Exxon
Nuclear Corporation and other
nuclear-oriented companies have
shown interest in using sol-gel
technology, but this interest has
waned because their industry is in
the doldrums. However, several
companies are interested in sol-gel
technology for making zinc oxide
(Zn0y) and other ceramic materials
for nonnuclear applications, par-
ticularly in electronics.

The sol-gel and gel-sphere
processes developed at ORNL con-
vert metal-salt solutions to ceramic
solids. The sol-gel process gets its
name from the fact that the process
converts the metal-salt solution to
a sol—a colloid in liquid form—and
then into a gel, which is a colloid in
a more solid form than a sol. (A
colloid is a suspension of finely
divided particles that tend not to
settle out of suspension.) The
chemical compositions of our gels
are those of hydrous metal oxides.
The sol-gel name applies when the
hydrous metal oxides are first
prepared as a sol of colloidal par-
ticles in a liquid (metal-salt solu-
tion) and are then solidified, or
gelled. The gel-sphere name refers
to the formation of the gel from
drops (which may be solutions or
sols) to give solid spheres that
resemble tiny beads. Some of the
processes are both sol-gel and gel-
sphere types, while others are only
one of these.
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Gel processes have several
advantages over conventional
ceramic processes. They produce no
dust and can be run at lower tem-
peratures, thus saving energy and
allowing use of simpler equipment.
Gel processes start with solutions
that can be highly purified and
easily mixed to give homogeneous
compositions, and the products will
usually be as homogeneous and
pure as the starting solution.
Furthermore, gel processes can pro-
duce oxide gels that are particu-
larly useful, not only because they
have a uniform composition but
also because they are highly porous,
highly reactive, and spherical,
unlike the products of conventional
processes.

The limitations of gel processes
are that they involve more complex
chemistry and require more chemi-
cals than do conventional processes,
which rely largely on precipitations
and thermal decompositions to con-
vert metal salts to ceramic solids.
These limitations, however, are
overshadowed by the advantages of
using gel processes for specific
applications that require the unique
gel characteristics.

Gel processes can be grouped
and described in terms of the reac-
tions that change the solutions or
sol into a solid gel. One method of
forming a gel is to remove water
from a colloidal sol—a method used
at ORNL from the late 1950s
through 1972. By extracting the
water from sol drops into an
immiscible alecohol, ORNL research-
ers formed gel spheres. Patents
based on this dehydration method
were received by Sam Clinton,
Orlen Dean, Don Ferguson, Todd
Kleinsteuber, Milt Lloyd, John
McBride, Ken McCorkle, and me.
This method is a type of “external
gelation,” because mass transfer to
the surrounding second fluid is used
to produce the gel. Another type of
external gelation uses mass
transfer of ammonia from the sur-
rounding gas or solution; the
ammonia reacts chemically with
the metal-salt solutions to form the
hydrous oxide gels. This process
was developed to prepare nuclear
fuel spheres in Italy, Germany, and
England.

Unfortunately, the mass
transfer for external gelation limits
the gelation rate and can result in
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Laboratory. Both thorium nitrate
[Th(NOj3),] solutions and ThO, slur-
ries were tried but were rejected
because they either corroded and
eroded the blanket structure, thus
threatening its stability, or were
unstable under blanket conditions.
Thorium oxide sols were prepared
but were not stable when subjected
to neutron radiation at 280°C. It
was therefore proposed that ThO,
spheres, or “pebbles,” be made and
that heavy water be circulated
through the “pebble bed” to slow
down the neutrons and remove
heat.

My first sol-gel assignment was
a request by Don Ferguson in
February 1960 to review the techni-
cal literature on commercial
preparation procedures for catalyst
pellets. [ recommended that the
procedures used for silica-alumina
(8i05-Al1,05) gel beads be applied to
preparation of ThO, spheres. The
Houdry Process Corporation
prepared ThO, spheres of high den-
sity using gel sphere processes but
was unable to supply the larger
0.3-cm-diam spheres needed for the
pebble bed blanket. Experience
gained from these investigations
was later applied to preparing
other thorium fuels.

Under the kilorod program in
the 1950s, the first sol-gel pilot
plant at ORNL was operated by
Claude Haws, John Sease, and co-
workers. It fabricated 1000 nuclear
fuel rods using vibratory compac-
tion of a sol-gel product that was
97% ThO, and 3% uranium oxide
(33U0,). The mixed sol was
prepared from Th(NOg), and
UOy(NOg),, gelled by evaporation
of water; and then sintered,
crushed, and milled to give three
sizes of dense oxides. The three
fractions were mixed in measured
proportions and compacted by
vibrating them in zirconium-alloy
tubes to 85-89% of theoretical den-
sity.
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Fuel elements for a thorium fuel
cycle would be fabricated remotely
because the reprocessing stream of
230 and recycled thorium contain
2217 and 22Th, which are too
radioactive to handle by direct
fabrication. The sol-gel and vibra-
tory compaction are simpler and
more suitable for remote fabrica-
tion than are the conventional
preparation of ceramic ThO,-UO,
powders and fabrication of pellets.
This type of gel process will prob-
ably be used again if future energy
needs result in the use of a thorium
fuel cycle.

Because gel-sphere technology
was needed in the development of
fuel for high-temperature gas-
cooled reactors (HTGRs), the
national HTGR program supported
about ten years of gel-sphere work
at ORNL. The HTGR fuels are par-
ticles embedded in a graphite
matrix. The spherical shape of the
gels is important because the pyro-
lytic carbon and silicon carbide
coatings act as miniature pressure
vessels to contain fission products
in HTGR fuels. Spherical coatings
make much better pressure vessels
than irregularly shaped coatings.
Gel-sphere technology also makes
possible homogeneous mixtures of
thorium and uranium in the fuel
pellets; such homogeneity is impor-
tant to fuel performance and to
reprocessing. In addition, the tech-
nology allows sinterability to high
density and partial or complete
conversion to carbides at much
lower temperatures than are
required for conventional ceramic
processing using mixtures of
powders, thus saving energy. Gel-
sphere processes also can be
adapted to remote operation, which
is required for the safe fabrication
of new, radioactive fuel from recy-
cled thorium and #%U. Gel-sphere
processes have been used to make
fuel for the HTGR now operating in
Fort St. Vrain, Colorado, and may

be employed more widely if orders
for HTGRs resume.

How to dispose of radioactive
wastes permanently and safely has
been a challenge in recent years for
nuclear-fuel-cycle specialists. One
technical solution for underground
burial uses gel-sphere processes to
produce crystalline waste forms
that resist leaching by ground-
water. These crystalline spheres are
ideal because they can be heavily
coated to ensure containment of the
fission products within. The HMTA
internal gelation process was used
at ORNL to prepare spheres of syn-
thetic rock compositions and zir-
conium oxide (ZrO,)-based composi-
tions containing 20 to 90 wt %
waste loadings. The sintered prod-
uct spheres have excellent charac-
teristics for waste disposal applica-
tions, but the practicality and
economics of scaling up the produc-
tion process have not been proven.

The need to protect nuclear
materials from diversion or misuse
(proliferation resistance) resulted
in a major change in gel-sphere
programs in 1977. One way to pro-
tect against diversion is to avoid
separating highly purified fissiona-
ble materials. Coprocessing of ura-
nium and plutonium and low
enrichments of 2°U are examples of
this approach to producing nuclear
fuels that are not suitable for mak-
ing bombs. Another way is to man-
age the fuel cycle so that such
materials are always too radio-
active for direct handling. Because
gel-sphere processes can be used for
remote refabrication, they are par-
ticularly suited for converting mix-
tures of fissionable and fertile
materials to new fuel elements.

The Sphere-Pac process,
developed by ORNL in the late
1960s as a joint effort of the
Chemical Technology and Metals
and Ceramics divisions, can be har-
nessed for remote refabrication of
nuclear fuel, unlike the usual com-
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(Previous Inaex appearea in ran 19/ 9 1ssuy)

Accident at Three Mile Island: How ORNL Responded
The Politics of Energy

Mining Reclamation Laws

Pressure Vessel Safety: Story of the ASME Code
Socioeconomic Impacts of Nuclear Power Plants

Special issue devoted to research on coal and
its environmental and socioeconomic impacts.

State of the Laboratory—1979

With All Deliberate Assurance: QA at ORNL
Remembrances of an Accslerator Past
Research Impacts of Environmental Assessments
Chromosome Repair in Female Mice

The Promise of Energy-Efficient Buildings

Another Corner of the Planet

Bisolar Hydrogen Production: Splitting Water for Energy
Small-Angle Scattering Research: National Center at ORNL

Of Mice and Mutagens: The Story of the Russells
The Search for Higher Temperature Superconductivity
Fur-Bearing Traffic Hazards: The Deer Problem

The Spin Spectrometer

Energy Development and the Religious Freedom Act

Scanning Electron Microscopy at ORNL: A Picture Story
Golden Day: r Brass? (relative energy prices)
Skimming the Surface (surface physics)

Trends in Scientific and Technical information

Pressel Vessel Integrity (thermal shock research)

Biomass into Energy: What Are the Environmental Effects?
CO, and Acid Rain: A Briefing at ORNL

State of the Laboratory—1980

Spiraling Down the Watershed

Artificial Intelligence Is Coming: Uses at ORNL
Health Risk Analysis: Science and Politics

The Human Factor of Reactor Safety
Reconstructing Past Climate

Putting It on the Line (UNIX at ORNL)
Toward a Desirable Energy Future
Genes and Cancer

LaRue Foster

Bernard J. O'Keefe

Ronnie Hayes, Jim McBrayer
Domenic Canonico

Carolyn Krause

25 ORNL authors

Herman Postma

C. S. Lisser

Wilfred M. Good
Carolyn Krause
Walderico Generoso

Carolyn Krause
Hank Shugart
Elias Greenbaum
Wally Koehler

Carolyn Krause
Bill Butler
Barbara Lyon
Mel Halbert
Harry Arnold

Herb Inhaber

Mark Mostoller et al.
Carolyn Krause
Dick Cheverton
Carolyn Krause
Carolyn Krause

Herman Postma

Jerry Elwood

Carroll Johnson

Emily Copenhaver, Phil Walsh

Paul Haas, Carolyn Krause
Carolyn Krause

R. D. McCulloch

Truman Anderson

Carolyn Krause
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Linda Spurling usén a nef to catch a ;
lorgemouth bass that hos been stunned o -
by an electroshocking probe held by Joe 1

Malone. Wayne Parsonas is driving the
boat ot Melton Hill Dam, where confrol
studier nre done. Gamma rcans are pere
formad on the fish samples to detormine
whether there is radioactive contaming-
tion in lakes and atreams in ORNL's
vicinity. See article "How Does ORNL
Affect the Environment!” on page 2.
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