





























The Data and Analysis Section of
the Energy Division has been
transferred to the Energy Systems’
Data Systems Research and
Development Program managed by

. Andrew Loebl. The section

members have formed the Data
Systems Engineering Organization,
headed by George Dailey.

Colin D. West has been named
director of the Center for Neutron
Research Project Office in ORNL'’s
Engineering Technology Division.

Bill Corwin has been appointed
manager of ORNL’s Heavy Section
Steel Technology Program.

Mark L. Sollenberger has been
named manager of Institutional
Planning at ORNL.

Paul H. Stelson has received the
Jesse W. Beams Award from the
Southeastern Section of the
American Physical Society.

Robert L. Ullrich has received the
15th Research Award of the
Radiation Research Society in
recognition of his research
contributions in radiation biology,
particularly radiation
carcinogenesis. He is the first
ORNL scientist to receive this
honor.
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Walter Porter is president of the
American Academy of Industrial
Hygiene.

James Eldridge is president of the
Environmental Radiation Section of
the Health Physics Society.

Steiner J. Dale is a Congressional
Science Fellow for a year. He is
assigned to work with the U.S.
House of Representatives
Committee on Science, Space, and
Technology and its chairman Rep.
Robert A. Roe (D-N.J.).

J. Michael Ramsey has been
appointed to the Editorial Advisory
Board of the international journal
Progress in Analytical Spectroscopy.

Robert J. Luxmoore has been
appointed to the Editorial Review
Board of the journal Tree
Physiology. He also has been
named associate editor of Soil
Science Society of America Journal.

John R. Trabalka has received a
commendation and certificate of
achievement from DOE’s Office of
Basic Energy Sciences for his work
in compiling information on the
global carbon cycle.

David E. Reichle has been
appointed to the Public
Responsibilities Committee of the

American Institute of Biological
Sciences.

John Martin is president of the
Nuclear and Plasma Sciences
Society of the Institute of Electrical
and Electronic Engineers.

C. Stephen Haase has been named
to the Geochemistry and Modeling
Subcommittee of the Underground
Injection Practices Council.

Harold Adair is president of the
International Nuclear Target
Development Society.

H. Richard Kerchner has been
appointed to direct the Low-
Temperature Neutron Irradiation
Facility; Robert M. Nicklow, the
Neutron Scattering Facility;

C. W. White, the Surface
Modification and Characterization
Collaborative Research Center; and
George Wignall, the National
Center for Small-Angle Scattering
Research. These national user
centers open to university, industry,
and other U.S. and foreign
researchers are operated by
ORNL'’s Solid State Division.

Steve Stow has been elected
Councilor of the Geological Society
of America.




R. B. Fitts has been named ORNL
coordinator of the DOE
Environmental Survey Program,
whose goal is to identify potential
environmental management and
compliance problems at DOE sites.

B. Gordon Blaylock organized and
cochaired the “Effects of Ionizing
Radiation on Aquatic Organisms”
workshop for the National Council
on Radiation Protection and
Measurement.

Nineteen entries of ORNL and
Martin Marietta Energy Systems,
Ine., received awards in the 1987
publications competition sponsored
by the East Tennessee Chapter of
the Society for Technical
Communication (STC/ETC). The
winners are: Carl W. Turner,
Charlotte E. Johnson, and
Edgar H. Kelly, award of
distinction in the category of
brochures for A Mobile In Vivo
Radiation Monitoring Laboratory,
Charles C. Coutant, award of
distinction in trade/news articles
for “Thermal Niches of Striped
Bass,” Scientific American;
Charles W. Forsberg,
Catherine H. Shappert, and
Donna T. Brooksbank, award of
distinction in scholarly/professional
articles for “A Process Inherent
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Ultimate Safety Boiling Water
Reactor,” Nuclear Technology
(February 1986); Carolyn Krause
and Bill Clark, award of merit in
scholarly/professional articles for
“Managing Hazardous Waste:
ORNL Examines the Options,”
ORNL Review; V. C. Mei,

Leroy D. Gilliam, and Sharon
McConathy, award of merit in
scholarly/professional articles for
“Theoretical Heat Pump Ground
Coil Analysis with Variable Ground
Farfield Boundary Conditions,”
AIChE Journal (July 1986);
Carolyn Krause and Bill Clark,
award of excellence in house organs
for the ORNL Review, Charles K.
Bayne and Ira B. Rubin, award of
excellence in books for Practical
Experimental Designs and
Optimization Methods for Chemists;
John R. Trabalka, David E.
Reichle, Vivian Jacobs, and
Sherry Hawthorne, award of
merit in books for The Changing
Carbon Cycle: A Global Analysis;
John R. Trabalka, award of
achievement in books for
Atmospheric Carbon Dioxide and the
Global Carbon Cycle; Natalie E.
Tarr and Anne K. Ragan, award of
excellence in periodic activity
reports for Environmental Sciences
Drvision Annual Progress Report for
Period Ending September 30, 1985;
Thomas W. Qakes, Tina Sekula,
and Thomas O. Tallant, award of
merit in periodic activity reports
for Environmental Surveillance of

the Oak Ridge Reservation and
Surrounding Environs during 1985;
William Fulkerson and the ORNL
Energy Division staff, award of
merit in periodic activity reports
for Emergy Division Annual
Progress Report for Period Ending
September 30, 1985; Curtis C.
Travis, award of merit in whole
periodicals for Risk Analysis (the
international journal of the Society
for Risk Analysis); Ernest G.
Silver, Susan E. Hughes, and
Jean S. Smith, award of
achievement in whole periodicals
for Nuclear Safety; User Services
Staff of the Computing and
Telecommunications Division,
award of achievement in software
manuals for Graphics Reference
Manual; Allyn Zerby, Jeanne
Dole, and LaWanda Klobe, award
of achievement in newsletters for
The RAMbler; Michael P. Farrell
and David E. Fowler, award of
achievement in newsletters for
CDIC Communications;, E. C.
Beahm, Donna R. Reichle, and
B. C. Drake, award of merit in
technical reports for Organic Iodide
Formation following Nuclear
Reactor Accidents, F. J. Zehr,
Mary S. Guy, and Leroy D.
Gilliam, award of achievement in
technical reports for The
Performance and Economics of
Superinsulated Houses.
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future experiments could be
done at the ORR (although
the rate of neutron-induced
damage in samples at ORR
is half as fast as that
produced at HFIR).

Today, eight U.S.
Department of Energy and
Martin Marietta Energy
+ Systems committees are
studying management and
technical issues related to
the HFIR. Pete Lotts,
director of Defense
Technologies at ORNL, is
coordinating ORNL's
response to information
needs and recommendations
of the eight study teams.
One of DOE's six
investigations of the HFIR’s
problems seeks to determine
the reason for the three-year
delay in analyzing samples
from the vessel wall. This
investigation is being carried
out by a team headed by
John Rothrock, director of
the Quality Assurance
Division of DOE’s Oak Ridge
Operations. Mary Walker,
DOE's assistant secretary
for safety, environment and
health, heads three safety-
related investigations of
HFIR, one of which cannot
be conducted until the HFIR
is back in operation.

Several radioisotopes
that had been produced at
the HFIR are being produced
at other reactors during its
prolonged shutdown. Iridium-
192, which is in demand for
surveys of heavy-section
steel and pipelines, is being
produced at the ORR and
the Advanced Test Reactor
(ATR) at the Idaho National
Engineering Laboratory.
Gadolinium-153, used in
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bone scans to detect
osteoporosis, is being
produced at the ORR and
may also be produced at the
ATR if the demand for the
isotope picks up. ORNL will
decide soon whether to
send europium targets to
Idaho Falls for neutron
irradiation to make additional
gadolinium-153.

Arrangements have been
made for the High Flux
Beam Reactor at
Brookhaven National
Laboratory to produce
osmium-191, which decays
to iridium-191m, a short-lived
product that safely images
heart defects. Osmium-191
is needed by physicians
using prototypes of the
improved iridium generator
developed by ORNL's
Nuclear Medicine Group to
obtain iridium-191m for tests
of human patients. In
particular, the isotope is
needed by a hospital in
Belgium and by the
University of California at
Los Angeles—Harbor Medical
Center, whose Human Use
Committee recently gave
approval for the first tests
on U.S. patients of iridium-
191m from the new
generator.

Although these reactors
will help DOE meet the
demands for these special
radioisotopes, they do not
perform the job as fast as
the 100-MW HFIR. Because
the ORR is a 30-MW
reactor, it produces fewer
neutrons per unit volume
than the HFIR. Thus, it will
take about 9 weeks to make
gadolinium-153 in the ORR,
compared with 3 weeks in
the HFIR. Osmium-191,
which was produced in 3
days at the HFIR, can be
made in 10 days at the
HFBR because the HFBR's

neutron flux is one-third that
of the HFIR.

On March 26, 1987,
DOE ordered ORNL to shut
down the ORR, the Bulk
Shielding Reactor, the
Health Physics Research
Reactor, and the Tower
Shielding Facility because of
concerns about reactor
management.

A physicist widely
regarded as one of the
leading U.S. atomic collision
theorists has accepted a
joint appointment under the
University of Tennessee-
ORNL Distinguished Scientist
Program. Joseph H. Macek,
professor at the University
of Nebraska, becomes the
eighth appointee to one of
the dual teaching and
research positions. The
program was established in
1984 to attract to this area
a select number of scientists
of national and international
stature.

Macek is to begin his
tenure in mid-1988, after a
year in Europe under a
research fellowship
sponsored by the West
German government. His
appointment will be in the
Department of Physics at
UT Knoxville and the
Physics Division at ORNL.

The percentages of
lakes that are acidic and
that have a low capacity for
neutralizing inputs of acids
are presented in a new
report co-authored by an
ORNL staff member. Paul
Kanciruk of the
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systems that detect and
analyze seismic activity and
underground nuciear
explosions.

Excessive amounts of
nitrogen, as well as sulfur,
from atmospheric deposition
(including acid rain) and
other natural sources may
be the chief cause of
leaching in s0ils in the Great
Smoky Mountains. The nitric
acid produced in the soil
plays a major role in the
leaching of aluminum and
nutrients needed to support
the growth of beech and

Since Energy Systems
became manager of DOE
tacilities in Oak Ridge and
Paducah in 1984, the
number of technology
transfer staff members has
increased from two to ten. In
the past, many of the
responsibilities for
technology transfer that
were carried out informally
by research staff members
are now being handled by
professionals in the Office of
Technology Applications
(OTA).

According to Bill
Carpenter, vice-president for
technology applications,
“Centralizing the technology
transfer function has
resulted in a more
productive program. Now
research staff members
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spruce trees in the Smokies.

Sulfate plays a
significant role as well but is
often of secondary
importance to nitrate in
causing this leaching loss. i
is not known whether the
aluminum leaching caused by
nitrate and sulfate is
sufficiently high to cause
toxicity to vegetation.

These preliminary
conclusions were drawn
recently by Dale Johnson
and colleagues in ORNL's
‘Environmental Sciences
Division. The results suggest
that sulfur oxides from
fossil-fuel combustion may
not be a major contributor to
soil acidity and that
installation of expensive

need to be involved only in
the technical aspects of the
transfer process because
OTA staff members take
care of contacting and
conducting negotiations with
clients.”

In the past year OTA
focused its efforts on
developing a licensing policy
and identifying industrial
contacts who could benefit
from ORNL's unique
research-and-development
capabilities through joint
agreements, user facilities,
personnel exchanges, work-
for-others agreements, or
licensing.

in FY 1986, Energy
Systems’ technology-transfer
achievements include the
following: 21 technologies
were transferred to 148
organizations; six spin-off
companies were started by
employees; eight
technologies were licensed

emission controls on coal
power plants would not
guarantee a reduction in soil
acidification in the Smokies.
In soil solutions from
three sites near Clingman’s
Dome, Johnson found that
nitrate is frequently the
dominant ion. The high
nitrate amounts, he said,
suggest that the frees and
other vegetation have more
nitrogen than they can use.
The excess nitrogen results
in luxuriant ammonium
supplies to nitrifying
bacteria, which convert
ammonium to nitric acid.
“The source of the high
amount of nitrogen is
unknown,” says Johnson.
“We speculate that possible

to industry; $150,000 in up-
front licensing fees were
received; three R 100
awards were received for
new inventions; three
university-laboratory-industry
centers were formed;
$21,900 were awarded to
Energy Systems inventors
for filing patents; and 55
work-for-others agreements
worth a total of $6.3 million
were contracted.

Innovations continue to
abound at ORNL. This year
ORNL submitted a record 42
entries in the R 100
competition sponsored by
Research & Development
magazine.

Energy Systems has
signed a service supplier
license agreement with
Future Tech Corporation of

sources include atmospheric
inputs caused by nitrogen
oxide emissions from vehicle
exhaust, high rates of
decomposition of nitrogen-
rich soil organic matter, or a
disturbance such as hog
rooting or insect attack,
both of which have been
known to occur in the
Smokies.”

Johnson’s four-year
research project is part of
the Integrated Forest Study,
a multisite investigation to
determine the sources of
excessive s80il acidity and
the mechanisms by which it
robs trees of needed
nutrients. The study is
supported by the Electric
Power Research Institute.

Oeak Ridge to provide
services to end users of a
computer software system
developed at Oak Ridge
Gaseous Diffusion Plant.

The Analytical
Laboratory Information
System, known as AnallS,
recently was installed at
ORNL and the Portsmouth
Gaseous Diffusion Plant and
is accessible to other DOE
installations through
telecommunications.

Under the license
agreement, Future Tech
Corporation will provide
installation, training, updates,
improvements, and error
corrections for the
copyrighted system.

AnalL IS enables an
analytical chemist to record
quickly the resuits of an
analysis just performed or to
retrieve data on several
million analyses performed
previously.















mistakes included reducing the
reactor’s power output below
permissible levels, switching off
two automatic-shutdown
mechanisms, and switching off the
emergency backup cooling system.
During the week of August 25
when Kress was in Vienna, the
Soviets revealed that half of their
18 RBMK reactors of the Chernobyl
type (light-water-cooled, graphite-
moderated) had been shut down for
safety modifications. The changes
included improving training and
procedures, installing additional
neutron absorber rods, and
inserting devices that limit how far
the control rods can be withdrawn.
Kress stayed a second week in
Vienna to help write an IAEA
report on the Soviet briefing.

On September 4, Malinauskas,
director of Nuclear Regulatory .
Commission (NRC) programs at
ORNL, revealed the results of some
new ORNL work on the Chernobyl
accident at a meeting of the Oak
Ridge chapter of the American
Institute of Chemical Engineers.
Malinauskas reported that early
detective work by ORNL’s Dick
Lorenz, Toshi Yamashita, and
colleagues indicated that the
Chernobyl accident released two
separate kinds of radioactivity
releases. The first release, which
was carried to Sweden and Finland,
was rich in particulates and
apparently occurred when the
explosion caused fuel pellets to
fragment.

The material released several
days later, which was transported
to western Europe, was found to
contain large amounts of the fission
products ruthenium, molybdenum,
and tellurium. Releases of these
materials were increased by the
oxidizing atmosphere resulting
from the oxidation of the fuel
during the graphite moderator fire.
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Particulates containing the fission
products zirconium, niobium, and
neodymium were present in much
lower concentrations in the second
release than in the material
released the first day of the
accident. These inferences by
Lorenz’s group, made on the basis
of fission products deposited in
Europe, were verified later by the
Soviet report on the accident.

Malinauskas noted that the
Chernobyl accident released some
10 million curies (10 MCi) of 131,
compared with only 15 Ci from the
1979 Three Mile Island accident; the
moral, he said, is this: “If you're
going to have a severe-core-damage
accident, make sure the fission-
product escape pathway is
intercepted by water and make sure
the containment holds.”

On September 26, Kress gave a
seminar on “Chernobyl from a
Vienna Perspective.” He said that
the Soviet scientists offered three
possible explanations for the
decisions by the reactor operators
to violate operating and test
procedures, such as continuing the
experiment at the prohibited low-
power levels. They may have
(1) been unaware of how dangerous
the situation had become, (2) been
overconfident because the
Chernobyl reactors up until then
had the best operating record in the
Soviet Union, or (3) felt pressured
to make the turbogenerator
experiment succeed. (If it didn’t,
they could not try it again for a
year, thus disappointing the outside
group of experimenters.)

In November, Chet Richmond,
associate director for Biomedical
and Environmental Sciences at
ORNL, was invited by the IAEA to
assist the agency in developing a
coordinated research program for
calculating radiation dose per unit
intake for the general public.
Gordon Blaylock of ESD was also
invited by the IAEA during that
month to assess the effects of

radioactivity on the nonhuman
components of the ecosystem.
Hoffman and Stan Auerbach,
former ESD director, also traveled
to Europe on Chernobyl-related
research missions.

Today, ORNL has an on-line
data base containing information
about U.S. radiation levels in the
aftermath of the Chernobyl
accident. Air, precipitation, and
milk samples collected from April
29 to July 15 at scattered
Environmental Protection Agency
(EPA) monitoring sites have
provided the data. Using the EPA
data base and ORNL’s Geographic
Data Systems, Pete Lesslie and
Dick Durfee of the Computing and
Telecommunications Division have
generated maps that graphically
represent the levels of Chernobyl
radioactive fallout in the United
States.

Richmond is a member of the
Task Group on Health and
Environmental Aspects of the
Soviet Nuclear Accident for DOE’s
Office of Health and
Environmental Research; Richmond
is chairing the Task Group’s
Committee on Research on the
Validation of Predictive Models.
Lesslie, Hoffman, Blaylock, and
Keith Eckerman are ORNL
members of the committee. The
committee’s objectives include
evaluating Chernobyl accident data
gathered worldwide to identify
needs for additional data and
critical research issues for an
integrated assessment of the
impacts of the Chernobyl accident.
Chernobyl-related reports from
potential collaborators in Europe,
Japan, and China are being
catalogued in a computer data base
by Park Owen of ORNL’s Biology
Division.

According to Fred Mynatt,
associate director for Nuclear and
Engineering Technologies at ORNL,
“The major impact in the United
States of the Chernobyl accident
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The operators also disarmed the
control system that would have
triggered an automatic shutdown
when the steam supply to the test
turbogenerator was stopped. The
operators committed this violation
to avert a reactor shutdown to
allow another attempt at the
experiment.

Finally, at 1:23:04 a.m., the
operators shut off the steam supply
to the turbogenerator, and the
coastdown began. The system steam
pressure began to rise because the
coolant flow was decreasing as
power to the four pumps being fed
by the test turbogenerator
decreased as the generator ran
down. Thus, the operators had to
cope with too little cooling

" water—just the opposite of the
problem they had earlier.

As a result, a small increase in
reactor power produced a higher
rate of boiling and formed larger
voids than would be expected from
an equivalent change during normal
operation. In addition, because of
the positive void coefficient, a
power surge occurred. Since the
control rods were almost completely
withdrawn, a runaway condition
existed. To deal with a reactor out
of control, the operators tried to
shut down the nuclear reactions by
reinserting all control rods into the
core at 1:23:40 a.m., but the
response came too late. At about
1:24 a.m., two explosions were
heard, one after the other, and
fragments of burning material shot
into the air above the reactor
building.

Two possible causes of the
explosions have been proposed.
First, the initial explosion is
thought to have resulted from
simple rapid overpressurization of
the coolant system because of the
coolant-power mismatch followed
by fragmentation of the fuel and its
rapid ejection into whatever coolant
remained. The second explosion—a
steam explosion—then resulted
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(The Soviet scientists corrected
their results for radioactive decay
using May 6 as the basis. Thus, the

" amount of radioactive material
actually released on May 5 was

| considerably less than 75% of the
April 26 release.) On May 6, after
injecting nitrogen into the space

| beneath the reactor, the Soviet

. scientists greatly reduced the rate

" of escape of fission products into
the environment. On May 23, the
release rate was estimated to be
about 20 curies (Ci) per day.

At ORNL we studied the
distribution of fission products in
samples of the radioactive fallout in
Scandinavia and Western Europe.
From this analysis (conducted with
the help of George Parker of the
Chemical Technology Division), we
concluded that the initial release,
which was transported to
Scandinavia, showed that the fuel
had fragmented under chemically
reducing conditions. The fallout
over Western Europe, however,
which was characteristic of fission
product releases from Chernobyl
about April 28, had unusually high
concentrations of the fission
products ruthenium, molybdenum,

* and tellurium. In addition,

. particulates that were released
after the initial event were found to
contain the fission produets
zirconium, niobium, and
neodymium in much lower
concentrations than in the material
released during the first day of the
accident. This altered distribution

, suggested the chemical
environment had changed to
oxidizing conditions (as evidenced
by the burning graphite).

The Soviets estimated that
about 3% of the fuel inventory (and
its associated fission products) had
been released into the environment.
In addition, releases of the entire
inventories of the noble gases
(krypton and xenon) were believed
to have occurred, along with 10 to
20% of the inventories of the
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By
LAUWL VY. LAUWYE, 10Wa State
University Press, Ames, Iowa (1986),
215 pp. Reviewed by Carolyn
Krause, Review editor.

ar of radiation is about as

)lervasive as radiation these
days. One way to alleviate that fear
is to appeal to reason by putting
radiation and its sources, including
nuclear power, into perspective.
David W. Lillie, an independent
energy consultant and author, does
just that.

Lillie, who worked for 25 years
as a staff scientist for General
Electric Research and Development
Center in Schenectady, New York,
and later for the U.S. Atomic
Energy Commission in Washington,
D.C,, speaks eloquently to the
general reader about a variety of
risks. Writes he: “Almost all parts
of the spectrum can be useful to us,
and some parts are essential.
Similarly almost all parts in too
great intensity can be harmful:
bright light can cause blindness,
thermal radiation can burn, and
gamma rays and X rays at high
levels can do serious biological
damage.”

His discussions of nuclear power
and reactor accidents are forthright
and understandable. However,
according to Tony Malinauskas,
director of Nuclear Regulatory
Commission programs at ORNL,
Lillie’s views about the Three Mile
Island (TMI) accident are partly in
error.
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According to Lillie, the TMI
accident “has shown that fuel
disintegration short of melting but
induced by reaction with steam at
very high temperatures can also
release substantial quantities of
radioactivity.”

Says Malinauskas, “Lillie
incorrectly infers little fuel melting
in the TMI accident. A substantial
part of the core was severely
degraded and a fairly significant
fraction was molten during the
course of the accident. This finding
is consistent with the estimates of
relatively large releases of fission
products (~60% of the noble-gas
and cesium nuclides) that were
made immediately after the
accident.

Lillie writes that new studies
indicate that the number of deaths
for a worst possible accident would
range from 0 to 330 (not 3300 as
predicted in Norman Rasmussen’s
report). He defines a worst possible
accident as a low-probability case,
believed to occur only once every
million years in a world of 1000
reactors. (This part of the book
was written before the Chernobyl
reactor accident, which has resulted
in 31 deaths to date.)

To put the reactor risks in
perspective, Lillie makes these
observations:

“In the past 100 years the greatest
single man-made accident was the
methyl isocyanate gas leak on
December 3, 1984, in Bhopal, India,
where it is estimated that over 2000
were killed and 200,000 made ill. Even
those who apparently recovered may
suffer life-shortening side effects. The
failure of a dam in Johnstown,
Pennsylvania, in 1889 cost about 2000
lives; the explosion of a French
munitions ship in the harbor at
Halifax, Nova Scotia, in 1917 killed over
1600 people; the sinking of the Titanic
in 1912 cost 1500 lives; and automobiles
kill about 55,000 people every year in
the United States alone.”

“For additional perspective we need
to look at the magnitude of natural
disasters over which man has no

3l. Six thousand people died in the
ston hurricane in 1900, and in the
| 1900-1972, 12,577 deaths in total
attributed to hurricanes. The San
isco earthquake killed about 750

» in 1906, falls kill 18,000 people
war, and there is always the

ility of a major meteorite

ag a large city.

dding this all up we conclude that
nsequences of a worst possible

wr accident, while severe, are less
‘hose of other natural or man-
catastrophes that have been or

g experienced. . . We need to focus
r technical expertise on ensuring
fety of nuclear plants, but we do
red to abandon the benefits of

ir power because of the rigks

nt in the reactors themselves.”

lie also provides an afterword

n the Chernobyl accident,

| occurred on April 26, 1986;

tunately it was written on

16, several months before the

t report came out. But,

ling to Malinauskas, “Lillie

;tly captured the more

ible speculations concerning

wuse of the Chernobyl accident
the addendum was written.

rrectly notes that, if a

gen explosion did occur, it had

e place in the reactor

ng, not within the core itself.
illie was not too far afield in
lating a reactivity excursion
ower-cooling mismatch as the
;ing event. We now know that
«cident began as a reactivity
ent, caused in part by the

ion of control rods, not their
n withdrawal, as he surmises.
wveryone else at the time, he
to grasp the significance of
isitive void coefficient, a
steristic of the Chernobyl-type
rs. Similarly, he overstated
:alth effects that would

bly result. However, Lillie was
on the mark in his assessment
situation at the time of the
nt and of its aftermath.”
aders may be confused by

3 statement on page 51 that
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“New isotope separation plants will
use gas centrifuge technology
instead of gaseous diffusion.” That
may be the case in Europe or if
private industry takes over
uranium enrichment in the United
States; but under current plans, if
the U.S. government decides to use
advanced enrichment technology, it
has already selected the atomic
vapor laser isotope separation, or
AVLIS, technology, not the
advanced gas centrifuge approach.

Lillie’s book is especially
appealing to the lay reader because
he demonstrates the value of
radiation (medical diagnosis and
treatment, for example) and
describes ways to protect against
hazardous levels. He tells us how to
guard against possible radiation
releases from television sets and
microwave ovens and advises us to
use adequate ventilation to keep
indoor radon at safe levels.

In his chapter on nuclear
arsenals, he urges citizens to learn

The following books were written
or edited by ORNL staff members
(whose names are in boldface).

Positive Feedback in Natural
Systems, by D. L. DeAngelis, W.
M. Post, and C. C. Travis,
Springer-Verlag, Berlin, Federal
Republic of Germany, 1986.

A Hierarchical Concept of
FEcosystems, by R. V. O’Neill, D. L.
DeAngelis, J. B. Wade, T. F. H.
Allen, Princeton University Press,
Princeton, New Jersey, 1986.

Hypercube Multiprocessors 1986, ed.
Michael T. Heath, Proceedings of
the First Conference on Hypercube
Multiprocessors, Society for
Industrial and Applied
Mathematics, Philadelphia, 1986.
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about the effects of nuclear
weapons 80 they can protect
themselves if a war occurs. He
advises readers to peruse The
Effects of Nuclear Weapons by
Samuel Glasstone (who was an Oak
Ridge resident at the time of his
death in 1986) and obtain and learn
to use a radiation detection
instrument.

Oak Ridgers should be
interested in Lillie’s observations
about the Oak Ridge Y-12 Plant
radiation accident in 1958. In this
incident, eight men received
substantial doses of neutrons and
gamma rays after inadvertently
adding enriched uranium to a
drum, creating a critical mass.
Lillie reports that psychological
and follow-up physical
examinations revealed that “fear of
radiation effects may have caused
more long-term harm than the
radiation itself, a point important
to all of us.”

So, what is the bottom line?

Analytical Chemistry
Instrumentation, ed. W. R. Laing,
Proceedings of the Conference on
Analytical Chemistry in Energy
Technology, Lewis Publishers,
Chelsea, Michigan, 1986

Boundary Value Problems in
Abstract Kinetic Theory by W.
Greenberg, C. van der Mee, and V.
Protopopescu, Birkhauser-Verlag,
Basel, Switzerland, 1987.

Acid Deposition and the
Acidification of Soils and Waters, by
dJ. O. Reuss and D. W. Johnson,
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Protection, by James E. Turner,

Should we worry about all the low-
level ionizing radiation around us,
from cosmic rays to dental X rays
to radiation from high-voltage
lines, decaying uranium in soil and
building materials, and nuclear
power plants? Lillie concludes that
genetic effects from radiation are
not a major concern. But he adds
that a definite link exists between
low levels of radiation and the
induction of cancer. Then he puts
this statement into perspective.
“The effect is small,” he writes,
“and is of lesser consequences than
that from many other causes such
as carcinogenic chemicals,
variations in body chemistry,
possible viruses, and other as yet
unidentified initiators.”

In a world where fear of
radiation seems much more
prevalent than understanding, Our
Radiant World makes an important
contribution. Its greatest value is
that it puts to rest needless fears
by making its readers “radiation
literate.”

Pergamon Press, Elmsford, New
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Sorensen, Jon Soderstrom, Emily
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stops operating was perhaps a fatal
mistake. Had this trip been
operational, the reactor would
likely have been safely shut down
before serious trouble began.
Second, shutdown safety rods
should be positioned where they can
be effective immediately upon a
scram (shutdown). The Soviet
operators knew that they had
entered an area of low differential
rod worth, a condition in which too
few rods are in position to effect a
rapid reactor shutdown; however,
for some reason, they chose to
ignore it. Third, gross alterations in
experimental procedures, done
under the stress of an experiment
going wrong, are unacceptable. The
series of mistakes made by the
operators showed a lack of
understanding of the unstable
nature of Chernobyl-type reactors.

By F. OWEN HOFFMAN

iring the early afternoon of

\pril 28, 1986, Sweden
reported the possibility of a nuclear
accident in the Soviet Union. U.S.
news reporters immediately
contacted the Environmental
Sciences Division (ESD) office at
Oak Ridge National Laboratory
seeking information about the
potential significance of the
accident. The news media
considered ESD a potential source
of information because of
publications by John Trabalka and
Stanley Auerbach on the 1957-1958
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Finally, and perhaps most
important, the operators seemed to
lack understanding of the
fundamental behavior of their
reactor. Chernobyl-type reactors
exhibit unstable behavior because
of the large positive void coefficient
of reactivity—the tendency for an
increase in power to increase the
voids, thus bringing about a further
increase in power and more voids.
Figures 1, 2, and 3 all show the
insidious nature of the power
instability. They all show a very
slow departure from the steady
value (nothing to really alarm an
operator) up to the point where the
excursion was triggered. At that
point, the power suddenly started
rising so fast that it was impossible
to take effective corrective action
because of the positive void
coefficient coupled with the long

nuclear disaster at Kishtym in the
Ural Mountains of the Soviet
Union. )

Like the rest of the U.S.
scientific community, we at ORNL
were surprised by requests for
information concerning an event
about which we knew nothing.
However, because we have a
research contract with the Swedish
National Institute for Radiation
Protection, we quickly placed a call
to Stockholm to find out what was
happening. That call was the
beginning of what became a major

scram delay times and low (or
positive) differential rod worth.

Comparisons of the U.S.
national laboratory results with the
actual accident results reported by
the Soviets indicate that the best
way to obtain a thorough
understanding of a reactor system
is by extensive dynamic analyses on
a verified model. Had the Soviet
designers run the analysis (from
which Fig. 3 was derived) before
April 26, 1986, and informed the
operators of potential problems
before the turbine test, the reactor
operators surely would have
approached this particular
experiment with considerably more
caution, and the world would not
again be experiencing such an
adverse reaction prompted by an
accident that could have been
avoided.

effort to obtain data from
colleagues in Sweden, the Federal
Republic of Germany (FRG), the
United Kingdom, Holland, and
Switzerland, and contacts w'" 'n
the Commission of the European
Communities, the International
Union of Radioecologists, and the
International Atomic Energy
Agency (IAEA).

That evening, while additional
data were being gathered from
Sweden, my co-workers Zell Combs
and Gordon Blaylock met with
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and stimaleted international scientific studies. Some of these studies were performed at ORNL. They are discussed in o
special section on the Chernobyl reactor accident and ite impacts, starting on page 15,
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