











Chuck Coutant came to ORNL in 1970
to begin an aquatic thermal effects pro-
gram in the Ecological Sciences Divi-
sion, now called the Environmental Sci-
ences Division. Earlier he had spent
five years at the Atomic Energy
Commission’s facility at Hanford, Wash-
ington, where he studied the effects of
reactor cooling water on fish and other
aquatic life in the Columbia River. He
first became interested in the ecological
problems of power plant cooling in 1959
during cooling water studies of the
Delaware River at Lehigh University in
Pennsylvania, where he received his
B.A., M.S., and Ph.D. degrees. His

continuing human intervention.
This paradox is now a subject of
scientific investigation at Qak
Ridge National Laboratory and
elsewhere.

ORNL is emerging as a national
center of expertise on striped bass
because of many aquatic ecologists
in ORNL’s Environmental Sciences
Division who have been studying
the species’ biological requirements
and ecological interrelationships
and management strategies that
may protect and enhance this mag-
nificent fish. The first ORNL stud-
ies on striped bass were conducted
in 1972 to help the U.S. Atomic
Ene._, Commission (AEC) fulfill
its legal obligation of evaluating
the total environmental impact of
nuclear power plants. Subsequent
studies were conducted for various
government agencies in connection
with the 10-year controversy over
the extent to which the cooling sys-
tems of six power plants on the
Hudson River killed striped bass
and other fish (see box). The initial
focal point of these ORNL studies
was the Indian Point Unit 2 nuclear
power plant.

SUMMER 1983

ORNL thermal studies led to extensive
evaluation of the habitat requirements of
the striped bass. He organized a sym-
posium on “Striped Bass: Environmental
Risks in Fresh and Salt Water” for the
1982 annual meeting of the American
Fisheries Society and is now editing the
proceedings. Webb Van Winkle came to
the Environmental Sciences Division in
1972 from a two-year postdoctoral
position in the Biomathematics Program
at North Carolina State University and
three years as assistant professor in
the Biology Department at the College
of William and Mary in Virginia. From
1975 to 1978 he led the Analysis and

Freshwater Surprises

In the summer of 1972, adult
striped bass that had been stocked
as juveniles began dying in conspic-
uous numbers in Cherokee Lake, a
12,000-ha (30,000-acre) reservoir of
the Tennessee Valley Authority
(TVA) on the Holston River about
70 km (45 miles) northeast of Oak
Ridge. Thus began ORNL'’s involve-
ment with freshwater studies of
this prized game fish.

Breeding striped bass in fresh-
water was a revolutionary idea that
began in 1956 when Bob Stevens,
then with the South Carolina
Department of Wildlife and
Fisheries, recognized that
landlocked striped bass could sur-
vive and, indeed, thrive in wholly
freshwater impoundments. This
was an interesting discovery
because striped bass, a saltwater
species found in U.S. coastal
waters, behave like salmon in that
they swim upstream into fresh
waters to spawn and then normally
return to the ocean.

Stevens made the discovery
when the Santee and Cooper rivers

Modeling of Aquatic Populations and
Ecosystems Group at ORNL, and from
1979 to 1983 he headed the Aquatic
Ecology Section. A native of New Jer-
sey, he holds a Ph.D. degree in zoology
from Rutgers University. His research
interests include fish population dynam-
ics and modeling, striped bass biology,
and analysis of environmental impacts,
all of which were relevant for his
involvement in the Hudson River Power
Plant Case. Here Coutant, right, and
Van Winkle examine a bass from a tank
in the Aquatic Ecology Laboratory.

in South Carolina were closed by
dams, thus trapping a number of
juvenile striped bass. This happy
accident, in which ocean fish
flourished in South Carolina’s
freshwater reservoirs, led to experi-
mental and seemingly successful
stockings of the estuarine species in
other reservoirs. There is no doubt
that Stevens’s discovery has had a
momentous impact on freshwater
fisheries all across the United
States.

In Tennessee, TVA’s Cherokee
Lake was the first impoundment to
receive striped bass. Six years after
the initial Cherokee stocking in
1966 and after the extraordinary
fishery received national attention
as the young fish matured, disaster
struck. The biggest and most
sought-after trophy fish were dying
in the middle of summer. The heat-
ing of the Cherokee Reservoir by
TVA’s John Sevier coal-fired steam
plant was suspected as a cause of
the fish kill. Mercury contamina-
tion of the Holston River was
another possible cause. Because of
ORNL’s work with mercury and
because of our thermal effects pro-




















































Somewhat shaken by my brain-
storm, I said to Winston, “I know
how it can happen,” turned on my
heel, went to my office, and wrote
out my explanation without the
slightest hesitation. The text I
wrote that day in December 1978
appeared later in the published
paper in which John, Winston, and
I announced our discovery.

John and Winston thoroughly
surveyed the stability margin of
their wire triplets as a function of
the steady current in the supercon-
ductor and the externally imposed
helium flow. From their data, we
determined that the upper stability
margin is often ten times as great
as the lower stability margin, thus
suggesting that we should operate
at steady currents smaller than a
certain value, which we call the
“limiting current.”

My intersecting-curves theory of
multiple stability gave me a way to
calculate the limiting current. I
plunged ahead with this calculation,
determined to press my original
conception as far forward as I
could. The theory was not good
enough to yield an accurate value of
the limiting current, but it showed
how the limiting current depends
on important parameters such as
the temperature of the helium and
the proportions of helium, copper,
and superconducting material in
the conductor. Applied even to
scant data, my rule could specify,
by scaling, the limiting current in
any configuration.

John and Winston immediately
seized on this scaling rule as a tar-
get for experimental investigation.
That tale is not yet fully told, but
so far they have found the scaling
rule for the limiting current to be
accurate. It has become the corner-
stone of ORNL’s design procedure,
the erux of which is avoidance of
the region of multiple stability.

With this picture of stability in
mind, I resurrected an old
idea—the stability-optimized con-
ductor. By avoiding the region of
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tested at the Large Coil Test Facil-
ity (LCTF) next year were high and
excited some controversy; therefore,
I asked John and Winston to
conduct experiments to check my
formula. Collaborating on an exper-
iment with Stewart Shen, they veri-
fied its accuracy. Accordingly, this
formula took its place among
ORNL’s tools for designing mag-
nets.

While manipulating the equa-
tions of compressible flow to solve
the problem of the peak quench
pressure, I noticed that they had a
similarity solution (a special kind
of solution that is easy to calculate)
that deseribed the response of the
helium during, roughly, the first
second of heating. This observation,
too, could be traced to my work in
the Civil Defense Project, in which
I first encountered similarity solu-
tions in the shape of G. I. Taylor’s
solution to the problem of a point
explosion in air.

The similarity solution I
discovered gave a simple analytic
formula, valid during the first
second or so, for the velocity with
which the helium is expelled from
the ends of the cable-in-conduit
conductor. According to my compu-
tations, this velocity can reach
20-40 meters per second after one
second. I was concerned that such
vigorous thermal expulsion of
helium from a quenching cable-in-
conduit magnet might well damage
the delicate refrigerator that sup-
plies cold helium to the magnet. I
again turned ideas over to John and
Winston and, once again, they skill-
fully performed an experiment that
corroborated my formula. It, too,
took its place among ORNL'’s design
tools. As a postseript, let me add
that the engineers in charge of the
LCTF have taken note of this prob-
lem of thermal expulsion. Accord-
ing to them, some rather expensive
turbines may be at risk, and tests
are planned to verify whether a
problem exists and, if so, to correct
it.
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langing contractors at Oak

lidge National Laboratory has
happened before—although it has
been 35 years since a change was
made. ORNL has experienced two
contractor changes so far in its
40-year history. Because ORNL will
have a new contractor in 1984, it
seems appropriate to review how
the Laboratory was affected by its
earlier contract changes. In a
recent interview, Alvin Weinberg,
former ORNL director and now
head of the Institute for Energy
Analysis at Oak Ridge Associated
Universities, recalled the effects of
the contract changes on the
Laboratory and on his own career
in the 1940s.

During World War II, ORNL
was operated by the University of
Chicago as an offspring of the
school’s Metallurgical Laboratory.
Shortly before the war ended, the
university decided to leave Oak
Ridge; in 1946, the Monsanto Comi-
pany of St. Louis came in as the
Laboratory’s contractor.

After only a little more than a
year, Monsanto also decided to
leave as contractor. “What hap-
pened,” says Weinberg, “is that
Monsanto wanted the Laboratory to
be incorporated much more
strongly into its framework—that
is, Monsanto wanted the Labora-
tory staff and equipment moved to
St. Louis. The Atomic Energy Com-
mission was unwilling to agree to
this proposal. So, Monsanto
announced that it would pull out
but would continue to operate the
Laboratory until a new contractor
was found.”
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Once again the Laboratory faced
the problem of finding a new con-
tractor. At the same time it also
was confronted with the problem of
finding a new Laboratory director.
Monsanto had arranged for Eugene
Wigner to be the Laboratory’s
research director, but Wigner
stayed at the Laboratory for only a
year and then decided to return to
Princeton University. After he left,
the Laboratory operated without a
director for about a year.

During this period the AEC
decided to invite the University of
Chicago to take over the contract
again at the end of 1947 when Mon-
santo was to leave. Thus, the
University of Chicago began to seek
candidates for a Laboratory direc-
tor.

About this time, the Laboratory
was intent on building what was
called the High Flux Reactor. At
Christmas 1947, Jim Fisk, AEC
research director, came to the
Laboratory to announce that the
Commission had decided not to
build the High Flux Reactor in Oak
Ridge. “Many people at the Labora-
tory were unhappy about that deci-
sion,” says Weinberg, “because they
felt that the High Flux Reactor was
to be the central nuclear facility
that would have given the Labora-
tory a renewed sense of purpose
during the postwar period.”

At this point the prospects for
the Laboratory were so dim that
nobody wanted the job of director.
Says Weinberg, “It was the most
extraordinary thing—I think the
University of Chicago asked a dozen
or more people to become director.
Even when the deadline for
Monsanto’s leaving approached, the
University still had not found a
Laboratory director.”

Then Union Carbide, which
already operated the gaseous diffu-
sion plant, informed the AEC of its
interest in taking over the Labora-
tory. “So far as we could tell,”
Weinberg says, “one of the main
reasons for this expression of

interest was that Union Carbide
was uncomfortable in a town that
had competing companies; Carbide
felt that this would complicate
labor relations. Thus, they wanted
to operate the Laboratory as well
as the gaseous diffusion plant in
Oak Ridge.”

In January 1948, Carbide’s peo-
ple took over operation of ORNL.
“They continued the search for a
Laboratory director, but like the
University of Chicago, they had no
luck at first,” says Weinberg. “They
must have asked a dozen-and-a-half
people, ‘Here’s this nice laboratory;
don’t you want it?” Nobody wanted
it.

“Finally they chose me—to some
degree out of desperation, I think.
They asked me if I wanted to be
director, associate director, or
research director. I was only 32
years old at the time, and I said,
‘Well, I think I would prefer to be
the associate director; let somebody
else be the director.” Nelson Rucker,
who had been the head of the Y-12
Plant, came in as the director, and
I was the associate director. Then,
two years later, Clarence Larson
became the director and I became
research director. So, that’s how 1
got to be associate director, then
research director and, later, direc-
tor of the Laboratory. (Weinberg
was the director of ORNL from
1955 to 1973.)

“The decision to choose Carbide
came as quite a surprise to all of
us. We didn’t know that the nego-
tiations with Carbide were going
on. Of course, in retrospect, it
seemed like a natural thing; Car-
bide was already well ensconced at
the gaseous diffusion plant and
later took over the Y-12 Plant.

“When the announcement was
made that Carbide was coming in,
many of the scientific people were
appalled. Our people were con-
cerned about the implications of
throwing all these sensitive, head-
in-the-sky scientists, most of whom
had university backgrounds, into
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immune system. In the case of pro-
gressive disease, however, the
immune system has obviously failed
to eliminate or control the abnor-
mal cells. It is hoped that adminis-
tration of a monoclonal antibody
can augment the host defenses
enough to allow the immune system
to prevail.

Over the past three years, scien-
tists have discovered that certain
monoclonal antibodies can join
forces with host lymphoid cells to
eradicate experimental leukemias
(cancer of the white blood cells)
and sarcomas (solid tumors) in
mice. These results have been so
promising that treatment of human
tumors with monoclonal antibodies
made in mice but directed to sites
on human tumors is in progress. At
least one patient with lymphoma (a
solid tumor of lymphocytes)
apparently has been cured, and sig-
nificant remissions have been noted
in clinical trials with human
melanoma (a fatal skin cancer) as
well as colon and prostatic carcino-
mas. It is not yet known if mono-
clonal antibodies will have to be
made for each individual tumor or
if an antibody specific for a partic-
ular cancer type (i.e., melanoma)
can be used to treat all patients
afflicted with this disease. It is
likely that the answer lies some-
where between these two extremes.
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A major consideration in trea
ment with monoclonal antibodies
the choice of the species in which
the antibodies are made. Even
though mouse monoclonal antibo
ies have proved moderately effec-
tive in therapy of human tumors,
the treatments are difficult to
repeat in the same patient. The
reason for this difficulty is that t
mouse antibody is also perceived
foreign by the human host; as a
result, human antibody is produc
against the mouse antibody a few
days after the first treatment. If
human monoclonal antibodies we
available, this side reaction woul
be minimized and multiple treat-
ments would be possible.

In my work on viral carcino-
genesis at Scripps Clinic and
Research Foundation in San Dieg
it became clear that virus-inducec
tumors could be models for immu
notherapy. I tried making
antiserums that were “tumor
specific,” but [ was always frus-
trated because of the mixture of
antibodies I had to work with.
Soon after I came to ORNL in 19%
hybridoma technology became
available; consequently, the obvio
solution to my problems was at
hand. My colleagues and I now us

Mice with potentially lethal tumors were
treated with monoclonal antibodies on the
days indicated with arrows. In the days that
Sfollowed, the percentage of mice that survived
was higher in the treated mice (closed circles)
than in the control animals (open circles).

the hybridoma approach for several
purposes.

We have addressed the problem
of cancer therapy in a model sys-
tem using sarcomas in mice. In this
work, we are following up on our
recent success in preparing mono-
clonal antibodies that react specifi-
cally with several mouse lung carci-
nomas. OQur progress in the area of
solid tumors results largely from
the excellent work by Trish
Lankford and Linda Foote in my
laboratory. By tricks of immuniza-
tion, we can cause mice to become
immune to normally lethal tumors
(sarcomas). We have isolated mono-
clonal antibodies to the tumor cells
from these immune mice. The
hybridoma cells that produce the
best antibody have been grown in
mass culture to produce large
amounts of the antibody. By using
various doses of the antibody to
treat mice having growing tumors,
we have cured 20-30% of the
animals at risk; the cure rate
depends on the antibody dose
delivered and the size of the tumor
at the time of treatment. To date,
this is the only model system in
which therapy of a solid tumor has
been effective and in which the
antibody used was from the same
species (strain of mice) in which
the tumor grows.

This model system will help to
answer two important questions:
What is the mechanism by which
the antibody helps to eliminate the
tumor cells? What dose and
treatment schedule are best when
this type of antibody is used? A
general conclusion is emerging
from our studies and those of oth-
ers: an antibody must interact with
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the host immune cell system to be
effective. Even though monoclonal
antibodies should be capable of kill-
ing tumor cells by themselves, they
are not efficient in this function
unless they are coupled with certain
lymphoid cells from the host. Work
is under way to identify the partic-
ular cell type involved and the
exact mechanism of the interaction
so that effective treatments can be
designed predictably.

Although it is important to use
basic information in designing
treatment schedules, it is also use-
ful to take an empirical approach.
We have set up experiments to
determine the optimal dose and
schedule of monoclonal antibody
therapy. It is already clear that
trace amounts (micrograms) of an
antibody are not effective against
large tumors. On the other hand,
doses as small as one milligram
may be adequate. Our initial stud-
ies also indicate that dividing the
total dosage into three or six
individual treatments results in a
more successful therapy. We have
not yet tried continuous infusion of
an antibody into the animals,
although this approach should be
feasible because of the availability
of cheap, implanted “minipumps”
for continuous release.

All of the dose rate studies
described above are possible only
because we have an antibody made
in the same species of animal in
which the tumor is growing.
Current rapid progress in produc-
tion of human monoclonal anti-
bodies should promote treatment of
this sort for cancer patients in the
next few years. We hope that our
model studies using animals will
aid in the design of these treatment
schedules for humans.
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reactive sites. Without destroying
their binding properties, molecules
can be covalently attached to anti-
bodies. Because monoclonal anti-
bodies bind specifically to tumor
cells, they should be able to deliver
attached molecules to these cells. If
the molecules are cytotoxic (poison-
ous to cells), so-called “targeted
chemotherapy,” or the “magic bul-
let” approach, should be possible.
Toxic agents such as diphtheria and
cholera toxins, radioisotopes (alpha,
beta, and gamma emitters), and
standard chemotherapeutic drugs
have been attached to monoclonal
antibodies, which then direct their
toxic effects to tumor cells. A bene-
fit of such targeting is the reduc-
tion of the side effects of chemo-
therapy on normal body cells. We
at ORNL and others are investigat-
ing this approach in “test tube”
experiments; however, much work
will have to be done before toxic
congregates can be used in humans.

Certainly, treating of cancer
with therapeutic agents such as
drugs and radioisotopes as well as
prepared antibodies to tumor cells
is not a new idea. However, the
recent development of techniques
for making monoclonal antibodies
promises to provide cancer patients
with safer, less painful, and more
effective treatments based on con-
ventional approaches. Most impor-
tantly, monoclonal antibodies pro-
vide the basic science tools for
designing even better treatments of
the diron=2c ¢ollectively known as
cancer
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floor of the exhibit, but that did not
happen because it was indeed not
that easy. Princeton exhibited a fig-
ure-8 stellarator; Los Alamos
showed some working pinch devices;
Livermore displayed magnetic mir-
ror machines; and Oak Ridge had
two operating models of the Direct
Current Experiment (DCX), a de-
vice that used John Luce’s concept
of a hydrogen molecular ion beam
injected transversely between two
mirror coils so as to intersect a car-
bon or hydrogen arc running in the
vacuum from one mirror to the
other. Some of the molecular ions
were dissociated in the are, and the
resulting atomic ions remained
trapped in the magnetic field. The
models were designed and operated
by Ed Shipley and his colleagues,
and the circle of trapped H* ions
was beautifully displayed when
tungsten dust was sprinkled from
above to make a starry wreath visi-
ble through windows in the vacuum
tank.

Against all of this activity, the
Russians merely displayed some
modest tabletop models, some made
of wood. Thus, to the scientists, the
exhibit appeared to be a vast over-
kill on the part of the United
States, although this was by no
means the case in the formal
conference presentations. However,
the AEC commissioners were
pleased with the exhibit, which
drew 100,000 visitors. Nevertheless,
the lasting value of the conference
lay in the acquaintances made and
the information exchanged; control-
ling fusion became an international
effort.

For the nonspecialist, Bromberg’:
book is quite readable. The topics
inevitably involve jargon in the
names of devices, in confinement
and heating methods, and in the
many types of instabilities that
must be considered. However,
Bromberg explains the concepts,
sometimes with simple diagrams;
therefore, if you don’t know a mag-
netic well from a picket fence, don’t
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be deterred. The book aiso contains
many references to reports,
minutes, and interviews that add to
an unusually scholarly record.

Some concepts fade out, such as
Astron and DCX, while others per-
sist through the years in modified
versions, and the most advanced
move toward higher power, larger
size, and greater expense. Always,
the administration in Washington
has to decide which of the major
approaches to support at the
expense of nascent schemes that
might eventually be superior. The
administration must also defend
the program before Congress, which
sometimes wants to see a path to
commercial power that is more
clearly defined than scientists can
provide.

As plasma physics comes
increasingly under control,
engineering problems demand
attention. Superconducting coils,
radiation damage by the 14-MeV
neutrons from the D-T reaction,
confinement and removal of tritium
from the lithium blanket, remote
handling for maintenance and
repair all require consideration. As
a result, other laboratories enter
the field, the budget increases from
$2 million in 1954 to about $400
million in 1978, and the Washing-
ton staff expands from 3 in 1952 to
50 in 1975. Meanwhile, the growth
in understanding plasmas is
tremendous; the approach to
“breakeven”—fusion power out
equals heating power in—results in
a 100,000-fold increase in the prod-
uct of the ion density and the con-
finement time of the plasma. That
critical but preliminary goal now
seems to be in reach.

In Bromberg’s book, the Oak
Ridge story is related along with
the stories of the other laboratories
involved in fusion research. Several
years after the start, ORNL entered
the field in 1957-58. This was the
time of Arthur Ruark, Ed Shipley,
and others whose efforts centered
on Luce’s DCX. The hope was that

the population of trapped atomic
ions would build up, burn out the
background gas, become random in
particle directions and energy, and
become sufficiently dense to allow
one to turn off the original arc.
With the discovery and increased
understanding of microinstabilities,
however, the scheme had to be
abandoned in the 1960s, and ORNL
lost its main program.

At this acutely critical time,
Ray Dandl, Norm Lazar, and
Gareth Guest suggested the
injection-into-microwave-plasma
(IMP) experiment in which Luce’s
vacuum arc was replaced by a hot-
electron plasma of the kind later
developed in Dandl’s ELMO pro-
gram. Because of the hot electrons,
loss mechanisms of DCX would not
be expected.

In 1969, however, national inter-
est was aroused by the confirmed
success of the Russian
“tokamak”—a toroidal device in
which the plasma is formed as the
secondary current of an iron-core
transformer. Having the power
facilities for a tokamak experiment,
ORNL scientists proposed ORMAK.
We were scooped, though, by
Princeton scientists who converted
their Model C stellarator into a
tokamak in a quick four months.
Thus, although ORMAK was
operating in 1971, Princeton became
the nation’s leading tokamak labo-
ratory.

In 1978, ORNL made a substan-
tial contribution to the task of
heating the plasma in Princeton’s
next tokamak—the Princeton Large
Torus (PLT). Bill Morgan and his
colleagues developed four beams of
40-keV neutral deuterium atoms,
which injected 2 MW of heating
power into the PLT and (aided by
Princeton’s suppression of impuri-
ties) raised the plasma temperature
from 10 million to 80 million
degrees. Bromberg characterizes
this feat as a “stunning success”
because the hot plasma behaved
much better than expected.
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system, which incorporates a helium turbine within the
coolant circuit for the generation of electricity. Because
the gas turbine discharges helium at relatively high
temperature and because the recycled helium coolant
requires little cooling, the gas turbine~-HTGR system is
particularly suited for dry cooling towers, an attractive
idea in arid locations. Alternatively, the relatively
high-temperature coolant discharge could be a heat
source for district heating or desalination of salt water.
In locations having adequate cooling water, gas
turbine-HTGR systems can achieve very high thermal
efficiencies (45-50%) by using both vapor and gas
cycles. For high efficiencies, outlet coolant temperatures
of up to 950°C would be appropriate; therefore, gas
turbine-HTGR applications would logically follow devel-
opment of VHTRs.

The HTGR has come into favor at different times for
different reasons, thus showing the versatility of the
reactor. All reasons for supporting the concept are still
valid—(1) an advanced converter is needed both before
and immediately after FBR introduction, (2) nuclear
process heat is a needed application of national impor-
tance for both cogeneration and fossil conversion
processes after the 1990s, and (3) gas turbine-HTGR
systems with dry cooling towers will be needed when
power plants are sited in arid regions.

One overriding question mark is the capital cost of
HTGRs. Insufficient experience exists today to deter-
mine the costs accurately. Detailed estimates made
through the years indicate that HTGRs are competitive
with LWRs, although concern still exists about what the
actual costs will be. Because recent licensing changes
resulting from the TMI-2 accident have not had any sig-
nificant impact on the FSVR, HTGRs might be gaining
on LWRs. However, capital costs will have to decrease
for all nuclear plants if nuclear reactors are to compete
economically with each other and with other types of
power plants. It is important to decrease construction
time for all nuclear plants.

Recently, studies have been performed on modular
HTGRs. These systems would have power levels in the
range of 200-300 MW(t) and would consist of several
units, or modules, built at a given site. Because of their
smaller sizes and their low core-power densities, modu-
lar HTGRs promise to retain fission products within the
fuel coatings even under complete loss of coolant pres-
sure and flow—an additional safety feature. Further-
more, the use of several units at a site would improve
plant availability and possibly ease cash-flow require-
ments. It is not clear whether such modular HTGRs
could compete economically with large HTGRs. How-
ever, studies of modular HTGRs and their economic fea-
sibility are continuing.
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The national HTGR program has been supported by
DOE at about $40 million per year for the last several
years; continuation of this level of support is anticipated
for next year. The major participants in the program
are GA, which performs the major share of the design
and technology development and still intends to be the
HTGR vendor; Gas-Cooled Reactor Associates (GCRA),
an organization sponsored by more than 30 utilities,
which gives utility focus to the program and serves as
the program coordinator; ORNL, which provides strong
support to the technology development effort and serves
as a technical reviewer; General Electric Company,
which provides design and engineering support in
selected HTGR areas and emphasizes VHTR applica-
tions; Combustion Engineering, which provides compo-
nent expertise with emphasis on steam generator design
and development; and United Engineers and Construc-
tors, which serves as architect-engineer. In addition,
Bechtel Group, Inc, and Idaho National Engineering
Laboratory are involved in special design studies, analy-
ses, and evaluations.

Both GCRA and GA are actively seeking a customer
for a lead HTGR plant. Currently, Gulf States Utilities
and Gulf Oil Corporation are evaluating the use of a
cogeneration HTGR to provide steam and electricity in
the Texas-Louisiana region, where several large
refineries are being operated by natural gas. Because
low-cost gas contracts will expire in a few years, a
cogeneration HTGR might be economically attractive
for this region. Florida Power and Light Company con-
tinues to evaluate the HTGR for possible use in meeting
the expanding power needs and satisfying environmen-
tal requirements in the Miami area.

The work is also carried out in cooperation with FRG
under the U.S./FRG Umbrella Agreement in Gas-Cooled
Reactor Technology. The areas of cooperation primarily
concern fuels, materials, graphite, fission product behav-
ior, and spent-fuel treatment. A cooperative program
with Japan on VHTR development could be established
within the next year.

It is clear that development and commercialization of
the HTGR have a strong constituency who help to keer
the American program alive. Many at ORNL are still
convinced that development of the HTGR is worthwhile
and we are continuing to make technical contributions
to the program (see box). The enthusiasm of progranm
participants has undoubtedly been an important source
of the staying power of the HTGR. To those who have
asked me the question (and there have been a few), “Is
the HTGR still alive?” my response is to quote an olc
German proverb, which, loosely tran<lated says, “Pro
jects that are declared dead never die.
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failures and severe losses of produc-
tive land because of lack of rain or
because of coastal flooding that
would result from the melting of
polar ice caps. Under these condi-
tions, millions more might die from
territorial wars as nations battle
for control over the remaining pro-
ductive land.

The question of risk also has
ethical considerations that compli-
cate risk analysis. “An ethical sys-
tem is needed to assign relative
weights to different categories of
risk,” says Travis. “We may choose
to cut back on nuclear energy and
burn more fossil fuels, accepting
the increased occupational and pub-
lic health risks of doing so. But as a
result, the climate may be modified
and cause problems for future gen-
erations. Is it morally acceptable to
export risks into the future to indi-
viduals who will receive no benefit?

“Burning fossil fuels produces
acid rain that has potential health
and environmental impacts in other
states or countries. Is it morally

acceptable to export risks to people
in another place? If we could rank
or weight risks from an ethical
point of view, then we would be
more able to make decisions about
which energy technologies to use.
Because no consensus on a proper
weighting exists, experts cannot
provide an absolute ranking of
energy technologies.”

In summary, the book and its
editors make clear the difficulties
and complexities of risk assess-
ment. The March 1979 accident at
Three Mile Island (TMI) is perhaps
one of the best examples of the
problems faced by risk analysts. In
general, the probability of a nuclear
accident is considered quite low,
suggesting that nuclear power is
reasonably safe. “But,” says Travis,
“if we take TMI as an example,
then we have to say that a serious
accident occurred after 396 reactor
years, suggesting that a nuclear
accident might occur every 8 or 10
years. If this were the case,
nuclear power might seem very

hazardous in spite of the fact that
no deaths resulted from the TMI
accident.”

In the book, Baruch Fischhoff,
Paul Slovie, and Sarah
Lichtenstein, research associates at
Decision Research in Eugene, Ore-
gon, write on the TMI dilemma.
“Examples of information being
interpreted so as to enhance the
polarization of views, rather than
bring about their convergence, are
easy to find in risk debates. Three
Mile Island ‘proved’ the possibility
of a catastrophic meltdown to some,
while to others it demonstrated the
reliability of multiple containment
systems. The existence of those con-
tainment systems shows the safety
consciousness of the industry to
some, the inherent hazardousness
of nuclear power to others.”

If one person’s idea of a hazard
may be seen by another as a sign of
safety, then risk analysis must be a
risky business. —Carolyn Krause.

BOOKS IN PRINT

The following books in print are
authored or edited primarily by
ORNL staff members:

Indoor Air Quality, by P. J.
Walsh, C. S. Dudney, and E. D.
Copenhaver, CRC Press, Inc., Boca
Raton, Florida (1983).

The Modern Theory of Alloys, by
J. S. Faulkner, Progress in Materi-
als Science, Vol. 27, Pergamon
Press, Oxford, England (1982).

Dynamics of Lotic Ecosystems, by
T. D. Fontaine III and S. M. Bartell,
Ann Arbor Science Publishers, Ann
Arbor, Michigan (1983).

SUMMER 1983

Advanced Techniques for
Characterizing Microstructures,
ed. F. W. Wiffen and J. A.
Spitznagel (Westinghouse Research
Center, Pittsburgh, Pennsylvania),
the Metallurgical Society of the
American Institute of Mining,
Metallurgical, and Petroleum
Engineers, Warrendale, Pennsyl-
vania (1982).

The Science of Photomedicine, ed.

James D. Regan and John A.
Parrish (Harvard University Medi-
cal School), Plenum Publishing Cor-
poration, New York (1982).

Water Chlorination: Environmen-
tal Impact and Health Effects,
Vol. IV, Book 1 Chemistry and
Water Treatment; Book 2
Environment, Health, and Risk,
by R. L. Jolley, W. A. Brungs, J. A.
Cotruvo, R. B. Cumming, J. S.
Mattice, and V. A. Jacobs, Ann
Arbor Science Publishers, Ann
Arbor, Michigan (1983).

Tracers in the Sea, by W. S.
Broecher and T. H. Peng, Eldigio
Press, Palisades, New York (1982).

Energy Risk Assessment, by
Herbert Inhaber, Gordon and
Breach, New York (1982).
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Charles D. Scott and Graydon D.
Whitman have been designated
Corporate Fellows of Union Carbide
Corporation.

James B. Ball has been appointed
director of the Physics Division. He
succeeds Paul Stelson, who has
returned to full-time research after
serving as director for ten years.

Martin S. Lubell has been named
a member of the Task Group on
Materials for Utilization at Cryo-
genic Temperatures of the Metal
Properties Council, Inc.

Karl Erb has been appointed
technical assistant to Alex Zucker,
ORNL’s Associate Director for
Physical Sciences.

James D. Regan has been
appointed to the Editorial Board of
the journal Cell Biology and Tox:-
cology.

Robert N. Compton has been
elected to a three-year term as a
member of the Executive Commit-
tee of the Division of Electron and
Atomic Physics of the American
Physical Society.

Richard L. Hahn recently was a
Visiting Scholar at the Chemistry
and Physics departments of
Southwestern University.
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G. Daniel Robbins has been named
a member of the Board of Visitors
of the Graduate School of Library
and Information Science at the
University of Tennessee.

Cornelius E. Klots has been
elected a member of the Board of
Editors of the International Journal
of Mass Spectrometry and Ion Phys-
1cs.

O. Lewin Keller was appointed a
member of the Steering Committee
for the Workshop on Future
Directions in Transplutonium
Elements Research sponsored by
the Committee on Chemical Sci-
ences of the National Academy of
Sciences. He also has been named
chairman of the Board of Visitors
of the Department of Chemistry at
the University of Tennessee.

J. R. Peterson was selected as a
Rapporteur for the Panel on Chemi-
cal Properties at the Workshop on
Future Directions in Trans-
plutonium Element Research spon-
sored by the National Academy of
Sciences. He also was chosen as one
of five plenary lecturers at the
First International Conference on
the Chemistry and Technology of
the Lanthanides and Actinides in
Venice, Italy.

G. P. Smith has been named a
member of the Program Committee
for the Fourth International Sym-
posium on Molten Salts.

M. Guven Yalcintas has been
elected chairman of the Technical
Group for Biology and Medicine of
the American Nuclear Society.

John Hogan, James Rome, and
John Sheffield have been elected
Fellows of the American Physical
Society.

Three members of the Fusion
Energy Division have been named
editors of international journals.
They are John Hogan, Physical
Review A; Julian Dunlap, Physics
of Fluids; and Dieter Sigmar,
Nuclear Fusion.

D. L. Selby has been named the
Outstanding Member of the Year of
the Oak Ridge/Knoxville Section of
the American Nuclear Society.

The American Society for Testing
and Materials has bestowed its
Longevity Award on Robert W.
McClung for 25 years of continuous
service in ASTM standardization.

Jack Cunningham was asked to
serve as a member of the Advisory
Technical Awareness Council of the
American Society for Metals.
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F. W. Wiffen was appointed orga-
nizer for the Workshop on Copper
and Copper Alloys for Fusion Reac-
tor Applications sponsored by the
Office of Fusion Energy of the U.S.
Department of Energy.

James L. Scott received a Certifi-
cate of Appreciation from the
American Nuclear Society for serv-
ing as general chairman of the
Fifth Topical Meeting on the
Technology of Fusion Energy held
in Knoxville this year.

L. L. Horton and P. F. Tortorelli
served as session chairmen for the
Symposium on Advances in Materi-
als Analysis sponsored by the Oak
Ridge Chapter of the American
Society for Metals.

Russell Robinson has been
appointed scientific director,
Charles Jones has been named
technical director, and James L. C.
Ford has been named users liaison
officer of the Holifield Heavy Ion
Research Facility.

William S. Lyon has received an
Honorary Member Award from the
E-10 Committee on Nuclear Tech-
nology and Applications of the
American Society for Testing and
Materials.

SUMMER 1983

Jack Harvey has been elected
secretary-treasurer of the Executive
Committee of the Division of
Nuclear Physics of the American
Physical Society.

L. C. Oakes has been elected a Fel-
low and M. J. Roberts has been
elected a senior member of the
Institute of Electrical and Electron-
ics Engineers.

R. L. Shepard has been elected
chairman of Committee E-20 on
Temperature Measurements of the
American Society for Testing and
Materials.

Annetta Watson was named a
member of the Rural Abandoned
Mine Program Reclamation Com-
mittee, which is administered by
the Soil Conservation Service of the
U.S. Department of Agriculture and
the Office of Surface Mining of the
U.S. Department of Interior. She
also has been named a member of
the Surface Mine Bonding Task
Force, which was appointed by the
Tennessee Commissioner of Public
Health to advise the Division of
Surface Mining on bond-setting cri-
teria.

R. Julian Preston has been elected
councilor of the Environmental
Mutagen Society.

Joe McGrory and Frank Plasil
have been appointed to the Pro-
gram Committee of the Division of
Nuclear Physics of the American
Physical Society.

Carolyn T. Hunsaker was elected
president and Patricia D. Parr
was elected treasurer of the East
Tennessee Chapter of the Associa-
tion for Women in Science.

Virginia R. Tolbert was listed in
1982 Outstanding Young Women in
America.

Sam Hurst received an honorary
D.Sec. degree from Berea College
and was named a member of the
National Research Council Evalua-
tion Panel for Radiation Research,
a panel of the National Bureau of
Standards.

Thomas H. Row has been elected
chairman of the Power Division of
the American Nuclear Society.

The Environmental Sciences Divi-
sion has bestowed its Scientific
Achievement Award for 1983 on
Donald D. DeAngelis.






