








Struxness and Row have organized the group
into teams, each of which is responsible for a
specific reactor; the teams are drawn from seven
panels of experts covering generic subjects, such as
radiological sources, thermal effects, cost-benefit
analysis, and so on. Each impact statement is
studied by an ORNL review panel and by manage-
ment before the statement is released. To date,
statements for Indian Point Unit 2, Palisades,
Vermont Yankee, and Oconee have been com-
pleted.

The environmental impact project has meant
that many have had to lay aside research for a few
months, to put in long hours, to forego vacations. I
hope that all those involved find compensation in
the knowledge that what they are doing strikes at
the heart of what the game is all about: nuclear
energy, in fact any energy, in the United States
simply must come to some terms with the environ-
ment. The serious, competent scientific investi-
gation required for these reports will, I believe,
help greatly in maintaining the public’s confidence
in nuclear energy.

There is another more direct benefit from our
participation in the impact statements. These
statements represent, perhaps by an order of
magnitude, the largest exercise in applied ecology
ever attempted. A sizable number of aquatic
ecologists in the universities have been retained by
the utilities to help prepare impact statements. The
required analysis places the most diverse demands
on the science of ecology: we must know such
things as the nesting and mating behavior of striped
bass in the estuarial waters of the Hudson or the
spawning habits of alewives and ciscoes in south-
eastern Lake Michigan. These data are needed not
simply to satisfy a craving for wonderment as we
contemplate nature, but are serious requirements,
needed to assess the full ecological impact of
nuclear plants. Thus Judge Wright’s decision is
imposing upon the whole science of ecology a
hard, no-nonsense demand to which ecology must
respond. I have little doubt that the environmental
impact statements will pose questions that ecolo-
gists will be answering for many years. The
statements will force ecologists to formulate their
problems and to seek answers in categories and
modes that are relevant to real problems and that
may go beyond what ecology, as an internally
generated science, had arrived at.

The impact statements undoubtedly will create
demands for more knowledge in several areas
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besides ecology — cooling tower
micrometeorology, possibly regional n
the like. I would venture to suggest tl
what may seem at the moment to be
diversion from our main interests will
new and more valid interests for 1
divisions at ORNL.

Environment and Salt

The environmental impact statems
one of the near-crises surrounding the
and nuclear energy. Of possibly
potential concern are the year’s ¢
regarding the Kansas salt mine wast
Last year I announced that the Natio
of Sciences had issued a report in fu
the salt mine project. However, t
developments have been uncovered
ORNL and its consultants which requ
again at some old questions concerni
disposal in unmonitored salt mines
have identified some 30 oil wells or ¢
have been dug through the salt forms
the proposed repository. These ho:
aquifers that conceivably could floc
Moreover, we are now more sensitive
study more carefully, the effects
mining in the American Salt Compan
2 miles away from the Lyons Site. O
that the salt mines are safe because
has never been in contact with then
tenable unless we can avoid or plug ¢
hydraulic salt mine cavities.

Our consultants assure us that it
possible to plug the holes, permaner
this will require development. As for
mining, there is no reason why this
Nevertheless, these uncertainties warr:
investigation; in particular, the AEC h
the Kansas Geological Survey to m
site studies in the state.

The salt mine project has becc
political issue in Kansas. A presidentiz
is expected to be formed shortly t
Nixon on the whole matter. But wi
the salt project is finally approved, or
of nuclear energy springs from our
Kansas. The wastes of nuclear en
dangerously radioactive for several h
sand years (the half-life of ?3°Pu
component of radioactive waste, is 2
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Where, then, do we stand on the salt project?
While the political maneuvering is going on, A. L.
Boch, J. O. Blomeke, W. C. McClain, B. F.
Bottenfield, and some 14 others connected with
the project continue to collect data on heat
dissipation, radiation damage and stored energy in
salt, transport of water of crystallization, migration
of radionuclides, corrosion of containers, and so
on. Altogether, the technical situation continues to
look very good provided one can ensure that man
does not intervene in the future by digging holes
into the repository.

Geneva Conference

The salt project has caused all of us on the
technological side at ORNL to realize the full
social implication of mankind’s commitment to
nuclear energy. It was therefore interesting for us
who had the privilege of attending the Fourth
International Conference on Peaceful Uses of
Atomic Energy at Geneva in September to com-
pare the U.S. attitude in these matters with that of
the rest of the world. At Geneva there was a sense
of great excitement as country after country
reported its growing investment in nuclear energy.
Oak Ridge National Laboratory staff members
contributed to 23 Conference papers.

The American investment in nuclear energy,
100 million kilowatts, is so much larger than that
of any other country that, as we saw so clearly at
Geneva, we have been obliged to face the problems
of nuclear energy more realistically than have other
nations. It is not simply that our environmentalists
are noisier than are those of other countries; it is
that we have relatively more at stake than others,
and that we must act correspondingly.

The difference between the United States and
the rest of the world was dramatized at the session
on waste disposal, where the United States, United
Kingdom, and French positions were described.
Floyd Culler presented the American position. In
the United Kingdom the plan is to store wastes as
liquids in tanks until, say 50 years hence, a better
scheme is devised. To most of us in the United
States such a plan seems to be unacceptable: in
fact, as Floyd Culler expressed it, we pose heavy
moral questions when we bequeath to the future
materials as toxic as radioactive wastes without at
the same time providing some kind of tenable,
permanent methods of disposal; or, failing this, at
least not foreclosing options for generations to
come. Insofar as solidification and disposal in salt
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is a permanent solution, we have dealt with this
moral implication of nuclear energy; insofar as
there may still be second-order questions about
salt, we must concede that we have more to learn
before giving a totally satisfactory answer to the
moral issues raised by Culler at Geneva.

Energy

Our developments in the technology of energy
production must be viewed in the perspective of
the new positions expressed in President Nixon’s
white paper on energy, and in AEC Chairman
Schlesinger’s much discussed address at the ANS-
AIF banquet in Miami.

To take the President’s white paper first: on
June 4, 1971, the White House issued a statement
covering almost every aspect of energy policy, both
nuclear and nonnuclear. Of most immediate inter-
est was the President’s commitment, explicit and
clear, to the Liquid Metal Fast Breeder Reactor
(LMFBR) as a prime national goal. This was
reinforced some three months later when the
President, in a speech at Hanford, pledged support
to two large demonstration LMFBR plants. The
white paper spoke of reactor alternatives to the
LMFBR: “The liquid metal fast breeder is the
priority breeder reactor concept under develop-
ment, but the Atomic Energy Commission is also
supporting limited alternate reactor programs in-
volving gas cooled reactors, molten salt reactors
and light water breeders.”

The President also expressed support for a
stronger effort in controlled fusion.

The Laboratory’s efforts in breeder technology
reflect the priorities set in the President’s white
paper: we spent last year approximately
$12,000,000 on the LMFBR, $5,000,000 on mol-
ten salt, an equal amount on controlled fusion, and
$3,000,000 on gas-cooled breeders and converters.

Liquid Metal Fast Breeder Reactor

During the year we have emphasized those
aspects of the LMFBR program that are relevant to
the Fast-Flux Test Facility (FFTF), scheduled for
criticality in June 1974, and the proposed demon-
stration plants (1978—1980). I can mention, and
but briefly, only a few of our accomplishments.

Radiation-induced swelling and loss of ductility
of the structural stainless steel continue to be
major problems. E. E. Bloom, J. O. Stiegler, and
their co-workers have demonstrated that some c
these effects are reduced in the titanium-modifiea
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transmission by 1980, as projected
by the National Power Survey.

utility industry, already providing good service,
must therefore strive for virtually perfect service.

Certain basic characteristics of the technology
affect the economics of electric power supply.
First, since the industry is one in which capital
investment is unusually high, unit costs can be
greatly reduced by better utilization of equipment.
Second, unit costs also decline with increased
capacity of equipment. Third, production and use
must be simultaneous because electricity cannot be
stored. Enough capacity is required to meet the
coincident demand or peak load of all customers.
When the peak loads of individual customers occur
at different times, therefore, an interconnected
network can operate more economically.

The combined effect of these factors is that the
most economical arrangement of electric service to
all customers in a given service area is a strongly
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NOTE:
Pattern not Based on Detailed Engineering Studies.
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! by Higher Yoltages.

Northwest-to-Texas Tie is an Altemnative to

the Northeast-to Texas Tie for Seasonal Diversity

Interchanes .

interconnected and coordinated complex of gen-
eration and transmission facilities with the sole
responsibility for meeting all the power require-
ments in the area.

Providing electric power involves three func-
tions: generation, transmission, and distribution.
The combined generation and transmission func-
tions are referred to as the “bulk power supply,”
and distribution is the final leg of the journey to
the customer.

The general characteristic of all electric utility
systems is a widespread distribution of electric
loads supplied with power from a limited number
of electric generators. These generators may be
remote from the load areas because of their
location near waterfalls, near coal supplies, or
adjacent to large supplies of cooling water. Con-
nection between the loads and generators is
through a network of transmission lines with loads
supplied at many intermediate substations. Trans-
mission lines also provide paths for electric energy
to flow between utilities. These lines, or intercon-
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4l researcnes aproad. Mrs. Grimes accompanied me
on the entire trip; I am grateful to her for many
recollections and impressions of what we saw.

We had several objectives for this trip. Renew-
ing old friendships and enjoying new places were
not trivial parts of the agenda. I wanted to learn, if
I could, how research is administered in the
U.S.8.R., and, of course, I hoped to learn things
that could benefit our molten salt program. Fi-
nally, I hoped to assess whether molten salt
science, which expanded markedly in the middle
1950’s and which has flourished since with few if
any spectacular technological successes, might be
losing its steam. I will try here to hit some high
points of the trip, with emphasis on parts of the
Russian visit, and to tell some of what I learned.

It became increasingly clear to me that the
scientific depression is as widespread and severe in
Europe as it is in the U.S.A. At every stop,
including those in the U.S.S.R., I learned that
budgets were down, that research funds were tight,
and that worse was probably to come. I expected
to find this at Harwell. I was surprised, however,
that scientific austerity prevailed in Germany and
Sweden, where — to the casual visitor — business
showed every sign of booming. Very hard times
had hit the academic scientists in the Netherlands.
Those whom I visited in the U.S.8.R. had not had
to reduce their technical staffs, but they clearly
had no money for equipment (or even for books)
from the hard currency countries. Those who had
new facilities or equipment told me how fortunate
they were not to have to get them in the present
financial climate. From the economic point of view
much of the trip was depressing.

I realized also that, although news stories
should have prepared me, I had grossly under-
estimated the disruption of scientific effort by
militant students in many of the universities. I saw
examples of deliberate sabotage of scientific ex-
hibits and equipment at the universities in
Karlsruhe and Heidelberg; at the latter, scientists
told me that laboratory work was essentially at a
standstill. Research laboratories at the University
of Amsterdam were locked and guarded, and these
precautions had (though those in Germany had
not) proved sufficient protection so far. My
Russian hosts, in contrast, reported absolutely no
such problems and, indeed, seemed to find such
items incomprehensible. The situation at
Heidelberg was truly frightening.
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I should make clear, however, that although
the talks I gave at several of these centers were
modestly publicized, my seminars and I were in no
way picketed, heckled, or otherwise threatened.

AERE, Harwell, United Kingdom

Molten salt researches at Harwell are concerned
principally with development of molten chloride
fuels for an advanced fast reactor; heat is to be
removed by cooling with molten lead mixed
directly with the molten salt fuel. The small group
(under the direction of Dr. Geoffrey Long, an
ORNL alumnus and a friend of many Oak Ridgers)
have apparently shown that suitable chloride mix-
tures exist and that these materials can be effec-
tively freed from the sparingly soluble oxides.
They have not, in my view, yet dealt with their
most formidable problem, that is, with the simulta-
neous corrosion of the molten chlorides and
molten lead. They have a real and long-range
objective (though it is one I feel will be very
difficult to accomplish), and they are pursuing it
with imagination and zeal.

Nearly all my friends at Harwell wanted to talk
about the “Industrial Research Program.” I had
long discussions of this venture with Dr. Keith
Dawson, director of the Applied Chemistry Divi-
sion. Briefly, Harwell decided about four years ago,
in the face of shrinking funds, to encourage a
substantial portion of its more energetic staff to
invent and develop new products and processes of
commercial value. If a new idea seems likely to
yield economic or social benefits and to be within
Harwell’s expertise, a market survey is launched to
define the economic potential and to establish
which company should be interested. If the com-
pany is interested, several kinds of contractual
arrangements are possible; in some cases Harwell
even assumes part of the development cost and
shares in the ultimate profit. A key feature of any
such arrangement is that Harwell commits itself to
work with the company all the way through to the
marketing stage. I was particularly interested to
learn that organization of such efforts — whether
or not they cross divisional lines — is very much
like the ORNL Project system. I found many
people who were quite optimistic about prospects
for this program and some who were downright
appalled by it. It seems safe to say that few people
at Harwell are neutral on the subject.
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discussion of all this it developed that (after
allowing for chauffeured limousines, apartment
rents, Black Sea vacations, income taxes, insurance,
etc.) our salaries were not far from equal. There
was no doubt, however, that his research ruble
went further than my research dollar, and that this
was due primarily to the lower salaries of his
people. We did ultimately get to a discussion of
research management, and I learned quite a bit
about the Institute. Professor Delimarsky does
little or no teaching at the University, I gathered,
but his institute is responsible for training and
thesis direction of graduate students. Insofar as
possible, the Institute is also a mission-oriented
laboratory; it has responsibilities for direct assist-
ance to Soviet industry, and it conducts researches
to develop new or to improve old industrial
processes. Delimarsky clearly has a voice in (but
not sole control of) choice of the processes to be
studied. The Institute has more than 100 re-
searchers, about one-half of whom are graduate
students. Nearly one-half of the staff are women
(not surprising when one remembers that nearly
90% of the women of Russia hold regular jobs),
and the average age was lower than at ORNL.

Professor Delimarsky listed eight sections of his
institute, not all of which were working in molten
salt chemistry or electrochemistry, and I was able
in the time available to visit three. (I have every
reason to believe that I would have been shown
anything I chose.) I was shown work on aqueous
processing of titanium to yield a suitably white
TiO, paint pigment; in this area they said their
technology was much behind ours. The researchers
seemed quite knowledgeable in hydrolytic equi-
libria and were aware of hydrolysis studies by Kurt
Kraus and by Charlie Baes of ORNL. I was shown
several laboratories in which electrochemical re-
duction of heavy metals was under study.

I presented a lecture “Molten Fluorides as
Nuclear Reactor Fuels” to about 75 people in a
moderately good auditorium at Delimarsky’s in-
stitute. My speech was translated line by line (I had
written it out for the translator) to this audience. I
had grave misgivings as to its reception in this
form, but I need not have worried. A real
discussion ensued. It became clear to me that my
remarks about lack of appreciable corrosion in the
reactor were simply not believed; subsequent dis-
cussion revealed the reason for this disbelief. Their
fluoride melts, to which they have added relatively
impure metal concentrates for electrorefining, are
handled in air, and are quite corrosive. I finally (I
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think) got across my point that our very pure melts
in very clean systems with quite inert atmospheres
were different.

In Delimarsky’s laboratories, as in all others
that I visited, I found the science to be sensible and
well conducted. Many of the researchers were
young, a very high fraction were women, and they
all seemed to know what they were doing and why.
They seemed to enjoy what they were doing.
Equipment seemed adequate, though generally far
from lavish, and all was from the U.S.S.R. or
Eastern Europe. I can recall essentially no auto-
matic equipment. Surprisingly, I saw (neither in
Kiev nor in Moscow) no computer facilities — not
even card decks or key punch equipment. I was
advised that computational facilities were available,
but (insofar as I could see) they were not part of
the day-to-day equipment available to most chemi-
cal researchers.

Germany, Netherlands, and Sweden

I had a good visit with Professor W. Seelmann-
Eggebert, who has charge of most of the nuclear and
radiochemistry program of the Nuclear Research
Center outside Karlsruhe. Our talk ranged over
such diverse topics as molten salt reactors, our
wartime experiences in atomic research (he was
with Otto Hahn during the war and emigrated to
Argentina afterward), research management tech-
niques in the U.S.A. and Germany, and the great
changes in the German people during the past 25
years.

Professor E. U. Franck, director of Karlsruhe
University’s Institute of Physical Chemistry and
Electrochemistry, showed me the impressive facili-
ties of what is probably the world’s best high
pressure laboratory. The apparatus for measuring
electrical conductance in molten salts at very high
pressures, which was pioneered by Arvin Quist of
my ORNL division while on leave with Professor
Franck in 1969, was particularly fine.

At Professor W. Sundermeyer’s invitation, I
spent a day at his Institute for Inorganic Chemistry
in the new portion of Heidelberg University. It is
primarily devoted to preparation of special com-
pounds using molten salt reaction media at ordi-
nary pressures.

The Electrochemical Laboratory of Amsterdam
University, where Professor J. A. Ketelaar and his
colleagues have studied fused salts and fuel cells for
many years, seemed to me to be doing a fine job
with very limited funding. I saw adequate equip-

27












