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I very much appreciate receiving the Robert E. Wilson Award. There is
a great deal of pleasure and satisfaction in being recognized by one's
peers. It is especially rewarding when you know so many of them
personally and have worked with them over the years. Thank you.

Perhaps some of you don't know who Robert B. Wilson was. I confess that
I didn't know when I learned that I had received the award named in his
honor. So I looked him up. He had a very distinguished career as a
practicing chemical engineer and as an executive in the petroleum
industry, eventually achieving the position of Chairman of the Board
and Chief Executive Officer of Standard Oil of Indiana. He retired
from that position in 1958, and became a member of the Atomic Energy
Commission in 1960. He died in 1964 at the age of 71. He was a strong
and effective advocate of atomic energy even before he joined the AEC.
I will refer to him several more times during this address.

I have chosen to make an essentially non-technical talk. I would like
to reminisce a little about my own involvement in the nuclear business.
Then, I will give you a personal perspective on the present status of
nuclear energy, especially the nuclear fuel cycle. Finally, I will
undertake that most ill-advised of tasks -- speculating about the
future -- with full cognizance of the observation made by Niels Bohr,
who said: "Prediction is very difficult, especially about the future."

REMINISCENCES

My career has been spent working at most of those tasks that make up
nuclear fuel cycle studies. They include nuclear fuel reprocessing,
fuel fabrication, waste disposal (what we now refer to as waste
management) and a little work on isotope separation. My remarks will
be drawn from that background.

I started my professional career in the Chemical Technology Division of
Oak Ridge National Laboratory in 1953. With the exception of a three-
year absence for a brief teaching stint at Georgia Tech and industrial
experience at Industrial Reactor Laboratories near Princeton, New
Jersey, I have been at Oak Ridge ever since. When I started work in
the Chemical Technology Division, the division director was
Floyd Culler, a name familiar to many of you, and the 1972 recipient of
the Robert E. Wilson Award. Floyd was, and is, a man of great energy
and enthusiasm. He was very kind and helpful to me in those early
days. I have maintained a close and warm personal relationship with
him over the years. Whenever anyone would complain to Floyd about an
excessive work load, Floyd would reply that there are plenty of hours



between midnight and eight a.m. He practiced what he preached and set
an example for many of us who worked for him.

My first assignment at Oak Ridge was on a lithium isotope separation
program. Lithium, as it occurs in nature, has two isotopes, lithium-6
and lithium-7. Both of these isotopes find important applications in
nuclear energy production, but for very different uses. Lithium-6,
which has a large thermal neutron capture cross section for the
production of tritium, is used to produce tritium for thermonuclear
weapons (and perhaps someday for fusion reactors). Lithium-7 has a
very low thermal neutron capture cross section, and is used in the form
of lithium hydroxide to prevent corrosion in nuclear power reactors by
controlling the pH of the water in the reactors. So in one
application, separated lithium isotopes are used for weapons
manufacture, and in the other, for electrical power production. This
exemplifies the dilemma of nuclear energy. The yin and the yang, if
you will. Bernard Baruch said it very well back in 1946 in an address
to the U.S.AEC. He said: "We are here to make a choice between the
quick and the dead. That is our business. Behind the black portent of
the new atomic age lies a hope which, seized upon with faith, can work
our salvation. If we fail, then we have damned every man to be the
slave of fear."

The Atomic Energy Commission recognized this dilemma clearly, and even
went so far as to create what was called the Plowshare Program in an
attempt to demonstrate beneficial, peaceful uses of nuclear weapons.
Some of you will remember the quotation from Isaiah, from which the
name "Plowshare Program" was derived: "They shall beat their swords
into plowshares, and their spears into pruninghooks: nation shall not
lift up sword against nation, neither shall they learn war any more."
It would have sounded a little funny to call this new program the
"Pruninghook Program," so they called it the Plowshare Program.

The Plowshare Program was supposed to find ways to use atomic bombs for
peaceful purposes. The idea was to use the enormous temperatures,
pressure and radiation fields produced in a nuclear explosion to do
useful things, like digging a new canal across the Isthmus of Panama,
or making industrial diamonds, or producing new elements or new
physical structures from familiar substances. To produce new
materials, the starting materials had to be placed within or close to
the bomb before an underground detonation. As you might guess, it's a
little difficult to go back into the hole after an underground nuclear
explosion, and even more difficult to find something you've put into
the hole before the blast. Several of us at Oak Ridge worked on the
Plowshare Program off and on for a few years. As it worked out, we
never recovered anything, and I always suspected that it didn't matter
much to the people making the test "shots" whether we did or not.

There were several experimental Plowshare "shots" designed to release
natural gas from underground gas deposits by breaking up the rock
trapping the gas. In these experiments the operation was a success,
but the patient died. The gas was, in fact, liberated to some extent,
but the tritium produced in the shots exchanged with the hydrogen in
the natural gas, producing tritiated natural gas. It was deemed



unacceptable by the wiser heads in the program to have tritium coming
out of the burners of kitchen stoves, so the experiments were dropped.

There were many "far out" ideas in those earlier days of atomic energy.
We had a program to study the feasibility of powering airplanes with
atomic reactors. We still have in operation at Oak Ridge the reactor
that was built in connection with that program. The reactor was
designed to be hung by cables from four very tall towers. The idea was
to see how the reactor behaved as it was raised and lowered to simulate
a reactor-powered airplane taking off and landing. Our role in Chem
Tech was to reprocess the fuel from that reactor, should the program
ever get off the ground. It never did.

Another idea was to power locomotives with nuclear reactors. It is
probably fortunate that that program was derailed before it really got
on track.

Still another idea was to use nuclear reactors to power ocean-going
vessels. That idea proved to be feasible. The first nuclear-powered
submarine, the Nautilus, was launched in 1954, and the nuclear-powered
cargo ship, the N.S. Savannah, was launched in 1959. As you all know,
nuclear submarines have become a mainstay of our iiational defense. On
the other hand, the N.S. Savannah was retired from service not long
after it was launched. One role of the Chemical Technology Division
was to develop ways to reprocess the fuel from those reactors. Both
the Knolls Atomic Power Laboratory and the Idaho Chemical Processing
Plant ultimately became much more involved in making and reprocessing
naval reactor fuels than we at Oak Ridge ever did.

At Oak Ridge we were concentrating on the thorium fuel cycle.
Alvin Weinberg, for many years the Director of the Oak Ridge National
Laboratory, is a great phrase maker. His dream was to "burn the
rocks", in "a pot, a pipe, and a pump". By those rather fanciful
phrases he meant that the thorium present in many granitic rocks
throughout the world could, in a sense, be "burned" by incorporating it
in a fluid fuel reactor. The fluid was to be pumped around and around
in a loop. The loop was the pipe. As the liquid fuel was pumped
through an enlargement in the pipe (the enlargement was the pot), there
was enough of it present in the right configuration to go critical.
The heat of fission was to be taken off by heat exchangers in the loop
and converted to electrical energy. Also, as the fuel circulated
around the loop, it was to be reprocessed continuously by equipment
located in a side stream through which a fraction of the fuel was
diverted. In principle that was a pretty good idea. One of the major
reasons for the poor capacity factors of present-day power reactors is
that it takes a long time to refuel them. Weinberg's concept avoided
that refueling problem. Of course it created a few problems too.

Two major programs were carried out at ORNL based on the pot, pipe, and
pump concept. One of them was the Aqueous Homogeneous Reactor, and the
other was the Molten Salt Reactor Experiment. Needless to say, these
projects were of major importance to Dr. Weinberg. Occasionally he
would engage me in conversation. Invariably the conversation would
turn to the current ORNL pot, pipe, and pump reactor project. This was



perfectly reasonable from his point of view because my division, Chem
Tech, had a major role in both of those reactor projects.
Unfortunately, I never, at any time, worked on any of his favored pot,
pipe, and pump projects. Consequently, I could never answer any of the
detailed questions he was certain to ask. Perhaps understandably, I
was a little apprehensive about ay career development in those days.
As a footnote I might add that neither the Aqueous Homogeneous Reactor
nor the Molten Salt Reactor project was successful. By that I mean
that neither resulted in construction of a commercial power reactor. I
am somewhat hesitant to correlate that unfortunate turn of events with
the fact that I did not work on either of them.

My personal assignment during those days, and for many years, was on
the aqueous reprocessing of solid reactor fuels. By reprocessing such
fuel and recovering the uranium and plutonium for recycle into new fuel
for breeders, it was possible in principle to extend by more than
sixty-fold the energy-producing capacity of the uranium mined from the
ground. I believed this to be a very worthwhile goal. I still believe
that today. However, I also believe that uranium and plutonium recycle
will not be practiced In this country for many years.

Petroleum companies were quick to see nuclear power as a potential
major source of power to augment that produced by hydro- and fossil
fuel-powered plants. Robert E. Wilson was one of the first major
petroleum company executives to see nuclear power as a desirable
adjunct to fossil fuel power rather than as a competitor. Petroleum
companies started buying up uranium mines and land containing uranium
ores. They also got into nuclear fuel fabrication and reprocessing
activities, and were interested in enrichment. Several companies with
significant involvement that come readily to mind are Exxon, Gulf Oil,
Atlantic-Richfield, and Getty Oil. They built or operated several fuel
fabrication and reprocessing plants.

Most of thp oil companies have become disillusioned with the nuclear
business, and now either have greatly reduced activity, or are out of
the business entirely.

OBSERVATIONS

Today we find ourselves in a world where we are no longer leaders in
the nuclear fuel cycle. Our emphasis is shifting from the energy
producing side of the business to the waste management and
environmental cleanup side.

We lead ?,he world In concern about the environment, and in particular,
about radioactivity in the environment. More than any other nation we
are accepting our responsibility to rid the world of chemical and
radioactive pollutants. We are setting an example worthy of a great
naticn, and others are beginning to follow suit. Even some developing
nations like Taiwan and South Korea are starting to show concern for
the environment.

It is certainly true that some colossal messes were made in the course
of putting the nuclear weapons Industry Into place and sustaining it



for forty-five years in this country. Further, the development of
commercial nuclear power lê J. to the infamous uranium tailings piles
out West. It is right that these messes be cleaned up. It is also
true that the AEC, then ERDA, and now DOE have sometimes displayed what
might charitably be called lack of proper appreciation for the health
and safety concerns expressed by state and local governments and by the
public. The massive cleanup efforts now under way are at least in part
a belated response to the issues underlying those concerns.

Praiseworthy though our concerns and efforts on environmental matters
may be, they are essentially nonproductive. I do not mean to imply
that we are not cleaning things up. We are. What I mean is that we
are not solving our energy problems. We are no longer leaders in
producing things to sell in the world's nuclear markets. Vast amounts
of money and resources are being spent, but they are being spent on
correcting the mistakes of the past, not on solving the problems of the
present and the future.

I find it very disturbing thac today the United States is hamstrung by
unreasonable and unreasoning concerns over health and safety problems
deriving from nuclear energy that are minor compared to health and
safety problems of greater familarity but far less concern to the
public, such as smoking and drunk driving. These irrational concerns
have led to enormous expenditures of resources that could be much
better spent in other ways; and what has been spent so far is only a
drop in the bucket to what will be spent. I am reminded of
Lord Kelvin's observation that "Large increases in cost with
questionable increases in performance can be tolerated only for horses
and fancy women". (Who said scientists are not practical!).

The United States once had a virtual monopoly on uranium enrichment.
Today we supply only about 40 percent of the enriched uranium used in
foreign countries, and are actually selling more than we produce by
selling stockpiled enriched uranium. European enrichment consortia and
even Russia are selling enriched uranium on the world market. Japan
has underway an aggressive enrichment development program. The status
of the U.S. enrichment program was discussed by another
Robert E. Wilson award winner, Bob Herriman of O.ak Ridge, during his
1985 award acceptance address.

At the first and second Geneva conferences in 1955 and 1958,
respectively, and at the 1957 Symposium on the Reprocessing of Nuclear
Fuels held in Brussels, Belgium, we shared much of what we knev about
the nuclear fuel cycle, and about fuel reprocessing in particular.
About all we kept back was information what would give clues about our
nuclear weapons production. I must admit that the rest of the world
learned well what we taught them.

The nation's fast breeder reactor fuel reprocessing program, called the
Consolidated Fuel Reprocessing Program, has become for all practical
purposes a support activity for the Japanese breeder fuel reprocessing
program. Thus, the fruition of our national reprocessing, program will
be a fuel reprocessing plant built in Japan1 A major reason for the
U.S. to enter into such collaboration is that through it we will retain



some expertise in the reprocessing area, and may hope to exercise some
influence over worldwide fuel reprocessing activities. It is our fond
hope that this expertise will still be intact and will be used some day
when the U.S. again begins to work in earnest on the back end of the
fuel cycle.

If we have an indigenous commercial reactor fuel reprocessing program
in the United States in my professional lifetime, it-may well be in
connection with the Integral Fast Reactor program being developed at
Argonne National Laboratory. The nature of that nonaqueous
reprocessing approach and the progress being made on it were discussed
by Les Burris of Argonne National Laboratory during his
Robert E. Wilson Award acceptance speech in 1984.

EXPECTIONS

So what are we to do? What does the future hold for nuclear engineers,
for fuel reprocessing specialists, for enrichment experts, for waste
management specialists? Was the famous atomic scientist
Lord Rutherford right when he said back in 1933, "We cannot control
atomic energy to an extent which would be of any value commercially,
and I believe we are not likely ever to be able to do so."?

I do not believe that he was right. I believe that we are about to see
a turnaround in the fortunes of nuclear energy in this country. We are
coming into a period when the demand for uranium concentrate is
starting to exceed its rate of production; reactor manufacturers and
operators are becoming more responsive to regulator's requirements, and
the requirements show indications of becoming more reasonable, at least
in some areas; we are beginning to see some impressive capacity factors
for operating reactors which will certainly make them more economically
competitive than they already are; enrichment costs have been reduced
to make U.S. enriched uranium more competitive on the world markets,
and if the AVLIS Program is successful, we may again dominate the
enrichment industry; overseas sale/of reactors and services to the
nuclear power community are still alive and reasonably well, especially
in the Far East; concerns about acid rain, and to a lesser extent about
the carbon dioxide-induced greenhouse effect, are casting doubt that
there can be unlimited expansion of use of fossil fuels, especially of
coal; and strategic concerns about the availability of oil from the
Middle East make the use of nuclear power a more attractive alternative
than it has been in recent years. Thus, there is some sunshine through
the clouds.

In the interim, until all of the above factors have had their full,
positive impact, our job is to keep our nuclear capability in place.
The techniques and skills used in cleaning up contaminated nuclear
sites and facilities are not so different from those used in operating
those same facilities. The people we hire and train to do those
cleanup operations win£*some of the same people who rebuild our fuel
cycle program and bring our fuel recycle facilities into operation.

We must continue to educate students in the skills all of us have
learned - and indeed, which some of us helped to create - so trained



people will be on hand when they are needed.

If I have a message, it is that we must ba the keepers of the faith.
There will yet be a very real need for what we have helped to build,
and we must ensure that the technological base and the trained minds
an<z hands are available when that need becomes as obvious to others as
it is to us.

I would like to read an excerpt from a speech made by Robert E. Wilson
on the subject of atomic energy while he was still Chairman of the
Board of Standard Oil of Indiana, well before be became an ABC
Commissioner. He said: ~ "»,

"In trying to appraise the probable impact (of atomic energy) on our
industry, I shall disregard the views of a few incurable optimists, who
were sure way back in 1945 that atomic energy would soon be producing
large quantities of power. I shall also disregard the views' of the
pessimists, who feel we may never solve' the serious problems that still
prevent the economical production of atomic power for commercial
purposes. Fortunately, there is today a great body of fact and
informed opinion which gives one a well-established base between1 these
two extremes."

Those words, spoken by Robert E. Wilson on October 14, 1954, are as
true today as they were when he spoke them. I believe they are good
words on which to end this address.

Thank you


