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1. THE FIGHT FOR PUBLIC ACCEPTANCE IN THE U.S.

In the last several years there has been a hard battle on the
acceptance of nuclear power in the U.S. Innumerable anti-nuclear books
have been published, each more strident than the other. In a recent
exhibition sponsored by students of Cornell University I counted about 20
such books. One-sheet appeals are often even more extreme. The media
have shown a bias against nuclear power; this includes our most prestig-
ious newspapers, as well as the major TV networks and so-called 1'public"
(i.e. not commercial) television as well.

On the other side, there is at least one good pro-nuclear book by
Fred H. Schmidt and David Bodansky, "The Fight Over Nuclear Power". This
gives a very calm and clear assessment of the problems, understandable
for the educated laymen. I can recommend it to those who, in Europe and
other countries, wish to talk about nuclear power. Another very good
account is the pamphlet, "Nuclear Energy and National Security", by the
Committee for Economic Development, New York. It endorses nuclear power
as necessary for the economy of many countries around the world, and at
the same time recognizes the problems, especially that of proliferation
of nuclear weapons. Also useful is "The Nuclear Controversy", published
by the American Assembly of Columbia University, which includes a well-
reasoned anti-nuclear contribution by G. B. Kistiakowsky. Finally, for a
comprehensive discussion of the plutonium problem, I have found most use-
ful the publication by EPRI (Electric Power Research Institute), Report
EA-43-SR, entitled "Plutonium: Facts and Inferences".

In 1975, the opponents of nuclear power introduced bills into several
state legislatures to block construction of further nuclear plants and
(in some cases) operation of existing ones. In the U.S., the individual
states have jurisdiction over the use of the land, including the siting
of nuclear and other power plants; they can forbid the introduction of
materials injurious to health, etc. It is on this right of the states
that the anti-nuclear bills were trying to build. In some cases, these
bills might have come in conflict with the Federal Government's pre-
emptive right to regulate nuclear energy. In any case, in hearings
before the state legislatures, the supporters of nuclear power generally



psesented a more convincing case, amply supported by written evidence.
These hearings frequently go rather deeply into the subject, so logical
and numerical arguments can be brought out and discussed. Undoubtedly,
the staff of the legislators studied the written evidence in detail, and
the legislators themselves were aware of the economic needs of their
states. As a consequence, most of the b̂ 'lls were defeated, and only a few
pieces of anti-nuclear legislation were actually passed.

Having been unsuccessful with the legislatures, the opponents of
nuclear power turned directly to the people. In many states in the U.S.,
it is possible to introduce "initiatives" to be voted on directly by the
voters, in connection with a general election. Such "initiatives" were
introduced in the states of California, Arizona, Colorado, Montana, Ohio,
Oregon and Washington. The California initiative was voted on in June,
all the others in November 1976.

The initiatives were cleverly phrased, purporting to aim for in-
creased safety of nuclear power plants. Only if you read the lengthy
proposition in detail (which very few voters did), and penetrated through
the complicated legal language, could you find out that they in fact aimed
at stopping construction of new nuclear plants, and in some cases,
notably California, at gradual closing down of the existing ones.

The battle was hard fought. The. arguments were generally on a low
level and highly emotional. One of the most active groups in California
called itself "Project Survival", claiming that the radioactivity pro-
duced by nuclear reactors would, in some mariner, kill all life on earth.
Frequently, nuclear power was equated, explicitly or by implication, with
nuclear weapons actually used in war. Quantitative arguments were disre-
garded, not only by the public speakers, but by the numerous prominent
scientists who lent their names to the anti-nuclear groups. On the other
hand, a still larger number of equally prominent scientists, not connected
with the nuclear industry, spoke out and wrote in favor of nuclear power,
pointing especially to the economic need for energy.

The supporters of nuclear power can be quite satisfied with the out-
come of these "initiatives",! all of them were defeated, mostly with a
majority of 2 to 1. However, undaunted by these defeats, the anti-nuclear
groups are preparing to introduce further Initiatives. A second initia-
tive is planned in Oregon, which reportedly proposes not only to stop
further nuclear power plants in that state, but also to close down an
existing one, the Trojan plant near the mouth of the Columbia River which
supplies electricity to the state of Washington as well as Oregon. Also
an initiative is planned in Maine.

After the vote, the anti-nuclear groups claimed that their initia-
tives were defeated by the larger amount of money spent in propaganda
against the initiatives by utilities and nuclear equipment manufacturers.
On the other side, one must consider the enormous volunteer effort which
the anti-nuclear groups mounted. In California this had gone on for about
a year and a half, and involved many thousands of volunteers, holding
public meetings as well as house-to-house campaigns. If a reasonable
value is put on the time of these volunteers, it would surely amount to
many millions of dollars; in addition, the news media reported these
efforts prominently, in effect giving free advertising where the industry
had to pay. the fight became bitter and near the end of the campaign,
the industry also had a let of volunteers; many of their employees will-
ingly gave their free time to present the case for nuclear power, as did
many scientists outside the industry. But their numbers never equaled
those of the anti-nuclear groups.



As far as 1 can see, the anti-hwclear initiatives were defeated by
the fact that the pro-nuclear group had the better arguments. The most
effective argument was the coupling between energy and 6NP, and
especially the coupling with jobs. For the latter reason, the labor
unions were strongly in favor of keeping and expanding nuclear power.
Construction and electric workers were of course in the forefront, but
also other unions joined in. In fact, the most rousing speech in favor
of nuclear power that I have heard was presented by a labor leader during
a large conference on energy in general. It seems to me important for the
friends of nuclear power in other countries to get the complete backing
of labor.

Not only were the initiatives voted down in the respective states,
but also a nation-wide inquiry conducted by the Harris poll gave the same
result. People across the nation voted approximately 2 to 1 in favor of
extended use of nuclear power. In comparison to a similar poll a year
earlier, a larger fraction of politicians were also backing nuclear power.

The battle over nuclear power is far from over in the U.S. Presently
the chief attack is made through the law courts. Swayed by the arguments
presented by wery clever lawyers, at least two U.S. courts have put major
obstacles into the licensing procedures for nuclear plants. Stated in
somewhat exaggerated form, the argument is that power plants should not
be licensed until the entire fuel cycle is decided upon and its feasi-
bility proved. At the same time, anti-nuclear groups have argued success-
fully that the U.S. should not permit operation of a chemical reprocessing
plant which means that the fuel cycle cannot be closed.

However, there are also some favorable signs. For instance, the New
York Times, in a recent article, for the first time considered nuclear
power as a matter-of-fact component of the total energy structure of the
country.

Most of us welcome public debate, but a debate conducted with ration-
al arguments, not with vast exaggerations, especially of the dangers, as
has been the case too often in the U.S. I am particularly happy that
another speaker today is Dr. Abrecht of the World Council of Churches.
The study which the World Council of Churches published on the problem of
nuclear power is a beautiful example of bringing out the arguments on both
sides, and asking searching and pertinent questions. The nuclear commun-
ity must investigate and answer these questions. A dialogue of the type
initiated by the World Council of Churches, and a wide public discussion
or. this level, can only be helpful to all concerned. I have great con-
fidence that such a dialogue will clarify the issues.

2. SOME ARGUMENTS AGAINST NUCLEAR POWER

I shall take up only a few of the arguments which have been prominent
in the discussion.

2.1. Safety of nuclear power plants

The basic reference here is the "Reactor Safety Study" known also as
the Rasmussen Report and as Wash-1400. It was originally commissioned by
the U.S. Atomic Energy Commission; a draft of the document was published
in August 1974 and the Commission invited the public to comment en it
before a final document would be drawn up, Among the comments was a
rather severe, book-length critique by the Union of Concerned Scientists;
this was in turn rebutted in detail by Dr. Dfiderlein of Norway who is



here. The American Physical Society criticized essentially only one point
in the Rasmussen draft report, namely the treatment of long-term effects
of the radioactivity which might be released in a hypothetical reactor
accident. This criticism, was accepted by the Rasmussen group (with some
modification) and incorporated in the final report Wash-1400, published by
the successor to the AEC, the Nuclear Regulatory Commission, in October
1975. This report was in turn criticized, among others by Dr. Yell in of
MIT, and Yellin's paper in turn was answered by Richard Wilson of Harvard.
In this manner the problems have been batted back and forth, and I believe
this is good though time and energy consuming,. I believe the most diffi-
cult remaining problem is the assessment of the probability of common-
mode accidents. On the whole, my feeling is that the Rasmussen assessment
of accidents is good, in some cases too optimistic, but in other cases
pessimistic.

Research on safety of nuclear reactors continues with increased
financial support in the U.S. In particular, the LOFT facility is run-
ning, and giving satisfactory results about the effectiveness of the
Emergency Core Cooling System. At Brookhaven National Laboratory and at
the Los Alamos Scientific Laboratory extensive calculations are being made,
which I am confident will permit the extrapolation from LOFT to a full-
scale facility.

2.2. Waste disposal

As far as I can see, a number of good solutions of the waste disposal
problem have been formulated but none has yet been put into practice. The
scheme of transforming the waste into borosilicate glass, of which I have
a sample here, seems to me very good. This glass is very tough and re-
sists leaching by water, possibly for centuries. Some further questions
remain to be answered, e.g., whether the glass will be affected by the
chemical transformation of the metal ions inside it due to radioactive
decay. As far as I understand, to make this glass, the fission products
must be in an acid solution which can be done in future chemical process-
ing. A method still has to be found for disposing of the fission products
now in neutral or basic solutions which resulted from previous chemical
processing.

For a final disposal of the waste, the favored method in the U.S. is
burial in salt beds about 600 meters below the surface. This seems to me
a good method, and the U.S. is fortunate in having over 100,000 square
kilometers of salt beds. It may be an important problem for Europe and
other countries to search for suitable salt beds or other stable, geologic
formations. It is believed that many other formations are also suitable,
e.g., shale and granite. Also we may try to learn from nature's beautiful
experiment in Oklo, Gabon, where nuclear wastes including plutonium re-
mained undisturbed for nearly 2 billion years.

Waste disposal deserves close attention by the best scientists, but
it seems to me a technically soluble problem.

2.3. Safeguards against diversion of material

It is essential that any material produced in the nuclear fuel cycle
which might be used maliciously to do damage to society be carefully con-
trolled. The Sandia Laboratory of ERDA has worked for many years on the
prevention of theft of nuclear weapons, and more recently of nuclear
materials. I believe their work has been excellent. They have developed



methods for safe and secure transport of nuclear materials \n p
designed trucks or railroad cars which seem to me indeed very secure
against hijacking. Similarly, they haye methods for the protection of
stationary facilities, particularly chemical reprocessing plants and
refabrication plants for nuclear material. The protection is a combina-
tion of ingenious technical devices and security guards. I hope and I
believe that Sandia will make these methods available to other countries
who wish to protect their own nuclear plants; it is in the interest of all
of us that this protection be effective.

Protection against clandestine diversion cannot be achieved by any
accounting method now known. Losses of materials in chemical processing
and similar procedures are too great. The only satisfactory protection is
to insure that no plutonium or other fissile material leaves the chemical
plants without authorization. Fortunately, plutonium emits characteristic
gamma rays. The Los Alamos Laboratory, and a group at Brookhaven, have
developed a device to screen all people who leave a plant in which pluton-
ium is manufactured. This device, similar to the metal detectors used for
screening passengers at airports, will detect amounts of plutonium of 1
gram and possibly less.

It is evident that all persons working in nuclear plants, particularly
chemical reprocessing and fuel fabrication plants, must be carefully
selected for their loyalty and reliability. This may conflict with cer-
tain standards of civil liberties existing in the western democracies, and
particularly in the U.S. However, it seems to me that the safety of the
citizens of the country at large must have priority over any extreme in-
terpretation of the civil rights of the relatively few people involved in
nuclear facilities. Security clearances, similar to those for persons
working on nuclear weapons, and those for military personnel working in
sensitive military installations should be applied to persons working in
sensitive nuclear plants like chemical separation and fabrication of fuel
containing plutonium. Operators and engineers working inside power reac-
tor buildings should probably come under the same regulations. By careful
screening of this personnel it should be possible to avoid theft of plu-
tonium, and hence avoid infringement of the civil rights of the population
at large in a possible search for lost nuclear materials.

3. PROLIFERATION
Over the last two years, the problem of proliferation of nuclear

weapons has become increasingly prominent in public discussion. Among the
most reasonable critics of nuclear power, and also among many people who
fully support nuclear power in its present form, the fear has been
expressed that widespread use of nuclear power will lead to diversion of
plutonium by some countries, and the subsequent manufacture of nuclear
weapons by them. This problem is prominent in the pamphlet by the
Committee for Economic Development, in the published papers by the World
Council of Churches, and in the advance outline of the paper by Dr.
Abrecht.

The fear is particularly great with regard to breeder reactors which,
as is generally assumed, will be an essential component of nuclear power
in the longer run. This fear of proliferation has induced President Ford
to declare a three-year moratorium on the operation of the chemical repro-
cessing plant built by Allied Chamical and Gulf Oil at Barnwell, South
Carolina. The fear is that once plutonium is separated from the radio-
active fission products, it could become a tempting material for the
manufacture of bombs«



It is obviously most important to make the benefits of nuclear power
available to all nations that need it, and at the same time prevent the
proliferation of nuclear weapons» Both of these aims are prominent in
the Nonproliferation Treaty, and are the main task of the IAEA. Because
public acceptance of nuclear power is so closely related to this problem,
I shall spend much of the remainder of my talk on it.

1. The decision to develop nuclear weapons is clearly a decision for
each individual country. However, I believe that the idea of the nuclear
nonproliferation treaty (NPT) is sound. Any given country will be more
secure if it can be assured that its neighbors do not have nuclear weapons,
than if it itself develops such weapons and its neighbors do as well. The
NPT is primarily a protection of the smaller countries, not of the great
powers even though the two "super powers" have been most instrumental in
bringing the treaty about. It does not constitute much direct danger to
one of the super powers if a small country acquires a few weapons, but it
does constitute a great danger to the possibly unfriendly neighbors of
that country. Nevertheless, I believe that the super powers should also
fulfill their part of the NPT, and proceed with actual reduction of
nuclear arms including a complete cessation on nuclear weapons tests.
President Carter has publicly supported this idea.

Regardless of the NPT, a really determined country can still acquire
nuclear weapons. The only thing that the world at large, and IAEA in
particular, can do is to make this acquisition more difficult, so that
real determination is required, and a country does not slide into
possession of nuclear weapons just because it is so easy to get them and
"might be nice". Also IAEA can provide signals that a given country is
indeed embarking on a nuclear weapons program, giving other countries
time to react.

2. If a country wishes to make nuclear weapons, the ideal substance
is of course U-235 because it is far easier to make weapons from this
substance than from plutonium. The second choice would be weapons-grade
plutonium, i.e. plutonium which has been in a reactor only briefly. Only
the last resort would be real reactor plutonium, because of its high con-
tent of Pu-240 which tends to make a weapon predetonate before it is fully
assembled.

No doubt bombs can be made from reactor plutonium. If they are well
designed and built they will explode. In spite of the Pu-240 content,
the weapon will have a certain minimum yield if the neutron initiating the
chain reaction arrives exactly at the moment in the implosion when the
plutonium reaches criticality. If the initiating neutron arrives later,
the yield will be higher. The probability of achieving more than minimum
yield, and the minimum and maximum yield themselves, depend sensitively
on the design of the weapon, in particular on the amount of explosive.
If the bomb is designed sufficiently conservatively so that the designer
can be confident that it will work, and if at the same time it is to be
easily deliverable (i.e. have moderate weight), neither minimum nor maxi-
mum yield will be very high. Even the maximum will be well below the
Hiroshima bomb. Whether such a device is attractive to the military of
any country, I do not know.

In all countries which so far have developed nuclear weapons, thou-
sands of scientists, engineers and technicians were employed in this
endeavor, beyond the production of material. In a pinch, and for the
development of only a crude bomb, a much smaller number of very highly
trained people will suffice. This matter is discussed in some detail in
the book, "Plutonium: Facts and Inferences", in Chapter 5. Perhaps the
-most reasonable minimum estimate is 6 persons highly trained in different



subjects.
3. Even though the building of an atomic bomb is not as easy as many

people seem to believe» the primary safeguard against the building of
bombs remains unavailability of plutonium. Nations will feel assured of
nonproliferation only if plutonium remains as unavailable as possible.
To assure such unavailability was the de facto intent of the three-year
moratorium on fuel reprocessing in the U.S. declared by President Ford
in October.

Mutual agreement must be reached between vendors and customers in
the peaceful nuclear energy trade. I was very encouraged recently when
France and Western Germany declared their intention to join the other
nuclear vendors in prohibiting the sale to other countries of chemical
reprocessing and isotope separation plants. It is most important that
the customer countries also understand the wisdom of this policy. It is
an extension of the nonproliferation idea which, as I mentioned before,
benefits small countries at least as much as large ones. If a country
does not have reprocessing and isotope separation plants, its neighbors
and the world will have assurance that it cannot suddenly confront them
with the accomplished fact of an atomic bomb. I believe IAEA is in favor
of establishing regional reprocessing plants under .international control,
an idea which appears to me also to be very good. Another suggestion has
also been made, namely that the nuclear fuel be only leased to the custo-
mer, with the condition that it has to be returned to the vendor for re-
processing. Of course, the manufacturers of nuclear power plants must
undertake an obligation on their part: they must guarantee an assured
supply of nuclear fuel to their customers. Unfortunately, the U.S. has
not been very consistent in this matter.

4. It has often been stated that the availability of plutonium will
be substantially increased when breeder reactors become a major part of
the nuclear power establishment. This is correct, but the quality of the
plutonium from spent breeder fuel is no better than from a light water
reactor, i.e. it contains a similar percentage of Pu-240. An exception
is the radial blanket of the breeder but this contains only a few percent
of the plutonium, and is likely to be processed only rarely.

It is agreed that breeder reactors are essential for the long term
future of nuclear power. The problem is how to reconcile this with the
desire to prevent proliferation. An important step in this direction
is the suggestion in the article by T. B. Taylor and H. A. Feiveson in
the December "i976 issue of the Bulletin of American Scientists. Their
proposal is essentially as follows:

The nuclear energy establishment would consist of two components.
One is a set of thermal neutron reactors working on the thorium cycle.
The second is a much smaller number of fast breeders. These would use
plutonium and U-238 in their core, with enough breeding ratio to sustain
the reactivity inside the core. The blanket of the breeders would be
made of thorium so as to produce U-233 for the thermal reactors.

It is desirable to have many more thermal reactors than fast breed-
ers. To achieve this, a very high conversion ratio in the thermal
reactors will be necessary. This points almost uniquely to heavy water
reactors, perhaps of the Candu type. Taylor and Feiveson propose that in
these thermal reactors the ratio of U-233 to U-238 to thorium be about 1
to 6 to perhaps 50. Then in the thorium U-233 will be bred, while in
the uranium a small amount of plutonium will be formed. The ratio of
U-233 ío U-238 is chosen in such a way that even after the uranium is
chemically separated from thorium (and plutonium and fission products),



it 3till will not be suitable for nuolear weapons, lhe amount of plu-
tonium bred would be much s m a ( W ttiati that presently produced in light
water reactors, perhaps 20%. This plutonium would be separated from the
uranium and thorium, and would then be fed back into the breeder reactors.
Only the thermal reactors would be sold in international trade.

The breeder reactors ideally would be under international management.
They would presumably be located in countries of the greatest internal
stability. I would suggest that the plants for reprocessing of breeder
blanket fuel be located in close proximity. The fuel which would leave
these plants for use in international trade would be already mixed, con-
taining 233 and 238 in the ratio 1 to 6, so it could never be used for
bombs.

Obviously in the early stages the fuel in the heavy water reactors
would be U-235, and only gradually would this be converted to U-233. It
is clear that we would have to learn chemical separation of fuel contain-
ing thorium, uranium and some plutonium. The use of U-233 would also re-
quire remote handling of the fuel which would involve added expense, but
also added protection against theft.

5. Any type of nuclear economy which permits large-scale power pro-
duction but seeks to prevent proliferation of nuclear weapons will always
mean a conflict between the aims of world peace and national sovereignty.
This is even true of the Tayior-Feiveson proposal although this proposal
minimizes the conflict. In my opinion, this conflict must be resolved in
favor of world peace, just as in the safeguards problem inside a nation
the resolution has to be in favor of public safety and involves some
abridgement of the civil liberties of the guards and other persons in-
volved in the nuclear establishment.

4. CONCLUSIONS

Exaggeration, demagoguery, and emotionalism have characterized the
nuclear debate. They will get us nowhere. On the other hand, I welcome
a factual public discussion on a broad basis. This discussion must in-
clude the economic issues; it must be realized that there is a continuing
energy crisis, that oil is indeed running out and must be replaced by
other energy sources, that most of the alternatives proposed will not work
or not be economical, or may only work in the distant future.

Energy presents many technical problems. Some of these are soluble,
like that of nuclear waste disposal. But there are also problems insolu-
ble by foreseeable technology, such as making large amounts of energy from
solar heat in an economic manner. The public should not demand that
technology solve the insoluble problems. They should trust the judgment
of the scientists and engineers which problems are soluble and which are
not. They should trust them also to solve in time those problems which
are considered soluble, and not demand that all problems of nuclear energy
be fully solved before the first power plant ?s put into action.

Some problems are not technical, but require international under-
standing and cooperation. Nuclear weapons proliferation is an outstanding
problem in this category. But technical ideas can at least help in a
solution, such as the Tayior-Feiveson proposal for a combined thorium-
plutonium economy.


