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| . The choice posed by the atom-on the first and nost famliar
way of looking at it--is that between using it for civilian or
mlitary ends, for the benefit of mankind or its destruction. It
has been variously phrased as the choice between the benign atom
or the malign one, between one world or none, between a hope and a
peril, the quick and the dead, a world of light and the dark
chanmber of horrors.

Such contrasts have suggested first of all that civilian nucl ear
energy would open a new world--a rapid increase in standards of
living and a closing of the gap between rich and poor countries,
and second that civilian nuclear energy woul d di splace the
mlitary atomand so nmake the hol ocaust less likely. The
alternative of continued nuclear arns on the other hand, it was
felt at the start, would nmean an increase in fear, the
transformati on of denocracies into garrison states, a
deterioration in standards of |iving as popul ati ons were dispersed
or sheltered, the rapid spread of nuclear weapons and the

i nevi tabl e hol ocaust. W |ike our choices sinple. This one
soneti mes appeared to be black and white.

This turning toward the good atomfromthe bad reveals the
pressure to find sonme hopeful side to an enornous technol ogi cal
advance whose grimface is all too evident. Dag Hammarskj 6l d, for
exanple, felt that the civilian use of the atom woul d expiate the
nearly universal feeling of guilt that "man in his folly should
have thought of no better use of a great discovery than to
manufacture with its help the deadliest instrunments of

anni hilation.” Ferm put it nore dryly. "It would be nice," he
said, "if it could cure the common cold."

Ferm said that in the week of Hi roshi ma. The dangers of nucl ear
war are very real. The skull beneath the nuclear cloud in Henry
Moore's magni ficent sculpture is a nenento nori. The church-1ike
donmed interior of his atom piece expresses sone of the awe that
the atominspires even in unreligious nen. Sacred texts cone
easily in talking of the atom For Rabi "suddenly the day of

j udgment was the next day and has been ever since." For Robert
Oppenhei ner, a know edge of sin. Armageddon, fragnents of the
apocal ypti c books, "The shatterer of worlds.” And inevitably the
lines of Isaiah about beating swords into plowshares.
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But what nakes deci sions on nuclear energy hard is that they do
not call for one final apocal yptic choice between the obviously
good civilian uses that |ead to peace and the obviously bad
mlitary alternatives that lead to war. Sonme of these civilian
uses have a large war potential. And while sone mlitary
alternatives plainly increase the danger of war, others can and do
inmpart a neasure of stability to peace and are essential as at
least inplicit support for formal treaties to inhibit the further
spread of nucl ear weapons. W are forced to make a great many
deci si ons about which civilian technol ogies to support and which
to restrict, about what forns of treaties wll have a net useful
effect and what mlitary alternatives wll increase responsible
control

Qur problens are many, conplex, durable, and present thensel ves
for thoughtful decision pieceneal. Qur choices are not a single
one between bl ack and white. For the indefinite future they wll
i nvol ve many deci si ons anong shades of gray.

1. The mlitary inplications of civilian nuclear prograns
illustrate the first of two reasons why our choices in the nucl ear
energy field are not sinple ones between good and evil. The
civilian and mlitary uses are interdependent and the

i nt erdependence is not favorable for our purposes. Though fromthe
start, in the hope of noving inert governnments to act, we liked to
put the choice inits sinple form it was also understood at the
very start that there is a nmassive overlap between the technol ogy
of civilian nuclear energy and that of weapons production. The
good mlitary atomtherefore doesn't displace the bad mlitary
one. Expanding civilian use in general nmakes it easier, quicker
and cheaper to get bonmbs. The Indian civilian nucl ear energy
program nmade it possi ble sone years ago for Prime Mnister Nehru
to announce that with its help the Indians could detonate a

nucl ear weapon at a nodest extra cost in 18 nonths. The tine |ag
has undoubtedly gone down since. | would stress that on ny view a
vi abl e strategic nuclear force including delivery systens and
responsi bl e control would by no neans be cheap for India, given
its other urgent demands. But Indian civilian progranms reduce the
extra costs of getting bonbs.

An essential trouble with nuclear plowshares, therefore, is that

t hey can be beaten into nuclear swords. In sone extreme instances
of overlap, in fact, they don't need nmuch beating: the civilian
nucl ear expl osive hopefully called "plowshare" is, with only m nor
adjustnents, a pretty good "terrible swift sword."” The first
reason, then, that our choice in the nuclear field is not a sinple
one between good and evil is that the mlitary and civilian uses
are inseparably m xed.

I11. The second reason is that the civilian uses are not so

i mredi ately, massively, and directly good, but mainly |ong-range;
and the mlitary alternatives are not unrelieved bl ackness and
certain death. Both call for discrimnate and responsible choice.

| redi ate bright hopes for civilian nuclear energy have been an

enotional counterweight to the inmrensity of possible nuclear
destruction. Also an inducenent for countries to accept
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international controls. But fromthe start there were sober
estimates by both technol ogi sts and econom sts. Sonme of these
early estimates of the potential for power reactors were
conservative. But variations in our hopes on this subject can be
measured by changes in the official forecasts for the nuclear
generation of electricity. They varied froma |low prediction in
1954 to a high in 1957 to another low in 1962, and now the
estimate for 1980 stands at 150,000 negawatts. This is not quite
back up to the staff estimte of 1957, but nonethel ess 150, 000
megawatts woul d represent a great achi evenent. Nucl ear power woul d
then make up nore than a quarter of forecast Anmerican electrical
generating capacity. Large reactors in sizes over 500 and 600
megawatts on order now will be producing electricity in the early
1970's at costs that can conpete in nmuch of the country with
electricity fromfossil fuels. This is nost inpressive.

Nonet hel ess it has been clear that such inportant benefits fal
short of ushering in the golden age. They wi Il not abolish want
and are unlikely to reduce the great inequalities between rich and
poor countries. These points are suggested by the fact that 1)

fuel is not the major element in the cost of electric power; 2)
electric power is still only 1/5 of the energy used in the U S.,
and energy costs in turn nake up a very small percentage of the
gross national product and a very small percent of the val ue added
by all except a few selected industries; 3) cheap energy can help,
but is not the key to econom c progress. This can be shown by

anal yses of regional differences in U S. fuel costs versus fue

use and inconme, but nuch nore dramatically when | ooked at

wor | d-wi de. For exanple, in the Mddle East energy fromoil and
natural gas is at its cheapest. If we neglect governnment royalties
and other rents, it mght cost as little as 2 or 3 cents per MBTU
(MIllions of British Thermal Units) - perhaps an order of

magni tude | ess than the average delivered price in the U S. Yet in
the Mddle East industrialization and the anount of energy used
per capita are anong the | owest.

The abundance of cheap energy in the Mddle East is one of several
reasons for caution about introducing huge nucl ear energy plants
there - like coals to Newcastle - to desalt water for all the
antagonists in the area. (Mire inportant, it would al so insert

| arge quantities of plutoniumin one of the nost volatile parts of
the world and so place a great burden on inspection and require
enornmous faith in the durability of agreenents where they have
been far fromlasting.) But for other parts, too, of the |less
devel oped worl d, power reactors seemunlikely to reduce the

di sparity between rich and poor countries. Poor countries are
generally short of capital, but have great need for it - for
school s, houses, roads, comunications and a great many ot her

t hings. Therefore their real, that is unsubsidized, rates of
interest tend to be very high. Their power facilities are not

hi ghly interconnected, |oad factors are | ow and the demand for
power cones in relatively small concentrations. Power reactors on
t he ot her hand are:

--highly capital intensive and sensitive therefore to the
supply and cost of noney.

--derive nmuch of their benefit from being used a very high
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proportion of the tinme over a |long economc life - 80% and
even 90% | oad factors have been assuned.

--and finally involve very |arge econonm es of scale. It is
the very |l arge econony sizes ranging from500 to over 1,000
megawatts that have become conpetitive in the U S. These cal
for great concentrations of industrial demand.

The fact that power reactors do not nmake an imedi ate | arge
difference in per capita GNP does not nean that the prospects for
t he peaceful atom are not outstanding. They are. |In perspective we
must renenber that few, if any, individual innovations have had
such dramatic effects on G\P. Robert Fogel's careful

theoretically informed, enpirical neasurenent of the total social
savings attributable to the railroad, that great innovation of the
19th century, showed that its contribution in the United States
came to | ess than 5% of the gross national product in the year
1890, or roughly the amount of growth that would have occurred
without it in two years.

| believe civilian nuclear energy will yield very great future
benefits. Power reactors are the major single application so far.

But others, like those described yesterday, in biological
research, in agriculture and in industry, have already had |arge
effects. The greatest benefits, | suspect, will be in the

performance of new functions, the joint results of nuclear energy
and ot her new technol ogi es. These benefits are likely to be
indirect and long-term

The assurance of massive, |long-term benefits should nake us |ess
conpul si ve about offering nuclear technology as the solution to
all our ills. It isn't necessary for it to cure the comon col d.
And civilian nuclear technology has political and mlitary dangers
that call for caution especially in the short run.

A recognition of the inseparability of mlitary and civilian
energy qualified the earliest internal and public governnent
statenments of support for civilian nuclear energy. w thout
effective international control, to spread civilian nuclear energy
woul d worsen the mlitary dangers, according to the
Truman- Attl ee-Ki ng decl arati on of Novenber, 1945, the
Acheson-Lilienthal Report, and the Baruch Proposal to the United
Nati ons. Mreover, by international control, the
Acheson-Lilienthal and Baruch proposals did not nean nerely
international inspection. Few then thought international

i nspecti on was enough. They nmeant ownershi p or managenent by an
international authority of a wide spectrum of dangerous civilian
nucl ear processes from m ning through the operation of many
reactors, and the licensing control and inspection of the rest.

Recalling this history can help us see the narrow frame of the
present debates about international control in connection with the
non-proliferation treaty as well as agreenents for econonm c and
technical aid in propagating civilian uses of nuclear energy. W
tal k today at nost of inspection, and even here our strongest
hopes are weak i ndeed by conparison with our early ones. The
dangers, however, of the civilian activity are not |ess evident.

| f breeder-reactors cone into operation as rapidly and as w dely
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as our Atom c Energy Conm ssion expects, sonetine shortly after
the year 2000, there nay be a mllion bonbs worth of civilian
plutoniumin the world, doubling every ten years. Early doubts
about the adequacy of inspection have |ost none of their

rel evance. No inspection can insure against the diversion of a
smal | percent of material for weapons and a small percentage of a
| arge volume may be enough to cause quite a lot of trouble in

vol atile parts of the world.

Second, facilities and materials obtained under bilateral or

I nternational Atomi c Energy Agency control arrangenents can make
it easier to get facilities and materials that are not subject to
such arrangenents. The Indians, for exanple, hope to construct on
their owmn a reactor using natural uraniumat Mdras. It would not
be subject to the control arrangenents that go with an
international aid program but plainly it will have been greatly
hel ped by I ndian experience with the Canadi an and Anerican
reactors which are subject to inspection.

A non-proliferation treaty may extend inspection to further
civilian facilities. Sone of the opposition to such a treaty stens
overtly froma concern about the commercial disabilities such

i nspection mght bring in increased costs and | osses of industrial
secrets to conpetitors. This resistance m ght narrow i nspection

Finally, and nost inportant, sovereign nations that are strongly
noved by considerations of national safety or other powerful
notives like irredentismare not likely to be permanently
restrained by treaty arrangenents signed years before. And indeed
non-proliferation treaty drafts explicitly allow any party to
exercise its sovereign national right to withdraw, if it itself
determ nes that "extraordi nary events" have jeopardized its
"suprenme interests.”

Thi s suggests that the crucial question will continue to be howto
reduce the chance that countries will feel their suprenme interests
are jeopardized if they do not get nuclear weapons.

V. Which brings us back to the mlitary atom There can be little
doubt that the experinent at Stagg Field was the nost nonentous
event in the history of war. The first fission devices it presaged
mul tiplied the expl osive force of previous weapons a thousand
tinmes. Fusion devices a few years later nmade it nore than a
mllion times. Such conpact destructive power nmekes it possible to
reach any part of the world fromany other with enornous
destructive effect. Just a few years have transfornmed the nature
of war. Avoiding rather than winning a world war or any nutual

nucl ear war has becone primary.

Thi s does not nean that no one will threaten or risk nuclear war
and it has not made war, even nuclear war, inpossible. The close
new mlitary interdependence of renote parts of the world did not
assure worl d cooperation for peace or world governnent, as many
hoped. On the other hand it did not - as many feared - nean that
wi t hout world government, nuclear war was inevitable.

In the | ast decade, a great nmany quasi-nmathematical argunents,
fortunately all faulty, have tried to show that the | aws of
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probability make an accidental nuclear war inevitable. And a good
many i ndi vidual s have given their personal estimate of the
probability of war in some specified interval. These vary from an
early 1963 estimate that gave us a |l ess than even chance of
surviving the followng two years to a very few that nunber our
safe years in the relatively confortable hundreds. There is, |

t hi nk, no substance in any of these estimates. Like the prophecies
of final disaster by medieval chiliasts, these predictions aim at
an early drastic change of heart in the world. But they have not
had that effect. They tend in fact to di scourage patient acts of
intelligence ainmed at getting nore responsible controls to reduce
t he dangers. Prophets of inmm nent disaster tend to run short of

wi nd. When the disaster doesn't come, they often drift off to
attach thensel ves to sonme other disaster. The rot in our cities,

t he spreadi ng use of pot.

In the same way, catastrophic predictions of the rapid
proliferation of nations getting nuclear weapons are neither

wel | -founded nor nuch hel p. They can actually encourage the
spread. A distinguished senator and a high official used al npst
the sane words a while ago to say that the Mnute Man cost |ess
than the B-52, that nucl ear weapons and delivery systens were
cheap and getting cheaper, and unless the international system was
qui ckly and drastically revised, they would spread rapidly, since
they were equalizers on the world scene. Sone Asian friends of

m ne who doubt such drastic early revision observed only that

nucl ear weapons were said to be getting cheaper all the tine and
woul d make their country the equal of the great powers; and they
want sonme. But in fact nucl ear weapons are not equalizers. A small
fraction of a major strategic force can elimnate the costly
French force with high confidence. And substantial nuclear forces
are not getting cheaper. If the $3.3 billion in research and

devel opment (R & D) for Mnute Man | and Il is counted, they cost
much nore than the B-52. And R & D costs wei gh especially heavily
on small forces.

D ssem nating the conplex truths about nuclear forces is nore
likely to inhibit dissem nation of the weapons thenselves than the
sinpl e scare slogans. The spread was rightly understood at the
begi nni ng of the nuclear era as a problemof utnost gravity. But
it has gone nore slowy than was initially expected, or than was
predicted as recently as 1960, when it was said that it would

i nclude a dozen new countries by 1966. Four countries have

expl oded nucl ear weapons since our Trinity shot in 1945. And the
reasons the spread has not been nore rapid suggests ways of

i nhi biting further spread.

Some countries that coul d undertake a program have not, because
they do not feel threatened, or because they feel that the nuclear
threat is adequately checked by a third party, or because they
recogni ze that the problem of nuclear self-defense is likely to be
costly in terns of their resources and ineffective against a major
adversary, or for sonme m xture of these reasons. W should fortify
t hose reasons. W should not only nmake clear the high costs and
vul nerabilities of nuclear forces. Were possible we should choose
our civilian and mlitary policies in ways that are likely to keep
t he costs of new national nuclear forces high and their
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effectiveness | ow. Mreover, since for the foreseeable future an
assured total nuclear disarmanent is unlikely, we have to guide
our policies so that a country w thout nucl ear weapons w |l not
feel that its safety is jeopardized. Though the word "comm t nment"”
is at present traumatic, this neans in one way or another
commtnents to protect non-nuclear countries agai nst coercion or
nucl ear attack by sone nucl ear power. Such comm tnents m ght be
only tacit; they mght be unilateral, or in an alliance, or in the
formof a potentially universal collective security arrangenent.
But in any case these conm tnents require maintaining defenses
that make the risks of fulfilling the commtnent smaller than the
risks in not doing so. It also neans the patient building of
common interests to hel p nmake the conm tnment credible. Wthout
such policies treaties are covenants w t hout swords.

Thi s perspective on the dangers of destruction prom ses no quick
and final solution. It involves discrimnating acts of choice in
both the mlitary and civilian fields of nuclear energy for the
indefinite future. And it does not mnimze the dangers. The
benefits of nuclear energy can be of inmmense inportance, even when
they are not imedi ate and massi ve. The dangers are very real,
even though they are persistent and cannot be dealt with quickly
and finally. And we have always to weigh the benefits and the
dangers together. It is ironic that this trenmendous achi evenent
won by a massive burst of effort in so short a tine | eaves us as
| egacy the need for an unendi ng sequence of small careful but
unher oi ¢ deci sions. The genuine alternatives call for such
continuing acts of intelligence rather than one final apocal yptic
choi ce.

* Delivered Decenber 2, 1967, at the final |uncheon during the
25t h anni versary observance of the first controlled,

sel f-sustai ning nuclear reaction at the University of Chicago. The
l unch was attended by many of the scientists who had taken part in
t hat experinment. The Henry Moore scul pture, "Atom c Energy,"
referred to in the talk was unveiled after the lunch. This printed
version of the talk is scheduled to appear in the April 1968
Bulletin of the Atomi c Scientists.

Li st of Wohl stetter docunents

7von7 07.08.2005 16:56


http://www.rand.org/publications/classics/wohlstetter/DL16568/

