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THE CASE FOR ENDING
NUCLEAR TESTS

By HANS A. BETHE

z o)

The debale over whelher or nol lo end nuclear testing has now reached inlernalional

proporlions. One of the most eminenl scienlisls who believes thal we can and should

slop the lesls is DrR. Hans A. BetnEe of Cornell Laboratory of Nuclear Sludies.

Dr. Belhe, who was born in Strasbourg, became a naturalized cilizen in 1941, and for his work in aiding

the development of the A-bomb he received the Presidenl’s Medal of Meril in 19%6.

rI:n-: cessation of nuclear weapons tests has been
debated in the newspapers, in Congress, and most
of all, in Geneva, where there have been what I
consider honest negotiations. Concrete proposals
have been made by both sides, by the East and by
the West; there has been a considerable measure
of agreement between East and West; and a num-
ber of articles of a treaty have been accepted.

The fundamental points of view of the two
sides on disarmament measures were quite dif-
ferent. The Soviet Union advocated just a piece
of paper on which we would agree to reduce our
armaments. The United States and Britain in-
sisted on the verification of any treaty concerning
the limitation of armaments.

Because of the Russian desire for secrecy, the
West proposed that the verification of a test
cessation agreement should be primarily by
physical methods, which would mean less intrusion
into the privacy of the Soviet Union. It is clear
that the Russians have by now accepted the major
principle on which the United States has insisted;
namely, that there should be a control system for
the test cessation agreement. This in itself is an
important result of the negotiations, and we must
not jeopardize this achievement by either breaking
off the negotiations or by making unreasonable
demands which we know Russia cannot fulfill.

The problem of detection of nuclear explosions
varies with the medium in which the nuclear ex-
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plosion is set off. Until recently, practically all
the nuclear explosions were set off in the atmos-
phere, either on the ground or higher up. The
best-known method for detection of nuclear ex-
plosions is the collection of radioactive debris, by
planes flying in those regions where the debris is
expected to arrive, or on the ground from fall-out.
However, the collection of fall-out on the ground
is quite unreliable, because the winds may carry
the radioactive debris in one direction or another.

We can also detect a nuclear explosion by the
acoustic method, which consists in recording the
pressure wave created by the explosion. Though
the pressure decreases as the wave passes through
the atmosphere, it remains recordable to a dis-
tance of 10,000 miles. The wave is such a good
indicator of nuclear explosions that the United
States has usually announced Russian explosions
very soon after they have taken place. We have
announced far more Russian explosions than the
Russians themselves. Similarly, the Russians have
been able to detect our nuclear explosions.

To improve detection, it was proposed as part of
a treaty on the cessation of nuclear tests to have a
large number of stations in each country, espe-
cially in Russia, in the United States, and in the
British Commonwealth, all equipped with detec-
tion instruments. With the network of stations
worked out in the Geneva negotiations, it was gen-
erally agreed that we would be able to detect and
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identify explosions in air down to the level of one
kiloton, or possibly lower.

The second medium in which nuclear explosions
have been set off is underwater. Such explosions
are, if anything, even easier to detect than those
in air, because the pressure wave is very well
propagated through water, so much so that even
an explosion of a few tons, not kilotons, can be
recorded through water for thousands of miles.

Another location where nuclear tests might be
carried out is in outer space. Detection there is
considerably more difficult than in the air or
in water, but it is confidently expected that one
could detect nuclear weapons tests to distances of
at least a million miles, which is four times the
distance from here to the moon.

UNDERGROUND testing is our most vexing prob-
lem and has received the most publicity. It has
the obvious advantage that it does not contami-
nate the atmosphere, and therefore the great dis-
advantage, from a detection point of view, that
radioactive air samples cannot be collected. From
experience gained in Nevada, we know how deep
an explosion has to be buried in order to prevent
escape of radioactive material into the air. A
kiloton bomb must be buried about four hundred
feet underground; a twenty-kiloton bomb, about
eleven hundred.

The displacement of the earth produced by an
underground explosion is sufficiently great to be
recorded easily by a seismograph, unless the ex-
plosion itself is very small. The two largest under-
ground explosions to date were carried out in
Nevada in the fall of 1958. One of these was five
kilotons and the other twenty; they could be
observed on the seismographs throughout the
United States, and the larger one gave a clear
signal in Russia.

Unfortunately, underground explosions produce
the same type of record as earthquakes; namely,
seismograms consisting of a series of perhaps
twenty wiggles. There are very few ways to dis-
tinguish between the two types of seismogram.
The best distinguishing mark that seismologists
have been able to find is the direction of the so-
called first motion — whether the first wiggle
starts up or down.

The criteria for distinguishing earthquakes from
explosions were discussed in detail in the Geneva
negotiations. It was decided that control stations
should be set up at regular intervals of about six
hundred miles in seismic regions — that is, regions
in which earthquakes normally occur — and
about a thousand miles in aseismic regions. This
figures out to about twenty stations in the U.S.S.R.

It is estimated ulg@t one to two hundred earth-
quakes with a foree ‘équivalent to that of an ex-
plosion of twenty, kilotons occur in the Soviet
Union every year. ‘Qf these, about half would be
distinguished from explesions by first ‘motion and
other features in the seismograms obtained in the
Geneva network of stations. This ‘leavés, about
fifty to a hundred earthquakes a year whic/h
not be distinguished from explosions. PPN &%

The only sure way to tell an earthquakesfront
an explosion is to send an inspection team to tHe
location of the earth disturbance. A combination
of seismograms from several stations can deter-
mine the location to an accuracy of about five
miles. Thus, one would have to send an inspection
team to explore an area of about a hundred square
miles for evidence of an explosion. A number of
scientists have tried to work out procedures for
such an inspection.

How many inspection teams would have to be
sent out every year? Would one inspect every one
of the fifty to a hundred questionable events? I
do not think so. It is generally agreed that about
30 per cent would suffice. This would mean about
twenty inspections in the Soviet Union annually
in order to monitor possible nuclear tests above
twenty kilotons.

A detailed study of the problem has been made
by Dr. Richard Latter of the Rand Corporation.
He finds that the capability of the control system
would be greatly increased by distributing the
stations somewhat differently from the pattern
proposed in the Geneva negotiations and by
increasing their number in Russia from twenty
to thirty. This would make it much easier to dis-
tinguish earthquakes from explosions, so that only
about ten earthquakes per year in the Soviet
Union with a force equivalent to twenty kilotons
or more will remain unidentified by their seismo-
grams. Ten inspections would therefore cover all
doubtful events equivalent to twenty kilotons or
more. Forty inspections would make it possible
to monitor all earthquakes above five kilotons. (A
five-kiloton bomb is a small bomb. The Nagasaki
bomb had a force of twenty kilotons.)

We must keep in mind, however, that our under-
ground explosions in the past have been carried
on in Nevada tuff, in a rock which is very soft
and which therefore gives a relatively strong seis-
mic signal. If the underground explosion is carried
out in harder rock, such as salt, granite, or lime-
stone, it creates a smaller signal. A signal which
corresponds to a five-kiloton explosion in tuff may
correspond to perhaps ten or fifteen kilotons in
these harder types of rock. Even fifteen kilotons
is not a very large atomic explosion.

Our capability of detection and inspection gf
underground explosions under the Geneva or the
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Latter system would be quite satisfactory were it
not for the possibility of deliberate concealment
of explosions by a process known as decoupling,
or muffling.

Avery powerful method has been proposed by Dr.
Albert Latter, the brother of Dr. Richard Latter.
: : The method consists of making an enormous cav-
' ity underground and setting off the atomic bomb
in the middle of the cavity. One can calculate

2 that the apparent size of the explosion is thereby re-
e duced by a factor of about 300.
. Latter’s decoupling theory was invented about
i January, 1959, and was then checked by many
€ b scientists, including me. It was experimentally
D E verified with small explosions of conventional high
< explosive in Louisiana early this year. To de-
of couple the explosion of a twenty-kiloton weapon,
2 a spherical hole of about fifty million cubic feet, or
nearly five hundred feet in diameter, is necessary.
be Moreover, the hole has to be three thousand feet
ne below ground. The big room of Carlsbad Caverns
I is only big enough to muffle ten kilotons.
ut It would obviously be very slow and very ex-
ut pensive to excavate such a hole by a normal min-
lly ing operation, with pick and shovel and high ex-
Ve plosives. However, in salt domes, large holes can
be made by washing out the salt; that is, by pump-
de ing water in and pumping brine out. Experts of
S the oil industry have estimated that to excavate a
T hole big enough to muffle a twenty-kiloton ex-
the plosion would take more than two years and would
crn cost about ten million dollars. This is quite a lot of
by money, but the time factor is probably more im-
-nty portant. The actual washing operation has to be
dis- preceded by an engincering study, and after com-
DU}Y pletion of the hole, considerable time is required
viet to set up and complete an atomic test.
HomS Whether a five-hundred-foot hole in a salt dome
Smo- - could be maintained is not known. Holes of about
r all ~ one tenth that volume are used to store oil and
s Or - gasoline. It is also unknown whether a hole could
sible ~ be used repeatedly for nuclear testing.
. (A I cannot imagine that the washing of a five-
asaki . hundred-foot hole would go undetected, even in a
der closed country like the Soviet Union. Just the
nder-

~ amount of salt water which would be carried up
9 the earth’s surface is staggering, being many
times the volume of the salt. Somehow this salt
Water must be disposed of. One possibility is to
dump the brine directly into the sea or into de-
_let.ed oil wells, but both of these methods severely
llm t the geographical areas in which the hole
could be constructed. A more widely applicable
ethod would be to dump it into a river. But
D in a very big river, like the Ohio or the St.
wrence, the salt excavated from one big hole
ould double the salt content for a year. The in-
ase would be very easy to discover by making a
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chemical anql'yisi;jqf the river water at regular in-
tervals. 09 Sm.9nOr

It is important/that there are relatively few
locations in which" large holes <an reasonably be
dug; one needs salt domes and,inaddition, ways to
dispose of the salt water. In otheﬁ,’f’tg(gcs of rock,
both excavation and disposal “of .thg “excavated
material would be far more troublésqu{e;;nd the
resulting hole would probably be lc'ssf)s'a'fgr_a‘hd less
reliable for decoupling. Luckily for inspection, the
geographical regions where salt domes aréknown
to exist are generally aseismic, so that any seismic
signal originating from these regions would be sus-
picious. For the same reason, only a few inspec-
tions would be needed to guard against muffled
shots. Of course, one first has to get a signal from a
muffled explosion. How this can be done I shall
discuss later.

']:{E main question is: Does any country want to
go to such an extreme as constructing the big hole
in order to cheat on a test ban? Can we really
assume that the Russians would go to the trouble of
negotiating a test cessation treaty just in order to
turn around the next day and violate it?

Having participated in the negotiations with
the Russian scientists at Geneva on three occasions,
I believe that they are sincere in wanting the
test cessation agreement and do not intend to cheat
on it. For instance, in November, 1959, although
the Russians were in many ways reluctant to agree
with the American delegation, they were very
eager to accept any improvements in detection
apparatus suggested by the Americans. If the
Russians wished to violate the treaty, they would
have objected to these improvements.

Many other Americans, without disagreeing on
any of the scientific facts, believe that the Russians
are bent on violation, and they therefore oppose
the cessation of testing. Dr. Edward Teller has
argued this point repeatedly, and in particular
in his television discussions with Lord Bertrand
Russell. His line of reasoning runs as follows: “We
cannot detect Russian underground tests of bombs
of small yield; since we cannot detect these tests,
we should assume that they are carrying out such
tests. If they carry out such tests and we do not,
then they will soon be ahead of us in the area of
small nuclear weapons. When they are ahead of us
in this area, they will have military superiority,
and thereby they can blackmail us into complete
submission. At that moment the whole free world
will have to capitulate to Russian Communism.”

It seems to me this is a series of non sequiturs.
Every one of these steps, I think, is very unlikely.
I do not think the Russians intend to violate a
treaty banning weapons tests; I do not think that
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the Russians could risk cheating, even if there is

only a small likelihood of being detected. Even if

we had no system of physical stations detecting
nuclear tests, the Russians would not risk having
some defector tell us about a clandestine nuclear
explosion. If there were such a defector telling us
of a Russian violation. it would not be very diffi-
cult to find physical evidence of it. I believe that
the Soviet Union, which is posing as a peace-loving
nation, whether rightly or wrongly, simply cannot
afford to be caught in a violation. and therefore
I think that it will not try to cheat.

But even supposing that the Russians wanted to
cheat, what would they need to do? One violation,
one nuclear test below ground. does not do much
for the development of weapons. In the first place,
they would have to develop entirely new methods
to assess the results of a nuclear test. Most of the
methods commonly used for observing the results
of a test in air do not work underground. Probably
several explosions of weapons whose performance
is already known are required to develop methods
of observation underground. Second, two or
more test explosions are often needed to develop
a single new weapon. Finally, a country which
already has dozens of types of weapons will hardly
be interested in developing just one more, in
violation of a treaty. For all these reasons. a
potential violator of the treaty would only be

interested if he could perform a whole series of

tests.

Now, if a series of tests were carried out, all
at the same location, this would greatly simplily
the work of the detecting agency. It would merely
be necessary to detect the disturbances on the
seismograph, not to distinguish them from earth-
quakes. The lact of repeated seismic disturbances
originating from the same location (except as
aftershocks of one big earthquake) would be suf-
ficiently suspicious to warrant dispatching an in-
spection team to their site. With our accepted
Geneva system of twenty stations in the Soviet
Union, it is generally agreed that we could record
disturbances underground of less than one kilo-
ton. Thus, to violate the treaty without being
detected, it would be necessary to find a new loca-
tion for practically every test in the series. The
development of a new test site would add enor-
mously to the cost, complexity, and inconvenience
of testing.

I nap the doubtful honor of presenting the theory
of the big hole to the Russians in Geneva in No-
vember, 1959. I felt deeply embarrassed in so
doing, because it implied that we considered the
Russians capable of cheating on a massive scale.
I think that they would have been quite justified if

they had considgred this an insult and had walkeq
out of the negbtiations in disgust.

The Russiany seemédigtunned by the theory o
the big hole. Inprivates they, took the Americapg
to task for having spént the last year invent,
methods to cheat on a nuclear test Cesgation agree.
ment. Officially, they spent considé@bf@'gﬂon in
trying to disprove the theory of the*big hate. “Bhis
is not the reaction of a country that 19 hbé
cheating. 0%

Two of the Russian scientists presented to the
Geneva Conference their supposed proof that the
big hole would not work. A day or two later,
Dr. Latter and I gave the counterproof and
showed, with the help of the Russian theory itself,
that the Russian proof was wrong and that the
theory of the big hole and the achievable de-
coupling factor were correct. We have been com-
mended in the American press for this feat in theo-
retical physics. I am not proud of it.

In the recent hearings before the Joint Atomic
Energy Committec of Congress, Dr. Teller recom-
mended that we in the United States should con-
tinue determined research to find out further meth-
ods of decoupling, further methods of reducing the
signal from an underground explosion. His argu-
ment is that we have to know all the possible
methods of concealment if we are to develop a de-
tection system which can deal with them. This
may be so, but should we really spend our time
and effort in drawing up a blueprint for a violator
of the treaty. and also do the engineering develop-
ment for him?

The Russians themselves have been quite con-
sistent in their attitude toward decoupling. In
negotiations in Geneva for joint research on im-
provement of seismic detection. they refused, as
racently as May of this year, to participate in any
research or decoupling or to permit the United
States to engage in such research. ““The Russian
people,” said Mr. Tsarapkin, the U.S.S.R. dele-
gate, “will not understand it if research under
the test ban treaty is conducted for the purpose of
defeating the treaty.”

Because of the difficulties of detecting small nu-
clear tests underground, President Eisenhower on
February 11 proposed to the two other great
nuclear powers to effect, for the time being, only
a partial test ban treaty. Tests in the atmosphere
and underwater, as well as in the nearer parts of
outer space, would be discontinued. He proposed
to ban all large nuclear explosions underground,
those giving a signal equivalent to twenty kilotons
or more under Nevada conditions. Smaller explo-
sions and decoupled tests would be permitted,
because they cannot be identified by the present
system.

Further. the President proposed, the three pow-

n
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ers should start intensive research on the improve-
ment of methods for detection and identification
of underground explosions, so that in time the
treaty could be extended to smaller underground
explosions, and perhaps a complete ban could be
effected in the end.

This proposal was accepted by the U.S.S.R. on
March 19 with an important modification; name-
ly, that there should be a moratorium on smaller
nuclear tests for a number of years. While only
the large tests would be prohibited in the treaty
itself, the three powers would declare in a separate
document that they would refrain from carrying
out nuclear explosions under twenty kilotons. The
Russians proposed four to five years as the dura-
tion of such a moratorium; the West, two to three
years.

To pursue this proposal further, the seismol-
ogists of the three nuclear powers met in May in
Geneva to make plans for joint research on seismic
detection. A large measure of agreement was
achieved, but there is still a question as to the
number and type of nuclear explosions to be used
in this research.

Somehow, the seismic research has become iden-
tified in the mind of the public with the setting
off of underground test explosions. This is by
no means correct. The main problem is to im-
prove the instruments of detection. This can be
done largely by utilizing signals from earthquakes.
Few explosions will be needed.

We need instruments which will give us more di-
versified information. We want to eliminate from
the seismograms as far as possible the ““noise’™; that
is, the ever-present, minute, irregular motions of
the earth. We need to learn to utilize calculating
machines and mathematical tricks for the analysis
of the records. We want to learn to deduce the
shape and depth of the original earth displace-
ment caused by a disturbance hundreds or thou-
sands of miles distant from the recording instru-
ment. At present, the depth can be deduced from
the seismogram only if it is very great — about
thirty miles or more. Perhaps we can learn to
determine the depth of the source of the seismic
signal to an accuracy of one mile. If this were
possible, then signals originating from a depth of at
least two miles could be attributed to earthquakes,
because it is extremely difficult to drill holes that
deep.

A NUMBER of promising ideas for improved de-
tection were proposed in the spring of 1959 by the
Berkner Panel, which was set up by the President’s
Science Advisory Committee to study the problem
of detection of nuclear explosions. Some of these
ideas were proposed to the Russians at the Techni-
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cal Conference in Novciﬁbe;‘, 1959. With a lot of
research there is good hope:for.substantial im-
provement of the art of detection during a two-
or three-year moratorium. ' 5 YO,

Would it be possible by these imprdx{;séhcgts to
detect a decoupled test of a twenty-kilmbﬁé&plo-
sion in a big hole, using only the twent scismic
stations provided in the Geneva system? ‘,(lﬂ(r(
not know. It must be remembered that, with"
decoupling factor of 300, a twenty-kiloton explo=
sion looks like only seventy tons, not kilotons, and
this is a very small explosion indeed. With the
present methods, the Geneva system can only de-
tect and locate explosions down to about seven
hundred tons, not identify them.

But suppose it is impossible to improve the
seismic techniques sufficiently by research. We al-
ready know one method which would certainly
enable us to detect even the fully decoupled tests.
This method is to make the spacing between sta-
tions much smaller. My proposal would be to
decrease the spacing from 600 miles, as agreed to
in the Geneva negotiations, to 120 miles in the seis-
mic regions, and also in those regions where there
are salt domes. In the parts of the Soviet Union
where there are neither earthquakes nor salt
domes, the stations could be distributed at a much
wider spacing — let us say, 250 miles. With such
spacing, one would need about two hundred sta-
tions to cover the Soviet Union.

If the whole of the Soviet Union, seismic and
aseismic regions alike, were to be covered by sta-
tions at 120-mile spacing, six hundred stations
would be needed. I mentioned this number dur-
ing the congressional hearings which were held in
April, 1960, under the chairmanship of Mr. Holi-
field. The number was then quoted out of con-
text and without the proper qualifications in sensa-
tional press reports which implied that I no longer
supported a test ban treaty. This, of course, did
not correspond to the intention of my testimony.

The twenty stations in the U.S.S.R. which are
provided by the Geneva system will be large,
manned stations, each with about thirty technical
people plus supporting personnel. They will have
equipment to observe nuclear tests in the air as
well as underground, and each station will have an
array of a hundred seismographs in order to re-
duce the “noise.”

The additional two hundred stations which I am
proposing would be unmanned robot stations with
one seismograph each, or possibly two. Such a sys-
tem of robot stations would be simpler, cheaper,
and, at the same time, more effective for seismic
detection than the twenty large stations. I should
think that these additional robot stations might
well be acceptable to the Russians, especially if we
do not demand them now but keep this idea in




TITLE, U.5. LODE
RICAL SOCIETY

COPYRIGHT LAW,
WESTERN RESERVE HISTO

0825 EAST BLVD. CLEVELAND, OHIO 44106

The Allantic Monthly

mind as a way out if no better method is discov-
ered to observe decoupled tests.

How much would such a system of small stations
cost? Two estimates have arrived independently
at a figure of about $100,000 for each of these
small stations. This includes provision for making
the station ‘‘tamperproof.” While one cannot
expect such tamperproofing to be 100 per cent
effective, one can expect to design the station in
such a way that any tampering will be observable.

[t is important to have reliable transmission of
information from the robot stations to the large
stations. Various methods of transmission have
been considered by a group of communications
experts. The total cost of the system of small
stations in Russia, even with the most elaborate
communication links. is estimated to be less than
two hundred million dollars. Engineering esti-
mates have also been made of the cost of the basic
twenty-station net. No final figure has been given.
but a total of hall a billion for both the small
and the large stations is probably the best conserva-
tive guess that can be made at present. This is not
cheap, butitis a great deal less than the one to five
billion dollars for the large stations alone which
was mentioned in the Holifield hearings in April.

The system of robot stations is expected to de-
tect and identify fully decoupled twenty-kiloton
tests in the seismic regions. It is expected to de-
tect and locate, but not identify, similar tests in
the aseismic regions. [ have previously shown that,
once you get a signal, the number of inspections
can be held within reasonable bounds. Of course,
the robot stations would also greatly improve the
detection of normal, not decoupled shots. It would
be easy to detect and identify earthquakes down
to one kiloton or less. Hence, the number of in-
spections could be greatly reduced.

It has been argued that several years will pass
before we can build the system of small robot
stations. This is true, but it would also take sev-
eral years before a sufficiently large cavity could be
constructed and successfully used.

In the meantime, there is a possibility of using
already existing, smaller cavities in salt. There
seem to exist, at least in this country. several
holes which would fully decouple an explosion of
two or three kilotons. If similar cavities exist in
Russia, it must be admitted that it would be pos-
sible to use these for testing very small weapons:
there will always be a threshold of detection, even
with the best detection system. The question is
whether such testing would be worth while. More-

over, a two-kiloton hole could be used to achieve
partial decoupling for a larger explosion — say,
twenty kilotons. From the Louisiana experiments,
one may estimate that this proportion of hole size
to explosion energy will give decoupling by a

factor of 30. The, t’(w;mq -kiloton explosion thep
looks like two thirds’ofa, ¥ildton. This i is just d
tectable by the Geneta_ret %f Stations, althoy eh
without the robot stations a mgnal of this gjza
could not be distinguished/from an‘&anhqu;,ke
Thus, with the Geneva net alone, it wg_g{qf be risky
for a violator to attempt a partially” Q_ﬁc%pled
explosion of twenty kilotons. A “tén’kilGun cy.
plosion, partially decouplcd In an exisfir {w .
kiloton hole. could probably go undetectedty
either we have robot stations or significafy m;.
provements have been made in the art of defg.
tion. However, it seems from the Louisiana experi.
ments that the cavity will suffer damage when it jg
used for partial decoupling of an oversized ex.
plosion. It is, then, very doubtful whether it coulq
be used more than once. In this way. the fe
existing big holes would soon be used up.

I believe, therefore, that it is technically feasible
to devise a system of detection stations and in-
spections which will give reasonable assurance
against clandestine testing, with the possible ex-
ception of very small, decoupled tests.

A KEY point in the monitoring system is on-site
inspection. This was recognized as necessary in
the Experts Conference of the summer of 1958.
The Russians agreed reluctantly, but they did
agree, to a passage which says that “all events
which are recorded by the control stations and
which could be suspected of being nuclear explo-
sions will have to be inspected on the site.” This
passage, which our negotiators insisted on, has
been a very powerful argument for our side. I am
sure that the Russians have often regretted that
they agreed to it. On the other hand, our delega-

tion would not have agreed to the final report of

the conference without this passage.

Estimates made in Washington have ranged as
high as from one to three hundred necessary in-
spections per year in the Soviet Union for a com-
plete test ban. Obviously, the Soviet Union wishes
to prevent such a large number of inspections.
Soviet negotiators have objected time and time
again that we would use the on-site inspections for
espionage purposes.

To solve this impasse, Prime Minister Macmil-
lan, on his visit to Moscow in the spring of 1959,
proposed that there should be a fixed quota of
inspections every year in each country and that,
in exchange, each side should have free choice of
the inspections to be made on the territory of the
other.

In other words, if a suspicious event is recorded
on the seismographs in Russia, then the West,
which means essentially the United States and

h—
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Britain, would have the right to choose whether
or not to inspect this event. They would decide
on the basis of other knowledge whether it is
reasonable in that particular locality to suspect
a nuclear explosion. If, for example, the seismic
event is shown to originate from a completely
trackless wilderness in the mountains, then it may
be presumed by the West that it was not a nuclear
explosion. If, however, the seismic event is re-
corded in an abandoned mining area where one
might very easily dig a tunnel to put in a nuclear
bomb for testing, or especially in a salt dome area,
then we would presumably insist on inspecting
that area.

It seems to me that this idea of a quota, com-
bined with free choice by the West of the events to
be inspected in Russia, is a good compromise.
Russia has accepted this idea in principle; our
government has not: it insists on inspection of a
percentage of the suspicious events rather than a
fixed number. This implies that the number of
inspections would be determined on the basis of
technical need. The Russian position is that the
quota must be determined on the basis of political
acceptability alone.

In practice, however, the U.S. government has
adopted the quota idea as part of President Eisen-
hower’s proposal of February 11, 1960, of a partial
ban on nuclear tests. He proposed that this partial
test ban be enforced by a quota of about twenty
inspections per year in the U.S.S.R., a very rea-
sonable number. The Russians, while accepting
the February proposal with some modification,
have not as yet responded to the proposed number
of inspections. In fact, they have never officially
mentioned any number and have given us to un-
derstand only that they are thinking of very small
numbers of inspections. But one point is clear:
The quota must be fixed by the negotiators before
either Russia or the West will sign a treaty.

LET us assume the most unlikely and worst pos-
sible case; let us assume that the Russians have
gone to all the trouble of negotiating a treaty only
in order to violate it. It would take them a very
long time to set off any significant number of ex-
plosions; it would take a tremendous effort. It is
generally agreed that they could test only small
nuclear weapons. Even in the area of small nu-
clear weapons, a test series would take a number
of years. Now, let us even assume that the Rus-
sians wish to go to all this trouble just to develop
further small nuclear weapons. Where do we
stand?

At this time, it is generally agreed that we are
far ahead of Russia in the development of small
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nuclear weapons. Wc have nuclear weapons rang-
ing from twenty. ki down to a fraction of a
kiloton. We have é\rg Q}; all different sizes. We
have weapons whicht.can be earried in big air-
planes, in fighter planesﬁm ballistic missiles, in

land-based rockets, and even in airborne rockets to
bring down enemy planes We havanuclear weap-
ons which can be shot in short~range' cri;;gets like

Honest John; we have nuclear w; o, small
that they can be carried by thézi y with
relative ease. We have an enormous afsgnal Obsuch

weapons. The Russians also have @ er
of such weapons, but their arsenal in the?field of
small weapons, as far as we know, is much“more
limited than ours, and probably their weapons are
not quite as sophisticated. It would take them a
long time to catch up with us.

What is the alternative? Suppose we resume
tests only in the area of small weapons. Then we
could be sure that it would not take the Russians
very long to reach our present, very high-level
technology in this field. But, it will be argued by
Dr. Teller and his associates, in the meantime we
also can make progress. Clearly, we could if we
resumed nuclear tests. However, we have already
gone far enough so that very little we can do in the
future will be of great military significance.

While the Russians could gain considerably by
the resumption of tests ¢ small nuclear weapons,
they also have enough such weapons to give them a
sizable capability in case of a tactical nuclear
war. Therefore, they do not have a desperate need
for improving their weapons, and thus not enough
incentive for testing to risk a violation. Yet, if nu-
clear tests were resumed legally, the Russians
would probably make more rapid progress than we
would.

It has been claimed that we still have a long
way to go in nuclear weapons. There are two
schools of thought on this: one essentially
represented by the Livermore Laboratory, the
other by the Los Alamos Laboratory. The Los
Alamos Laboratory, our chief laboratory in the
development of nuclear weapons, which has to its
credit most of the weapons which have been de-
veloped up till now, is generally of the opinion
that not much more can be obtained in the way
of weapons improvement. They will admit, and I
will admit, that there can always be some further
improvement, but the question is, Is it worth
while? Even if testing were allowed, would it be
worth a great effort?

Let me repeat: If the Russians really want tac-
tical nuclear weapons — that is, nuclear weapons
of small yield — then the best thing for them to do
would be to resume testing of such small weapons
officially, exactly as was suggested in the original
proposal by President Eisenhower on February 11.
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The fact that they asked instead for a moratorium
on small tests indicates to me that they do not put
much weight on development of these weapons.

I believe that if tests were resumed, if the ne-
gotiations on test cessation were to break down,
then the Russians would choose to test big weap-
ons, hydrogen weapons, in the megaton class. I
think that these are the weapons which are most
dangerous to us; these are the weapons which the
Soviets consider to be of the greatest military im-
portance to them. I want to remind you of the
situation in the fall of 1958. At that time the
United States put in an extra test series, which is
known as the Hardtack II series, carried out in
Nevada. This test series consisted of a number of
small nuclear explosions, from about twenty kilo-
tons down to a fraction of a kiloton.

At the same time, the Russians tested the largest
weapons they have ever tested, weapons of many
megatons. They increased the yield from their
weapons; they made them more efficient in the
large-megaton class. They probably obtained in
that test series the warhead for their big inter-
continental ballistic missile. This is a tremendous
weapon in their hands. If the Russians were to
launch a determined attack on this country, per-
haps a surprise attack, they would undoubtedly use
these enormous weapons.

I believe that it was much to our disadvantage
that the United States conducted the test series in
the fall of 1958. It would have been in our power
to declare in August of 1958 that we would stop
testing from that moment on. If President Eisen-
hower had made this bold declaration, I do not
believe that the R ssians would have conducted
their test series in September and October. They
used our small test series as a very welcome excuse
to conduct their own. The bold political decision
to stop tests altogether would have been much
more to our military advantage, since such a de-
cision would have made it difficult for the Rus-
sians to resume testing and to test their big war-
heads. Had the Russians tested nevertheless, we
would still have been free to conduct the small
Hardtack II series. We got comparatively little
from our small test series; they got a great deal,
and very big weapons, out of theirs.

If we were now to resume testing, if we were to
break off negotiations in Geneva, then we could
not force the Russians to test only small weapons
underground. While we might restrict our own
testing in this manner, the Russians could test
anything that they considered to be to their mili-
tary advantage. Whether their tests would be in
the multimegaton category, or whether they
would try to decrease the weight for, let us say, a
one-megaton weapon, I could not predict. But I
strongly suspect that they would choose to test
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large weapons rather thar/{\ small.ones, that they
would choose to test strategic'weapons, which they
consider the most important, ratherthan, the tacti-
cal weapons which have had such prominence in
public discussions in the United States, ARUARS

S, f)“ ;
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IF we had stopped nuclear testing when the,
Russians first suggested doing so, at the beginning
of 1956, we would presumably have had a very
great superiority in hydrogen bombs. We had
tested at least half a dozen; they had tested one
type only. We might possibly have a situation in
which the Russians would not now have a hydro-
gen warhead for their ICBM. The missile gap
has been a great worry to our military during
the past two years. Without a hydrogen warhead,
the ICBM would be much less important, and our
superior position in planes might have remained
of much greater significance.

The politically bold decision to accept the
Russian offer to stop nuclear testing in 1956,
cither before or after our own 1956 test series,
would then have given us considerable military
advantage. Sometimes insistence on 100 per cent
security actually impairs our security, while the
bold decision — though at the time it seems to in-
volve some risk — will give us more security in the
long run.

There can be no doubt that, since 1956, the
Russians have gained in nuclear weapons, relative
to us. It is my belief that this is quite natural:
the country that is behind will catch up; the coun-
try that is ahead will not make so much progress
in the future. Dr. Teller has pointed out that our
nuclear weapons today are about a thousand times
as efficient as they were in 1945. He states, “In
comparison with the nuclear weapons of 1960,
those of 1950 appear completely obsolete. If the
development should continue, there is no doubt
that in 1970 nuclear explosives can be produced
compared to which our present weapons will ap-
pear similarly outdated.” The first sentence is
clearly true. But if we want to increase the effi-
ciency of our nuclear weapons by another factor
of about ten — not a thousand — from the pres-
ently achievable, we come to a point where the
entire material in the weapon must undergo a
nuclear reaction. Since there must be assembly
mechanism, triggers, bomb cases, and the like,
this is clearly impossible. Further nuclear weapons
development will be limited by the laws of physics.

This being so, further testing by both sides
would bring the Russian capability closer and
closer to ours. If we stop nuclear testing now,
we may reserve at least the little bit of military
advantage in nuclear weapons that we still possess.
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It is certainly late enough. So I come to the con-
h they clusion that, even from the purely military point
; of view, for our purely military strength compared
- with Russia’s, we would gain by a test cessation
agreement. _ .
The political gain would be enormous. Basic to
the accepted control system of a test ban are the
control stations on the territory of the contracting

‘N the parties. If the agreement becomes reality, the
INning Russians will for the first time permit foreign
a ve * nternational inspectors to go on their soil, to have
e had the right to check up on their activities. This is the
d one first time that the Russians have been willing to
lon in give up any part of their sovereignty. Of course,
lydro- we are asked to give up the same part of our sov-
€ ga ereignty too, but for the Russians, with their ex-
iuﬁn&; treme desire for secrecy, it is a far more difficult
head, thing to do, and it would be a real achievement
id our of the negotiations.
aine The Russians have further admitted that there
~ should be on-site inspections of suspicious events
t the " detected by the physical control stations. This is
1956, ¢ * another major concession. So, in the test cessation
series,, | agreement, we would get the first admission in
litary - principle of the rights of a foreign control organ on
e Russian soil, an admission which might be of the
e the " utmost importance for further disarmament agree-
to in- ~ ments. It would be very dangerous indeed for us
n the ~ to jeopardize this achievement by not concluding

 the test cessation agreement.
The main importance of our negotiations on the
- test cessation agreement coOmes, I believe, not

lative
i ~ from this agreement itself, important as it is, but

ural:

-oun- from further agreements which must follow. It
gress - has been recognized widely in the United States,
tour ¢ ~ and also in the Soviet Union, that the continued
times * arms race makes no sense. The two countries are
, “In fully capable of destroying each other, in fact, of
1960, destroying each other several times over. This is
f the . an absurdity. Modern war simply does not make
oubt sense as an instrument of national policy. I be-
uced lieve that we should try to arrive at a situation of
| ap- carefully controlled limitation of armaments. It
ce 1s is a difficult thing to achieve, and it will be a
effi- long road before we do.

ctor: (8 However, if we want to stop the armaments
pres-- = race, then we have to make a start somewhere.
- the = It has to be made in a way consistent with United
20 § States policy, meaning that every limitation of
T{blﬁ armaments must be carefully controlled. We have
likey to make a start in an area where it does not cost us
P’f’“é. too much, where we can back off again if the
sics. X

idesisd £

and =
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first treaty doesn’t work. With the test cessation

agreement, this woﬂla".‘,ge ossible, because it
. / Ny - 71 .

covers a sufficiently‘restricted subject.

I have so far discussed this‘problem entirely in
regard to the two powers, the United States and
Russia. However, the effect on‘other. powers is at
least equally important. It is clear ﬂ}&/,fot;her
powers may also get nuclear weapons, $saon In
fact, if we wait long enough, they surely will do §o>;
I do not know how long it will take for Chinaee
achieve this capability. I do not think it will7he’
next year, but I will not be surprised if the
Chinese develop nuclear weapons before another
five years pass. It is to our interest to keep nu-
clear weapons out of China’s possession. We have
every interest in restricting the nuclear club to
its present members, essentially three, with France
a junior partner. If the three great nuclear pow-
ers continue nuclear testing, then there will be
no pressure on the other countries to refrain from
developing nuclear weapons. If, however, the
three great powers give up nuclear testing, and
give it up completely, then popular pressure, both
from the great powers and from the small powers,
will be very strong on the other countries to make
them adhere to the treaty which the great powers
have signed.

I cannot predict whether China will in fact
adhere to a test cessation treaty. I think that both
Russia and the United States would desire that
China do so. But one thing seems to me certain:
If we do not have a treaty on cessation of nuclear
tests, then China will surely get nuclear weapons
in a fairly short time. For this reason, it is impera-
tive not only to have a treaty but to have it soon.

At this time we can still get something if we
agree to stop nuclear testing. But we have a
wasting asset here. Before long, I believe, public
opinion in the world will force us to stop nuclear
testing without our getting anything in exchange.
At present we get in exchange recognition by
Russia of stations on Russian soil and of the prin-
ciple of controlled disarmament. We may further
get in exchange the restriction of the nuclear club
to three members.

Opponents of the test cessation agreement want
to have a perfect agreement; they want to have
an agreement in which we can be sure to detect
each and every violation, no matter how small. I
think that by insisting on perfection we shall end
up with nothing.
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