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In this article, we review the range
of issues involved in the consideration
of a CTB. Often the negotiaions at
Geneva and the internal debates in the
United States have been so dominated
by technical issues, notably those re-
garding verification, that the political
and military significance of a CTB has
been lost or ignored.
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Any history of the LTB must con-
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and the formal negotiating process it-
self—that process in which the parties
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policy decisions regarding negotiations.
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Much of the written history of this
dimension is available (). However,
what is less evident is the nature of
the intragovernmental negotiations that
necessarily precede and accompany

intergovernmental negotiations. We
know a good deal about the United
States’ internal process. We know

almost nothing about the Soviet Union’s,
but we must assume nevertheless that, in
that country too, there was internal
argument and debate on the test ban
issue. The international negotiations
consisted largely of sparring rounds on
a few issues—the test ban’s relation to
more general disarmament and on-site
verification. What we know about the
internal debate in the United States
and what we surmise about debate in
the Soviet Union point up political and
military issues that were never stated
in the international negotiating process,
but that were, nevertheless, motivating
forces behind each country’s position.

A test ban was proposed in 1954
after both the United States and the
Soviet Union had tested thermonuclear
devices and after the fallout from a
particularly large U.S. test (15 mega-
tons) in February 1954 had affected
the crew of a Japanese fishing boat.
From then until 1963, when the LTB
treaty was signed, there were periods
of serious negotiations, periods devoted
to technical analyses, and a test ces-
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sation lasting almost 3 years—during
which each side agreed to refrain from
testing if the other did likewise—often
punctuated by unilateral proclamations
or bitter accusations, or both.

The United States was worried that
a nuclear test ban would be a prelude
to a ban on the use and even the pos-
session of nuclear weapons and that
this would eliminate the West’s nuclear
superiority, which was considered nec-
essary to balance Soviet superiority in
conventional forces in Europe. A test
ban was therefore held to be detrimental
to the West unless limitations on nuclear
forces were tied to limitations on con-
ventional forces. In 1959, the United
States dropped its requirement that the
test ban be linked to other disarmament
measures. It focused its “anxieties” on
the technical questions involved in veri-
fication. American technical analyses
indicated that monitoring nuclear ex-
plosions would be particularly difficult
if the tests were underground. As a con-
sequence, the United States insisted
that, before it would sign a comprehen-
sive test ban treaty, it must have the
right of on-site inspection. The Soviets,
for their part, viewed this U.S. require-
ment very suspiciously and claimed
that this was required not for techni-
cal reasons, but for the U.S. intelli-
gence services. However, for a short
time in the course of the negotiations,
the Soviet Union took the significant
step of agreeing to permit a certain
small number of on-site inspections.
Considering previous Soviet attitudes
toward any foreign intrusion, this ap-
pears to have reflected great interest
on their part in reaching an agreement
at that time.

When resolving the Cuban missile
crisis in 1962, both powers recognized
the need for détente and a demonstra-
tion of reconciliation. A nuclear test
ban treaty, which was ripe for con-
clusion after years of negotiation, was
mentioned in this connection in the
exchange of messages during the crisis.
In renewed negotiations, the Soviet
Union revived its willingness to ac-
cept a small number (that is, two or
three) of on-site inspections per year.
For its part, the United States reduced
the requirement from between 12 and
20 inspections per year to seven per
year. An agreement seemed virtually
in hand. However, existing doubts and
internal pressures found expression in
arguments about the exact number of
on-site inspections required. A com-
promise between three and seven was
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not reached. In retrospect, it is difficult
to see how U.S. security could have
been dependent on precisely seven on-
site inspections or how Soviet security
could have been more compromised
by seven (or five) inspections per year
than by three. But this numbers game
became a politically insuperable obsta-
cle to an agreement that banned under-
ground testing. Fortunately, the leaders
of both sides salvaged some of the
spirit of the negotiations and agreed to
the LTB. On 10 October 1963, the
LTB, with no prohibition on under-
ground testing, came into force. It
included a commitment to continue
negotiations for a CTB.

The Soviet Union later withdrew its
offer permitting on-site inspections.
Looking back, we can see that not only
was the opportunity to reach a CTB
agreement missed, but also, and per-
haps more important, the opportuniiy
to introduce ‘reciprocal on-site inspec-
tions in the Soviet Union and the
United States was missed. If the prece-
dent of on-site inspections had been
established, subsequent disarmament ne-
gotiations might have been more fruitful.

The internal debate in the United
States was much less about on-site in-
spection per se than about the ease
with which the Soviet Union could
secretly violate a test ban agreement.
Those who were particularly suspicious
of the Soviet Union believed it folly
to agree to anything that limited U.S.
freedom to test. Looking back at the
late 1950’s and early 1960’s, we can
see that ambiguous positions, vacilla-
tion, and slow decision-making reflected
internal differences over the - general
wisdom of a treaty, as well as over spe-
cific aspects of a treaty, such as the
danger of fallout and the military neces-
sity for underground tests.

When, after the Cuban crisis, Presi-
dent Kennedy determined that a treaty
was important, he was willing and able
to resolve some of the internal differ-
ences; thus the LTB resulted. We
know from public statements and from
the changes in the Soviet Union’s posi-
tion that they, too, had some internal
problems. Khrushchev later recounted
his struggle to persuade his Council of
Ministers to agree to three on-site in-

~ spections when he felt that the United

States would accept this too (2).
Before the LTB went into effect, the
United States and the Soviet Union
were almost totally preoccupied with
the issues as they affected their rela-
tionship to each other. Other countries,

by and large, took positions that can
be explained in part by their places in
the nuclear hierarchy. Britain generally
seemed to want to eliminate the politi-
cal and technical obstacles that arose,
but, until the completion of its weap-
ons test series in 1958, Britain was less
positive about immediate cessation of
tests. France felt that its position de-
manded that it pursue the development
of nuclear weapons unless there was
going to be complete nuclear disarm-
ament; France started its testing pro-
gram in 1960, during the U.S.-Soviet
testing moratorium. China likewise ad-
vocated full nuclear disarmament.
However, in July 1963, when the LTB
was being concluded, China publicly .
denounced the agreement. This seems
to have been a major step in the
breach in Sino-Soviet relations. The
LTB was negotiated without the par-
ticipation of China and France, and
this no doubt added to their annoy-
ance. The remaining countries were
generally without nuclear weapons and
without nuclear ambitions, and they
supported a test ban as a way to pre-
vent nuclear fallout and as a door to
arms limitation. ,

Since the LTB, nuclear testing by
the superpowers has not ceased, but
has gone underground. The total num-
ber of tests reported by U.S. authori-
ties before and since the LTB, as of 1
January 1971, are United States, 539
(310 before, 229 since); Soviet Union,
173 (126 before, 47 since); Britain,
25 (23 before, 2 since); France, 37
(7 before, 30 since); and China, 11
(all after the LTB). Swedish Defence
Research Establishment figures indi-
cate Soviet tests to be 236 (163 be-
fore, 73 since). There are indications
that the actual number of U.S. and
Soviet tests may be substantially higher
than the numbers officially announced.

Verification

For over a decade, the presumed
obstacle to a CTB was whether or not
national means of verification were
sufficient to monitor tests and verify
that a CTB was not being violated.
Specifically, the question centered on
whether on-site inspections were nec-
essary to verify compliance with a
treaty.

The U.S. position has been that the
main means of monitoring under-
ground nuclear explosions is analysis
of seismic signals. This involves two
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steps—detection (that is, a signal must
be detected, thus indicating that there
has been a seismic event and, as far
as possible, locating it) and identifica-
tion (that is, analyzing seismic signals
generated by the event to see whether
the source was an explosion or an
earthquake). Not all detected signals
can be identified (3). Therefore some
on-site inspections were demanded as
a means of spot-checking that detected
but unidentified signals were not
caused by nuclear explosions. The
United States has always been pre-
pared with a mass of technical evi-
dence to support its position that seis-
mic identification without on-site
inspection was an inadequate means of
verification.

The Soviet Union has engaged in
technical discussion but has not linked
its technical arguments directly to its
position that on-site inspection is not
necessary for verification.

Since it was recognized that only
seismic evidence could be used to de-
mand an on-site inspection, this form
of verificaiton was limited to tests that
could be detected by seismic means.
This seems to indicate that the United
States was willing to risk possible
Soviet treaty violations stemming from
both very low yield tests and from
intermediate yield tests that, in theory,
could be seismically concealed, but
was unwilling to risk possible viola-
tions from seismically detectable tests.

At the time of the signing of the
LTB, the United States estimated (3)
that:

1) A seismic detection system could
be built, with instruments placed out-
side the Soviet Union, which would
have a high probability of detecting
underground tests of about 1 to 2 kilo-
tons in hard rock, as well as earth-
quakes giving comparable signals.
Underground tests in softer materials
such as dry alluvium generate signals
that are smaller by as much as a factor
of 10 and therefore would have to be
10 to 20 kilotons in yield before being
detectable.

2) Such a system would detect about
170 earthquakes annually in the Soviet
Union. Of these, only about 20 would
be clearly identifiable as earthquakes
by seismic techniques then in hand.

3) Concealment methods, such as
muffling seismic signals by testing in
very large cavities or masking signals
by making tests coincide with earth-
quakes, could, in principle, make it
possible to test at much higher yields
—perhaps up to 100 kilotons—without
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seismic detection. Such concealment
methods were costly and fraught with
practical engineering difficulties, but
they might be feasible on some scale.
They would also increase the likeli-
hood of detection by nonseismic
means. .

Since the LTB has been in effect,
progress in seismology has demon-
strated that the detection threshold can
be somewhat lower than the level of
1- to 2-kiloton explosions in hard rock.
Of far greater importance is the dis-
covery that explosions almost always
produce smaller long-period surface
waves than do shallow focus earth-
quakes of the same body wave magni-
tude. This means that, if desired, sys-
tems can be built which can identify
explosions and earthquakes extremely
well, down to a level equivalent to
about a S-kiloton explosion in hard
rock, leaving only a small number of
detected but unidentified events annu-
ally (4). Moreover, improvements in
identification give promise of continu-
ing down to levels equivalent to 1- to
2-kiloton explosions in hard rock, al-
though it will never be possible to
identify all seismic events that are
detected, since identification requires
more information than detection (5).
To go further in improving seismic
means for monitoring underground

explosions, it would be necessary to

lower the detection threshold, which
will become ever more difficult. Thus,
the point of diminishing returns for
seismology research in nuclear test
monitoring may soon be reached.
Meanwhile, the systems installed and
now operating lag some way behind
the technical possibilities described
here.

The problems of concealment are
pretty much the same as they were.
Any analysis of the significance of
concealment must take account of the
fact that making progress in nuclear
weapons technology poses serious prac-
tical difficulties and that these are com-
pounded by the requirements of
clandestine testing. What is often for-
gotten is that the primary goal of a
nuclear testing program is advancing
nuclear  weapons  technology—not
avoiding detection per se. Clandestine
testing is not predominantly a game of
“hide and seek.” No country is going
to embark on necessarily costly, com-
plicated, and risky concealment mea-
sures unless it judges the gains to be
great.

In addition to the progress in seis-
mology, research carried on in the

United States on the technical aspects
of on-site inspection has shown that
visual observation and radiochemical
analysis are the only useful techniques,
but that even these techniques are not
effective when a test explosion is suffi-
ciently deep to prevent surface disturb-
ances and seepage of radioactive gases
to the surface (6).

The improvements in seismic detec-
tion reduce substantially the need for
on-site inspection. The now manifest
technical limits to the effectiveness of
on-site inspection further reduce its
significance both as a means of verifi-
cation and as a deterrent to treaty
violations.

However, interest in on-site inspec-
tion has not disappeared, since the
door to possible violation with tests
above the seismic detection threshold
cannot be completely closed by seis-
mology. Every method, including on-
site inspection, that offered any hope
of aiding verification and increasing
the difficulties and risks for a potential
violator would be grasped, if great
military importance were to be at-
tached to the occasional tests that
might be detected, but not identified,
seismically.

Recognized but rarely discussed are
nonseismic means for detecting and
identifying underground explosions.
Satellite sensors can be exploited for
this purpose, as can traditional means
of intelligence, although how helpful
either of these methods is in supple-
menting the seismic means is not
known to the public. They can be help-
ful in detecting clandestine tests and
in directing careful examination of seis-
mic records relating to specific times
and locations. They may also be signifi-
cant in helping to identify suspicious
events first detected seismically.

The significance of nonseismic
means is that they are varied and
secret and that they may not diminish
in effectiveness with smaller tests in
the same way as seismic means. It will
be hard to find ways to deceive them
all, and a potential violator will not
feel secure, no matter how much effort
he puts into seismic evasion.

Although the need for on-site in-
spections was a key issue to both the
United States and the Soviet Union,
the character and details of on-site in-
spections were but little discussed.
How intrusive need they be? How well
would they work? The lack of discus-
sion of these issues may indicate that
neither nation expected to be allowed
an on-site inspection at a real test site,
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and that, at most, they regarded the
right of on-site inspection as only a
deterrent to cheating. But it may also
be that on-site inspection was mainly
a proxy issue for other apprehensions
that the superpowers had about signing
a treaty or for their inability to have
their disparate constituencies face up
to accepting a treaty. Now on-site in-
spection seems hardly relevant to the
important considerations involved in
assessing the risks and benefits of a
CTB.

There are very few references to the
problems of verification for countries
other than the superpowers. This is so
for a combination of reasons. '

1) The superpowers are no doubt
interested in observing the military
activities of other countries, including,
in particular, the testing of nuclear
weapons and their delivery systems.
But if they observe tests by Britain,
China, France, or any other country
that “goes nuclear,” this is not likely
to influence strongly their own highly
advanced programs for testing nuclear
warheads.

2) The acquisition of nuclear weap-
ons has been an overt act from which
governments sought to derive political
advantage. Most countries would not
go nuclear by clandestine testing.

3) Countries going nuclear are likely
to start with tests large enough to de-
tect. To date, such tests have usually
been around 20 kilotons. For technical
reasons, this appears to be the easiest
and the most economical size for a
first weapon.

"It is important to note that there are
great variations in the technical diffi-
culty of monitoring different countries.
Israel, a very small and barren coun-
try, should be very easy to monitor;
Japan, large and highly seismic, rela-
tively hard to monitor. Also, the great
variation in political openness of dif-
ferent countries allows very different
levels of collateral intelligence to be
obtained about nuclear developments.

Military Significance of Tests

The next question to consider is the
nature of the military attractions to
the two superpowers of continuing
nuclear tests and, in particular, what,
if anything, could be gained by illicitly
conducting nuclear tests after a CTB
was introduced.

Nuclear tests are conducted to main-
tain confidence in existing stockpiles,
to prove the feasibility of new weap-
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ons designs, to measure nuclear explo-
sion effects, or to contribute to re-
search and development in weapons
technology. Some tests serve ‘more
than one purpose.

Confidence tests are occasional tests
for the purpose of maintaining confi-
dence in weapons already stockpiled.
Since materials age and inadvertent
changes may occur in production, mili-
tary authorities frequently insist on
sampling the performance of their
weapons. These tests are not intended
to advance the state of the art.

It is not clear that such tests are
really needed, since a bomb need not
have any moving parts and tests of the
entire device, short of going nuclear,
can be carried out. Nuclear fuels work,
as the world knows all too well, and
their chemical integrity can be checked
by conventional chemical means. If all
tests were prohibited, steps would surely
be taken to minimize the possible deteri-
oration in the reliability of the weap-
ons. Bomb designs, material standards,
production methods, and so on would
be rigidly frozen. But to the extent that
confidence diminishes, it is more likely
to affect the attitude of those who plan
a first use than of those who plan retal-
iation only. The effect, if any, is to
widen the firebreak between nonnu-
clear and nuclear weapons and to shift
nuclear weapons gradually toward the
role of weapons that are useful only
to deter nuclear attack.

Proof tests are tests of newly de-
signed weapons whose designs are based
on accepted and established principles.
New designs are needed to meet size,
weight, shape, or other performance

requirements. Before stockpiling, it is

necessary to test a new weapon to see
whether it works as intended and ex-
pected.

Tests without nuclear explosives or
at less than full yield will give less
than full confidence. Occasional single
tests can do the job; but full diagnostic
instrumentation, which raises the risk
of detection by nonseismic means, is
not necessary, although useful in the
event of failure.

Without proof tests it would prob-
ably be necessary to design new weap-
ons systems around existing nuclear
bomb designs (7). The effect is differ-
ent for weapons intended to deter at-
tack than it is for those intended to en-
hance the capability for fighting wars.

For the purpose of maintaining a
credible deterrent, the case for con-
tinued upgrading and redesign of nu-
clear weapons is hardly persuasive for

several reasons: (i) deterrent weapons
tend to be in the larger yieid class, in
which warheads of high efficiency are
already available to both superpowers;
(ii) several different bomb designs can
be used to make up a deterrent force,
thus minimizing the possibility of a
catastrophic failure in the force’s re-
taliatory capability; (iii) so much
overkill already exists that greater effi-
ciency in the nuclear arsenals of either
power is hardly needed for deterrent
capability. »

It is interesting in this regard to
speculate on whether or not the deter-
rent capability of either power would
have suffered if a CTB had been in
effect for the last decade. For example,
in the development of MIRV’s (multi-
ple, independently targetable reentry
vehicles), the most significant advance
in long-range nuclear weapons in the
past decade, it is safe to assume that
a system could have been made using
warheads of existing design and that
testing has merely permitted a better
combination of the numbers and sizes
of warheads for a given missile.

Another argument for the need to
continue testing is that it may lead to
the design of a new and effective de-
fensive system that would be critical
to the strategic balance. But for the
superpowers, improvements in war-
heads are not likely to be as important
as developments in other parts of the
present defensive systems. This can be
seen in the fact that, in many U.S.
debates about technical limitations of
the ABM (antiballistic missile), the
limits imposed by nuclear technology
are not mentioned—all the emphasis is
on the deficiencies of radar, computers,
component reliability, and so on (8).

For military systems intended for
fighting wars, the case for continued
upgrading of nuclear weapons is
stronger, but is still not compelling.
Since these systems are designed to
battle with an adversary’s system, su-
perior performance makes military
sense. Technical improvements in nu-
clear warhead design can make for
superior weapons systems. However,
other technical aspects of the system
(for example, speed, agility, and
range), in addition to such factors as
military tactics and troop training, will
generally be more important to the
performance of the system than the
precise character of the nuclear bomb
it delivers. Moreover, it can be argued
that the superpowers, with their long
history of intensive research and de-
velopment and with their many tests,
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already have so complete an arsenal of
weapons designs that a suitable, though
probably not optimal, design can be
found to fit almost any particular re-
quirement.

In effects tests, nuclear explosions
are used to provide a realistic nuclear
environment in which to test materials,
electronic devices, the survival of weap-

ons against defense measures, and so

on. ‘

Tests of this kind are now con-
ducted underground and are primarily
for the purpose of improving designs
of warheads for ABM interceptors and
for missiles intended to penetrate
ABM defenses. By now, the super-
powers have had so much experience
with underground tests that they could
pursue a serious (though limited) pro-
gram of effects tests even if they were
restricted to yields below the seismic
detection threshold. With time for even
more testing and with growing dis-
illusionment -about the military utility
of ABM’s, the need for effects tests
should become less compelling. An in-
ternational limitation of ABM’s, if
stringent, would certainly reduce the
argument for effects tests.

Some effects tests are ruled out now
by the LTB’s prohibition on atmo-
spheric testing. For example, existing
missile silos appear not to have been
subjected to air-induced ground shock
from nuclear explosions by either
superpower; nor has the phenomenon
of radar blackout, induced by nuclear
explosions, been fully explored experi-
mentally.

Research and development tests, in-
cluding tests to investigate entirely
new principles in weapons design,
would be needed to advance the state
of the art toward pure fusion bombs,
neutron bombs, or major advances in
yield-to-weight ratios for very small
weapons. Large weapons are already
very close to their theoretical maxi-
mum in yield-to-weight ratios, and im-
provement by a factor of 2 is probably
all that we can reasonably expect. This
is quite insignificant compared with the
advances made to date; for example,
the yield of current weapons per unit
of weight is about 1000 times greater
than that of the bomb dropped on
Hiroshima (7).

Vigorous research and development
appears to be continuing on the as-
sumption that a breakthrough, com-
parable in significance to the original
development of the A-bomb and the
H-bomb, may lie around the next sci-
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entific corner. Before the LTB, advo-
cates of the importance of nuclear
research and development to military
security came up with ithe possibility
of a “clean” bomb, which would mini-
mize radioactive fallout, for strategic
use, and a “neutron” bomb, which
would reduce blast effects but maxi-
mize lethal neutron radiation, for tacti-
cal use. Neither of these potential
weapons now seems significant in the
military equation, and the advocates of
tests have not come up with anything
“exciting” since then—perhaps because
the test ban issue has been quiescent.
But of course it is impossible to prove
that something of significance will not
be invented. Fears of the undiscovered
will undoubtedly persist, although they
lose a great deal of their strength as
time passes and nothing spectacular
emerges from research programs. It is
now about two decades since the H-
bomb was developed. Progress has not
stopped, but research and development
in nuclear bomb technology seems, as
might have been expected, to be yield-
ing diminishing returns. Much of the
technical cream was skimmed in the
first decade after the A-bomb was de-
veloped.

Research and development in nu-
clear weapons technology can continue
without nuclear testing, but, of course,
with a very reduced scope.

In the light of considerations like
these, it is a matter of judgment as to
how highly one should value, in mili-
tary-cum-political terms, the results
now derived by the superpowers from
nuclear tests. It seems clear that the
results are not as important as the re-
sults of the first tests undertaken by
these or any other nations. Both the
military and political returns may now
be low. If they are low, the benefit of
a CTB as a direct step to stop the arms
race between the two superpowers is
low, but so are the obstacles to achiev-
ing that step. If the returns are high,
the benefits are high and so will be
the obstacles—in terms of the argu-
ments about what the other side might
gain if it tested clandestinely. In either
case, those who work in the nuclear
weapons and test programs will press
for continued tests.

While there are no particular
grounds for assuming that if either
superpower chose to break a CTB it
would do so secretly rather than
openly, it is interesting to speculate
about the conceivable character of a
clandestine test program. If one as-

sumes that a violator would risk non-
seismic detection, but not seismic de-
tection and identification—an assump-
tion for which there is no strong
foundation—then small tests will be
safer than big ones. A clandestine pro-
gram might, in such a case, include a
series of underground tests in soft, dry
material to muffle the seismic signal,
in carefully chosen locations and at a
fraction of a kiloton, and perhaps oc-
casional tests in the 20- to 80-kiloton
range once every year or two, perhaps
in the shadow of an earthquake.

A program of this kind would per-
mit continued research and develop-
ment and the measurement of effects
to be carried further than would be
possible with no tests, but probably
not as far as is possible now with un-
limited underground testing.

On the other hand, it would not be
possible to have proof or confidence
tests of very large warheads. Also, ex-
cept for warheads of small yield, it
would not be possible to develop war-
heads fully by using new technology,
since such development would prob-
ably require many tests.

This suggests that, as far as the
superpowers with their huge armories
of nuclear weapons are concerned, the
testing and development of small nu-
clear weapons could scarcely be ex-
pected to change the balance of power.
The military in the superpowers might
show an interest in improving those
small weapons that they believe might
improve their ability to fight nuclear
wars short of a major nuclear exchange
involving their homelands; however, it
is questionable whether the notion of
a limited nuclear war is realistic, let
alone desirable.

It can be argued that the nation that
had continued small tests would be
able to keep its nuclear weapon design
teams together and to maintain the
vigor of its weapons laboratories. In
this way, it would have a lead over a
nation that had not continued testing,
if and when a treaty was not renewed
or was abrogated. The substance of this
argument rests on the highly question-
able premise that a lead of this kind
could give one superpower a signifi-
cant political and military advantage
over the other, even though each of
them already has such a vast and varie-
gated arsenal of nuclear weapons.

For China, France, and the United
Kingdom, however, the situation may
be very different. These countries do
not possess the variety of nuclear
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weapons that the superpowers possess.
The state of nuclear technology in
France and China is considerably be-
hind that of the superpowers. The
point of diminishing returns has cer-
tainly not been reached in efforts to
provide more variety for their arsenals
and in improving weapons. Although
to be in the same “nuclear class” as
the superpowers would mean building
up the quality and quantity of delivery
vehicles, which presents more serious
obstacles than progressing in nuclear
technology, these countries would be
substantially limited in their ultimate
capability if they stopped nuclear test-
ing now.

The interest and need for testing
may be different for each of the non-
nuclear powers. Some could probably
develop and store a small nuclear ar-
senal without any nuclear tests. With
knowledge about fission weapons now
available to anyone, it is feasible to
design simple weapons and be confi-
dent that they will work, even if they
are not tested. Most of the fundamen-
tal design work and essential labora-
tory tests can be carried out without
having any nuclear explosions. How-
ever, if the desire were to stockpile
weapons of a more advanced design
without any nuclear tests, it could only
be at the cost of diminished confidence
in such weapons.

Peaceful Nuclear Explosions

Possible peaceful uses of nuclear ex-
plosives were first explored in the
United States as Project Plowshare.
Applications investigated include earth
moving and excavation, natural gas and
mineral extraction, extraction of geo-
thermal energy, creation of under-
ground storage areas, and so on. The
enthusiasm of U.S. scientists for peace-
ful applications of nuclear explosives
stimulated interest in exploiting this
technology elsewhere in the world. But
in recent years, U.S. enthusiasm _for
peaceful nuclear explosions has dimin-
ished. Preliminary experiments and de-
tailed analyses now suggest that the
potential of nuclear explosions for
peaceful purposes is limited and that
often other methods can be found for
accomplishing the same things.

Contributing to the disillusionment
with peaceful applications of nuclear
explosions is the realization that full
exploitation of nuclear explosions for
each feasible application would require
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very large numbers of explosions. For
example, it may take hundreds of nu-
clear explosions to extract significant
amounts of gas or other minerals. If
several countries were to exploit nu-
clear explosions for such purposes,
thousands of explosions would occur.
This might again raise concerns about
radioactive contamination,

But the major question here is
whether it would be possible to sepa-
rate civilian from military nuclear ex-
plosions and hence whether it would
be possible to prohibit military explo-
sions in a CTB while permitting peace-

ful explosions.

It may be that verification proce-
dures could be devised to ascertain
that no military purposes were being
served in a particular program of nu-
clear explosions—that is, that the
peaceful explosion was not also serv-
ing the purpose of a proof or confi-
dence test or that new bomb technology
was not being tested in peaceful appli-
cations. Even if such procedures could
be devised, they would undoubtedly
involve some detailed disclosures about
the explosive device to all partici-
pants—nuclear and nonnuclear—and
thereby work counter to the purposes
of the nonproliferation treaty. They
would also involve observation by for-
eign technicians, sampling and analy-
ses of the products of the explosion,
and so on. All of these means of veri-
fication could be considered intrusive
and would probably be difficult to
negotiate. On the other hand, without
verification, peaceful nuclear explosions
make violation so easy that any coun-
try might eventually succumb to ex-
ploiting a peaceful program for some
military purposes.

From what we now know, the bene-
fits from a program of peaceful explo-
sions hardly seem to match the costs,
particularly if the costs include ruling
out a CTB. But a CTB need not rule
out possible peaceful applications for-
ever. One approach would be to ban
all nuclear explosions initially, stipu-
lating that for a period of several years
parties to the agreement should jointly
investigate methods of verifying that
military applications are not being pur-
sued in a program of peaceful nuclear
explosions. If further analyses suggest
that peaceful explosions are more
promising than they now seem, the in-
centive to exploit them constructively
while having a ban on military tests
might encourage unprecedented inter-
national cooperation.

Conclusions

Our foregoing analysis of the role
of a comprehensive test ban leads us
to the following conclusions. ‘

1) A CTB by itself will have little
direct effect on the arms race between
the superpowers. It would not hinder
their nuclear arms production and de-
ployment nor would it necessarily
present a significant obstacle to the de-
velopment of new nuclear weapons
systems, despite limiting the develop-
ment of new nuclear warhead designs.
It can hardly make a dent in the de-
structive capability of the superpowers
or in their ability to step up the pace
of the arms race.

2) The chief merits of a CTB reside
in the political sphere. It would help
promote détente and could help to es-
calate interest in arms control agree-
ments of broader scope. But in neither
of these effects would it be as signifi-
cant as a successful SALT (strategic
arms limitation talks) agreement. The
CTB also lingers as a piece of unfin-
ished business since the signing of the
LTB in 1963. The question can be and
has been raised, “If the superpowers
are serious about arms control, why
have they not accepted the CTB, which
is simple in concept and in form and
is also free of serious military risks?”
Such doubts about the sincerity of the
superpowers’ willingness to limit their
own arms development will persist as
long as there is no CTB. Substantial
agreement at SALT would lessen some
of this effect too, but would not elimi-
nate it completely.

3) Recent progress in seismic iden-
tification has been impressive, and
other means of obtaining technical in-
telligence about nuclear testing have
probably also improved greatly. In ad-
dition, research on the technical means
of on-site inspection has demonstrated
its limited effectiveness. Therefore, the
role of on-site inspections as an added
deterrent to cheating on a CTB has
diminished substantially. This is not to
say that detection and identification of
all nuclear tests is possible now, or
ever, but only that on-site inspection
would add very little to the other tech-
nical means now available for veri-
fication.
~4) It will become increasingly diffi-
cult in the United States to oppose the
CTB on the basis of risks that accom-
pany possible Soviet evasion of a treaty
that does not include the right of on-
site inspection. The opposition to a
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CTB is now likely to shift to the more
direct argument that nuclear testing is
important to keep pace with continuing
worldwide technical and military devel-
opments. The justification for U.S. test-
ing is only in part because of advances
in Soviet nuclear technology per se.
Those opposing a CTB may argue that
it makes little sense, and may even be
courting danger, to freeze nuclear tech-
nology alone and that banning nuclear
tests should await an agreement that
copes with all military research and de-
velopment and all qualitative improve-
ments in weapons systems. This directly
confronts the argument that the unique
virtue of a CTB is that it provides a
simple and feasible first step in the very
complicated problems of controlling mil-
itary technology.

5) The mutual deterrence of the
superpowers will not be compromised
if a CTB agreement is reached and one
side or the other clandestinely violates
such an agreement. The state of nu-
clear technology in both countries is
mature, and the destructive capability
of their nuclear arsenals can be easily
maintained. Whatever small improve-
ments can come as a consequence of
clandestine testing would hardly affect
the strategic balance.

6) It seems unlikely that China and
France will agree to stop testing in the
near future. These countries refused
to join the nonproliferation treaty,
which did not affect their nuclear pro-
grams, and it is doubtful that, proceed-
ing from military considerations alone,
they would join a CTB. Their nuclear
programs are still not mature, and a
CTB would freeze their positions of
inferiority with respect to the super-
powers. There may, however, be wider
political and security arrangements to
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induce them to participate. Cessation
of tests by the other nuclear powers
might serve as an inducement to China
and France to refrain from testing.

7) The key near-nuclear powers,
such as Japan, India, and Israel, are
much more concerned with the mili-
tary activities of their neighbors than
they are with those of the superpow-
ers. The modest nuclear restraints that
a CTB imposes on the superpowers are
hardly likely to have a direct impact
on the approach of these countries to
their own security. However, for these
critical near-nuclear countries a CTB
may be much more acceptable than
the nonproliferation treaty. A CTB
would not prohibit the production of
fissionable material, the development
of nuclear weapons technology short
of testing, nor the stockpiling of un-
tested nuclear weapons, and is there-
fore less restrictive. Consequently,
these powers may be willing to ratify
a CTB, but not the nonproliferation
treaty. On the other hand, the CTB
may provide them with a ready excuse
for not succumbing to the pressure {0
ratify the nonproliferation treaty, if in-
deed they need excuses or would bow
to such pressure.

8) A CTB is of very little added,
direct significance to other nonnuclear
powers who have already ratified or
are about to ratify the nonproliferation
treaty. It may only lessen their pique
about the treaty’s being highly dis-
criminatory—the treaty imposes no re-
straints on the nuclear weapons pro-
grams of the nuclear powers, while the
CTB restricts all parties to the agree-
ment,

9) Peaceful nuclear explosions do
not now show great promise and sig-
nificance for economic development.

What can be done with peaceful explo-
sions can often be done by other
means, although possibly at a slightly
higher cost. On the other hand, mak-
ing allowance for peaceful explosions
greatly complicates a CTB. A useful
approach to the problem of banning
military tests but not foregoing indefi-
nitely the use of peaceful explosions
might, therefore, be to ban all nuclear
explosions for a period of several years
and to stipulate in the agreement that
in that time there would be negotia-
tions on how peaceful explosions may
be controlled in a way that would not
jeopardize the CTB.
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