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THIRD GENERATION NUCLEAR WEAPONS AND THE NUCLEAR TEST BAN

If nuclear weapons testing continues, new and dan- low threshold should be seen as a plausible interim
gerous innovations will be made and both superpow- agreement en route to the comprehensive treaty.
ers will have to struggle to maintain even the insecure Then the threshold agreement might open new paths
positions they have thus far achieved. This is themes- in verification that would satisfy the body
sage of the detailed and knowledgeable article sup. politic that the comprehensive agreement was achiev-
plied by bomb designer Theodore B. Taylor. able.

But if true, what to do about it? Dr. Taylor and two A third reviewer of the article, Christopher E.
equally well-informed referees of his paper, Richard Paine, warns, on the basis of past experience, against
Garwin and Carson Mark, disagree on the difficult accepting uncritically estimates of what future testing
choice of emphasis between efforts to secure a Corn. might produce in the absence of agreement or under a
prehensive Test Ban Treaty directly, and an effort to low threshold. His analysis of the prospects for a test
negotiate a low threshold test ban limiting under- ban includes the possibility that expectations for new
ground nuclear tests to 1 kiloton or 5 kilotons. developments in testing might diminish, rather than

Each approach has problems. Most Iikely the excite, interest in a test ban.

NUCLEAR TESTING IS A PANDORA’S BOX
Theodore B. Taylor

Pandora had only one box. Ours are countless. Some
have labels because we have opened them or peeked in-
side. As we label them, we try to stack them, like sorted

goods in a warehouse. One stack is labeled “nuclear weap-
ens. ” Next to the label is a note, left by a modern Prome-
theus: “Beware of E=mc2. ”

Some of these boxes are open, in spite of efforts of a few
to try to slam them shut more than 40 years agbfirst

generation fission bombs; first generation hydrogen
bombs; boosted fissions bombs; neutron bombs; tactical

warheads; ballistic missile warheads.
The boxes yet unopened are enticing to some who have

peeked inside: weapons that point and kill from space
1,000 miles from their target; weapons tuned to frequen-
cies that will burn out computers, antennas, relays, power-

lines; weapons that kill by blast and fire, but not gamma
rays, neutrons, and radioactive fallout; small nuclear ex-

plosives that require no fissionable materials; and on and
on.

The So’viet Union is telling the United States: “Let us

join in first stopping, as we have, all nuclear tests, and then
getting rid of all nuclear weapons as fast as we can.”

They have said all tests, but after Reykajavik, they of-
fered to accept partial measures.

The Reagan Administration’s response has been a flat

refusal to stop testing until Star Wars has ‘<render
nuclear weapons impotent and obsolete, ”

The new Congress is likely to press for some kind of test
ban treaty. A widely held view in Congress, however, is
that the United States should not make any test ban agree-

ment that can be violated without high assurance that the
violation will be detected and identified. This view is the

impetus behind proposals for a low threshold treaty, the

threshold perhaps being established by expected limits in
sensitivity of in-country seismic arrays for identifying nu-
clear explosions.

Low threshold test bans are not without problems. Mon-
itoring for violations of them requires not only identifica-

tion of nuclear tests, but also measurement of their yields.
At a threshold yield of, say, 1 kiloton, pressures to test just

below that yield will be considerable. If, as can be expect-
ed, testing continues at a high rate, tensions over claimed
violations can be expected.

The greatest risk in proposals for lower threshold test

bans is that they will be rejected by the Reagan Adminis-
tration and the Soviets, each for quite different reasons

than the other, leaving us all at the arms control impasse
where we are now. Although a 1 kiloton or greater thres-
hold treaty will not kill Star Wars, or even nuclear versions

of Star Wars, the Reagan Administration has given every
indication of not wanting to impose further yield limita-
tions on Star Wars-related tests. The Soviets presumably
don’t prefer a low-but-not-zero threshold test ban at least

partly because they do want to stop Star Wars dead in its
tracks. They may also, as they should, worry about the

United States opening modern Pandora’s boxes full of all
kinds of very sophisticated new types of nuclear weapons.

Some advocates of a low threshold ban are reluctant to
propose a comprehensive ban only because they worry
about Soviet cheating that is not discovered. But I know of
no evidence that this risk has been examined in the light of

the full array of possibilities for verification. These include
much more sensitive and discriminating seismic detection
and identification systems (especially ones that make full
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Page 2 December 1986

use of much higher than traditional frequencies). Verifica-

tion of compliance down to remotely unobservable yields,
however, would depend on intelligence gathering opera-

tions, use of satellites dedicated mainly to searches for

signs of unusual activity indicative of prepamtions for nu-
clear tests, and dissidents who become informers. Interna-

tional political repercussions can be expected to be a strong
deterrence to cheating, and could be amplified.

Cheating at low yields, furthermore, will not pose new
military threats unless they result in deployment of new
weapons. Prepamtions for deployment of new types of

weapons for new purposes resulting from very low yield
testing will take years, and levels of actual deployment that
can seriously effect the balance of military power will re-

quire many years after that. Unobserved action related to
such deployment will become more and more difficult as
the years pass.

Such possibilities for both verification and deterrence
against cheating should be incorporated into a comprehen-
sive bilateral test moratorium or treaty, or an international
comprehensive test ban treaty.

I have no hesitation whatever in pressing strongly for a
comprehensive test ban treaty between the United States

and the Soviet Union as soon as possible and for taking the
steps necessary to extend that treaty worldwide. The risks
to the United States in particular, and to humanity in

general, are far less than the risks inherent in opening
anymore Pandora’s boxes in the growing stockpile in the

nuclear weapons corner of the warehouse.
If such efforts fail I would take what I could get, at some

threshold well below 150 kilotons.

Broad Functions of Nuclear Tests

Nuclear tests can be grouped into categories that relate
to (1) development of new nuclear weapons; (2) under-

standing the effects of nuclear explosions; (3) verification
of the reliability and safety of deployed nuclear weapons;

and (4) development of peaceful uses of nuclear explo-
sives, Theobjectives ofanyparticular test, however, often
include significant overlaps of these categories. Questions
about the reliability of deploy ed nuclear weapons, forex-

ample, can relate to possible deterioration of weapons
during peacetime storage, but also to their vulnerability to
the effects of nuclear explosions (including side effects of
“friendly” explosions) in wartime. Development of new

types of weapons designed to enhance the release of specif-
ic forms of energy, such as X-rays or neutrons, for exam-
ple, requires testing of the behavior of the nuclear explo-
sive itself, as well asobserving the effects of the enhanced
energy on various types of potential targets. An example of

the overlap of military and peaceful functions of nuclear
tests is the use of a military weapon, perhaps of new de-

sign, for demonstrating the use of nuclear explosives for
large scale excavation, A related example is laboratory and

field tests of inertial confinement approaches to controlled
fusion, wherein very small droplets of thermonuclear fuel
are imploded by many laser, electron, or beam pulses to
extremely high temperatures and densities, producing nu-
clear explosions with yields equivalent to a few tons or less
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of high explosive. Such tests are also part of the search of
ways tomake pure fusion weapons.

Such overlaps are discussed in more detail in the follow-
ing summary of different types of functions of nuclear

tests.

Weapon Development Tests

Pure Fission Weapons: Calculations, laboratory experi-

ments, and field testing of all the components of pure
fission weapons except the fissionable cores (for which
ordinary uranium can be used as a substitute) can allow
development of weapons of this type without full scale

nuclear testing. This option has become increasingly prac-
tical for countries developing their first nuclear weapons as
the needed analysis tools and other relevant technologies

have become more andmore accessible worldwide. It has
also been credible for at least a dozen years that designs
used for a country’s first nuclear weapons can be more

advanced than the initial designs used by the present five
declared nuclear weapons states, yet not require nuclear

testing to give fairly high confidence that their yields will be
orders of magnitude greater than any chemical explosive
weapons.

This confidence can be increased by “zero yield” nuclear
testing. This approacb involves conducting tests ofimplo-
sion systems with smaller quantities of the fissionable core

materials than needed for the full design yield. This can be
done by producing a fission yield high enough to be observ-
able with radiation detectors placed close to the weapon,
but still equivalent to less than Igi’rrm ofhigh explosive.

Such extremely low energy releases correspond to about 20
generations of a fission chain reaction, compared with
something like 45 generations to build up to a yield equiva-
lent to a few tons or more of high explosive.

Such tests require much sophistication, especially if it is
important that errors in design not cause the yield to be
dramatically greater than intended. One way to reduce this
risk is to plan several tests, starting with so little fissionable
material that a high yield, by mistake, is extremely unlike-

Iy, and then increasing the material as indicated by test
results and corresponding calculations.

Extremely low yield nuclear tests typically m-e more
stringent tests of the overall behavior of the weapons as-
sembly system than tests of the nominal weapon itself,
since im~erfections in the system have more effects on tests
at very low yield than at high yield. It is for this reason that

such tests can be useful to countries with considerable
experience with nuclear weapons, including a history of
testing. But they can be even more useful to countries
starting nrrclear weapon development, if they want to test

without being noticed.
Limits to the yields of fission weapons are more likely to

beset byaccessibilty to the needed plutonium or highly
enriched uranium than by any inherent design limits, since

it impossible to make pure fission weapons with yields in
the range of hundreds of kilotons. Complete fission of 1
kilogram ofphrtonium orrrranium yields 17 kilotons. To
countries that do not have access to large quantities of
these materials it may be much more important to have a

number of weapons with yields of the order of a few
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kilotons than a smaller number with yields in the range of

tens of kilotons or higher.
The yield-to-weight ratio of the implosion weapon

dropped on Nagasaki was about 0.004 kilotons per kilo-

gram. Since that time pure fission weapons have spanned
yield-to-weight-ratios ranging from a high in the vicinity of
0.1 toa low of about 0,0005 kilotons per kilogram. This
indicates that, for high yield-to-weight ratio pure fission
weapons that have been developed, something like 10&
200 kilograms of total weight are required for every kilo-

gram of fissionable material consumed. This considerable
added weight is accounted for by limits on the efficiency of
fission of the fissionable material core, and the weights of

neutron reflectors around the core, high explosive in the
implosion system, fusing and firing equipment, and some
kind of outer case.

The range of yields of tested pure fission weapons ex-
tends from close to zero up to about 500 kilotons, Weapon

diameters span a factor greater than 6, from less than ten
inches to about 60 inches,

How close such overall measures of performance have
come to fundamental limits set by basic material proper-

ties, including critical masses of fissionable materials, can-
not reestablished from information that is not classified.

Boosted Fission Weapons; The yields of fission weapons
with moderate to low efficiencies can be substantially in-
creased by incorporating small quantities of tritium and
deuterirrm that react and release high energy neutrons into

the fissioning material while the chain reaction is still rap.
idly multiplying the number of neutrons present. Although
details ofthisprocess are classified, itiswell known that
complete fusion of, say, 3 grams of tritium will yield about

thesamemrmberof neutrons as produced bya4 kiloton
pure fission explosion. Theenergy ofaneutrort released

RECENT DEVELOPMENTS

. The Soviet Union announced a rrcrilaterai rnorato-
riumonall nuclear tests, starting August 1985, and
has extended this until January 1, 1987. No violations
of this self-imposed moratorium have been reported.
The U.S. bas performed at least 18 nuclear tests since
the start of the Soviet moratorium,

. The U.S. has tested at least one type of directed
energy nuclear weapon (an X-ray laser) for possible
use in Star Wars. Other possibilities for “third gerrer-
ation” nuclear weapons (fission and thermormeIear
weapons being the first two) have beerr discussed re-
cently, butnotin any detail.

. Last August the U.S. House of Representatives
passed, by a 79 vote margin, an amendment to the
defense authorization bill denying funds for all nucle.
ar tests with yields above 1 kiloton during calendar
year 1987. This amendment was conditioned upon
equivalent Soviet restraint and willingness to accept
adequate verification measures. It was removed from
the authorization bill just prior to the Icehurd Summit
meeting in October.
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from this type of fusion reaction are considerably greater
than theenergies ofneutrons released by fission. It is thus
clear that fusion of a few grams of tritium in the immediate
vicinity of a fission chain reaction that would yield a few

kilotons without boosting is likely to increase the fission
yield subsmntially. The increase in yield is almost entirely

accounted for by the increase in fission energy, not the
energy directly released by fusion (equivalent to roughly

120 tons of high explosive per gram of tritium consumed).
Testing of boosted weapons requires high enough tem-

peratures in the fissioning explosive to ignite the thermo-

nuclear fuel. These temperatures depend on the unboosted
efficiency of the weapon—the lower the efficiency, the

more difficult it is to cause ignition. It is therefore clear
that there is some minimum threshold yield below which
tests of boosting are not possible. This threshold yield

decreases with increasing effectiveness of a weapon implo-

sion system in compressing the fissionable material, since
higher compressions allow smaller yields to be achieved at
some small efficiency. Deviations from idealized, calculat-
ed performance, however, along with the considerable
complexity of the boosting process itself—involving impor-
tant feedbacks between fission and fusion as the explosion

proceeds—tend to make it necessary to test boosted weap-
ons at full yield if they are to be put into weapons stock-
piles. It is difficult to imagine militarily attractive boosted
weapons with yields less than 1 !doton or so. The reason

for this is that the unboosted yield would be significantly

less than 1 kiloton, yet achieved with sufficient efficiency
to ignite the thermonuclear fuel. A fission yield of, say,
0.25 kilotons corresponds to the fission of 15 grams of

plutonium. Achieving this low yield at some reasonable
efficiency, enough to ignite the thermonuclear fuel, would
therefore correspond to using an amount of plutonium
dramatically smaller than its normal density critical mm’s,

which is in the vicinity of 5 kilograms.
Since the added weight required for boosting is very

small, boosted weapons generally have yield-to-weight ra-
tios substantially greater than pure fission weapons with

rather low efficiencies. Yields of weapons with fixed di-
mensions can also be increased substantially by boosting.

Thermonuclear Weapons That Require Fission Triggers:

These are usually defined as explosives in which the energy
of the th~rmonuclear reactions is a significant fraction of
the total yield, as opposed to boosted weapons, where it is

not. This distinction is somewhat arbitrary, however, since
a nuclear explosive with fusion-to-fission yields ranging

from close to zero (very “dirty,” in terms of radioactive
products per kiloton) to much less than 1 (’clean H-
bombs’) have been tested. The definition has also general-
ly applied to explosives requiring a fission “trigger” to

ignite the thermonuclear fuel. The “cleanest” nuclear ex-
plosive ever tested was probably the nearly 60 megaton
weapon exploded by the Soviet Union at high altitude in

1961. The fusion-to-fission ratio in this explosion could
well have been much more than 10%. This was accom-
plished by designing the explosive such as to avoid expo-
sure of fissionable material to a majority of tbe neutrons
released by the thermonuclear fuel.

over 1,000 fimcs bigge; than th; Nagasaki bomb.

So-called “neutron bombs,” for which the design criteri-

on is to achieve a high output of energetic neutrons per
kiloton of yield, represent a class of thermonuclear weap-

ons with still lower yield. The neutron absorption proper-
ties of air are such that neutron weapons with yields greater

than a few kilotons cannot be used effectively in the atmos-
phere without having blast effects dominate radiation ef-

fects
What is the lowest possible total yield from a thermonu-

clear explosive in which fusion is triggered by fission? The
answer depends on how effectively energy from very low
yield fission triggers can be transferred to thermonuclear

fuel that is not in the vicinity of fissionable material. How

this might be done cannot be discussed publicly. Basic
considerations of energy densities in low yield nuclear ex-
plosives, easily more than 1,000 times those associated

with chemical explosives, do not, however, rule out the
possibility that such a lower limit might be significantly

lower than 1 kiloton.

Pure Fusion Explosives: Vigorous efforts to develop pure
fusion weapons that do not require any fission trigger ex-
plosion have been underway for at least 30 years. These

efforts lmve so far apparently been unsuccessful, although
it is possible that success in one or more countries has been
kept secret.

A related technology, the “inertial confinement” ap-
prwach to controlled fusion for the production of electric

power, has also been seriously investigated in about a

dozen countries for more than a decade. These techniques
use highly focused laser or electron or ion beam pulses,
converging on small pellets or droplets of thermonuclear

fuel, to implode them to extremely high densities and tem-
peratures. The objective is to create very small thermonu-

clear explosions, with yields equivalent to a few tons or less
of high explosive. The explosions are contained in such
ways that their energy can be converted with high efficien-
cy to electric power. The goal is to extract 10 to 100 times as

much useful energy from the explosions as is expended in
the lasers m electron beams used for ignition of the fuel.

An electric power station based on this energy source
would in some ways be analogous to a huge internal com-

bustion engine, detonating at least a few thousand thermo-
nuclear explosions per day if each explosion were equiva-
lent to a dozen or so tons of high explosive.
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In the United States work on fusion by inertial confine-

ment has been largely financed under the Department of
Energy’s military programs, since much of the information
gathered from it is directly applicable to attempts to make

pure fusion weapons. No-one is suggesting that an inertial
confinement system, along with rooms full of lasers or

electron guns and the associated electrical equipment,
would be suitable for a military weapon. But the basic
mechanisms of the fuel ignition and explosion would be
directly relevant to pure fusion weapons that used much
lighter and compact equipment energized by some concen-

trated source of chemical energy to implode the thermonu-
clear fuel. The work on such energy sources and energy
conversion methods remains classified, but results of marry
of the detailed calculations and experiments related to the

behavior of imploded fuel have been widely published.
Tests of many features of these techniques can also be

made with plutonium pellets weighing a few grams. The
highly focused implosion technique is designed to com-

press the fuel or plutonium to more than 100 times their
normal densities. Since the critical mass of material that
can support a chain reaction (or uranium-235) is inversely
proportional to the square of its density, 2 grams of pluto-

nium compressed 100-fold would represent about 4 critical
masses. The result would be a rather efficient explosion,
with a yield equivalent to more than 5 tons of high explo-

sive. It follows that successful development of compact
implosion systems capable of this kind of performance

could make possible not only pure fusion weapons, but
also a full range of fission or fission-fusion weapons requir-
ing extremely small quantities (a few grams or less) of key

nuclear materials such as tritium or plutonium. Such de-
vices could be used to trigger subsequent stages of much

higher yield, without requiring any more key nuclear mate-
rials.

Weapons With Enhanced and Suppressed Effects

All the above types of nuclear weapons release substan-
tial quantities of different types of energy or energy carri-

ers. These include gamma rays; X-rays; neutrons; radioac-
tive isotopes; electrons; alpha-particles; vaporized (and
initially ionized) materials associated with all the compo-
nents of the weapon, and pulses of electromagnetic radia-
tion generated from electron currents in the expanding
material;. The relative quantities of these depend on the
design of the weapon.

Many of these forms of energy directly emitted from an
exploding weapon can interact with the explosion’s envi-
ronment (the atmosphere, ground, ocean, or the earth’s
magnetic field, for example) in ways that convert the ener-

gy from the weapon into other types of energy that can
cause important intended or unintended effects. Such sec-

ondary energy carriers include air, ground, and water
shock waves; ground dust or large, high speed objects

ejected from craters or destroyed buildings; water waves
and long wavelength water swells (tsunamis); visible and

ultraviolet light; heat; smoke and combustion gases re-
leased by fires ignited by the heat; radioactive isotopes
resulting from bombardment by neutrons; and a variety of

types of pulses of electromagnetic waves with wavelengths

ranging from the far infra-red, through microwave, radar,

TV and radio, to many kilometers.
The relative quantities of these secondary forms of ener-

gy and materials depend not only on the environment of
the explosion, but also on the design of the weapon itself.
The environments of the explosions can be deep space;

near space within the earth’s magnetic field but outside the
atmosphere; the atmosphere at high, intermediate and low
altitudes; the surface of the ground, fresh water bodies or
the ocean; below ground or underwater; and in the midst
of large man-made structures such as buildings or dams.

It is also possible to add components to the exterior of a
nuclear explosive to convert some of its energy into forms
that are not normally released from a nuclear explosion.
Examples include means for production of very high veloc-

ity solid or liquid fragments; laser beams at X-ray or other
wavelengths; and much longer wavelength electromagnet-

ic radiation,

The “clean” thermonuclear weapons and neutron
bombs mentioned above are two examples of a huge num-
ber of possibilities for designing nuclear weapons, and
selecting the environment fo~ their use, in ways that will

strongly enhance or suppress any or several of these marry
different primary or secondary forms of energy, along with
their ultimate effects,

Development of such possibilities requires thorough un-
derstanding of the relevant effects of nuclear explosions.

These effects relate not only to ultimate effects on targets,
but also to energy conversions and transfers in the environ-
ment affected by the explosions. The sections that follow

therefore summarize some of the most important energy
conversion phenomena caused by nuclear explosions in

different environments.
Nuclear weapons intended for use in space or at high

altitude in the atmosphere offer many more opportunities
for enhancement of selected effects at large distances than
nuclear weapons exploded at low altitude or beneath the

BETHE ON X-RAY LASERS

SENATOR KENNEDY (to Dr. Hans Bethe):
Are you familiar with the Administration’s devel-

opment and testing of new concepts for nuclear driven
directed energy weapons called “nuclear-pumped X-
ray Lasers?” In ynrrr view, how many years are we
away from being able to “weaponize” the nuclear-
pumped X-ray laser concept?

DR. BETHE:
I am familiar with tbe development and testing of

nuclear-pumped X-ray lasers. Itisdiff]cult to answer
your question because this development is in its infan-

CY.It is not at all clear whether any amount of testing
will lead to a militarily useful X-ray laser. If there is a
success attheerrd of the road, Iestimate that hetween
10mrd20 years of testing will beinvoIved. I would
estimate the necessary number of tests, for research as
well asdeveIopment, tnbe300r 50, Brrt Dr. Seldenof
Los Alamos, wbo has more experience in testing, esti.
mates 100-200.



Page 6 December 1986

surface. The reason is that in free space there is nothing,
except the emth’smagneticfield, tostop or deflect radia-
tion or material; once they are released from the explo-

sion, they keep on going until they hit the upper atmos-
phere or a target.

All nuclear explosion effects summarized above, can be
selectively enhanced or suppressed, by orders of magni-
tude in some cases, by changes in weapon design. The

partitions of energy between shock waves, heat, visible
Iight, prompt and delayed radiation, and electromagnetic

pulses of long wavelength can be changed significantly for
weapons intended for surface, low altitude, or intermedi-

ate altitude detonations. More and more control of this
energy partition, by changes in weapon design, becomes
possible for higher altitude explosions, reaching a maxi-
mum set of options for weapons designed for use in space.

Directed Energy Weapons

The energy outputs and ultimate effects of nuclear ex-
plosions can not only be selectively enhanced or sup-

pressed overall, but also in particular directions. This is
true of all the effects discussed above.

Details about how specific directional effects can be
enhanced orsuppressed are classified now or are Iikelyto
be when new ones are identified.

In quite general terms, however, it is clear that substan-
tially more energy can be released within some angle than
it would be if released uniformly in all directions. How

effectively this can be done depends on how much a partic-
ular form of energy can be enhanced and channeled in a

particular direction. Electromagnetic energy with wave-
lengths typical of gamma rays, x-rays, visible light, and

microwaves can be focused by the equivalent of lasers.
Longer wavelengths can be emitted directionally by the
use of the equivalent of antennas, Limits to the angles

within which significant fractions of the energy of an explo-
sion depend on the energy conversion systems used and the
dimensions of the means for focusing.

Weapon Effects Tests

In broad terms, tests of the effects of nuclear explosions
have concerned (1) the vulnerability of military systems to
enemy and “friendly” nuclear explosions, and ways to
decreasq such vulnerability; (2) intended effects of a coun-

try’s weapons on military and civilian targets; and (3) unin-
tended side effects of nuclear explosions.

Such tests are often supplemented, or sometimes made
unnecessary, by using laboratory and field simulation tech-

niques that do not require nuclear explosions. Examples
are electrically powered X-ray pulse generators; pulsed
particle accelerators or nuclear reactors to produce bursts
of neutrons or gamma rays; large facilities for testing EMP

effects on large components; and high explosive detona-
tions with yields as high as a few hundred tons, to observe
effects of air shocks on military installations and equip-
ment.

For simulation tests to be appropriate, however, it is
necessary to know what to simulate. Uncertainties in this

regard can sometimes be critical, since, as indicated in the
preceding discussions of effects of nuclear explosions, they

can be extremely complicated and difficult to predict, and
may even have escaped notice. Another limit to the value

of simulation tests is sometimes set by the extremely high
intensities of incident energy to be simulated, especially
those related to effects of protected equipment, such as
warheads, close to a nuclear detonation.

Some, but by no means all important effects of nuclear
explosions, especially at very high energy densities, can be
simulated in underground nuclear tests. Such tests tend to
be very expensive and complex, typically requiring several
meter diameter evacuated pipes in tunnels extending sev-

eral hundred meters or more from the explosion, Recovery
of damaged materials or complex components exposed to
X-rays or nuclear radiation traveling down these pipes

generally require massive, fast closing barriers to later
flows of other forms of energy. Furthermore, underground
nuclear tests are also subject, to the limitation of needing to
know, in advance, much of what to expect, to assure ade-

quate instrumentation and target sample recovery tech-
niques have been put in place.

Except for effects of nuclear weapons intended for
placement deep underground, none of the effects of inter-
actions of nuclear weapon explosions with their environ-
ment, and their subsequent effects on military or civilian
facilities or equipment, can be simulated in underground

tests. Among the many examples are all EMP effects
(many of which have been predicted but never measured);
effects on radio and radar transmissions of changes in the
ionosphere’s chemical states and other properties; crater-
ing phenomena; and underwater explosions.

It might be argued that the extensive above ground nu-
clear testing by the United States and the Soviet Union

before 1962 bas already provided the information needed
for adequate assessment of the important effects of nuclear
weapons. It is fair to say, however, that these tests general-
ly raised more questions than they answered, and the pre-
sent knowledge of the effects of nuclear explosions, espe-

cially in the upper atmosphere and in space, is rudimentary,

Nuclear Weapon Reliability and Safety Tests

Tests in this category need to be considered in three con-
texts—peacetime, conventional wartime, and nuclear war-

X-RAY LASER FAR OFF?

More serious, however, is The New York Times ref-
erence to testing as needed for developing radically
new nuclear weapons for the Star Wars program.

After five presumed tests in Nevada in six years, the
nuclear-pumped X-ray laser program to develop this
proposed directed-energy space weapon is still in its
infancy. Weapon design experts at Los Alamos esti-
mate that developing it might require 100 to 200 more
nuclear tests (news story, April 21) and could easiIy
require 10 to 20 more years. And if the device is ever
perfected as a space weapon, its primary use will be in
an offensive mode for attacking Soviet satellites.

—Letter to Ne w York Times, Hugh Dewitt, Research
Physicist, Livermore Laboratory. September 30,1986.
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DIRECTED ENERGY WEAPONS ARE “THIRD GENERATION’ ‘

At a fixed distance from an explosion, it is easy to generate an electron current along its path. ‘Ms mr-
calcrdate theincrease intheenergy (orpower)dehv- rent might genmate an electromagnetic pulse that is
ered per square meter if all the energy from an explo- nmch different in character from those discussed
sion is focused within a specified angle, compared above, and cou~d cause transients or outright damage
with what it would be if that form of energy were in equipment at long distances from the explosion.
released uniformly in all directions. If some fraction Such side effects would need to be understood in as-
of theenergy iscontairred within that angle, then the sessments of the military desirabMty of dhected ener-
actual energy per square meter is proportionatdy gy nuclear weapons.
higher. Development of directed energy nuclear weapons

This is why directed energy nuclear weapons quali- provides two options. One is to reduce sharply the
fy as “third generation” weapons. Even if smalt frac- yiekf needed to produce a particular effect at some

tions of the total energy releas@d by an explosiorr arc distance. The other is to increase the effect at some
directionally emitted, the result can he several orders distance, without increasing the yield. In many cases

of magnitude greater effect in that direction tharr for the best option would be a combination of the two. As

weapons that release their energy more or less uni- long as pure fusion weapons are not possible, direc-

formly in all directions. If 2% of the energy of an tional enhancement of some effects, from some types

explosion is electromagnetic energy focused through of weapons, witl not be possible below some yield
an angle of 1 degree, for example, the total flux of threshold. As noted above, forexamp~e, high fusion

energy in that direction is 1,000 times what it wordd be yield thermonuclear weapons are likely to have
from a spherical explosion of the same yield. threshold yields in the vicinity of 1 kiloton. But appro.

Possible directional effects of other forms of energy, priate design changes might produce a desired effect
such as the kinetic energy in vaporized weapon mate- at the same distance as from a conventional thermo-
rials, hypervelocity pellets or droplets, radioactive nuclear weapon with a yield in the megaton range.
isotopes, neutrons, and blast waves are subject to Pure fission weapons, on the other hand, can he de-
constraints that are much more complex than those signed with yields arbitrarily close to zero. At very low

applicable to electromagnetic radiation, and cannot yields some forms of energy, such as released X-rays,

be discussed quantitatively here. may be prurfuced with much too low efllciencies to

Use of directed energy nuclear weapons can pro- nmke directional enhancement feasible. But use of

duce significant side effects that are quite different very low yield explosions to propel weapon debris or

from those caused hy roughly spherically exploding hypervelocity pellets or droplets, or directional blast
weapons. An X-ray orgamma ray beam aimed down- waves in air or water, may have exploitable military

ward into tbe upper atmosphere, for example, will applications.

It is the avowed policy of all present announced nuclear
weapon states that the function of their nuclear weapons is

to deter military attacks by other countries, In the case of
the United States, at least, this deterrent function applies
both to nuclear and to non-nuclear attacks, including Sovi-
et attacks of NATO forces, In this peacetime condition, all
the nuclear weapon states want to be sure that consider-

ations of the reliability of their nuclear weapons systems,
including the nuclear warheads themselves, will not detract
from their d&errent value. They also want the overall risks
of any of their nuclear weapons accidenta[Iy exploding
with a significant nuclear yield or releasing radioactive

weapon materials, such as plutonium ortritium, to be no
greater than, and perhaps much less than the risks associat-
ed with maintaining other military equipment in peace-
time.

Nrrclear weapons instockpiie can, in time, deteriorate
sufficiently for their performance to be questionable. Such
deterioration can be caused by internal chemical reactions

(especially with water or humid air), radioactive decay of
some component materials, mechanical damage due to
handling, exposure to extreme changes in temperature,
and other changes that can occur in any complex equip-
ment in storage for a long time. The principal way to assure
reliability of the weapons is by periodic inspection of a few

weapons, including dismantlement if deemed necessary,
and replacement of faulty components in all the weapons
of that type if a significant fraction of the sampled weapons
indicate such a need. Although nuclear tests of weapons
taken orrt of stockpile are occasionally performed, this is

not an effective way to assure reliability. Failure of a weap-
on to produce its normal yield will not reveal the cause,
and observation of a full yield is no guarantee that most of
the other weapons have not deteriorated seriously.

Use of new techniques for refabricating parts of weap-
onsnmy introduce changes that will affect their perform-
ante. Refabricated weapons aresometimes tested for that
reason. If such a weapon should fail a nuclear test, howev-
er, it is dlfficrrlt to know what caused the failure, and
correct it. Once a new type of warhead has gone into

production, and the production item test fired, the best
way to assure reliability is to avoid significant changes in
fabrication techniques that might effect performance, and
maintain an appropriate qrrality assrrrance program based

on periodic sampling. This is not to say that occasional
testing for reliability is never useful, but it is far less effec-
tive than careful inspection and quality control,

Requirements that accidental detonations of high explo-
sive in nuclear weapons cannot result in a significant nucle-
ar yield have led to tests of assembled weapons that have so
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much fissionable material that this is a possibility. Some of
these “one point” (i.e. one detonator fired) tests have
produced a significant nuclear explosion. Whether or not

such tests are justified fornewweapons dependsin detail
on their design.

Considerations of safety and reliability of nuclear weap-
ons in a nuclear war are dramatically different from those
relevant to peacetime or a non-nuclear war. Maintaining

reliability of strategic or tactical nuclear weapons would
require prior hardening against the effects of nuclear ex-

plosions on all key elements of nuclear weapon systems.
Nuclear warhead safety would be of lesser concern under
such conditions.

Many nuclear tests have been primarily for the purpose
of testing the effectiveness of such hardening techniques.
But, there are no prospects for realistic tests of the overall
effects of numerous wartime nuclear explosions on military

system.

Nuclear Tests for Peaceful Purposes

High yield thermonuclear explosives are the lowest cost
source of energy overdeveloped. Mass produced thermo-

nuclear explosives could cost less than $1 per ton of coal in

equivalent energy. They also offer opportunities for
achieving much higher energy densities, at low cost, than

anyother energy conversion system. Itisfor these reasons
that considerable effort, including dozens of nuclear tests,
has gone into searches for ways to use nuclear explosives
for practical non-military and scientific purposes.

Several of the tests partially in this category have been

underground tests of weapons also used as neutron sources
for performing basic physics experiments not related to

nuclear weaponry. Many, and perhaps all of the tests relat-
ed to excavation and stimulation of release of natuml gas
have used either stockpile nuclear weapons or modified
nuclear weapons.

If development of peaceful uses of nuclear explosives

gets to a stage of routine use, however, new design features
to make them more appropriate would often be desirable
in the explosives. An example is development of “ultra-

clean” thermonuclear explosives, perhaps having the add-
ed feature that any radioactive products are channeled into

a relatively small volume cavity that is then shut off from
the regiops where the bulk of the excavation is to be done.

In any case, nuclear explosions said to be for peaceful
purposes have been significant parts of nuclear test pro-
grams, and can reasonably be expected to continue as long

asmilitary testing does. Thelevels ofsuch testing, howev-
er, are lower than they would be if uncontained nuclear
explosions were allowed.

Arms Control Implications of Alternative Restrictions
on Nuclear Testing

Intbe light of thepreceding discussion of functions of
nuclear tests, let us now examine the impact on the nuclear
arms race of several alternative future restrictions on nu-

clear testing, ranging from the present situation to a world-
wide Comprehensive Test Ban Treaty.

Continuation of the Soviet Unilateral Moratorium

The Soviet Union’s present unilateral moratorium on
nuclear tests cannot be expected to continue much longer if

the United States does not follow suit. Itispossible, how-

ever, that the Soviet Union will extend its moratorium
again, beyond the end of this year, until it is clear whether

or not Congress will apply sufficient pressure on the Rea-
gan Administration to reverse, at least for a limited time,
the present U.S. position that it must continue testing as
long as the U. S. relies on nuclear weapons for its securit y.
Application of such pressure is complicated by the fact that

stopping nuclear tests by the US. would stop further test-
ingof possible nuclear warheads for SDI. The refusal by
the Reagan administration to give up intensive work on

SDI, and the substantial congressional support for SDI
R&l), at least, can be expected to make it more difficult to
change the U.S. position on testing. If this change does not
take place soon, it is unlikely that the Soviet Union will
extend its moratorium until the 1988 U.S. elections. Thus

the present situation may soon revert back to a continua-
tion of the em of the Threshold Test Ban Treaty.

Continuation of the Present TTBT
Without Further Restrictions

A particular arms control impact of the present TTBT is
the extension of considerable uncertainties about the vul-
nerability of nuclear weapons and other military systems to

the effects of nuclear explosions. These uncertainties are
much greater than the performance of nuclear warheads
now in stockpile or to be deployed in the future if they were

detonated, as inan underground test, in peacetime. The
reliability of strategic nuclear deterrent systems in a nucle-
arwarwill therefore continue to be open to serious ques-
tion.

As indicated above, the full range of vulnerability of
launch complexes, command and control systems, and oth-

er key components of nuclear weapon systems to the huge
variety of effects of enemy or “friendly” nuclear explo-
sions near the surface, at higher altitudes in the atmos-

phere, andin space cannot beadequately determinedly
underground nuclear tests.

Wirhour abovt’groun d?esring,rhevu/nerabi/iry ofrhe Midgel-
man Hurd Mobi/e Launcherro the combincdeffecrs of nuclear
exp/o.Yion.Yremain.! uflcerta in.



Such uncertainties will persist for all countries, however.
It is therefore extremely unlikely that any nation will feel
confident enough about the reliability of its own and the
unreliability of the enemy’s nuclear weapon systems, in a

state of nuclear war, to be willing to launch a first strike
against a major nuclear power.

These kinds of uncertainties are considerably amplified
for extensive or limited versions of SDI, whether or not its
weapons include nuclear warheads. In particular, SDI

would be especially vulnerable to the direct and indirect
effects of nuclear explosions in the upper atmosphere or in
space. Such explosions could be precursors to a strategic
nuclear attack. The nuclear warheads for this purpose

might be launched by exceptionally high thrust missiles
designed specifically for this purpose. The explosions
might also be caused by use of salvage fusing of the strate-

gic warheads, causing them to explode just before being
damaged bySDI weapons. The explosions could also be
detonations of SD1 nuclear warheads.

A condition for deployment of an SDI system is there-
fore likely to be prior nuclear tests in the atmosphere and

in space, in violation of the TTBT, to assure the system’s
survivability in the face of nuclear countermeasures. This

assurance cannot be provided by using the results of simu-
lation tests, including underground nuclear effects tests,

One of the many reasons for this is that tbe natures of the
effects to be simulated are largely unknown.

Further development and testing of many new types of

nuclear warheads, including many types of directed energy
weapons, can be expected to proceed under the restric-

tions set by the TTBT. Some of these could be eventually
deployed with about the same confidence in their reliabil-
ity in wartime as now applies to currently deployed nuclear

weapon systems. Others, especially weapons designed m
couple with their explosion environment in new ways,
could not. In the latter case, pressures for resumption of
tests above ground or under water could be expected to

mount.

A Low Threshold Test Ban Treaty (LTTBr)

Pressures, in Congress and elsewhere, for a Comprehen.

sive Test Ban Treaty (CTBT) have clashed with wide-
spread insistence that adherence to any new treaty be veri-
fiable. Experts differ concerning lower limits to test yields
that could be reliably detected remotely by networks of

seismic stations. Attempts are therefore being made to
reach a compromise, in which the present TTBT threshold
of 150kilotons is lowered substantially, but not below the
lower limit of reasonably assured detectability by extensive

seismic detection networks in both countries.
The choice of such limits is complicated by possibilities

for reducing the seismic signals from underground tests,
including detonating the explosive inside a large Cavity.

Given these uncertainties, several different thresholds for
a reduced threshold treaty (LTTBT) have been proposed,
ranging from 1 kiloton to about 15 Kilotons. Proposals have
also been made to allow a small number of tests per year at
higher yields, up to the present 150 kiloton threshold.

At a 1 kiloton threshold, without permitting any higher
yield tests, nuclear weapon development and effects tests
would besharply curtailed, but not eliminated. Adherence

to such a treaty would prevent the following,:
. Full yield tests of replacements for all present strategic

nuclear warheads, and nearly all present tactical warheads

of the present nuclear weapon states, at yields similar to
what they are now.

o Full yield tests of fksion triggers for the present types
of strategic thermonuclear weapons of the nuclear weapon
states, along with partial fieldtests of any of these weap-
ons.

. Development, by countries other than the present five
nuclear weapon states, of strategic thermonuclear weap-

ons similar in design to those developed by the nuclear
weapon states.

. Tests of boosted fksion weapons, unless the country
were willing to accept a considerable risk that the yield
might exceed one kiloton

A TTBT with a 1 kiloton threshold would “Ot, hO~eve*,

prevent:
. Development of any of a wide variety of new types of

low yield weapons, especially directed energy weapons for

SDI and countermeasures for such weapons. Energy densi-
ties and corresponding pressures and material velocities
orders of magnitude greater than in high explosives can be
produced in nuclear explosives weighing less than 100 kilo-

grams, with yields below 1 kiloton. It is to be expected,
therefore, that the variety of options for producing special
effects, such as penetrating jets ofmaterial ;hypervelocity
pellets; directional shock waves in air or water; and flashes

of short, medium, and long wavelength radiation would be
considerably greater than the already very diverse types of
military applications of high explosives.

. Tests of some of the effects of nuclear explosions, using
very low yield nuclear explosives designed specifically for
this purpose. Although such tests would not answer many

of the questions related to survivability of nuclear weapon-
systems in a nuclear war, and would be more restricted
than under the TTBT, they would help in the assessment of
weapons designed to produce special effects. A completely

contained, reusable facility for performing such tests, at
yields up to about 0.3 kilotons, has been seriously studied

Theodore%. Taylor
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at Lawrence Livermore National Laboratory. Such a facili-

ty would be seismically quiet.
. Proliferation of pure fksion weapons with reliably pre-

dictable yields up to the vicinity of 100 kilotons. Develop-

ment of the weapons could make extensive use of non-
nuclear testing of implosion systems, “zero yield” tests,

and reduced yield tests ofsystemstimt could be assured to
produce much higher yields with larger cores of fissionable
material.

. Development of pure fusion or very low yield fusion-
fission explosives if such explosives turn out to be possible.
A 1 kiloton threshold would have no effect at all on present
and forseeable possible future efforts to develop such low

yield explosives.
Increasing the threshold to 5 kilotons would significantly

increase theassurance ofseismic detection of violations. It
would, however, make it much easier to test boosted w>eap-

ons and some types of fission triggers for thermonuclear
weapons, and would allow full yield testing of a greater
variety of new types of SD I and tactical warheads than

allowed witha 1 kiloton threshold.
At a 15 kiloton threshold, seismic decoupling would he

extremely &lfficult. But it would allow further develop-

ment of all types of nuclear weapons by the nuclear weap-
on states, except for major changes in high yield thermonu-
clear weapons, Other countries could develop most types

of nuclear weapons, notably excluding high yield thermon-
uclear weapons, however.

Resolution of issues related to peaceful uses of nuclear
explosions would require major decisions and negotiations
before a LTTBT took effect, since such a low threshold
would be below yields required for most peaceful applica-

tions of nuclear explosions that have been seriously pur-
sued or proposed.

Comprehensive Test Ban Treaty (CTBT)

A CTBT is often defined as one that prohibits all tests of
nuclear explosives except, possibly, separately negotiated
tests related to peaceful uses. But such a definition leaves
open a number of issues centered on the exact meaning of
the phrase “nuclear explosives. ” Are very low yield tests of
inertial confinement approaches to controlled fusion, with

or without tests using gram quantities of plutonium, in-
cluded? “Zero yield” tests of implosion systems? Tests to
determifie the extent of dispersal of plutonium by acciden-
tal detonation of nuclear explosives that do not produce a
nuclear yield? Nuclear reactor tests that produce signifi-

cant chemical or steam explosions? Such questions need to
be answered to determine the impacts of a CTBT on nucle-
ar weapon development, and on the specific arrangements
for verification.

Nuclear explosion is sometimes defined as one for which
the nuclear yield is substantially greater (e.g. 10 or 100
times greater) than it would be if a quantity of high explo-

sive with the same weight as the device causing the explo-
sion were detonated. This definition would clearly not
include inertial confinement fusion tests related to con-

trolled fusion power plants, reactor tests, or “zero yield’
tests of implosion systems. But it is much less clear what

would he forbidden under such a definition. Part of the

problem concerns definitions of what is included in the
“explosive device, ” which might be a militarily useful
w,eapon integrally attached to a considerable weight of

measuring equipment or, perhaps a large mass of inert
material that actually plays no role in tbe explosion. It is

not difficult to imagine such a device that weighs 100 tons,
for which the “allowable” yield might be 1 or 10 kilotnns.
In short, drawing the yield line at some level that is vari-
able, depending on the nature of the explosive device,
Inoks fraught with verification difficulties.

Another alternative is equivalent to a very low threshold
treaty that allows nuclear explosions with yields up to, say, 1

ton. At such low thresholds seismic verification systems
would be easy to defeat at yields substantially higher than the
threshold by, for example, relatively small versions of the

type of contained, low yield test facility referred to above.
A quite different approach to defining what would be

forbidden and allowed by a CTBT is to forbid any explo-
sions that prnduce observable fission chain or thermonu-

clear reactions. “Observable” could be defined as detect-
able by instruments in the immediate vicinity of the explo-

sion. Such a definition would fnrbid tests of the inertial
confinement approach to contolled fusion unless special
provisions were made to allow such tests under the broad
category of nuclear explosions for peaceful purposes. This
definition of a CTBT would also make it possible to cheat

at yields below the threshold for long range detection of
expansions. This is a central issue for any type nf CTBT for
which no threshold yield is specified.

A starting point for exploring this issue in detail is con-
sideration of the consequences of such a treaty if there
were no cheating,

It would stop:

. Further development of all types of nuclear weapnns
that require tests and, in particular, pure fusion, thermo-
nuclear, boosted fission, or high efficiency and low yield

pure fission weapons.
. All nuclear weapon effects tests that cannot be simulat-

ed without use of nuclear explosions,

. Proof tests nf any nuclear weapons.
It would not, by itself stop:
. Further conceptual design and non-nuclear testing of

any types nf nuclear weapons.

. Further production of nuclear weapons that have been
satisfactorily tested,

. Proliferation of pure fission weapons based on the
same principles as the early weapons produced by the
nuclear weapon states, which could be stockpiled without
nuclear testing.

. Nuclear weapon development and deployment by
countries that are not parties to the treaty,

. Acquisition of nuclear weapons by non-national groups,
including terrorists, wh]ch might or might not receive co-

vert state support.
The foregoing summaries of the effects on nuclear weap-

onry of further restrictions on testing provide a point of
departure for considering the relative risks of such restric-
tions, including the risks that one or both sides will cheat.
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Comparative Rkks
No treaty is without risks, but the dominant risk lies in

continued testing.
If the United States continues and the Soviet Union re-

sumes underground nuclear testing at yields up to 150 kilo-
tons, the nuclear arms race will enter a phase of developing
radically new types of offensive and defensive nuclear weap-
ons that will undermine the security of both.

As we have seen, the possibilities are countless, and there
is no way to predict which ones may be chosen, for what
purpose, by present or future military planners.

They could be low yield, highly directional warheads,
placed in orbit in peacetime or “popped up” in wartime, that

can destroy or disable military satellites more than 1,000
miles away, by hitting them with hypervelocity pellets, x-
rays, or microwaves.

Or would they be electromagnetic noise generators that
will cause Star Wars fire control systems to malfunction?

Might they be tuned bandwidth directiona~ electromagnetic
pulse generators that can disable electrical equipment on the
ground by explosions in high orbits? Or would they be pure

fusion weapons that, at some unpredictable time in the fu-
ture, remove the need for special nuclear materials to pro-
duce a full array of nuclear weapons systems’? Directional
blast warheads that can destroy tanks without producing any

fallout are another possibility. Credible examples can go on
and on.

It is not in our national security interests to encourage the

Soviet Union to invent these weapons either first or second,
i.e. in efforts to match U.S. inventions of the same weapons.

Such weapons could undecmine our confidence in our deter-
rent: by improving the ability of the Soviet Union to attack
the eyes and ears of our security system; by helping the

Soviet Union proliferate its warheads; by giving it opportuni-
ties for “decapitation” of our command and control authori-
ties; by helping it attack our strategic forces on their bases in
unpredictable ways. Obviously, the United States has a

strong security interest in closing down Soviet Nuclear test-
ing. And, equally obviously, this can only be done by closing
down our own testing through mutual agreement.

The question, therefore, is only whether the U.S. Govern-

ment should opt for a low-threshold test ban—at a level that

can be verified from afar through technical means+r try for
harder-to-verify complete test ban whose verification de-
pends upon “less standard means such as defectors, leaks,

electronic intercepts etc.
My own preference would be for a complete test ban

because any violations would, in any case, have limited sig-
nificance in the absence of complete development and de-
ployment of the tested weapons—and because this could, I

believe, be adequately monitored to the extent that the test-
ing per se might not. Furthermore., I feel that the political
problems of a low-threshold test ban are at least as serious as

those of a complete test ban in that fears would arise of
violations of the threshold test ban of larger tests than permit-
ted.

In any case, something must be done to protect the securi-
ty of the United States and the rest of the world against these

Pandora boxes of new destabiltilng devices. Some kind of
test ban is imperative. ❑

PAINE: ONE KILOTON THRESHOLD NOW
Christopher E. Paine

Ted Taylor has given us a valuable tour of the techno-

logical terrain in the event the weapons laboratories are
directed to pursue intensive development work in the sub-

kiloton range. However, his assessment of the theoretical
possibilities needs to be tempered by an analysis of the
practical engineering obstacles, overall system (as opposed
to warheads) design considerations, military utility, fund-
ing constraints and political obstacles involved in develop-
ing new nuclear capabilities under a one kiloton threshold

ban.
By understating or failing to analyze these factors — not

the least of which is the denial of effects data under the
existing ban on space and atmospheric testing — one can
inadvertently lend credence to the Iongstandhg claim of

the nuclear establishment, reiterated recently by Assistant
Secretary for Defense Richard Perk., that “all tests, how-
ever Srnal! the y,eld, could have militwy significance. ” In
light of the considemble inhibitions on the use of force

imposed by an inescapable mutual vulnerability to nuclear
annihilation, such statements are less a description of mili-
tary reality but rather a rhetorical device to set-up the

argument that a Comprehensive Test Ban would be, in
some meaningful sense, “unverifiable.’

It is difficult to form an opinion with respect to the
purely technical aspect of Taylor’s vision, because the ex-

perimental da~~ either is not in the public domain, or
remains to be generated. One is entitled to ask, however,
on what basis, and on what timescale, does he project

achievement of a hundredfold increase in the compression
exerted by focused chemical explosions, permitting the use

of gram quantity critical masses; or development of com-
pact methods for direct initiation of fusion, or successful
engineering of specially shaped and reflected critical

masses which could direct a militarily significant fraction of
their electromagnetic energy through an angle of one de-

gree? Care should be taken that Taylor’s discussion of
these concepts not be construed by the press and the public
as prima ~ack evidence of their feasibility from an engi-
neering standpoint or their efficacy as part of a complete

weapons system.
Indeed, a similar debate over the prospective military

utility of weapons developments below the seismic detec-
tion threshold helped derail the CTB in the 1958-63 period,
when thk threshold w as thought to be twent y times Klgher

(in terms of yield) than it is today. Edward Teller, Albert
Latter, and other CTB opponents convinced many mem-
bers of the Congress, the military, and the media that
continued development of low fission-yield tactical nuclear

devices would lead within seven years to “clean weapons”
that would revolutionize tbe use of nuclear weapons for
defensive warfare, a possibility which Taylor now reintro-
duces almost thirty years later. Indeed, for Teller and

Latter, “the only alternative to clean weapons” was “to
avoid the use of nuclear weapons entirely, ” They claimed
(in 1958) that ‘“m recent nuclear tests, more and more
attention has been paid to the development of such clean

weapons, and most fortunately these efforts are well on

Continued on page 14
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A LOW THRESHOLD COULD BE EFFECTWE AND VERIFIABLE
J. Carson Mark

On the surface, the notion of a Complete (or Compre-
hensive) Test Ban (CTB) is very attractive. However,
there are considerations which suggest that a Threshold
Test Ban Treaty (TTBT) might be preferable, With re-

spect to any test-limiting treaty the U. S., definitely, and
quite possibly others as well. will insist on being able to
maintain assurance that the Treaty is in fact being ob-
served. Under such circumstances, one should not set out
to ban anything without a reasonable expectation that fla-

grant departures from the agreement could be detected
and identified. This would be very difficult to do with
respect to a CTB; but it could apply to a TTBT at some
threshold or other.

There is, of course, active—and acrimonious—debate as
to the lowest yield that may have this property with the
techniques available today—some claiming that this ap-
plies down to one kiloton, or even less, while others insist
that it could only apply down to some larger yield such as
ten kilotons or so.

In my opinion, one kiloton in the context of a reasonable

and manageable network of monitoring stations ought to
be acceptable; but, to relieve a largel y irrelevant squabble,

for the time being, it might be better to aim at a somewhat
larger value such as 3, or even 5. For the ultimate purpose
of cutting back+r cutting off—the development of signif-
icant new offensive weapons such a threshold should be set
as low as possible. Thus, from any given starting level, it

should be planned that this would be reconsidered and
lowered as techniques and experience might justify—and
as paranoia may abate,

In thk general connection, several points are worth not-
ing. One is that, though the behavior ofsome design may

be confirmed by testing at a yield lower than that intended
for the full weapon yield, for devices with thermonuclear

components, the factor between the full design yield which
is to be certified and the reduced test yield which is to

The MX missile warhea

.. . .

~-q.
;,, . .. . . .

d could not have been resred with a IOU,

provide thecertification is quite limited. Some who have
commented on this have suggested a factor of two; others,
about three; and afactor of five has also been mentioned.

This indicates that the range is three-ish. A threshold of 3
kilotons for testing would, then, preclude tbe development

of new weapons with yields appreciably larger than about
10 kilotons. (On this point it has been suggested that possi-

bly the low-yield tests might have to do only with the
development of new “trigger” for some much larger TN

weapon; but in such case, such larger weapon will aheady
have had to have been tested and will have been figured
into the existing threat. )

Another significant fact is that while the U.S. has con-
ducted more than 800 nuclear test explosions no more than
about one hundred devices have actually been carried very
far towards weaponization, and only about a quarter of
these are retained in the present stockpile. Evidently, a fair

number of tests is required before a new design can qualify
as an active weapon. Similar considerations will also apply
to the USSR, which bas conducted more than 500 tests.

Thus, any single new test—even should it avoid detec-
tion—cannot have the effect of eroding our position vis-a-
vis an opponent in any sudden or very serious way; and,
indeed, cannot affect it at all before the years required to

put a new weapon system in production and deploy it in
quantity.

Unlikely Possibilities

Asa third point, a great deal has been said about the
likelihood of someone evading an agreed limitation on
tests by means of using “uncoupled’ explosions, by sitting
around on the qui vive waiting for some obliging earth-

quakes, by detonations fired behind the sun, and so on.
None of these can be excluded as being absolutely impossi-

ble in principle. But all are so inherently awkward and/or
so expensive, so high in risk content, and offer such mar-
ginal returns as to be written off as credible courses of

action. Even without thepolitical risk factor, it is extreme-
ly doubtful that we would consider such activity worth-
while. Why, then, should wesuppose that others, with less
money to fling about, and with the political risk factor
weighed in, find that such activity had any attraction what-

ever?
In conclusion, as Taylor has indicated, there would still

be a range of quite intriguing questions for nuclear device
designers to crrnsider even under a one kiloton threshold;
and one should expect (and reconcile oneself) to the notion
that testing wotdd continue. Still, avery large part of the

main point would have been gained by a low threshold
treaty—that of cutting off the further development of the

tYpes of weapons which are presumably of most concern:
the long-range high yield models suitable for counterforce
or metropolitan targets. As an incidental point, such a
TTBT would avoid the essentially unmanageable problem
ofattempting tostipulate oridentify or control iust which

reasonable laboratory-type experiments were (or were
not) to be free to continue legitimately. ❑threshold test ban.
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THE ADMINISTRATION’S CASE AGAINST A COMPREHENSIVE TEST BAN IS WRONG
Richard L. Garwin

Ted Taylor’s article provides a very useful background
for discussing test-ban policy. The Reagan Administration
claims that a CTBT remains a long-term goal of the U. S.,

BUT the Administration says that:
1) A CTBT is not acceptable to the U.S. at this time

because it is not verifiable-violations could not be detect-
ed with certainty.

2) Even if a CTBT were verifiable, so long as U.S.
Security is dependent on nuclear weapons, testing must
continue in order to:

2a) maintain the reliability of weapons put into stock-
piles after thorough testing.

2b) Improve the safety and security of nuclear weap-
ons,

The verifiability of a treaty depends on the definition of

prohibited acts. I believe that a CTBT should permit ex-
plosive releases of nuclear energy taking place only in

permanently occupied above-ground buildings, within 30

meters of personnel.
In my opinion, every one of the cited layers of the ad-

ministration’s “defense in depth” against a CTBT is in
error:

First, underground nuclear explosions in the Soviet Un-
ion can be detected with a sufficient number of seismic

stations outside the Soviet Union, supplemented by some
on Soviet soil. If 22 seismometers on Soviet territory do
not suffice because of inadequate propagation of high-

frequency seismic signals, a larger density will be necessary
in some regions. The Soviet Union has stated its willing-

ness to accept required means of verification, and there
seems no reason to believe that they would not accept 100

seismic stations if such were deemed necessary by the U.S.

Second, for nuclear weapon stockpile reliability, nuclear
weapon deterioration in stockpile is prevented by assidu-
ous non-nuclear inspection of stockpile weapons. Incipient
degradation is corrected by remanufacture to original

specifications. Ray Kidder of the Lawrence Livermore Na-
tional Laboratory asserts that there has never been a case
in which a weapon test-fired in its production version,

Richard L. Garwin

needed a nuclear test either to detect deterioration or to
correct deterioration, no matter how found.

Third, nuclear safety would indeed be improved by the

adoption of insensitive high explosive (lHE) instead of
ordinary explosive, and this change would require confi-
dence nuclear-explosive testing. That this has not, in fact,
been a high priority goal for the United States is indicated
by the fact that only 40% of the U.S. stockpile weapons
incorporate IHE.

Fourth, the security of nuclear weapons can be im-

proved by the incorporation of successive generation of
permissive actions links (PALs); I was involved with tech-
nical and programmatic aspects of the installation of the

first such PALs in 1962, as I was involved in 1951-52 in the
building of the first hydrogen bomb. But the benefits of
new and more capable PALs can be obtained without
nuclear testing.

Will the Mkdgetman Warhead Need Tests?

The Administration also claims that a test ban would

prevent the acquisition of a warhead for the Mldgetman
single-warhead ICBM, but testimony by Lt. Gen. Ran-
dolph states only that a test ban would mandate the selec-
tion of the already tested W87 MX warhead. The Adminis-
tration asserts that the MX warhead cannot be definitively

chosen for the Midgetman because of the as-yet unspeci-
fied shock which must be resisted by the warhead in a
mobile launcher subject to nuclear attack. But the decision

can indeed be made now, by putting the requirement on
the yet-to-be-defined mobile launcher to mitigate the envi-
ronment for the warhead. After all, when NASA Paunches
senators or other astronauts into orbit, they do not rede-

sign the astronauts; instead they provide an environment
that is tolerable to the person.

Taylor is right in wanting a CTBT to dampen a U. S.-

Soviet technical competition in new weaponry which may
increase our virtuosity, but not our security, But, in addi-
tion, I believe that a CTBT is essential to provide the moral

and practical basis for the community of nations to bar
testing of nuclear weapons by nations that wish to acquire
nuclear weapons, and to enforce such a ban by the stron-
gest possible measures. A Threshold Test Ban Treaty, no

matter how low the threshold, legitimizes nuclear tests and
would not provide the moral basis for opposing testing and
acquisition of nuclear weapons by other nations. In prac-

tice, a low threshold would create unending argument
about compliance, unless every sub-threshold test were
monitored with local cooperative means.

If a CTBT could not be implemented immediately, rath-

er than a threshold for a period of years, a combination
quota and threshold could be considered, providing con-
straints additional to those imposed by the nuclear testing
agreements already in existence. For instance, a declining

quota of three tests in the first year (each of yield below 15
KT); two tests in the second year with yield below 1 KT;
and no tests thereafter would achieve most of the benefits
of an instant CTBT and might be easier to adopt. ❑
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Continued from page 11
their way to success. ” The latter statement vms misleading
in the extreme.

No sooner had tbe movement toward a CTB been blunt-
ed and channeled into the Limited Test Ban, than the
pretense of any near term prospect of “pure fusion” weap-
ons was dropped, and even the development of low-fission
yield “enhanced-radiation” devices was placed on the back

burner, in deference to achieving further incremental im-
provements in the yield-to-weight ratio of medium yield
offensive weapons. When enhanced-radiation weapons
finally reached the production stage in the late 1970’s, their
actual deployment was severely limited by both political

considerations and a lack of operational military utility.
Today’s proponents of a complete ban on further nucle-

ar explosive testing must take care that they do not contrib-

ute to a repetition of this history by overstating the likeli-
hood or strategic significance of results to be obtained from

further low-yield nuclear tests. While such dire forecasts
can serve to emphasize the urgency of a complete CTB,
they can also serve to undermine it by exaggerating the
strategic advantages to be obtained from cheating.

On a related matter, Taylor refers, with perhaps a hint of
disapproval, to “a widely held view in Congress” in sup-
port of a low-threshold treaty. The only reliable indications
we have of Congressional sentiment in this area are non-

binding Senate and House votes in favor of CTB negoda-
dom and an August 8 House vote of 234-155, later dis-

carded in conference, mandating a one-year cutoff in fund-
ing for the conduct of tests above 1 kiloton. This vote was
regarded by its sponsors not as a substitute for a negotiated

CTB — in the unlikely event such negotiations suddenly
materialized under the current Administration — but rath-

er as a way to hold the line on U.S. nuclear tests, respond
positively to the Soviet test moratorium, and stimulate
progress on the verification issue.

In the view of the amendment’s sponsors, the thorny
verification problems posed by subkiloton tests, to wbicb
Taylor refers only in passing, cannot be resolved through

the legislative process. But the “Aspin-Gephardt-Schroe-
der” amendment did in fact break new legislative glOund
by mandating reciprocal conditions for implementation of
the proposed moratorium on tests above one kiloton. This

particular route toward a CTB was chosen because an
informaf political and technical consensus had emerged
regarding the ability of in-country seismic monitoring net-
works to detect even decoupled explosions above that
threshold, The amendment further simplified the monitor-

ing task by requiring that each side carry out any permitted
subkiloton explosions in “strong-coupling” rock within a
single “designated test area, ” This condition, in conjunc-
tion with thorough calibration of the networks monitoring

each test site, should alleviate Taylor’s concern about end-
less disputes over compliance with the one-kiloton thresh-
old. Even if yield estimation techniques do not improve
beyond the present accuracy of 30’%, neither side should
lose much sleep over deviations on that scale at such low
yields.

In light of Taylor’s analysis, procedures for coping with

large chemical explosions, fusion experiments, “zero-
yicld” or ton-range nuclear tests, and other problems in-
volved in constructing a complete ban obviously deserve

increased attention from CTB proponents, particularly
those who maintain that the subkiloton range is a “Pando-
ra’s” box crammed with “third generation” nuclear weap-

ons. But these concerns should not disrupt consensus cm
prompt implementation of a one kiloton threshold agree-
ment along the lines established by the House vote. Con-
sensus on a partly flawed but nevertheless worthy and
immediately plausible goal is hard enough to establish with-

in the American political system without adding to it the
burden of atvaining perfection. In defense politics, espe-

cially, the best must not be made the enemy of the good,
because the merely good may be all that the current and
future state of bureaucratic politics and international confi-
dence will allow, Moreover, the House amendment’s spon-
sors were advised by knowledgeable scientists that wea-

ponization of present nuclear directed energy concepts
would require significant testing above the 1 kiloton

threshold, presumably because predicted efficiencies of
NDEW devices do not approximate those implied by Tay-

lor.
The historical record tends to support the hypothesis

that the prospect of attaining a Comprehensive Test Ban is

governed by interaction in the political arena between:
available monitoring capabilities, tbe perceived value of
pending and prospective developments in nuclear weapons
technology, and fluctuating views of national leadership
regarding the psychological value of explosive testing in

underscoring each side’s willingness to use nuclear weap-
ons to defend its national security interests,

Of these factors, I believe the last mentioned to be
controlling. For example, what if either side were to adopt
the view that nuclear devices are not weapons which must

meet traditional (and ever escalating) military criteria [reli-
ability, accuracy, survivability, mobility, security, and

safety], but rather instruments of retribution whose sole
purpose is to dissuade any nation from actually employing
nuclear weapons against another? In this case, any nuclear
power could unilaterally forego nuclear explosive testing

altogether and, given adequate attention to other aspects
of its deterrent force, still be secure in the knowledge that
it possessed a “credible” deterrent against nuclear attack.

But such a “minimum deterrent” mission for nuclear

forces on either side could be satisfied with a compact force

Chrisronher E, Paine
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THE ERA OF THE LIMITED TEST BAN TREATY

Since late 1962, when the Limited Test Ban Treaty
banning all nuclear tests except underground took
effect:

. There have been more than 950 underground nu-
clear tests, at least 530 by the United States and 420 by
the Soviet Union. The yields of these tests were limit-
ed, since 1976, to not more than 150 kilotons by the
signed, but not yet ratified TbresboId Test Ban Trea-
ty. Claims by tbe U.S. government of several viola-

tions Of thk threshold have been refuted.
. Altbougb the world’s stockpile of nuclear war-

heads bas remained, at a total, in tbe vicinity of 50,000
for the last decade or so, the U.S. and the U. S.S.R
have made major changes in their nuclear weapons
delivery systems, notably tbe introduction of multiple
warheads onindlviduaI missiles (MIRV), air and sea
Iauncbed cruise missiles, and, for tactical uses, en-
hanced radiation weapons (neutron bombs), and sev-
eral dozen other types of weapons.

perhaps one-tenth the size of present strategic forces, but

still large enough to deter either side from indulging in the
illusion of a sudden “breakout” of defensive forces. Since
the nuclear testing apparats would no longer be called

upon to support the “credibility” of nuclear war fighting
postures by generating incremental or “revolutionary” im-

provements in military characteristics, the problem of de-
fining and monitoring “militarily significant tests” at very
low yields would evaporate, andthehdkof the nuclear

weapons establishment could be turned out to pasture.
One could simply sign an agreement which relied on exist-
ing national monitoring capabilities and discounted the
“risks” posed by undetected cheating at low-yields as in-

consequential for national security.
Forecasts of technical breakthroughs forever poised to

spring from beneath a steadily declining detection thresh-

old have long been used by CTBopponents to foster de-
mands by unwary politicians for an “ironclad” verification
system, whose specifications are then obligingly drawn-up
ina manner that somehow always manages to exceecf the
carrying dapacity of prevailing Soviet-American relations.

The way to short circuit this purposeful Catch-22 is by
reconciling the technical capabilities of a monitoring sys-
tem that the Soviet Union is likely to accept with majority

political perceptions of the military significance of testing
under various yield thresholds. The recent House vote
suggests that such a consensus is indeed attainable in sup-
port of a low threshold ban, and Gorbachev has indicated

that he is willing to approach a Comprehensive Ban
through interim restraints if these restraints represent
meaningful steps toward a CTB rather than a spurious
mutual ratification of each side’s nuclear test program.
Whenever technical and political conditions warrant, this

low threshold can be further reduced to approximate the
comprehensive ban which has eluded our grasp for so
long. ■

ADMINISTRATION IN DISARRAY
ON ARMS CONTROL

Since our last report which sought to support the Presi-
dent on zero-ballistic missiles, the Administration has:

o changed the position to one of holding onto a small
number of ballistic missiles, (if you believe the State De-
partment);

. abandoned the proposal as unrealistic, (if y“bu believe
the Arms Control and Disarmament Agency);

. characterized the proposal as “not operational at this
point,” (if you believe unnamed White House sources);

. left the proposal out of a Presidential speech.

But if you believe Richard Perle, the proposal is still on
the table although, be says, it never involved eliminating
British, Chinese, and French ballistic missiles.

In the light of congressional reaction, and that of the

Europeans—who, predictably, are opposed to any signifi-
cant change whatsoever, lest they have to think through its
implications—zero-ballistic missiles seems to have died
aborning.

More generally, this Administration may have lost its
ability to negotiate any significant arms control at all.

Another obstacle to the Reagan Administration’s progress
in arms control of any kind is its bad manners. It

has tended to alienate the whole strategic community outside
its own personnel including the Congressional members.

When Richard Perle, for example, heard House Armed

Services Committee Chairman Les Aspin complain that
the administration had not “brought home the bacon in six

years,” he seized the occasion, in written prepared re-
marks, to indict all of Congress as better at dealing with

“pork” but only good at doling it out. He made a number
of sarcastic and patronizing remarks about previous Con-
gressional work in arms control and lectured the Congress
that “no agreement” could be better than agreements “in-
imical to our security. ”

With this sort of style, even an unimpaired Administra-
tion is unlikely to get very far in securing a consensus for
any arms control proposal at all.

One can never be sure, of course. The Administration
might change its key players, as so many are urging it to do
and the situation might then get better—if it did not get
worse. Also the President might feel obliged to get some

kind of agreement, much as President Nixon sought the
Threshold Test Ban Treaty when he was in political trouble
over Watergate.

It may be that America is, politically speaking, insuffi-
ciently stable to negotiate much in the way of arms control
agreements. There are narrow windows of political oppor-
tunity between elections. The high visibility of all negotia-

tions, the two-thirds rule in tbe Senate for treaty ratifica-
tion, and the ease with which suspicion of adversary cheat-
ing gets transformed into a debilitating certainty all cause
difficulties-not to speak of the problems of getting Alli-

ance agreement and the real difficulties which the Soviet
Union provides to agreement, We badly need some kind of
on-going leadership in this field that transcends the Ad-
ministration-by -Administration approach upon which we
have been relying. -JJS
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