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s India seeks to develop and maintain its nuclear

A weapons arsenal, it faces the critical question of
how to ensure the reliability and safety of its

nuclear weapons, especially as they age, in the absence
of full-fledged nuclear explosivetests. Further, Indiamust
decide how to increase the yield (or decreasetheyidd, as
needed) and reduce the weights of its existing weapons
designs—that is, improve the technical quality and effec-
tiveness of its weapons. India has three obvious choices
regarding testing: do no more tests of any kind, break its
self-imposed moratorium and conduct full explosive
nuclear tests, or continue to develop and refine existing
designsviasub-critical tests.? This paper presentsan analy-
sis of these three options and concludes that sub-critical
tests are the most likely route that India will adopt in the
near term. Given this possibility, the paper details some
recommendations that could help ensure greater trans-
parency in the conduct of future Indian sub-critical tests.
The use of sub-critical testsis preferable to full-scale
nuclear explosive tests and could slow the further prolif-
eration of nuclear weapons in South Asia, as new weap-
ons development is more difficult without full explosive
tests. The idea situation, of course, is that India desist
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from further development and deployment of nuclear
weapons. Toward this end, the international community
will continue to pressure India to refrain from any addi-
tional tests related to the development of nuclear weap-
ons. This pressure may not be entirely successful, however,
given the past history of Indian nuclear weapons devel-
opment in the face of international opposition. In the con-
text of renewed Indian nuclear testing, therefore, if tests
occur at all, it isimportant to keep such tests at the sub-
critical level. Furthermore, increased transparency in the
conduct of any Indian sub-critical tests, at least to the
minimum required to ensure that the tests have indeed
remained sub-critical, could be an important confidence-
building and confidence-creating measure.

Are there indications that future Indian nuclear tests
may indeed remain at the sub-critical level? Does India
have, or is India developing, the technical capabilities to
conduct and learn from sub-critical tests? What would be
to India's advantage in restricting its future testing pro-
gram to the sub-critical level? And finally, what policy
options does the United States have in dealing with India
onissuesrelated to possible Indian sub-critical tests? This
article attempts to answer these questions.
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The article begins by establishing that the two options
of doing nothing or conducting full explosive tests are not
viable for India. It will then present evidence that the
Indian government hasitself stated clearly its aim of con-
ducting sub-critical tests in the future and is working to
establish the technical capabilities to conduct and learn
from sub-critical tests. Next it argues that there are sev-
era advantages to India of keeping its future weapons-
related tests at the sub-critical level:

» A program of sub-critica tests would retain the am-
biguity in India s nuclear weapons programs that has
worked to India s advantage in many ways.

e Sub-critical tests will help India maintain its mora-
torium on nuclear tests involving nuclear explosions
and adhere to the emerging global norm against
nuclear weapons explosive tests, while strengthen-
ing the capability, deterrence quality, and politi-
cal benefits of India’s nuclear force-in-being.

e Sub-critical tests could avoid significant deterioration
in IndiarU.S. relations that may occur if India con-
ducts a new round of nuclear explosive tests.

»  Sub-critical tests would help India avoid the possibil-
ity of new sanctions that may be imposed by the in-
ternational community for conducting full-fledged
nuclear tests.

Findly, the article discusses a policy option for the
United States to consider in dealing with India on the
issue of sub-critical tests—namely, to encourage limited
and controlled transparency in the conduct of any future
Indian sub-critical tests, and to urge Indiato restrict such
testsfor safety-related purposes and not for new weapons
development. This is an option that deserves consi-
deration given that it could have benefits for both India
and the United States.

OPTIONS AT THE EXTREMES

India needs to incorporate lessons learned from the May
1998 tests into the preexisting designs that were tested.
Much of this effort will likely focus on optimizing the de-
sign of existing Indian fission nuclear weapons by in-
creasing yields for a given size and weight. One of the
aims of the redesign process will be to increase the com-
pression of thefissile material used in the weapon, so that
asmaller amount of material can reach criticality. Asdis
cussed by Aaron Karp in Ballistic Missile Proliferation, us-
ing such a fractional critical mass or “fractiona crit”
method is one of the key steps in reducing the size of a
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nuclear weapon, and the amount of fissile materia it car-
ries, to make the weapon more suitable for missile deliv-
ery.® Indian scientists and engineerswill also beinterested
in reducing the costs of manufacture and maintenance of
proven nuclear weapons designs through reengineering.
With greater experience in manufacturing, storage, and
maintenance will come greater insight and recognition
of possibilities for improvement that engineers may seek
to exploit. Asnew ddlivery systems comeinto being (most
Indian missiles are not yet in their final configurations,
and some are till undergoing tests and development), the
weapons will haveto be certified for the associated vibra-
tion loads and stresses. This may also require some rede-
sign. All such modifications will require some form of
testing of the weapons. Therefore, it will not be possible
for India to adopt a “do-nothing” policy. Meeting these
conditions will require some form of testing.

There will also be continuing pressure from within
the Indian nuclear weapons scientific community for
additional tests. P. K. lyengar, aformer chairman of India's
Atomic Energy Commission, has stated, “It is unscien-
tific to embark on along program of weaponization, and
develop elaborate plans for maintaining a credible
nuclear deterrent, all based on just one, low yield, ther-
monuclear test. When we do not do this for the Agni or
Prithvi missiles, why would we want to take this risk for
nuclear weapons?'4

Anthropologist LauraMcNamara has studied nuclear
wegpons designersin Los Alamos.® Shefound that, among
this community, being involved in atest explosion is con-
sidered arite of passage. Within the corresponding Indian
community, as well, there is likely to be a desire to par-
ticipate in a test explosion and be anointed into a select
inner circle. In addition, weapons designers will continue
to develop new weapons designs hoping someday to test
them, even though they may not be presently tested
under India’s existing moratorium on tests. Indian scien-
tists will be motivated also by a desire to prove India's
worth as comparable to that of more developed countries.
All these factors will create pressure to develop new and
more varied weapons designs, and possibly the weapons
themselves—though the developers will find themselves
stymied by their inability to conduct full-fledged tests.

WHy FuLL-FLEDGED ExpLOSIVE TESTS ARE
UNLIKELY

Although the Comprehensive Test Ban Treaty (CTBT)
has not yet entered into force, a global norm against

The Nonproliferation Review/Fall-Winter 2003



SuB-CriTicAL NucLEAR TESTS: AN OPTION FOR INDIA?

nuclear testing has begun to emerge by virtue of numer-
ous states having at least signed the treaty, if not yet fully
retified it. India has aso publicly announced a sdf-imposed
moratorium on nuclear testing. Both the nascent inter-
national norm against nuclear tests and India’ s morato-
rium would have to be broken before India could renew a
seriesof nuclear tests.

A renewal of nuclear explosive testing by Indiawould
have serious ramifications. U.S. sanctions against India
for its 1998 series of nuclear tests have only recently
begun to be lifted. Military cooperation between India
and the United States resumed in 2002. For example, the
United States has sold India Fire Finder battlefield radars,
Indian and U.S. Specia Forces have undertaken joint
exercises, and the United States has lifted restrictions on
the sdeof F-404 GE aircraft enginesfor India sLight Com-
bat Aircraft.® The Entity List of organizationsin India
that are restricted from access to U.S. technologies has
been revised, and numerous entities have been re-
moved from thislist. Renewed nuclear tests by Indiacould
jeopardize this military cooperation with the United
States. Sanctions could be imposed again, and the En-
tity List would likely be expanded.

Apart from repercussions from the United States,
Indiawill also face considerable opprobrium from the rest
of the international community if it undertakes nuclear
explosive tests. Japan, the European Union, Canada, and
other developed countries will most certainly place addi-
tional sanctions on India. Relations with China could
also suffer. China sinitial responseto India’ slast series
of nuclear testswasrestrained. However, after pressreports
indicated that the Indian government had justified its
decision to test based on the “China threat,” the Chi-
nese government issued a statement strongly condemn-
ing India’s tests.” Future Indian nuclear explosive tests
may again elicit negative Chinese responses.

Worse still could be the reaction from Pakistan. The
Pakistani government would likely conduct its own
full-fledged tests in response. There could even be a
further impetusto Iran’s efforts to build nuclear weap-
ons. A new series of nuclear explosive tests in South
Asia might eventually result, and a spiraling nuclear
arms race could ensue.

These concerns must certainly give Indian planners
pause and good reason for not embarking on the course of
renewed nuclear testing. Sub-critical tests would provide
amodus operandi to continuewith India splansto createa
credible minimum nuclear deterrent, while minimizing
adverse international reactions.
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To the extent possible, therefore, Indiaislikely to use
a series of sub-critical tests to refine its existing nuclear
weapons designs. As pointed out by Ashley TdlisinIndia's
Emerging Nuclear Posture, in the near future

India snuclear estate will be restricted toimproving its
current advanced designs—to the degree that it can—
by means of simulationsand laboratory testswhile con-
stantly preparing for the possibility of renewed field
testing in the event that India' s political leadership
should change its mind and authorize the formal devel-
opment and induction of advanced weapons into the
country’s nuclear inventory.®

THE Su-CRITICAL TESTS OPTION

Given India's current declared moratorium on full-scale
explosive nuclear tests, future Indian nuclear weapons
development could well rely on sub-critical experiments
to generate needed data. These data can validate theo-
retical and computational models. Once the models are
validated, they can be extrapolated to conduct “virtual”
nuclear explosions.

A sub-critical test uses an amount of fissile material
less than that needed to form a critical mass. When the
smaller amount of fissile material is compressed, the test
can determine whether the required density is attained
in the requisite time and as predicted by computational
models. If the test results are in accord with the predic-
tions, then the models are better validated. Idedly, the
models should be validated against results from full-scale
explosive nuclear tests. India has data from six previous
full-scale explosive tests. Sub-critical tests could augment
these data, and help in the further validation of models.
Nuclear weapons designers could then use the validated
computational analysesto predict the behavior of alarger
critical mass. Based on the ability to predict the hydrody-
namic behavior of afissile material, they could have added
confidence that a larger critical mass, too, would behave
as designed, even without a full-scale nuclear explosive
test.

Thetwo Indian nuclear testsof May 13, 1998, involved
detonations of 0.5 and 0.3 kilotons (KT) each. Interna
tional seismic monitoring stations did not detect these
tests, leading many scientists to doubt whether the de-
vices had performed as planned and as India had pro-
claimed. However, later publications by Indian scientists
involved in the tests refuted these allegations and pre-
sented post-shot radioactivity measurements establish-
ing that criticality did occur.® Even though there may be
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doubts regarding the actua yield of these sub-kiloton tests,
there cannot be much doubt that the tests did go critical
at least to a small extent, given the presence of post-fis-
sion radionuclide products in bore holes near the test lo-
cations. It appears, therefore, that Indian scientistsare able
to conduct tests that are barely critica—yet, because such
tests will be of very low yield, they will likely not be de-
tectable by the international seismic monitoring network.
It is important, therefore, that should India ever conduct
underground sub-critical tests, there be a verification
mechanism in place to certify that the tests are truly or
have remained sub-critical and that they have not been
planned to be or may inadvertently become barely critical,
undetected, as occurred on May 13, 1998.

On that day, after carrying out the tests, the Indian
government released the following statement:

In continuation of the planned program of nuclear tests
begun on the 11th of May, two more sub-kiloton nuclear
tests were carried out at Pokhran range at 12.21pm
(0651GMT) on the 13th of May 1998. The tests have
been carried out to generate additional datafor improved
computer simulation of designs and for attaining the
capability to carry out sub-critical experiments, if con-
sidered necessary....

This statement holds out the possibility of India conduct-
ing sub-critica tests in the future.

In December 1999, in an interview with a govern-
ment spokesperson posted on the web site of the Indian
Ministry of External Affairs, Dr. R. Chidambaram, the
Chief of the Indian Department of Atomic Energy, dis-
cussed possible Indian sub-critical tests even more explic-
itly. In response to this question, “From a scientist’s
point of view, do you think Indian scientists have the
capability of conducting sub-critica tests?’, Dr. Chidam-
baram replied:

At Pokharan we tested out arange of devices of .5 KT,
3 KT, and .2 KT yields. Our results were very closeto
our expected yields. Which meansour capability to con-
trol this multiplication factor has been totally proved.
Today, our knowledge of solid state theory isextremely
high. We have what are called density functional meth-
ods, we've got very powerful computers which calcu-
late the total energy in solids and various compression
data. With computersall these cal culations can be done

very precisaly.
The beauty of our computer package is the absolute fit
in all devices, between our design yields and the mea-

sured yields during the tests. We have computer simu-
lation capabilities. It isaready there. We' ve shownitin
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al our experiments by proving the matching...because
of the excellent match between the calculated yields
of the design and the measured yields after the tests.°
Although the yield of the Indian nuclear weapons
tests has been a much-debated issue, there is no doubt
that Indian scientists have succeeded in developing fis-
sion and boosted-fission/thermonuclear weapons with a
yield on the order of 30-50 KT or more. What Indian
weapons designers need to do now is to optimize their
weapons designs to reduce the sizes, weights, and costs of
maintenance and manufacture, and to increase the yields
of their weapons. It appears from the official statements
quoted above that India has intentions of continuing
nuclear weapons design and manufacture through a pro-
gram of sub-critical tests.

India’s Position on Sub-Critical Tests

Sub-critical tests are alowable under the CTBT. Russia
signed the CTBT on September 24, 1996, and ratified it
on May 27, 2000. Russia has continued to conduct nuclear
weapons-related sub-critical tests at the Novaya Zemlya
test site.* Currently, the United States has an extensive
program of nuclear weapons-related sub-critical tests, some
of which are conducted underground at the Nevada Test
Site? Severa researchers have studied the efficacy of
sub-critical nuclear tests and the negative impacts of such
tests on disarmament goals, primarily in the context of
continuing U.S. and Russian sub-critical tests.*®* One of
the intentions of U.S. and Russian sub-critical testsis to
ensure the safety and reliability of their nuclear weapons
stockpiles. The sub-critical tests aso help maintain exper-
tise and knowledge related to nuclear weapons design
and manufacture.

Indian sub-critical tests, should they ever be conducted,
will also have similar motivations related to safety and
aging issues. Some components of India’ s nuclear weap-
ons inventory are nearing two decades and more in age.
India, too, has a need to maintain expertise and knowl-
edge related to nuclear weapons and testing. Sub-critical
tests will sustain India' s nuclear weapons-related knowl-
edge and expertise.

India's previoudly stated position at CTBT negotia-
tions was that even sub-critical tests should be banned.
After the criticality tests in 1998, however, India stated
that it might itself carry out sub-critical tests. In fact, there
have been press reports that the Indian Department of
Atomic Energy has aready developed the capahilities to
conduct certain types of sub-critical tests.'4
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Utility of Sub-Critical Tests for India

Nuclear tests involving weapons-grade material may be

sub-critical based on either of two options:*®

e Option One: The configuration of the nuclear mate-
ridsis of akind that could lead to criticality, but
the amounts of materid involved are lowered to en-
sure that during the test there is no possibility of a criti-
cd mass being achieved. “A configuration that, as-
sembled, provides two critical masses at the maxi-
mum density achieved, will besub-critica if themass
of every element involved is multiplied by 0.4...radiog-
raphy of the systemis correspondingly easier, becauseit
isless‘thick’ a every stage of the assembly.” 16

e Option Two: The configuration is of a kind that the
test could never result in criticality being achieved.
An example of this second kind of test isoneinwhich
weapons-grade nuclear materia is placed on a flat
plate and exposed to ablast from an explosive so that
it disperses before a sustained chain reaction can oc-
cur. The intent here is to study the properties of the
nuclear materia at high temperatures and pressures.

Thetask of the Indian designersisto optimize proven
designs—reduce weight and size and increase yields. Some
of the changes in engineering design that reduce the
weight and size of a nuclear weapon could be tested
without a nuclear detonation using adummy warhead and
a surrogate material. To test modifications that are
designed to increase yield, a sub-critical test of the Option
One type would be required.

Examples of types of datathat could be obtained from
sub-critical tests (of both Option One and Option Two

types) are:
+ Densities and velocities of the fissile material and
gected particles

e Validation of the computational predictions of blast
and shock data, temperatures, and radiation levels as
afunction of distance and time

¢ Nuclear and therma spectral distributions, and rela-
tiveintensities of types of radiation, varying over time
and distance.

Sub-critical tests involving fissile materials such as
plutonium or highly enriched uranium are usually
conducted underground if there is a possibility—albeit
extremely small—that the material may go criticd. Indian
weapons are primarily plutonium based. Therefore, India
is likely to conduct its sub-critical tests using plutonium.
The behavior of plutonium under high pressures and
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temperatures is especialy unpredictable, leading to the
safety precautions of underground testing. Above-ground
testing of configurations that have the possibility of going
critical but are not likely to because of reduced critical
massesis simply too great arisk. Even for configurations
that can never go critical, the risk of containment failure
and the dispersion of plutonium precludes above-ground
testing. Therefore, Indiawill be forced to conduct its sub-
critical tests underground. It is these underground sub-
critical tests that could become problematic for India—
they could be misinterpreted as full-fledged low-yield
nuclear explosive tests. However, it isthese very types of
underground sub-critical tests that would be of greatest
value to India in generating needed data for validating
models and for preserving the knowledge and expertise of
its scientists related to testing and nuclear weapons
development.

India’s Technical Capabilities

India has the capabilities to manufacture hardened sen-
sors and instrumentation. Indian weapons designers also
have access to adequate supercomputers and expertise in
modeling complex fluid and thermal phenomena. There
are indications that India may be generating experimen-
tal data using pulse power devices to validate computer
codes that moddl nuclear explosions. Therefore, there
appears to be the requisite technology available within
India to consider undertaking sub-critical tests to im-
prove the design and yield of Indian nuclear weapons.

Undoubtedly, Indian scientists have either developed
or could further develop the required hardened sensors
and instrumentation needed for the successful conduct of
sub-critical tests. The Indian nuclear industry has de-
signed and built indigenous research reactors as well as
nuclear power plants. India has also conducted six nuclear
weapons tests. All of this activity has resulted in consid-
erable nuclear expertise within India

Indian scientists will need supercomputers to model
sub-critical tests. The Bhabha Atomic Research Centre
(BARC) has developed the ANUPAM Supercomputer,
which uses 84 Pentium PCsto attain a sustained speed of
15 gigaflops, or hillions of operations per second (which
is about 500 times faster than the first computer built in
BARC in 1991).Y7 In comparison, the Advanced Strate-
gic Computing Initiative (ASCI) of the U.S. Department
of Energy (DOE) uses machines that are 1,000 times or
more faster than the supercomputer devel oped by BARC.
The ASCl isapart of the U.S. DOE's Stockpile Steward-
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ship Program. Though the computational capabilities
available to Indian designers are limited, they are by no
meansrestrictive. Inthe past, U.S. weapons designershave
worked with gigaflops machines.

Through their modeling studies and sub-critical tests,
U.S. and Russian nuclear weapons scientists are studying
problems of aging and the effects of possible micro frac-
turesin wegpons assemblies. Indian weapons designersare
dealing with an axisymmetric problem related to mode-
ing the weapon core. Therefore, the dimensionality of the
problem they are studying is essentially two-dimen-
sional—one dimension less than the problem faced by
those studying three-dimensional problems caused by
asymmetric micro fractures.’® This fact could reduce the
Indian computational capability requirement by a fac-
tor of athousand, if we assume that athousand approxi-
mation points are used along each dimension to create
acomputational model of the physical problem being stud-
ied. The gigaflops machines available to Indian weapons
designers, therefore, may be adequate for some of the re-
quired modeling tasks.

Apart from adequate hardware, |ndian weapons design-
ers will aso require computational modeling tools. The
Indian scientists will have to model thermonuclear reac-
tions, the dynamic response of materials at extremely high
pressures and temperatures, and complex fluid phenom-
ena such as turbulence and explosions. India has severa
advanced centers focused on computational modeling of
complex physical systems. A report entitled “Flow Simu-
lation and High Performance Computing in India’ by the
Asia Technology Information Project and Y gjnik Associ-
ates of Bangalore, India, lists 62 centers of flow simula
tion activity in India'® Sectors covered by these institutes
include aeronautics; atmospheric, automotive, and com-
putational sciences; defense; energy; environment; ocean
sciences; petroleum; space; theoretical physics, and water
resources. Among the biggest users of computational
resources within these 62 centers are BARC, the Institute
of Plasma Research, and the Defense Research and Devel-
opment Laboratory.

Indian scientists at BARC have developed a high-
energy pulsed power device, called KALI-5000, that can
produce pulsed electron beams for applications in high
power microwave generation and pulsed intense neutron
sources.?’ One of the possible applications of such apulsed
power device is providing experimental data for the vali-
dation of computer codes that model nuclear explosions.#
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BeNeEFITs To KEEPING FUTURE TESTS
VERIFIABLY SuB-CRITICAL

Indiahas no announced program for sub-critical tests. Nor
are there any indications that India will undertake under-
ground sub-critical tests in the near future. If such tests
are ever entered upon at all, it will be severa yearsin the
future. Indian scientists will first exhaust the possibilities
of laboratory experiments and simulations using surro-
gate materials, before they will need to conduct under-
ground sub-critical experiments. Therefore, there is a
window of opportunity at this time to discuss with India
the need to increase the transparency of any future sub-
critical tests.

Future sub-critical tests by India may be performed
covertly and be hard to detect. They might, however, even-
tually become public knowledge. This could happen
through satellite-based detection and identification of test
preparations (if the tests are conducted underground at
the Pokhran test site), through leaks of information gath-
ered by external intelligence agencies, or through infor-
mation leaks from within India’'s own government
infrastructure. The Indian government may well inten-
tionally release information on its sub-critical testing pro-
gram.

When, and if, Indian sub-critical tests occur, the tests
could be suspected of being clandestine full-fledged
nuclear tests. This could have a destahilizing effect on re-
giona srategic stability. The currently prevailing globa
norm against nuclear testing could be weakened.

Indid's principa nuclear adversaries, Pakistan and
China, could both accuse India of using sub-critical tests
as a cover for conducting larger yield tests. Although
speculative to some extent, it is possible that sub-critical
tests conducted by India would encourage Pakistan (and/
or China) to begin a series of similar tests. 22 In this case,
Indiawould bein a position to doubt the yield of the sub-
critical tests of its adversaries, and suspect that they might
be using very-low-yield critical teststo develop new weap-
ons. Therefore, encouraging transparency in the conduct
of sub-critical testswould servetheinterests of al of these
countries.

On the other hand, should future Indian nuclear-
related tests remain verifiably sub-criticd, the following
benefits would accrue:

e The ambiguity surrounding India’s nuclear program
will remain. Thisambiguity serves asabraketo more
aggressive nuclear postures evolving in the region.
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»  Weapons developed and tested through sub-critical
tests will have alow confidence level among policy
and strategic analysts and decision-makers, reducing
thelikelihood of use. Nevertheless, asthe Indian gov-
ernment has publicly stated that it views nuclear
weapons as a means of deterrence and has enunci-
ated a“nofirst use’ policy, the sub-critical tests could
still enhance the perception of a nuclear deterrent
among policy and strategic analysts, and decision-
makers, and the potential enemies that India wishes
to deter.

» If the sub-critical tests are conducted with limited and
managed transparency, the international community
will be assured that the tests indeed have remained
sub-critical, and the global norm against nuclear tests
and various countries self-imposed moratorium on
nuclear tests will be sustained.

Ambiguity has been a defining feature of the Indian
nuclear program and the Indian standoff with Pakistan.
Although much of this ambiguity has been dispelled since
1998, after India became a self-declared nuclear weapon
state, considerable ambiguity remains. India's weapons
designers declared after the Pokhran tests of May 1998
that a thermonuclear test was conducted with yields kept
purposefully low to prevent damage to communities and
structuresin the vicinity. However, the maximum yield of
aweapon in India s nuclear weapons stockpile has never
been clearly stated. The maximum yield of Indian nuclear
weapons relates to the efficacy of India s claim to be able
to inflict unacceptable damage on an adversary—an
expressed goal in India s draft nuclear doctrine. Also, the
mix of fission, boosted fission, and thermonuclear weapons
in India’'s stockpile is unknown, as is the number of such
weapons. Whether India intends to make weapons using
reactor-grade plutonium is also not clear—this would
radically alter the maximum number of weapons likely
to bein India sstockpile. The aim of listing these examples
is not to argue for greater transparency on India's part;
rather, it is to establish that, even after becoming a self-
declared nuclear weapons state, India maintains
ambiguity regarding its nuclear weapons capabilities. For
several decades, since 1974, India was content being a
demonstrated nuclear-capable state, keeping its nuclear
weaponsinwhat is called “ recessed deterrence.” Even after
renewed testing in 1998, the Indian nuclear posture is
shrouded in ambiguity. In South Asia, nuclear
ambiguity plays a stabilizing role by reducing the
inclination for proliferation and reducing the danger of
preemptive strikes.?
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Clearly, sub-critical tests will maintain the ambi-
guity that isin India s favor. The sub-critical testswould
nevertheless strengthen the political benefits of avoid-
ing coercion that India seeks from its nascent nuclear
weapons programs. The sub-critical tests could improve
the yield-to-weight ratios, the ability to mate the weap-
ons with appropriate delivery vehicles, and—more
importantly—the perceived probable capabilities, if not
the real capahilities, of India's nuclear deterrent.

A PossieLE U.S. PoLicy OpPTION

U.S. policy options in dealing with new nuclear nations
such as India by providing assistance have been thor-
oughly discussed by Steven Miller in the chapter “Assis-
tance to Newly Proliferating Nations,” in New Nuclear
Nations, Consequences for U.S. Palicy, edited by Robert
Blackwill and Albert Carnesale.?* Aspointed out by Miller,
the United States has provided assistance with nuclear
testsonly to close dlieslike the British—with whom joint
nuclear tests have been conducted at the Nevada Test
Site since 1962—and the French. As India does not en-
joy aclose military and aliance relationship, U.S. techni-
cal assistance to Indiain the conduct of sub-critical tests
isnot likely. U.S. opposition to Indian nuclear-related tests
is dso not likely to deter India from conducting tests it
believes are required to meet Indian strategic and national
security interests. A third option, however, does present
itself: The United States could urge Indiato consider hav-
ing limited and managed transparency and offer assistance
in developing technologies that ensure transparency in
the conduct of sub-critical tests. This engagement could
aso be used to pressure India to use sub-critical tests
only for safety-related tests and not for new weapons
development.

To minimize the adverse effects of any future Indian
nuclear weapons-related testing, India could be subtly
encouraged, if it does appear to be moving toward re-
newed testing, to keep its nuclear testing program sub-
critical. This encouragement could come in the form of
assistance to the Indian government in developing tech-
nologies that are not overly intrusive, but that can verify
whether atest remains sub-critica. Asking the Indian gov-
ernment to alow internationd inspectors either during or
after any future sub-critical tests would in all probability
be considered overly intrusive. However, technical assis-
tance to India from the United States in developing sen-
sors and an instrumentation package that can give a
yes-or-no indication that a test has remained sub-critical
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might be more acceptable, and could act as a gesture en-
couraging future Indian testing to remain sub-critical.

A precedent for such limited and managed transpar-
ency exists in the protocol to the teaty between the
United States and the former Soviet Union on the Limi-
tation of Underground Nuclear Weapon Tests.?® The pro-
tocol states that, “For each explosion in atest, the trigger
conditioner shall receive signals from one or two hydro-
dynamic yield measurement cables’; and,

designated Personnel, under observation of personnel
of the Testing Party, shall install in each cablefrom each
satellite hole to a hydrodynamic recording facility an
anti-intrusiveness device for interrupting the transmis-
sion, from the sensing elements and cables and trans-
ducers to the hydrodynamic recording facility of the
Verifying Party, of any signal unrelated to hydrodynamic
yield measurements.

Such types of anti-intrusiveness devices could also be
created for sub-critical tests. Detectors that measure
“prompt fission neutrons, prompt gammas produced in
(n,gamma) reactions, and delayed gammas arising from
decay of fission products’ could be used to monitor the
yield of a sub-critical experiment and ensure that mea
surable criticality was never achieved.?® Anti-intrusiveness
devices could be placed on the cables of such detectorsto
intercept the signals emanating from the detectors and
ensure that no sensitive information was let through. The
signal alowed to pass to foreign observers would be a
simple yes-or-no signal indicating whether measurable
criticality had occurred. By engaging India on the subject
of sub-critical tests, the United States could also pressure
Indiato restrict planned sub-critical teststo safety assurances
and not for the development of new nuclear weapons.

CONCLUSION

Indian scientists face daunting challenges in proceeding
farther along the path of nuclear weapons devel opment
without nuclear explosive tests. These challenges come
primarily from the current moratorium on nuclear explo-
sive tests imposed by India's political leadership. There-
fore, Indian scientists may use sub-critical nuclear tests
as a method of improving and expanding the Indian
stockpil€'s deterrent capability and maintaining needed
knowledge and expertise into the future However, if
Indian sub-critical tests, when and if they occur, are not
universally accepted as sub-critical, India may face inter-
national hostility and a renewed Pakistani challenge. It is
important, therefore, that India consider developing asys
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tem of cooperative monitoring measures and technolo-
giesto increasethetrangparency of future sub-critical tests.
Such technol ogies could verify that atest had remained sub-
critical without allowing unprivileged access to sensitive
test data. U.S. support and assistancein such an endeavor—
to help India create verification mechanisms for sub-
critical tests—could be a positive inducement toward
India srestricting its future weapons-related tests tothe
sub-critical level.
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