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nonproliferation, is driven by politics, econom-

ics, and technology. Each of these factors exhib-
itstrendsof varioustypes. Thisarticlediscusseshow these
trends affect the motivationsfor nuclear proliferation and
also influence the choice of recipe for nuclear prolifera-
tion; that is, what materials, source of materials, explo-
sive device design, delivery method, concealment, and
facility security measures are selected by a state seeking
nuclear weapon capability.

N uclear proliferation, and consequently nuclear

Thisarticlebegins by discussing the maotivations of po-
tential proliferant states and certain opposing trends that
have helped slow proliferation in the past. It then exam-
inesemerging changesin such motivationsthat may stimu-
late additional proliferation in the future and the effects
of several economic and technological trends that could
erode existing barriers to proliferation. Next, it reviews
possible responsesto these disturbing trends, with specia
attention to counterproliferation measures, themilitary and
political requirements necessary to pursue such efforts,
and possible defensive measuresthat might be employed

40

by anew proliferating state. Finally, the article offers a
prospectus summarizing future proliferation and nonpro-
liferation paths and provides recommendations for
strengthening nonproliferation efforts.

Advacates of nuclear nonproliferation were dismayed
by the Indian and Pakistani nuclear weapon testsin 1998.
However, testing of nuclear weaponsfrom an existing but
covert stockpile does not signify that any more prolifera-
tion has occurred. It smply changes the character from
covert to overt. The amount of proliferation, however
measured, has not changed. Neither the number of states
proliferating, nor the degree of proliferation has changed.
Theimplications remain the same. The lack of effective
nonproliferation responsefollowing thetesting, morethan
theactual testingitself, islikely to affect other states’ mo-
tivationsto proliferate.

It could be said that the positive and negative forces
promoting nonproliferation have been successful in con-
trolling proliferation up to thispoint in time. Some persis-
tent, existing programs have not disappeared, although
others have. Notably, South Africa, a successful
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autonomous proliferating state, choseto roll back its pro-
gram. Additionally, theinheritors of nuclear weaponsfrom
the breakup of the former Soviet Union—Belarus,
Ukraine, and Kazakhstan—also relinquished their pro-
grams. Most importantly, no new programs have appeared
on the horizon for severa years. Thisisalevel of suc-
cess, not failure; but it may not continue.

SECURITY AND POLITICAL FACTORS
SUPPORTING NUCLEAR NONPROLIFERATION

The positive reasonsthat contributed to nonprolifera-
tion holding the line for many yearsinclude several cir-
cumstantial factors. Oneisalack of motivationto acquire
nuclear weapons on the part of those states that possessed
the economic and technical capability to do so. Any pos-
sible benefits of proliferation are marginal if thereis no
security threat for a state and no potential use for such
weapons. For most economically advanced states during
the 1990s, boundary questions were long ago resolved,
no aggressive intentions have been evident among neigh-
bors, and little concern existsthat any threats might arise.
Large volumes of international trade have created eco-
nomic links among the highly devel oped countries, which
further reduces concern that a state might have about
possible attacks.

In previous decades, the dominant security threat for
most economically advanced states was bipolar, between
the communist and non-communist groups of states. The
United States and the Soviet Union, through bilateral trea-
ties, extended anuclear umbrellato most of the economi-
cally advanced states of their respective alied groups.
Thesetreaties provided for the defense of the given state
in the case of anuclear attack. Thus, there waslittle ad-
vantage from having an independent capability for nuclear
weapons. Furthermore, the fear existed that the posses-
sion of nuclear weapons would increase the chance of
being directly involved in anuclear exchange between the
Cold War’sleading powers. Great Britain and Francewere
the only statesthat did not adhere to this reasoning, per-
hapsfor reasons of national prestige. Although these mu-
tual defensetreatieswereinitiated in the Cold War period,
the surviving North Atlantic Treaty Organization (NATO)
alianceand Russia's strong presencein Central Asiatill
provide some hedge against proliferation. However, itis
not likely that these security guaranteeswill be extended
morewidely, asthe bipolar structure of world alignment
has broken down.
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The Treaty on the Non-Proliferation of Nuclear Weap-
ons (NPT) hasalso assisted in devel oping aglobal politi-
cal environment that inhibits nuclear proliferation. The
NPT dlows states accessto peaceful nuclear energy, which
provided an original impetusto join. M oreover, statesthat
signed thetreaty have not only placed all of their nuclear
activitiesunder international monitoring, but have aso, to
some degree, created anonproliferation culture. Portions
of government administrationsaswell aspopular and me-
diagroups have becomeinvolved with nonproliferation
guestions. In these states, a set of adherents to national
renunciation of nuclear wegponsdeveloped over time. This
is, of course, more true in states with a well-devel oped
democratic tradition. Thereisaso alarge popular antipa-
thy toward nuclear weapons present in many states, which
tendsto impressdemocratically elected leadership. With
little security advantage to be gained and political disad-
vantages apparent, it isno surprisethat the NPT hasbeen
widely adhered to and respected by states with advanced
€Conomies.

COUNTERVAILING MOTIVATIONSFOR
NUCLEAR PROLIFERATION

It has al so become clear that the motivationsfor nuclear
proliferation have not disappeared completely. Overt testing
by Indiaand Pakistan brought their nuclear weapon pro-
gramsinto theinternational public sphere, and prominent
figures in both states have discussed their motivations.
These statementsilluminate some of the reasonsthat |ead
statesto proliferate.

K.C. Pant, the defense minister during India’'s 1974 test
and head of the government committee that affirmed the
planto test in 1998, stated that Indiawas opposed to the
two-tier system of nuclear “haves’ and “ have-nots,” which
was reinforced by the 1995 unlimited extension of the
NPT. He a so criticized the perceived failure of the nuclear
“haves’ tofulfill their disarmament obligations under Ar-
ticleVI of thetreaty.? International prestige was yet an-
other stated reason for India's decision to go public with
itsnuclear capability. A former Indian Air Force chief of
staff stated that India was not taken seriously by other
states. In hisview, becoming anuclear power would rec-
tify that and perhaps eventually lead to a permanent seat
onthe United Nations (U.N.) Security Council, which he
felt Indiadeserved on al counts.® However, proliferation
for the purpose of prestige has rarely been publicly dis-
cussed by other states and may not be acommon desire.
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Security concerns formed an integral part of India's
motivations. Jagit Singh, Director of India' sInstitute for
Defense Studiesand Analyses, affirmed the view that the
nuclear tests were necessary to demonstrate India’'s abil-
ity vis-a-vis the threat posed by China's nuclear weap-
ons.* Indian Defense Minister Georges Fernandes spoke
in more abstract terms about the benefits offered by
nuclear weapons. they provide adeterrent, he stated, and
allow statesto take stepsto advance their regional secu-
rity interests that they might otherwise be reluctant to
pursue.®

Judtifications expressed by Pakistani commentatorsfo-
cused on the regional security threat posed by nuclear-
armed India.® These security justifications are reminiscent
of those of the Cold War, in which countries developing
nuclear weapons do so out of fear of anuclear attack by
one of their nuclear-armed adversaries. In simple terms,
these states desire aretaliation capability.

Although nuclear weapons in the hands of a larger
power might not provide useful leverage against asmaller
non-nuclear adversary (asthe United Stateslearnedin Viet
Nam and Russia learned in Chechnya), these weapons
can increase freedom of action for major regional states
such asIndiaor Iranin dealing with non-nuclear regional
challenges by discouraging intervention by more power-
ful outside states. Nuclear weapons can a so enhancethe
security of smaller regiona statesthat confront potentially
overwhelming conventional threatsfrom their neighbors.
Israel has not made any definitive statements about the
devel opment of nuclear weapons, but the existing politi-
cal situation in the Middle East leads to some obvious
hypotheses. The possession of huclear weaponsby astate
in Israel’s position may deter the escalation of conven-
tional war, and in particular, serve as a deterrent against
invasion. South Africa, during itsperiod of nuclear prolif-
eration, apparently felt much the same.

Thustherearethree potential motivationsfor themiddle-
sized states of the world to acquire nuclear arms: (1) to
gain prestige; (2) to deter larger adversaries or groups of
them; and (3) to accomplishinternal or regional security
tasksthat might be otherwise be infeasible because of the
prospect of intervention by more powerful, extra-regional
states.

For asmaller statethat might be attacked by larger pow-
ers or groups of them, nuclear weapons can be seen, in
the modern arenaof international relations, as anal ogous
to the Colt .45 of the American West. The Colt .45, a
type of pistol that was carried by alarge number of west-
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ern settlers, ranchers, and cowboys, changed the rules of
engagement between individual s during the settlement of
the western half of the United States. Therewasno rule
of law established in these areas, and individua swere often
forced to defend their rights or promote their individual
welfare single-handedly. The Colt .45, at least in the popu-
larized version of American history, changed the rules of
conflict. Instead of battles being fought on the basis of
brute strength or numbers, the Colt .45 gave weaker or
outnumbered forces a chance. This weapon was easy to
use, and speed and accuracy in firing—not strength—pro-
vided the advantage. Furthermore, as anyone seeking to
overpower another did not simply risk injury but also
death, the Colt .45 raised the stakes in the conflict. Fur-
thermore, it increased the uncertainty of the outcome of
any given conflict, whichinitself served asadeterrent.

Nuclear weapons exist within asimilar framework. I
military force is employed to resolve a dispute between
states, the state with an economic advantage or, alterna-
tively, the support of alies, isoften victorious. However,
when nuclear weapons are present in the smaller country,
the advantage of superior economic power pales, asthe
ability to defeat this nuclear-armed adversary isunclear.
Nuclear weapons can be delivered by relatively simple
technology, ranging from smugglers boatsand aircraft to
primitive missiles. Their radius of destruction is large
enough that pinpoint accuracy isnot needed.

Additionally, nuclear weapons provideameansof rais-
ing the stakes of conflict. Given the possibility of huclear
weapon use, the conflict initiator must think long and hard
about the possibility of the conflict escdating to the nuclear
level. Decisionmakers must decide whether the benefits
of their actions against another state are worth the poten-
tial consequences. In short, nuclear weapons provide de-
terrence against larger states and groups of states.
Incidentally, deterrence does not necessarily go in the
opposite direction; Argentina, for example, was not de-
terred by Great Britain's possession of nuclear weapons
when it seized the Falkland I slands.’

Are there other states that might have the same per-
ception of nuclear weaponsas*” equalizers’ or deterrents
against larger states or combination of statesin both con-
ventional and nuclear scenarios? Theanswer is“yes.” Are
there states that might feel that they have internal or re-
gional security tasks that can be addressed by nuclear
wespons? After the U.S. bombing of Serbian territory over
theissue of Kosovo, many states may fear—rationally or
irrationally—bombardment and dismemberment for
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policiesthey would rather haveimpunity to pursue. Even
in Russia, theworld's second nuclear power, some mili-
tary expertsfed that the Serbian precedent could also apply
to Russia. For example, they fear that NATO may not
hesitate to interfere with Russian actions in breakaway
republics.®

For astate to consider anew nuclear weapon program
as a solution to regional or internal security issues, the
development of this capability would haveto be possible
in an acceptably short timeframe. Security issuesmay de-
velop over adecadeor less, and if astate perceived that a
nuclear weapon program would post-date the threat it was
meant to counter, it would be a poor option to consider.

ADDITIONAL FACTORSRESTRAINING
NUCLEAR PROLIFERATION

Potential risksand costs dissuade statesfrom prolifer-
ating. One factor isthat proliferation produces physical
risksto the proliferating state. These include the possibil-
ity of nuclear accidentsat weagponsfacilities, environmental
catastrophes, and the prospect that nuclear weapons or
weapons-grade materials could fall into thewrong hands
and be misused. Theminimal history of such eventsindi-
catesthat these possibilities can be successfully contained,
and it isnot clear that astate with internal or regional se-
curity concernswould consider these possibilitiesimpor-
tant.

Another factor against proliferation has been thefinan-
cia cost involved. The cost of nuclear materials and a
weapons program is prohibitivefor the smaller or lessde-
veloped states of the world. Any state with a gross na-
tional product (GNP) significantly lessthan that of pre-war
Iraq would be hard pressed to devote enough annual gov-
ernment funding to anuclear weapon programto actually
achieve positive results within areasonabletime, say 10
years. Iraq’'s GNP in the decade prior to the Gulf War
wason the order of $100 billionin 1997.° Pakistan's GNP
in 1998, when it tested its nuclear bomb, was on the same
order.’® During the 1980s when its nuclear program was
active, South Africals GNP was approximately onethird
of this.* To produce an initial cache of usable nuclear
weapons might cost in the range of $1 billion to $10
billion,*?which amounts to 0.1 to 1.0 percent of a $100
billion GNP over ten years. The exact cost of such apro-
gram depends on many factors; for example, the pres-
ence within the state of trained nuclear scientists and
engineersas might be produced by an indigenous nuclear
energy program. However, even with trained personnel
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present, the cost of the types of nuclear programs that
have been used so far would not be feasible for econo-
miessignificantly smaller than a$100 billion per year GNP,

Thisasointeractswith timeframeissues. A prolifera-
tion program can produce results more quickly with more
funding: however, if the cost is already very significant
for the state, accelerating funding for it may not be fea-
shle.

A third factor isthe existence of controlson thetechni-
cal expertise necessary to transform nuclear materialsinto
explosive devices. To date, these controls have not been
maintai ned to the same degree asthose over nuclear ma-
terials. Training in nuclear physics and engineering con-
tinuesto spread throughout the world, and the barrier that
technical expertise playsisnot likely to bethelimiting one.
Lack of expertise in leadership also plays acritical, but
less discussed, role. Besides technical expertise, project
management expertise in the scientific and technology
sector isvital.®®* Nuclear proliferation programs can pros-
per or founder, depending on the quality of the technical
management leadership. Thistype of expertise growsin
statesthat have large, successful scientific research com-
munities. Wherethisislacking, however, mgjor technical
projects such asthis have d ower progressratesand lower
probabilities of success. Yugoslavia's nuclear weapons
program in the 1970s and 1980s may exemplify this, and
the South American programs as well.** In some cases,
technical project management expertise may compensate
for the lack of specific technical expertise. For instance,
management may decentralize the technical expertise
needed and send staff members abroad to accumulatein-
formation in piecemeal fashion.

A fourth factor concernsthelikelihood that international
inspection or other sources may reveal a latent nuclear
weapon program at an early stageinitsprogress. Theln-
ternational Atomic Energy Agency (IAEA) continuesto
improve controlson the diversion of nuclear material from
nuclear fuel cycle programs. The IAEA is currently fo-
cusing on improving itsinspection capability, making in-
spections more comprehensive and qualitative thanin the
past.™®> This improved capability, if brought to fruition,
could further limit the possibility of maintaining acovert
nuclear program.

A related issues are the possible consequences that
would follow either the publich announcement of anuclear
weapon program or the accidental discovery of acovert
program. These consequences could be either very mi-
nor or nonexistent, as happened with the I sragli and South
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African programs (although South Africahad already dis-
mantled its program when it revealed it). There may be
mild or severe economic consequencesin the case of the
application of primary or secondary sanctions by either
major or hon-major trading partners, to say nothing of
universal sanctions. The example of such sanctionson Iraq
iswell known. Diplomatic isolation may be another con-
sequence, if relations were broken between the prolifer-
ating state and one or more major powers or close
neighbors. The higher end of these possible consequences
may be sufficient to deter states with the requisite eco-
NOMi C resources.

Yet another, more severe, category of efforts to con-
trol proliferation is counterproliferation—i.e., the use of
military measuresto curb proliferation, including coercive
rollback, where the military power of one or more states
isemployed to destroy the nuclear weapon capability of
the proliferating state. The best known example of forced
weapons of mass destruction (WMD) rollback is that of
Irag, which has faced this type of action twice thus far.
First,in 1981, Isradl launched a preventive attack on Iraq
by bombing its Osirak reactor before it became opera-
tional. Then, in 1991, a multinational force led by the
United States pushed Iragi troops out of Kuwait, and, as
part of the peace settlement, investigated and dismantled
aclandestine nuclear program.

Such forced nonproliferation could certainly happen
again, and the double example of Iraq must be a factor
considered by any state contemplating proliferation. The
U.S. aeria bombing of Libyain 1986 and missile attacks
on the Sudan and Afghanistanin 1998 to destroy suspected
chemical weaponsfactoriesalso demonstrated the ability
of ahigh-technology stateto selectively demolish suspected
WMD facilities. It is clear from the latest examples that
strikes by aircraft are not necessary, and that precision
missile attacks can accomplish the task of destroying tar-
geted buildings. These missile strikes can be achieved at
low cost to the attacker and with little international re-
sponse other than diplomatic punishment, assuming the
target country hasno ability to retaliate againgt the attacker
oritsalies.

Thusthetwo most significant negative factors dissuad-
ing statesfrom nuclear proliferation appear to bethe cost
of the program and thefear of discovery and military con-
sequences. Below isadiscussion of possible trends that
may affect these restraints on proliferation.

ECONOMIC AND TECHNOLOGICAL TRENDS
PROMOTING NUCLEAR PROLIFERATION

Continued worldwide economic growth hasraised the
GNP of many states. In the early part of the 21st cen-
tury, some states may indeed be crossing the threshold
where economic strength would allow the devel opment
of a nuclear weapon program without crippling their
economy or conventional military forces, even if done
rapidly. Military expenditurestend to beafraction of GNP,
and as GNP increases, so do available funds for a mili-
tary nuclear program. Growth is, nonetheless, slow and
gradual; for example, athree percent real growthratein
GNP or military expendituresonly leadsto adoublingin
24 years. Therefore, this effect is one that may span de-
cades.

On the other hand, the cost of aproliferation program
has been dropping markedly. The principal cost has been
the production of nuclear materias; the cost of weapon
development thusfar has been asmall fraction of the cost
of anew program. However, new technol ogies have been
developed to produce nuclear materials. Principal among
these are the laser-based technologies, such as AVLIS
(Atomic Vapor Laser Isotope Separation—in France,
SILVA)*® and SILEX, an Australian laser-based process
involving molecular interactions, probably photo-dissocia-
tion, rather than theionization of atomsthat AVLISuses.”
AV LISwas devel oped to acommercia production level,
and other laser-based technol ogies may also be pursued
for commercial purposes. SILEX hasreplaced AVLIS as
the process supported by the United States Energy Cor-
poration (USEC), aprivatization of U.S. nuclear materi-
asproduction.® SILEX claimsto be substantially cheaper
than AVLIS to operate.® Many other laser-based tech-
nigues have been investigated aswell, and may resultin
lower costs.® Other new, as of yet less devel oped tech-
nologiesarelikely to surface that may be used to produce
nuclear materials besides laser isotope separation. For
example, technologies are being devel oped based on ac-
celerator-driven isotope production.?t Because AVLISis
as of yet the most developed, it will be used as an ex-
ample of how such processes affect proliferation.

One measure of operating cost is the amount of elec-
tricity needed to produce a certain amount of isotope sepa-
ration. The development of gas centrifuges capable of
isotopic separation dropped electrical costs for uranium
isotopi ¢ separation considerably from gaseous diffusion.?
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Thefirst prototypes of AV LIS promised another signifi-
cant reduction,?® although the development of the pro-
cess was halted in the United States before a full-scale
production facility wasbuilt. Thereisthe potentia for sig-
nificant further cost-reduction if high-power laser tech-
nology continuesto improve and leads to more efficient
lasers. AVLIS used high power dye lasers of low effi-
ciency, pumped by higher power copper vapor lasers, to
producethe laser beam that selectively ionized Uranium-
235 (U-235), dlowing it to be separated. Thesetwo types
of lasers used a large part of the electrical power con-
sumption of AV LIStechnology, andimprovementsin la-
ser efficiency will result in further reductions in energy
requirementsif AVLISisreinventedinaproliferating sate.

Furthermore, laser processesfor i sotopic separation may
be done with much less capital expenditure. Thetotal cost
for 20 years of research and development to bring the
AVLIS process to a commercia stage was estimated at
$1.3 billion dollars.* Much of that time was spent in de-
termining what types of components would be feasible.
Sincethat has been done, and prototypes have been built,
reconstructing the research elsewhere would be much
faster, assuming the avail ability of adegquate funding and
technical personnel. Reconstruction can be much cheaper
and quicker thaninitial, groundbreaking research and de-
velopment, especially if adequate technical documenta-
tionisavailableto point theway. Thismeansthat thetotal
expense for producing small quantities of huclear mate-
rial (i.e., kilograms per year) is much less with a laser
method than with one of the older methods.

Experimentswere performed using AV LIS equi pment
to enrich plutonium in the isotope best suited for nuclear
weapons, Pu-239, and the tests were successful.?® This
meansthat if plutonium were separated from typical spent
fuel, it could be converted in an AV LIS facility to weap-
ons-grade plutonium, although the transformation is not
essential. Typically, only low-burnup nuclear fuel froma
special reactor, containing mostly Pu-239 and less other
isotopes of plutonium, has been used to produce weap-
ons-grade plutonium by chemical separation. Thisisno
longer necessary if the AVLIS technology, or any other
laser enrichment technique, isavailablefor plutonium as
well asuranium. Thus, anuclear materials production fa-
cility based on laser methods might be both smaller and
cheaper than with older methods and might allow the de-
velopment of materia sand weaponswith nearly identical
technology. Thiscould, potentialy, eliminate the need for
aspecial reactor. AVLISwork was a so pursued in South
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Africafor the production of lithium isotopes, used in ther-
monuclear weapons.?®

Many claim that |aser techniques are too complicated
to bereproduced in aproliferating country.?” The justifi-
cationsfor thisbelief are declining. Lasers, the key tech-
nology in laser separation techniques, are becoming more
and more common in manufacturing, measurement, and
other applications, and they are growing rapidly in capa-
bility. They may well be another “ ... ubiquitoustechnol -
ogy that movesrapidly to ever-higher levelsof capability,”
analogous to high-speed computer chips, which have
proven to be uncontrollable by export control regula-
tions.® Aspointed out in 1999 by William Reinsch, U.S.
Undersecretary of Commercefor Export Administration,
controls on computers only served to develop stronger
competitors abroad in states that were targeted for con-
trol.?® Thisled to apossibly wider dissemination of the
technology needed to produce them than might have oc-
curred without these controls. Laser research and devel-
opment does not require massive infrastructure and the
high-power tunable lasers that are the key elements for
laser separation methods will diffuse, much as has com-
puting capability. The dyelasers and copper vapor lasers
that were used for AVLIS are not the only technical solu-
tionsto generating the required light pul ses. Free electron
lasers (FEL) have a so been used in experimentswith i so-
topic separation.® This development could lead to more
efficient and compact laser systems for laser separation
methods; surely otherswill be devel oped.

TECHNICAL EXPERTISE AND PROGRAM
MANAGEMENT

Another factor limiting nuclear proliferation, technical
expertise (especialy technica project management exper-
tise), isaffected by the trend of the globalization of eco-
nomic progress. As manufacturing facilities disperse al
over theworld, project management expertisefollows. The
coupling of technical expertisefromageneral educational
background and project management expertisefromtrain-
ing on the job may result in the genesis of strong techni-
cal program managers in many more mid-sized states.
Increases in technical project management skills could
improve the chance of success and lower the probable
cost of nuclear material s production, nuclear weapon de-
sign and devel opment, aswell asthe design and devel op-
ment of delivery means.
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EXPORT CONTROLSASA BARRIERTO
PROLIFERATION

One effective barrier to proliferation has been theim-
position of controls on the export of equipment, materi-
als, and technology critical to a proliferation program.
Controlswereinitially set to bar thetransfer of equipment
and materialscritical to the nuclear materials production
methods that were thought feasible for a state bent on
proliferation. InIraq, thediscovery of substantial progress
in using an abandoned technique, electromagnetic
separation, asan outflanking maneuver around export con-
trols, led to the addition of export controls on this tech-
nique.® It isaso quite possible that proliferation could
proceed by outflanking the controls at the high technol -
ogy end. Sincelaser isotopic separation methodsinvolve
technology morewidely used than that of older methods,
defining and enforcing effective export controlsis more
difficult. Furthermore, the smaller size of the equipment
used in laser isotopic separation methods makes smug-
gling apotentia option.

The eraof isotopes has not yet arrived, whereisotopi-
cally pure material s are used to enhance various physical
characteristics, but some beginningsarevisible. Isotopi-
cally pure carbon and silicon are used in semiconductors;
lithium and gadolinium in nuclear power; and a number
of other elementsin medical technology and research.
The laser isotopic techniques useful for these materials
have much in common with those useful for nuclear ma-
terials, which makesthe task of export control much more
difficult than with earlier methods of enrichment.

SANCTIONSASA TOOL TO CONTROL
PROLIFERATION

Economic growth hasincreased trade between states,
and the combination of increased volume of trade and
economic intertwining makes serious sanctionsagainst a
proliferating statelesslikely. It isquite clear from the ex-
ample of Iraq that the growth and regeneration of amid-
sized state'seconomy can be prevented. Almost universal
sanctions against Irag have been in force for 10 years,
and the Iragi economy has recovered only slowly from
the devastation caused by the Gulf War. After India sdeto-
nation of nuclear devicesin 1998, however, sanctionswere
only ephemera @ Indiaisamajor trading partner of many
states, and the utility of sanctionsin compelling an estab-
lished nuclear power to relinquish its capability did not
seem comparabl e with the economic costs that the sanc-
tioning states would inflict on themselves. Though
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Pakistan's economy is less developed than India’s, the
same effect applies.

Another problem with employing sanctionsto reverse
successful nuclear proliferation after thefirst-test stage of
anuclear deviceisthat they may provideincentiveto the
state to share itstechnology. In other words, if sanctions
severe enough to cause amajor economic impact are ap-
plied, internal pressure within the sanctioned country to
alow or condone the spread of the technology that was
used may mount. The result could manifest itself at the
government-to-government level, but it might al so appear
a anindividua level if, for example, aknowledgeable sci-
entist emigrates. Thethreat of thisform of migration from
Russiaand the other Newly Independent States (NIS) has
been well appreciated, but it is also possible from new
proliferating states. The technology used by such astate
may be even more relevant to another state desiring to
proliferate rapidly and inexpensively than that of amajor
nuclear power.

These negative possibilitiesimply that if aprogramis
successfully concealed by an economically significant state
for the period needed to produce thefirst round of nuclear
weapons, Irag-type sanctionsare not the threat they might
appear to be.

In sum, one by one, the barriers against proliferation
are gradually falling, and for those states that anticipate
continuing security challenges, there may be astrong temp-
tation during the first decades of this century to
proliferate.

DELIVERY ASABARRIERTO
PROLIFERATION

Thereislittle point for astate to devel op nuclear weap-
onsif delivery systemsfor these weapons are beyond the
state’s capabilities. The preferred method for nuclear
weapon delivery among the major powers has been bal-
listic missiles. There has been very extensive discussion
of ballistic missileproliferationin conjunction withtheU.S.
interest in missile defense, and ballistic missileshave been
studied in great detail. However, cruisemissilesmay bea
more achievable delivery systemsfor many countries.®
A cruisemissile can be launched from afishing boat or a
freighter offshoreand arrive virtually undetected at itstar-
get. Because cruise missiles are small and can travel at
low atitude, ground-based radar systemshave avery dif-
ficult time detecting them, and may not even provide
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enough warning time to enabl e the leadership of the tar-
get country to seek shelter.®

Cruisemissiletechnology was used by the United States
and itsalliesto bomb Irag during the Gulf War. The util-
ity of such missileshasclearly not beenlost ontheworld's
military planners, including those in mid-size states that
might consider proliferation. The technology challenges
involve mainly lightweight turbofan engines and guidance,
and information about theseis spreading. Turbofans power
all modern largeaircraft, and thetechnology to build light-
weight versionsfor cruise missiles continuesto disperse
because of commercia availability and pressure. Williams
International, the corporation that devel oped the Toma-
hawk cruise missile turbofan engine, has announced that
itwill be producing even smdller turbofan engines, the FJ2-
X, for small aircraft.® This type of engine technology
wasfirst introduced around 1960 for drones and has been
evolving and dispersing sincethen.

Guidance systemsfor cruise missiles could represent a
significant barrier if low-altitude overland travel wasre-
quired, but attacking a port city with a cruise missileis
much lessof aproblem. Soishigher-dtitudeflight. Smple
inertial guidance or even Global Positioning System (GPS)
control, together with an altitude sensor, would be suffi-
cient for such an attack.3 A cargo ship could in this case
serve as alaunch platform.®

Submarinesalso represent apossible nuclear cruisemis-
silelaunch platform. Long-range non-nuclear submarine
technol ogy, air-independent propulsion (AIP), wasdevel-
oped in the late 1980s by Kockums Naval Systems in
Sweden.* Submarines carrying liquid oxygen tanks and
Stirling engines with el ectric generators were devel oped
to avoid typically required surfacing and to reduce noise
to a minimum. These features prolong the underwater
travel distanceto afew thousand kilometers (km). With-
out the need to surface and with no noisy nuclear reactor,
conventionally powered submarinesare very difficult to
detect by any means. A submarine-launched nuclear cruise
missilefired afew tensof km offshorewould provide any
state with avery serious military threat. These AlP sub-
marines are now made by several statesand are sold else-
where. The French versonis sold to Pakistan, which could
gain sufficient technology to construct this type of sub-
marine at its own naval shipyard and then sell it under
licenseto third parties.®® Pakistan already has the ability
to launch a short-range cruise missile, the U.S. Harpoon,
from torpedo tubeswhile the submarineis submersed . It
will also be able to launch the French SM-39, the sub-
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merged-launch Exocet, from the new submarines.® These
missiles are sea-skimmersand could be used to attack land
targets. Boeing isnow producing Block |1 Harpoons, which
are land-attack versions that penetrate inland. The Har-
poon carries a 250 kilogram (kg) payload, which may be
enough for afirgt-generation nuclear warhead, andit travels
over 100 km at near supersonic speeds. Russiaalso pro-
duces Al P submarines and is seeking customers, asisthe
German firm, Howal dtswerke-Deutsche Werft, which has
merged with Sweden’s Kockums.*2

Nuclear smuggling has al so been discussed asadeliv-
ery means, and there are variations for this type of sce-
nario. Harbor or coastal citiesare especially vulnerableto
nuclear weapons carried in small ocean-going vessels.
Small aircraft, difficult to detect with radar, may also be
an option. Thus, difficultiesin developing ballistic mis-
silesarenot likely to be acompelling reason for astateto
forego nuclear proliferation. Evenif thesedifficulties can-
not be overcome, aternativesexist.

COERCIVENUCLEARROLLBACK

Thesetechnological changesleavethefear of military
intervention asone of thefew remaining barriersto nuclear
proliferation. One possibleinterventionis* coercive nuclear
rollback.” Thisinvolvesenforced removal or destruction
of akey component of aproliferation program, or the de-
struction of another component of economic lifethat can
be used asahostagein exchangefor rollback. Onemethod
could be the bombing of facilities connected with agiven
state's nuclear weapon program, such asaplutonium-pro-
ducing reactor, enrichment or reprocessing facilities, or
laboratoriesinvolved in weapon-related research. A sec-
ond example might be the gradual destruction of a
country’senergy infrastructure through bombing or sabo-
tage. The selection of aparticular type of forced rollback
may depend on the balance between cost, the domestic
political concurrencerequired, the potential risks, the pos-
sibility of convincing other partnersto jointhe action, the
ability to conceal the source of the actions, thelikelihood
of success, the precedent it might set, and the potential
for unwel come consequences, notably military retaiation
against the attacker or one of its allies. The goals of a
forced rollback program may be expressed in different
ways, but they can be translated into achieving a period
of delay of potential proliferation success. Any of these
steps may result in permanent change, but since all are
reversible over some period, time delays are agood mea-
sure of the effect of actions taken.
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Forced rollback involving the lowest amount of violent
actionisthe assassination of key individuals. Thetargets
of such attempts may be either government leadership or
those peopl e possessing technical expertise or technical
management capabilities who occupy critical roles. Ac-
tionsagaingt individuals, who may be easy targets, can be
taken without overtly identifying the state involved.

Assassination of the head of agovernment may result
inapolitical halt to the program, if the successor isless
interested in proliferation. On the other hand, a successor
may be more capablein accomplishing proliferation, and
the nation could thus spur weapons devel opment.
Furthermore, the nation of top officials may be dif-
ficult to carry out. Assassinating akey individual within
the program may set the program back a period of time
until areplacement isfound, and thetime delay isdepen-
dent on how much information, such astechnical exper-
tise, was resident in that individual. Key technical
individualsin anewly proliferating country, where abili-
tiesare scarceor irreplaceable, may betargetsmorelikely
to achievethe desired halt to proliferation activity.

Destruction of key equipment isyet another counterpro-
liferation alternative, involving aslightly higher level of
military activity. Many of the methodsto build anuclear
weapon reguire specialized, controlled equipment that is
difficult to manufacture or obtain. For aproliferation pro-
gram based on theillegal acquisition of export-controlled
items, the destruction of these components may halt apro-
gram and provide subsequent export controls a second
chance at success. If the equipment’s location is suffi-
ciently well known, this can be achieved through bomb-
ing or by sabotage. Thelatter can be done without obvious
involvement of the state performing or sponsoring it, while
bombing isan activity morelikely toimplicate the respon-
sihlestate.

Thedestruction can bedirected instead to facilities dedi-
cated to proliferation. This may involve the destruction
of oneor more buildings, or the elimination of asupply of
controlled materials. The destruction of facilities can be
accomplished by missile attack, airborne bombardment,
surgical invasion by military forces, or sabotage by
insiders.

Eliminating key equipment, materias, or facilitiesalone
may result in some months or yearsof delay. If controlled
materials or equipment are destroyed, and export control
limitationsfoil replacement in the near term, substantial
delay can result. Israel’sbombing of Iraq’s Osirak reactor
slowed the proliferation processdown and delayed Irag’s
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nuclear weapon devel opment program by several years.
It may also have strengthened Iraq’'s national resolve to
proliferate and to devel op better deception techniques. If
aproliferation programis attacked by another state, and
funding istripled asaresult, will thisresult inan overall
delay in the completion of the program? In the case of
the Osirak bombing, the exact nature of the reconstruc-
tion processthat occurred in Iragisnot known. Itisclear,
however, that alower-level attack may accelerate apro-
gram if the factors that drove the country to choose to
proliferate are not ameliorated. Only where either thefund-
ingisamajor strain on the state's budget, or where apro-
gram is dependent on external acquisition of controlled
equipment, would there be an unmistakabl e advantage to
bombing proliferation facilities, assuming thetarget coun-
try lacked the ability to retaliate, aswasthe case with Iraqg
in1981.

Indirect methods of coercive rollback include any at-
tacks made to compel astateto halt its proliferation pro-
gram. Strategic bombing can be directed to any portion
of astate’sinfrastructure, and the focus of attack can be
changed as time passes. Such attacks were applied to
Serbiain 1999 in order to force that government to make
changesin itsrelationship with the province of Kosovo.
This type of attack could also be used for nonprolifera-
tion purposes.

Indirect methods are not limited to bombing. A general
invasion of a proliferating state can certainly put an end
toitsproliferation program, provided that theinvasionis
complete enough. Driving the national authorities out of
the capital aloneisnot sufficient: occupation must extend
tothe proliferation facilities. A general invasion could fol-
low aperiod of strategic bombing and attacks on military
defenses. The attack may be directed at finding and de-
stroying the nuclear weapon facilities or at destroying the
economic potential of the state to inhibit future redevel-
opment. A change of government, perhaps monitored by
occupation forces, may be necessary.

The lower levels of forced rollback, up to bombard-
ment of proliferation facilities, can be accomplished with
little political effect or requirementsin the state or states
conducting therollback. These are brief military actions
and can be completed before any public information is
provided, and there is no requirement to provide public
justification before the fact. Because the results of such
an attack are affected by the surprise with which it oc-
curs, thereisgood justification for such actionsto be un-
dertaken with no public discussion whatsoever.
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Strategic bombing and general invasion—in other
words, war—require both military potential and, in de-
mocracies, government support. Some degree of popular
support is necessary in order to secure government sup-
port, either because of democratic controlson government
actions or because military actionstaken without popular
support can lead to unrest, as we saw in Vietnam and,
more recently, in Chechnya.

Depending on the military power of thetarget country,
the costs of such an action on the part of the invader can
be significant. Hundreds, thousands, or tens of thousands
of casualties might occur between invading and
occupying forces. If thegoal of the general invasionisto
simply destroy proliferation facilities, such costsmight be
seen by many states astoo high. Destroying proliferation
facilitiesalone only setsaprogram back afew years. Re-
cruitment of new personnel and reconstructionislikely to
occur immediately. If the goa isto prevent nuclear prolif-
eration for the long-term, occupation forces may be
needed. Failure to occupy a defeated state permits the
possibility that the government policy to proliferate will

not change (e.g., Irag). With an occupation, however,
guerrillaactions can exact asignificant toll. Thelossesthat
guerrilla forces can inflict, even in modern times, were
clearly demonstrated in the 1994-1996 Chechnya
conflict.®

Casudtiesamong the attacking forcesmight be reduced,
asthey werein the Gulf War through the use of air power
in destroying defense forces. The threat of further bom-
bardment and invasion was employed to obtain asurren-
der settlement, in which Iraq agreed to allow U.N.
inspectorsto search for and destroy all componentsof its
WMD and missile programs. In general, however, air
power does not put military forcesin control onthe ground,
and military actionsto accomplish this objective are more
vulnerableto counteraction.

Beyond the purpose of enforcing nonproliferation, gen-
eral invasion or strategic bombing may require that the
proliferating state deserve such actionsfor wider reasons.
Thisisparticularly truein the current political climatein
those states with the military potential to conduct or lead

Table 1: Attributes of Coercive Rollback Options

Class Action Palitical Cost of Potential risks Nominal
concurrence military action delay
(%)
Direct Assassination of | Executive Hundreds of Loss of operatives/ Daysto
key individuals decision thousands exposure/retaliation | years
Direct Bombing of Executive Hundreds of Compromise of Daysto
individuals decision thousands missile technology/ years
retaliation
Direct Sabotage of key | Executive Hundreds of Loss of operatives/ Monthsto
eguipment decision thousands exposure/retaliation | years
Direct Bombing of key | Executive Millions Compromise of Monthsto
equipment decision missile technology/ years
retaliation
Direct Surgical invasion | Executive Millions L osg/capture of Years
decision personnel/retaliation
Direct Bombing of Executive Tens of Compromise of Years
facilities decision millions missile technology/
retaliation
Indirect | Bombing of Governmental | Hundreds of Loss of aircraft/ Decades
infrastructure decision millions aircrews/retaliation
Indirect | Genera invasion | Intergovern- Billions L oss/capture of Decades
mental decision personnel/retaliation
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such military actions. Moreover, al countries of prolif-
eration concern today, such asIran, Iraq, and North Ko-
rea, have significant military resources, including, in some
cases, chemical and/or biological weapons and missiles
ableto gtrikeregiond dlies. Useof thesein retaiation could
raisethe costs of invasion considerably.

Considering thesefactors, general invasionsarelikely
to be useful for nonproliferation purposes solely against
statesthat do not have significant military forces (such as
Panama, Grenada, Haiti, and Somalia). However, states
with thislow level of military forcearenot likely to have
the resources to even commence aWMD program.

DEFENSESAGAINST COERCIVE ROLLBACK

There are obvious defenses against coercive rollback
that amiddle-sized power might use upon engagingina
nuclear weapons devel opment program. These defenses
may be military, or they may take more subtle forms.
Military defenses, including internal security, can play a
significant rolein defending national government figures
and key technical personnel, andin defending against sur-
gical or generd invasion. However, traditiona air defense
capability is not effectivein countering strategic missile
bombardment. Furthermore, missile strikes may be used
to eliminate air defense capability, so that aerial bombing
(amuch cheaper means of strategic bombing) can follow.
Preliminary planning and location sel ection on the part of
the proliferator have the potential to render forced roll-
back nearly impossible with non-military means. Effec-
tive defensesinclude deception, dispersal, and depth.

Deception plays many roles. National denial of apro-
gram that actually exists certainly constitutes deception,
but deception can also occur with regard to the perceived
size of the program, its character, and itslocation. Forced
rollback, such asthat initiated by |sragl against Iragin 1981,
isdependent on good information about the program, spe-
cifically where and when targeting of the WMD facilities
isfeasible. By camouflaging such facilities, limiting the
opportunitiesfor espionage, and providing false or con-
fusing indicators of proliferation activity, aproliferating
state can reduce the possibility of missile or aerial bomb-
ing of its proliferation facilities. This deception accom-
plishes two things: (1) it renders the determination of
accurate information about the program difficult, and (2)
it underminesthe ability of the state collecting theinfor-
mation to rally support from other states to increase the
level of coercion. The cost of such deception islow com-
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pared to the cost of the program, and it does not require
any special expertise.

Dispersal provides a second defense against outside
intervention. By not concentrating nuclear facilitiesin one
location, and by blending them with facilitiesthat are not
connected in any way with proliferation, no concentrated
target is provided. For example, agood portion of there-
search preliminary to the production of nuclear materials
can be done in a university setting, and destroying uni-
versity facilitieswould be difficult, if not impossible, to
justify. However, nation ismoredifficult to defend
against with dispersed facilities.

A third defenseinvolves hiding the required facilities
underground, where missiles cannot reach. This, aswith
the other two defenses, increases the costs of the pro-
grams; but it a so increasesthe difficulty of attempted at-
tack or sabotage. This is not a new idea, as there are
examples of nuclear materials facilities aready under-
ground, such as Dimonain Israel and Krasnoyarsk-26in
Russia*

Technology has also been progressing rapidly in exca
vation. Modern self-propelled tunneling machinery allows
nuclear facilitiesto be built many timesfaster and cheaper
than they were 20 years ago. Automated tunneling equip-
ment has been available for decades and continuesto be-
come more efficient and less expensive. Self-propelled
equipment, specifically tunnel boring machines (TBM),
alow atunnel two to 10 meters (m) in diameter to be
bored at the rate of several m per day or more.** A recent
record set by a TBM was 150m aday, with adiameter of
6.4m and a height of 4.3m, as part of a $20 million
project.®® Furthermore, the use of such TBM isno longer
restricted to locations with hard rock.*” Other types of
automated equipment alow supportsand liningsto be put
in place at the same rate as the boring proceeds. This
equipment is avail able on the international marketplace
and is used for mining and civilian construction of sub-
way's, watercourses, and other underground facilities.

Thetunnel lengths needed to put aproliferation facility
underground would bein the range of afew hundredsto
afew thousands of meters. The costs involved in exca-
vating an underground facility capable of housing amod-
ern nuclear facility are afew tens of millions of dollars
and would create delays of approximately ayear or less.
Thesizeof an AVLISplant capable of producing the same
uranium separation as a gaseous diffusion plant, for ex-
ample, was estimated at 5,000 square meters.”® For the
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purpose of enriching uraniumin sufficient quantitiesfor a
few weapons a year, only afraction of this space would
be required. TBMs havelowered the cost and delay bar-
riersthat might have formerly inhibited the placing of fa-
cilitiesunderground, and the prevalenceof it for legitimate
mining applicationsin most of the larger countries means
itisreadily availableto any potential proliferating state.
Worldwidetunneling activity amountsto millionsof meters
bored per year, indicating that TBMs are widely avail-
able, manufacturing occurs in many countries, and the
technology has been dispersed.®® Indigenous tunneling
expertise and support services may be somewhat less
prevalent, but they do not represent asignificant challenge.

Missilesareineffective against underground facilities,
and only invasion of thefacilities can provide much hope
of destruction. The alternative is the destruction of en-
trancesto thefacility by missileattack. Thismay resultin
a sealing of the facility until excavation can open it up
again. However, multiple entrances can be created, with
some of them hidden and unused except for emergency
purposes. Thus, an attack on entrances could result in vir-
tually no delay and only asmall cost in rebuilding the en-
trances to the facility. Alternately, an underground area
that was not designed for such attacks could be shut down
for some dayswhile the entrances are reconstructed. Only
repeated attacks on entrances would result in a serious
delay to the program.

Underground facilities al so provide ameans of deny-
ing information about the facilitiesto overhead observa-
tion and additionally produces a natural compart-
mentalization that inhibits espionage. Facilitiesthat can-
not be dispersed—such as reactors, reprocessing or en-
richment plants, and weapons production facilities—are
likely to be developed underground by any proliferator
concerned about the possibility of coerciverollback. Re-
actors require ameans of dispersing the heat generated,
and so thelocations for wholly underground reactors are
limited to those similar to Krasnoyarsk-26, where river
water could be diverted to cool the reactors. This neces-
sarily produces aheat signature, which would be anindi-
cator of some heat-producing activity. Whether or not a
state using areactor to proliferate could arrange for suffi-
cient heat dispersal to lower the heat signatureisan open
guestion. Other facilities have the same problem. AVLIS
uses lasers that are not efficient and thereby generates
much heat as a by-product. More efficient lasers would
both reduce the heat signature and make the siting of pro-
liferation activitiesunderground less demanding.
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CHANGESINTHE ROUTE TO NUCLEAR
PROLIFERATION

In the coming decades, the economic and technicd fac-
torsdescribed abovearelikely to changethe path to nuclear
proliferation for newly proliferating states. The examples
of India and Pakistan, countries that have proliferated
without magjor economic reprisal, have shown how to limit
non-coercive counterproliferation measures. The consen-
sus seems to be that economic sanctions, at least limited
ones, areineffectud in pressuring acountry to abandon a
well-established nuclear weapons program. Popular sup-
port in both countries provides foundations for the pro-
grams, and political decisionsto eliminate them are not
likely.

International trade also inhibitsthe effect of sanctions.
When economic sanctions affect tradein such away that
they hurt major trading states aswell asthe proliferating
date, thereislessinternational consensuson applyingthem
effectively andrigidly.

To forestall forced rollback or other coercive
counterproliferation measures, slatesmight chooseto keep
their programs covert until aset of effective weaponscan
be built. Thisis more likely than the state withdrawing
publicly from the NPT—unless of course, politica events
create asituation for amasswithdrawal. A proliferating
state should avoid attracting international response as a
result of belligerent actions (i.e., invasion of aneighbor-
ing state or blatant mistreatment of minorities) until its
nuclear arsenal isavailable.

Finally, deception, including the dispersal of facilities
andthecregtion of underground, “invisible’ facilities, might
be used to prevent counterproliferation of any variety short
of invasion and war.

IMPLICATIONSFOR NONPROLIFERATION
ACTIVITY

With this path to proliferation possible, what changes
could be madein national and international nonprolifera-
tion activity in order to continue its record of success?
Thereare, of course, preventive measuresthat can be en-
hanced, including the amelioration of security problems
that might spur nuclear proliferation. The continued en-
couragement of international nonproliferation norms, along
with strengthening the nonproliferation regime through the
various relevant treaties, is also important. If these are
not enough, there are three stages to further activity: (1)
the detection of states attempting to covertly proliferate;
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(2) the development of knowledge about the details of
the proliferation program; and (3) taking stepsto end it.

For thefirst stage, there must be arecognition that ex-
isting signatures of nuclear proliferation, such as
characterigtic facilitiesbeing built in visiblelocations, may
not be available. More effort will be needed in determin-
ing if astateisproliferating and in obtaining credible evi-
dence to back up accusations. One indicator, export
control violations, may become unavail able astechnol ogi-
cal advances remove the need for statesto import sensi-
tive equipment, materials, or technology. Instead, high
technology devices might be needed to detect the exist-
ence of such programs. These devicesinvolve sampling
andforensics.

For example, AVLIS does not use uranium hexafluo-
ride, and therefore no telltale equipment ableto resist cor-
rosion from thischemical, ahallmark for export control,
need be acquired. The technologies of laser enrichment
are also easier to research unobtrusively than those of
earlier enrichment processes. The technology base nec-
essary for acountry to devel op alaser enrichment facility
ismorewidespread than that of earlier technology, ashigh-
power and tunable laser research is being carried out in
many locationsfor purposes entirely unrelated to enrich-
ment of nuclear materials. However, theingtallation of pro-
duction-size laser isotope separation systems is more
complex, and other signatures might be generated by this
activity. Since plutonium from spent fuel can be enriched
using the same technol ogy, the attractiveness of thisma-
terial will increase. Instead of downplaying theimportance
of thismaterial, means of detecting its diversion should
be enhanced.

The second stage, classification, requires both remote
and in-site sampling. Facilitiesrequiring isolation may be
put underground, and hence much less information on
them would be avail able from satellite photography. Even
more deceptive would be the placing of these underground
facilitiesinside amilitary base. Thiswould provide cover
for the facilities, as many military storerooms and com-
mand posts are routinely built underground. Excavation
alone would not be a determinant of proliferation. Nei-
ther would signatures of generic laser research, as laser
technology has many military applicationsaswell. More
precise understanding of the various types of laser iso-
tope enrichment is required in order to aid in such dis-
crimination.

Thethird step isdestruction of the program. Onceitis
classified and proven, diplomatic meansand international
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pressure can be used to promote its termination. How-
ever, these techniques may not work if the determination
ismadetoo latein the program’s existence. Forcible means
may be considered. To achieve asignificant effect, either
surgical destruction of key facilities or general invasion
might be required.

Whether surgical invasion and destruction of nuclear
proliferation facilities can succeed depends a great deal
onthetype of facility and the capability of theforcesguard-
ingit, aswell asthemilitary forces of the statein general.
These missionsare very complex actions subject to much
uncertainty and requiring specially trained and equipped
forces. When one considers, for example, the difficulty
the United States faced when attempting to rescue hos-
tagesfrom Iranin 1980, one can imaginethelevel of dif-
ficulty that might be faced when trying to sabotage or
destroy astate’s nuclear facility.>

If the proliferating state has made a serious attempt to
maximizeits defenses against counterproliferation mea-
suresof thistype, underground facilities could be built on
amilitary facility with only afew, well-guarded entrances,
making accessdifficult. By delaying entranceinto thefa-
cility, defensive forces provide time for larger response
forces to arrive and engage the attacking team. Military
planners contempl ating forced rollback viasurgical inva
sion would be faced with a difficult task. Capture of the
raiding force would be amajor political embarrassment.
Avoiding any possibility of capture of therescueforcewas
adominant factor inthe planning for the Iran hostage res-
cue. Only aspecialized military force, capable of military
operations aswell asthe ability to understand, recognize,
and eliminate such facilities on sight, would have the po-
tential to achieve success. Planning and training on simu-
lated underground facilitieswoul d be necessary. For such
aworst-case defense scenario, it islikely that the forces
involved would be significantly larger than theforcesused
inthe Iran rescue attempt. Thus, if such operationsareto
be a part of the option palette for counterproliferation,
planning for them and the devotion of adequate resources
must be accomplished.

General invasionisthelast, and most extreme, option
for rolling back a state’sWMD program. The goal of the
invasion is to occupy the state and forcibly change the
government. If done properly, thiscould eliminate apro-
liferation program and prevent itsreemergence.

Attacksaimed at achieving limited goalshave only been
performed against states with very small military poten-
tial, however. Grenada and Haiti possessed only police
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forceswith small arms capability; Panama' s military was
also ineffective. Furthermore, there was abundant
intelligence on Panama’s military dueto the collocation
of U.S. forces at the Panama Canal. The military prob-
lemsthe U.S. forcesfaced in Somalia, whereforceswere
also poorly organized and armed, gives an indication that
an occupation (as opposed to awar of destruction) isvery
difficult to do successfully.>* Invasion for the purpose of
occupation might turn into a prolonged war in countries
with significantly larger military power than Panama. Fur-
thermore, without popular support in the target country
for theinvasion, therewould likely be guerrilla-type re-
sponse actions, even if the occupation forces were able
to quickly disable and disarm the military. Thiswouldimply
that large-scale military invasions for the purpose of
counterproliferation must be short and eliminate nucl ear
facilitiesrapidly, with quick retreat from the country. Mili-
tary and political planning for such a possibility would
provide a better understanding of this option. Then, the
value of causing adelay in proliferation could be better
compared with the potential costs.

SUMMARY

Themoativationsdriving proliferation may changefrom
prestige and mutual deterrence to the assurance of lati-
tude to accomplish internal and regional security tasks.
Theroute that amid-sized state might choose for nuclear
proliferation for maximum success and minimal risk of
serious adverse consequences may be changing. The
changes are driven by the same two factors that have
driven proliferationissuesin the past: economicsand tech-
nology. Technology changesin at least four areasarerel-
evant: laser i sotope separation, automated tunneling, cruise
missiles, and AIP submarines. These reduce the cost,
delay, and risk in developing a minimum nuclear weap-
ons capability. The counterproliferation tools devel oped
over the last decades to promote nuclear nonprolifera-
tion—including export control s, sanctions, and the threat
of coercive rollback—as they are now considered, may
not be effectivetoolsfor the next decades. Emphasis must
be given to both seeking better waysto detect and assess
nuclear proliferation and to reversing it. Otherwise, there
may be significant proliferation in the next few decades.
These improvements should be undertaken as soon as
feasible, as should contingenciesfor dealing with thefail-
ureto halt proliferation. Sincethe preparation of defen-
sive capability againgt emerging nuclear thrests may require
more timethan the proliferation timetable of anewly pro-
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liferating state, immediate steps should be taken to ad-
dressthis.
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