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The use of plutonium as fuel in civil reactorsis a
major threat to global security. It requires pro-
cessing tons of the material in abulk form diffi-
cult to protect from theft—yet only a few kilograms
suffice to make a Hiroshima-sized bomb. In addition,

plants and materials in civil

able for the fuel manufacturing process, this means that
either immobilization will be used exclusively, or that
both disposition technologies will be used.

This essay argues that the DOE should abandon the
use of reactors for the disposition program and instead
devote its resources to the

plutoniumfuel cyclescan be
quickly diverted to weapons
production. These risks, al-
ready substantial, will in-
crease as Japan, Britain,
France, India, and Russia
proceed with plans to sepa-
rate and store ever-larger
amounts of weapons-usable
plutonium.® Finaly, thereis
the risk of proliferation by
example: civil use of pluto-
nium in one country can
serve as encouragement or
excuse for its use in other
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development of plutonium
immobilization methods.
As discussed below, there
are no compelling reasons
to use reactorsin the cam-
paign, and their use would
raise strong nonprolifera:
tion risks. Conversely, by
pursuing disposition using
immobilization methods
alone, the United States
would send a strong, un-
equivocal message that it
opposes civil plutonium

countries, just asits military
use has hel ped stimulate nuclear weapons proliferation.

Recognizing these dangers, the United States—alone
among the nuclear weapons states—had until recently
maintained a policy of not separating plutonium from
spent reactor fuel and had sought to discourage pluto-
nium use worldwide.? But in December 1996, Energy
Secretary Hazel O’ Leary and the Clinton administration
announced atwo-year test program to determinethefea-
sibility of irradiating military plutonium surplusesin U.S.
civil reactors. If it proceeds with the program, the ad-
ministration will undermine past U.S. nonproliferation
policy by providing strong political and economic stimuli
for the use of plutonium in commercial reactors at home
and abroad.

The U.S. Department of Energy (DOE) is about to
undertake a 25 to 30 year plutonium disposition cam-
paign. The goal of the campaign is to put the United
States' vast surpluses of military plutoniuminto aphysi-
cal form that is difficult to steal or to reuse quickly in
weapons. After reviewing awide range of technologies
for this purpose, the DOE’'s December announcement
narrowed the field to two.® Surplus plutonium stocks
could beimmobilized in glass or ceramiclogsalong with
highly radioactive wastes, or they could be manufactured
into a plutonium-based fuel for irradiationin civil reac-
tors. Since some of the surpluses are definitely unsuit-
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use worldwide. Further-
more, the DOE's prelimi-
nary technical and cost studies indicate that it will be
faster, and probably cheaper, to immobilize plutonium
surpluses than to irradiate them in reactors.*

After abrief review of the purpose of the disposition
campaign and the technologies under consideration for
the program, this essay rebuts the principal arguments
offered in favor of using civil reactors. It then examines
the negative economic and policy consequences of reac-
tor use. Finally, it discussesthe schedule, cost, and physi-
cal security advantages of the immobilization methods.

THE PURPOSE OF PLUTONIUM DISPOSITION

The United States has officially declared about 38 tons
of plutonium surplusto itsmilitary needs, and isexpected
to declare another 14 tons surplus in the near future.®
Russiapossesses similar quantities of surplusplutonium.®
All of this material isweapons-usable, and therefore at-
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tractive to terrorists, aswell asto either country, should
it choose once again to expand its nuclear arsenal. The
United States and Russia have agreed that, in the long
term, they cannot rely exclusively ontheir imperfect state
security networks to protect military plutonium sur-
pluses.” Instead, both countries plan to put the surplus
material into a physical form that is difficult to steal,
and from which it is significantly more difficult to ex-
tract plutonium.

Such a disposition program would accomplish four
goals. First, the program would make it much harder for
terrorists or subnational groups to steal military pluto-
nium or to manufactureit into weapons. Second, it would
increase the difficulty of reuse of the surplus material in
weapons by either country. Third, it would provide a
substantial nonproliferation benefit by sending a strong
signal to therest of theworld that the major nuclear pow-
ers are at least on a path to irreversible reductions in
their huge nuclear arsends. Finally, it would aid progress
towards further nuclear arms reductions by demonstrat-
ing that there are practical ways to reduce the array of
threats associated with plutonium onceit isremoved from
nuclear weapons.

While the accomplishment of theseaimsisof historic
importance, the benefits of the disposition program
should not be exaggerated. Because of current U.S. and
Russian limitations on the amount of plutonium being
declared surplus, both countries will still be able to re-
constitute Cold War-sized arsenals quickly with their
remaining, non-surplus plutonium stocks, even follow-
ing the disposition campaign.?2 The ability to redeploy
strategic nuclear weaponsrapidly, in amountswell above
existing treaty limits, will not be serioudly affected by
the campaign. Rather, the program is an important first
step toward amore comprehensive campaign, involving
progressively larger amounts of military plutonium that
could eventually limit the current reversibility of arms
reductions.

Despite misstatements madein pressreports’ and el se-
where,’® the current disposition program also will not
destroy strategically significant amounts of plutonium,
regardless of which technology isused. Themain physi-
cal effect that reactor irradiation and immobilization will
have is to make military plutonium harder to recover
and reuse.™
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THE TECHNOLOGY FOR PLUTONIUM
DISPOSITION

Following amajor independent study of the subject by
the National Academy of Sciences (NAS) in 1992,2 the
DOE began acomprehensivereview of thetechnologies
available for plutonium disposition. Broadly speaking,
thesedivideinto two classes: thosethat eliminate most or
al of the plutonium and those that provide substantia
physical barrierstoitsrecovery.

According to both the NAS study and the DOE re-
view, the elimination options, which included launching
the material into the sun and fissioning it in advanced
reactors or subcritical systems, were either too expen-
sive, politically unfeasible, or too immature to be suit-
able for the plutonium disposition campaign.*®

The barrier-type options included irradiation of plu-
tonium in existing or partially built commercial reactors
or immobilization with highly radioactive wastes.**
These two technologies would have about the same
physical result. Both would put the plutonium into a
waste form (a spent reactor fuel assembly or a glass or
ceramic log) that weighs several tons, has a height of
around three meters, contains|ow plutonium concentra-
tions (about one to 10 percent by weight), and emitsle-
thal doses of radiation for one to several hundred years.
Thiscombination of propertiesmakesthe material about
asdifficult to recover asthe plutonium contained in spent
commercia reactor fuel. Both barrier-type options re-
quire similar preprocessing steps, which convert the plu-
tonium into a form amenable to disposition.’®

TheNAS study also suggested that thereislittle secu-
rity benefit in making military plutonium lessaccessible
than the plutonium in civil spent fuel, because far more
plutonium (by a factor of about four or five) exists in
worldwide stockpiles of spent fuel than in military
stocks.’® This agreement on the level of reduction in
threat from military stocks has come to be known asthe
“gpent fuel standard.” It has been adopted as a guiding
principle for the United States disposition program.

Overview Of the Immobilization Technologies

Therearefiveimmobilization technol ogiesunder con-
sideration by the DOE.Y" These are:

1. Direct Vitrification. Plutonium and a neutron ab-

sorbing material such as gadolinium are mixed with

molten glass and high-level radioactive waste, at con-

centrations of about five percent by weight, and cooled
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into two-ton waste logs. This could be done either at
the existing Savannah River high-level waste vitrifi-
cation plant or at anew plant built specifically for the
purpose.

2. Direct CeramicImmobilization. Plutonium and a
neutron-absorbing material are mixed in aceramic ma-
terial with high-level radioactive waste at concentra-
tions of about 10 percent by weight. The resulting
ceramic wasteformisplacedinto asteel canister. This
would be done at a newly built plant.

3. Can-in-Canister Vitrification. Plutonium and a
neutron-absorbing material are mixed in glass with-
out high-level waste in small steel cans. This process
is followed by placement of the cans in three meter-
long canisters, into which are poured molten,
glassified, high-level radioactive waste that surrounds
the cans and cools to provide physical and radioac-
tive barriers to recovery.

4. Can-in-Canister Ceramic Immobilization. Plu-
tonium and a neutron absorbing material are mixed
with a ceramic material without high-level waste in
small cans. Aswith can-in-canister vitrification, this
is followed by covering the cans with molten glass
mixed with high-level waste.

5. Electrometallurgical Treatment. Plutonium is
mixed with radioactive waste into a monolithic min-
eral form called glass-bonded zeolite (GBZ).

The can-in-canister methods are the simplest immo-
bilization technologies. Choosing an optimal glass or
ceramic formulation is easier when plutonium isimmo-
bilized alone, rather than along with high-level waste.
From a manufacturing standpoint, the can-in-canister
methods may be easily integrated into the existing DOE
radioactive waste treatment plant at the Savannah River
Site. (Other methods will require magjor renovations to
the site or construction of a new facility.) Because of
their relative simplicity, the can-in-canister methods are
estimated to have the shortest time to start-up, about
seven years, and the shortest completion time, approxi-
mately 18 years, of al disposition options. The direct
immobilization methods have start-up and completion
timesof about 12 and 21 years, respectively. Thecomple-
tion times are based on an assumed rate of plutonium
immobilization ranging from 1.25to fivetons per year.®

Of the immobilization technologies, vitrification is
the most mature. The United States has recently begun
operation of a large scale plant to vitrify liquid high-
level radioactive wastes at the Savannah River site in
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South Carolina. Other countries, such as Belgium,
France, and the United Kingdom?*® have operated radio-
active waste vitrification plants for a decade or longer.
Thus, alarge base of experience and knowledge exists
for industrial-scale vitrification.

The plutonium content in vitrified high-level wasteis
small, typically less than one percent. Some research is
reguired with higher plutonium concentrationsto ensure
long-term geologic stability. Plutonium oxide has been
vitrified alone, without high-level wastes, at concentra-
tionsas high as 14 percent by weight.?® The outstanding
technical questionsfor the vitrification methodsinclude
the optimal level of solubility of the plutoniumin glass,
the optimal glass formulation, and the need to ensure
that a critical mass of plutonium cannot accumulate in
processing equipment. (Accumulation of acritical mass
could lead to an explosion or release of radiation from
the plant.)

The outstanding technical issues for ceramic immo-
bilization are similar to those for vitrification. Ceramics
hold the promise of enhanced stability over geologic
times, as is pointed to by the existence of natural min-
eral depositsinwhich uranium and similar elementshave
remained immobilized for millions of years. However,
less is known about ceramic immobilization on an in-
dustrial scale, since most countries with nuclear power
and weapons programs have chosen vitrification astheir
preferred method of high-level waste disposal. The key
step of incorporating plutonium in ceramics alone has
been demonstrated on an engineering scale with samples
containing greater than 10 percent plutonium by weight.2

Electrometallurgical treatment islesstechnically ma-
ture than the other disposition methods, having severa
key stepsundemonstrated. The method is also expected
to encounter stiff resistanceduetoitssimilarity toaform
of reprocessing. It is, therefore, not discussed in detail
here.

Overview Of the Reactor Options

The reactor methods would use existing reactors in
the United States or Canada. Like the immobilization
options, the reactor methods require that the plutonium
be converted from metal and other physical formsinto a
plutonium oxide powder. Unlike those options, additional
processing is needed to fabricate mixed-oxide (MOX)
fuel from the plutonium oxide along with uranium ox-
ide. Since no MOX production capacity exists in the
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United States, afacility would have to be built. One par-
tially built facility exists at the DOE’s Hanford pluto-
nium production site in Washington state.

Depending on the output of the MOX plant, the amount
of fuel loaded, the plutonium fraction in the fuel, and
the number of reactors employed, the DOE estimates
that the reactor options would require approximately 25
to 30 years to implement.?? This timetable assumes an
acceleration of the schedule fromtwoto four years, based
on the use of European MOX facilities on an interim
basis until a domestic facility is constructed.

The reactors under consideration all have about one
Gigawatt electric (GWe) power output 2 and can be
loaded with up to 25 or 30 tons of MOX fuel per year,
correspondingto 1.25 to 1.5 tons of plutonium per reac-
tor per year (assuming five percent plutonium fraction
in the fuel).

There is awide base of experience using MOX fuel,
primarily in French and German light water reactors.®
Typically, 30 to 40 percent of the reactor coreisloaded
with MOX fuel, while the remainder is uranium-based
fuel. To meet schedule requirements, the entire core of
thereactors used for disposition would haveto beloaded
with MOX fuel (“full MOX core” operation). Prelimi-
nary analyses by U.S. industry statethat, while there are
no insuperable problems with such operation, there will
be substantial increasesin the difficulty of reactor safety
controls and in the storage and management of spent
MOX fuel.®

U.S. ARGUMENTSIN FAVOR OF THE
REACTOR METHOD ARE INADEQUATE

In defending the decision to preserve the reactor op-
tion along with immobilization methods, Secretary
O’ Leary and other administration officialshave put forth
three main arguments.?” First, that the use of two tech-
nologies provides greater flexibility in case of unfore-
seen problems with either; second, that the reactor
methods provide an additional measure of proliferation
resistance; and third, that the reactor option must be pre-
served to help the United States influence the Russian
disposition program. The flawsin these lines of reason-
ing are discussed below.

The“Dual-Track” Argument
One of the main arguments made in favor of using
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both reactor and immobilization methods in the United
Statesisthat an alternative will remain in the event that
one program is plagued by insoluble technical prob-
lems.?® Whilethisis certainly a desirable feature of the
program, alternatives will remain even if the reactor
option is abandoned in the United States. Magjor ongo-
ing programsfor the development of military plutonium
useinreactorsaready existin other industrialized coun-
tries, such asFrance, Germany, and Canada. From atech-
nical standpoint, therefore, there is no need for a
redundant program in the United States. Moreover, if
technical flexibility is desired, the United States can
pursue both vitrification and ceramic immobilization
methods simultaneously. As indicated above, these are
a so two distinct technologies. Like reactor irradiation,
both of these immobilization methods have made thefi-
nal cut in the DOE’s search for viable ways to disposi-
tion plutonium. However, neither raises nonproliferation
concerns; those problems are unique to the reactor
method.

The“Isotopic” Argument

A second argument frequently put forth in favor of
the reactor method relatesto the changein isotopic com-
position that takes place when military plutoniumisir-
radiated in areactor.?® The resulting plutonium, termed
“reactor-grade’ has a higher rate of spontaneousfission
and heat production than the origina “weapons-grade’
military plutonium. These factors make designing a
nuclear explosive with it more difficult. The isotopic
change is often cited as an advantage to the reactor
method, since no such degradation occurs in the immo-
bilization methods. In fact, the change is largely irrel-
evant from anonproliferation standpoint. Whileitistrue
that the altered composition somewhat complicatesbomb
design, itisequally truethat aterrorist or anuclear weap-
ons state could still make a bomb thousands of times
more powerful than a conventional weapon using the
degraded plutonium. The isotopic composition of the
material, therefore, has little effect on its security risk.
For thisreason, the authoritative study of plutonium dis-
position by the NAS stated: “ Theft of separated pluto-
nium, whether weapons-grade or reactor-grade, is a
major security risk” (italics added).*

Reactor-grade plutonium offers no important arms
control advantage; moreover, it is dangerousto perpetu-
ate the myth that the isotopically altered plutonium in
civil spent fuel is somehow significantly less of a secu-
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rity problem.3! This point becomes particularly relevant
when analyzing Russian attitudes towards disposition.

The Russian Argument

Because Russian plutonium stocks are far more vul-
nerable than those of the United States, the full security
and nonproliferation benefits of the United States’ plu-
tonium disposition program can only berealized if asimi-
lar campaign proceeds in Russia. Therefore, close
attention must be paid to Russian opinions and actions
concerning disposition.

Due in part to a powerful domestic lobby for nuclear
energy, and a widespread, if mistaken, perception that
use of military plutonium stocks may help solve Russia's
energy problems, the Russian government is insisting
on the use of reactors for their military disposition pro-
gram. In addition, Russia’s research in immobilization
ispoorly devel oped, and the scientific establishment has
little enthusiasm for thetechnology.** More importantly,
Russian government officials responsible for nuclear
energy policy view the disposition program as a precur-
sor to a plutonium recycling fuel cycle.®

American proponents of the reactor method use the
Russian position to justify the dual-track policy. They
maintain that the United States must also pursue reactor
methods, arguing that it will be easier both to monitor
and to ensure Russian participation if the United States
uses an identical technology.* These arguments have
little validity, and ignore what is perhaps the United
States' strongest bargaining chip and Russia’s greatest
interest: the considerable amount of funding that the
United Stateswill haveto provideto the Russian Minis-
try of Atomic Energy (Minatom), the agency that over-
sees disposition in Russia, to ensure timely completion
of the campaign there.

Asfar asensuring Russian participation is concerned,
it isimportant to recognize that Russia has not made its
disposition campaign contingent on U.S. use of reactors.
In fact, the only bilateral study reflecting Russian atti-
tudes made available by the DOE, The Joint United
Sates/Russian Plutonium Disposition Study, concluded
that:

The United States and Russian need not use
the same disposition technol ogy. Indeed, given
the very different economic circumstances,
nuclear infrastructures, and fuel cycle policies
in the two countries, it is likely that the best
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approaches will be different in the two coun-

tries.®
The co-chairman of that study, Nikolai Yegorov, deputy
minister for the fuel cycle at Minatom, heads the Rus-
sian plutonium disposition effort. If the Russian officials
responsible for disposition do not object to U.S. pursuit
of immoabilization, it seems unnecessary for the United
States to anticipate objections by preserving the reactor
option.

Although reactor use in the United States may not be
required to ensure Russian participation, the argument
that identical technologies will aid in monitoring the
Russian disposition program is a stronger one. For ex-
ample, if both countries use reactors, identical verifica-
tion measures could be employed to help guarantee that
neither country is diverting plutonium from the disposi-
tion program. However, while thisis an advantage, it is
not much of one. The verification measuresfor immobi-
lization are technically similar to those used in the reac-
tor method. Infact, perhapsthe most sensitive and difficult
element of the verification procedure from both Russian
and U.S. security standpoints—ensuring that classified
metallic plutonium pits are converted to the unclassified
plutonium oxide form for further processing—isidentical
for the reactor and immobilization methods. Furthermore,
athough thereismore experiencein detecting plutonium
diversionin MOX plantsthaninvitrification facilities, it
may well prove technically easier to detect diversionin
the latter plants.® Indeed, this relative ease might be an
inducement to Russian participation. On baance, thesmall
advantage gained for the verification regimeby using iden-
tical technologies is far outweighed by the major risks
associated with plutonium usein U.S. civil reactors.

Instead of compromising with Russiaon apoint it has
yet to take afirm stand on, the United States should seek
definite commitments from the Russians using its stron-
gest bargaining tool—money. Russia sinsistence on us-
ing reactorsin the disposition programisdriven, at least
in part, by the uncertain future and difficult economic
straits of the Russian weapons complex, which will over-
see disposition. The weapons laboratories (and their di-
rectorate Minatom) have yet to find a new mandate or
new funding sources. They are looking to the United
States to provide both through aid to the Russian pro-
gram. If the United States does agree to such funding, it
should ask for strong assurances about the campaign in
exchange. For example, the United States should de-
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mand that no new plutonium be separated from spent
fuel while disposition takes place, and that the United
Statesbe allowed to hel p build pilot vitrification plantsin
Russia. Because of the powerful economicincentivesthe
United States can offer, it need not jeopardize its long-
held policy of shunning adomestic plutonium fuel cycle
to ensure Russian involvement.

A fina rationalegiven for theuse of identical technolo-
giesisthe possible Russian objection to the discrepancy
in isotopic composition between immobilized and reac-
tor-irradiated plutonium. Because no nuclear weapons pro-
gramin history hasrelied on reactor-grade pl utonium and
because of the likely entry into force of the Comprehen-
sive Test Ban Treaty, the Russians may object to thefact
that U.S. plutonium remainsin the well understood (and
well tested) weapons-gradeform, whiletheirsisconverted
to reactor-grade. Using reactorsinthe U.S. programwould
certainly avoid thisproblem.

However, there is another, better way of accomplish-
ing the same goal without using reactors. If Russiawere
to refuse to participate in a disposition program that did
not involve achangein the isotopic composition of U.S.
plutonium (something it has yet to do) the United States
could still immobilizeits plutonium. To provide theiso-
topic barrier, the United States could simply mix its
stocks of surplus weapons-grade plutonium with its sur-
plus reactor-grade plutonium? prior to immobilization.
The mixing process could take place once both types of
plutonium are converted to nitrate form, whichisapre-
processing step for someimmobilization methods. (Such
isotopic blending down is also possible with plutonium
oxide, although thisis probably less preferable from the
standpoint of worker safety.) Isotopic blending of pluto-
nium nitrate is a straightforward, well understood tech-
nology: the United States used it over the course of severa
yearsin the 1980s to blend so-called “ super-grade” and
“fuel-grade” plutonium stocksto form weapons-grade plu-
tonium.® Enough non-weapons-grade plutonium exists
inthe U.S. stockpileto allow for isotopic degradation of
about half the declared U.S. surplus of weapons-grade
plutonium—and it isconceivablethat additional amounts
of reactor-grade plutonium could be purchased from the
Russians, who have about 30 tons of separated reactor-
grade plutonium. This process could add some expense,
and possibly some delay tothe U.S. disposition program.
Nonetheless, it iscertainly worth investigating beforethe
United States risks the economic and political endorse-
ment of plutonium usein civil reactors.
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Because the United States does not consider the dif-
ference in threat between reactor-grade and weapons-
grade plutonium significant, theintrinsi ¢ security va ue of
isotopic blending isessentially nil. Theblending technol-
ogy merely allowsthe United Statesto meet any Russian
demandsfor parity inisotopic composition without using
reactorsinitsown disposition program.

REACTORSSHOULD NOT BEUSED TO
DISPOSITION PLUTONIUM

Having examined and rebutted the arguments put forth
in favor of pursuing the reactor option in the United
States, let us now turn to an even more important non-
proliferation issue: the harmful effectsthe military reac-
tor disposition program would have on domestic and
international nuclear fuel cycles.

Negative Effect On Civil Plutonium Usein the
United States

Pursuit of the reactor method for plutonium disposi-
tion by the United States will adversely affect the do-
mestic nuclear fuel cycle. The program requires the
construction of alarge industrial facility to manufacture
plutonium-based MOX reactor fuel. Once the disposi-
tion campaign is complete, the fuel manufacturing plant
will still have a useful remaining lifetime of about 15 to
25 years. This fact will be a powerful impetus to con-
tinue manufacturing MOX fuel, either for sale abroad or
for usein U.S. reactors. If the plant is simply shut down
following the campaign, asnonproliferation policy would
demand, much of the huge capital investment made by
the government will have been wasted.

If the disposition in the United States does proceed
with reactors, an essential element of the plutonium fuel
cycle will remain unbuilt. To complete the cycle, are-
processing plant, used to recover plutonium from spent
fuel, would have to be constructed. The cost of building
areprocessing plant issignificantly greater than the cost
of constructingaMOX plant.*® This high cost, in con-
junction with the relatively low cost of ordinary reactor
fuel, isconsidered to be a principal obstacleto theinsti-
tution of a plutonium fuel cycle in the United States for
the next several decades.”® Because this economic ob-
stacle would remain even if a MOX plant were con-
structed, some analysts have argued that the disposition
program will not have amajor effect on the U.S. nuclear
fuel cycle®* Thisisincorrect for two reasons. Firgt, strong
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economic incentives to use the MOX fabrication plant
will be present even without the construction of arepro-
cessing plant. For exampl e, following thedisposition cam-
paign, the owner of the MOX plant could secure fuel
fabrication contracts with European countries or Japan,
which may well require these services in the future for
their separated plutonium. Becausethe capital cost of the
MOX plant (roughly one-half of its total cost) will al-
ready have been paid for during the disposition campaign,
the plant owner might be ableto offer competitive prices
for plutonium fuel fabrication once the campaignisfin-
ished. Second, experiencein other countries over the past
two decades has shown that even when plutonium re-
cycle has proven uneconomical, the large sunk costs of
nuclear facilities have frequently been used as one argu-
ment to justify further government spending. This has
been the case in both France and Britain, for example.

In addition to alikely direct economic subsidy, there
are regulatory and political “subsidies’ for civil pluto-
nium useif the reactor method ischosen. It will be much
easier to license reactors and fuel fabrication plants for
plutonium use once regulatory approval for those types
of facilities has been sought and received by the dispo-
sition campaign. Politically, the expensive, high-profile
program will provide a major infusion of resources and
prestige to the otherwise moribund nuclear industry.

On the other hand, local opposition to use of pluto-
nium in reactors is likely to be strong. Even ordinary
nuclear reactors, using uranium-based fuel, encounter
strong local resistance in the United States in the form
of lawsuits and protests. The controversy attending the
use of plutonium in domestic reactors could be greater
still, and could slow down the all-important task of
dispositioning military plutonium stocks. Public oppo-
sition to immobilization methods is less likely because
these are expected to be performed at existing sites pre-
viously used in the weapons program, at which huge
amounts of plutonium have already been produced and
processed.

Negative Impact On Civil Plutonium Use Abroad

Internationally, strong U.S. opposition to civil pluto-
nium use would be weakened by domestic use of pluto-
nium for energy production. Thiswould make it more
difficult to persuade other countries, including Russia,
Canada, Japan, and France, to move away from pluto-
nium use in reactors. John Holum, director of the U.S.
Arms Control and Disarmament Agency, haswritten that
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other countries “would hear only one message for the
next 25 years. that plutonium use for generating com-
mercial power is now being blessed by the United
States.”#

Recognizing this possibility, the Clinton administra-
tion has argued that it could mitigate the “blessing” by
pledging that facilities would only be used to render
military plutonium stocks less accessible, and by ex-
pressly forbidding any subsequent civil use of the MOX
plant and reactors.®® However, such pledges are of dubi-
ous value—indeed they are probably of no value at all.
They cannot be verified by other countries for several
decades, so they are unlikely to inspire much interna-
tional confidence. Furthermore, any pledges made now
will certainly have to be reaffirmed by policymakers 25
yearsinthefuture, oncethe disposition campaigniscom-
plete. Considering that U.S. plutonium use policy has
been reversed several times since the Nixon era*it is
hard toimaginethat present-day guaranteeswill beworth
much in 30 years.

SUMMARY OF ADVANTAGES OF THE
IMMOBILIZATION METHODS

Besides their clear superiority from a globa nonpro-
liferation perspective, immobilization options offer ad-
ditional several benefits. Theseincludelikely advantages
intiming, cost, and in keeping the process secure during
the implementation phase. None of these latter consid-
erations is in itself decisive, but taken together, they
clearly favor immobilization.

Speed

A key factor for choosing among optionsis the rela
tive speed of completion. Preliminary analyses by the
DOE* show a definite schedule advantage to immobi-
lization methods—particularly the can-in-canister meth-
ods. Thelatter could be completed as many asfive to 13
years sooner than reactor disposition methods. More-
over, the DOE timing estimates for the reactor methods
assumethat European MOX facilitieswill be made avail-
ablefor the programwhileaU.S. MOX fabrication plant
is built. Actually achieving an early start in this case
seems doubtful, however, sincethenominal time advan-
tage gained from the use of European facilitieswill prob-
ably be erased by the public opposition and security
problems associated with large-scale transportation of
plutonium oversess. If European MOX plants are not
used, as they should not be, the schedule advantage to
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the immobilization methods is greater still.

Cost

Compared to the huge costs associated with obtaining
nuclear materials, the cost of a disposition campaign is
low—particularly in light of the great nonproliferation
and security benefits of the program. Therefore, cost
should not be adeciding factor in choosing an option. It
doesplay arolein apractical sense, however, sincetimely
Congressional and public approvals depend to an extent
on keeping the costs of the program down. Delay dueto
high costs, or large uncertainties in cost, will adversely
affect the program and lessen its benefits. In this sense,
the immobilization methods enjoy a definite advantage.

Thereare many factors contributing to the uncertainty
in DOE estimates for the reactor options that are absent
for the immobilization methods. For example, the DOE
considers incentive fees paid to utilities to represent a
major cost uncertainty for the reactor methods, yet it did
not estimate thesefees. In addition, utilitieshaverecently
warned the DOE to expect higher operating costs dueto
the increased difficulty of using and storing MOX fuel,
which has a higher in-core neutron production rate and
ahigher heat output than ordinary reactor fuel. Theutili-
ties have further claimed that the DOE's assumptions
concerning the length of time MOX fuel assemblies re-
main in the reactor are unrealistic, concluding that a
more redistic analysis. “...would substantially increase
the length and cost of (the DOE'’S) program to dispose
of surplus plutonium in commercial reactors.”“ Immo-
bilization methodswill avoid these large cost uncertain-
ties and, therefore, can probably be more quickly
approved and completed.

Security During the Execution Phase

Yet another advantage of theimmobilization methods
is that transportation and physical security during the
disposition campaign can be somewhat simplified be-
cause all plutonium processing facilities can be located
at asingle site. For the reactor method, the use of mul-
tiple sitesis unavoidable.

CONCLUSION

The above analysis has sought to contribute two main
points to the on-going debate on U.S. plutonium dispo-
sition options. First, that the proponents of the reactor
options have not demonstrated that thereisany real need
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to use such methods in the U.S. disposition program,
and, second, that the great damageto U.S. nonprolifera-
tion interests caused by using reactors for disposition
ought to lead the Clinton administration to look else-
where for safer, more proliferation-resi stant methods.

If there were no other way of accomplishing the es-
sential goal of rendering military plutonium surpluses
safe from theft and reuse, the formidable security and
nonproliferation risks associated with keeping the reac-
tor option open in the United States could perhaps be
justified. Fortunately, though, there are other technical
possibilities to choose from. Ceramic- and glass-based
immobilization are sufficiently distinct to count as al-
ternative technologies. If the United States wishes to
preserve flexibility in its disposition program, and send
a strong signal of its opposition to plutonium use glo-
bally, it can and should vigorously pursue both immobi-
lization technologies. This approach isfar preferableto
taking the manifestly dangerous step of introducing el-
ementsof aplutonium fuel cycleinto the U.S. economy.

! Separated weapons-usable plutonium in civil fuel cycles is projected to
exceed the amount in the world’s military stockpiles by the turn of the cen-
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