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sible by the decline and end of the Cold War preclude the use of as fuel is one alternative. Virtually

the United States and Russia have been dismaaH the security benefits attainable by material process-
tling thousands of nuclear weapons. While this is valuing techniques can be obtained by immobilizing pluto-
able from an arms control perspective, it has created largégum in large-unit-size/mass monoliths without a

Q s a result of arms reduction treaties made pos- Producing a secure plutonium host form that does not

guantities of excess pluto- radiation barrier. Such a

nium in both countries. form could be readily

This material, unless it is . verified and safeguarded,
VIEWPOINT:

stored or disposed of se- requiring industrial equip-

curely, creates the possii ALTERNATIVE ment for removal. Russia

bility for theft by potential would be allowed to ex-

proliferants. APPROACH ES TO RUSS'AN tract the plutonium at a

In a September 1998 future date for use as fuel

Joint Statement of Prin- PLUTONIUM DISPOSITION if it saw fit. Eliminating

ciples, the US and Russiar contentious fuel-cycle in-
governments agreed td by Kory W. Budlong Sylvester vestments may also clear

“remove by stages ap- the way for greater US fi-

proximately 50 metric tons _ nand"_"l support. Finally, if i
[MT] of plutonium from their nuclear weapons programs,pm\_’en f_ea3|ble, the gncapsulatlon of rgmote tracking
and to convert this material so that it can never be uséjrfv'ces in the r_n_onollths would further improve safe-
in nuclear weapongs.’As part of its Fissile Material Dis- guarding capability.

position Program, the United States has decided to pro- The proposed plutonium storage form would not ap-
cess its surplus plutonium into a form “as unattractivgpear to meet the SFS because it would not expose a po-
and inaccessible for retrieval and weapons use as thential thief to high doses of radiation—a deterrent called
residual plutonium in the spent fuel from commerciala radiation barrier. However, the marginal benefit of a
reactors.? This disposition criterion has been termedradiation barrier (primarily its ability to incapacitate a
the Spent Fuel Standard (SFS). thief during a diversion attempt) is limited to a period of
usseveral decades following the removal of plutonium from
A nuclear reactor. Because fabricating and irradiating a

extracting the energy value of the matetislowever significant amount of Russian plutonium is likely to take

it lacks the necessary infrastructure to do so. US fund%ecades, the ability to process plutonium more quickly

have recently been made available to support Russidi®Y alone; rEake the pr((j)poseko_l apcpj)roqch a more ;afffec-
disposition activitie$,but US support is likely to be lim- tive one. If the proposed tracking devices prove effec-

ited and vulnerable to political opposition if it is seen a%;et,hae Ssagggxiﬁ(ijngecgﬁg?riitg beyond what is provided

supporting the development of a plutonium fuel cycle.
Official US policy does not support the development of A second alternative would be to reduce the opportu-
such a cycle because of the proliferation risks assoaity for theft by removing plutonium from Russia for
ated with the production and handling of large quantiprocessing in another country. To permit this, the United
ties of separated plutoniufn.

Russia has endorsed the idea of irradiating surpl
plutonium to produce spent fuel because it is intent o
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tions that could be implemented in a more timely fashiodoctorate in Nuclear Engineering from the
should be considered. This viewpoint proposes two aMassachusetts Institute of Technology in 1997. This
ternative approaches to Russian plutonium dispositiopaper represents the author’s viewpoint alone and does
that satisfy Russian fuel-value concerns while effectivelyot necessarily reflect the views of the Laboratory or
meeting nonproliferation objectives. the US Department of Energy.
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States would compensate Russia for the fuel value of itsth technically and politically. The United States has
plutonium. A market-based method for pricing pluto-decided to blend down its highly enriched uranium
nium is proposed, wherein surplus plutonium is valuegHEU) to low-enriched uranium (LEU) for use in com-
in terms of its ability to provide access to nuclear fuel amercial reactors. The Russian government has moved
a fixed price at a future date. This position can be repliaggressively to commercialize its HEU, agreeing to sell
cated in the uranium market and priced using derivativB00 MT of HEU to a US company over a twenty-year
theory. Russian plutonium could then be purchased ammkriod.

burned in European reactors or disposed of in the Unite_d Unfortunately, timely plutonium processing has suf-
States. The European approach would greatly speed dfé’red from two barriers: there is no denatured (non-ex-

posit_ion becaus_e a Iarge_plutonium processing infraStI“ﬁ]osive-usable) form and no market incentive to process
ture is already in operation. the material. Blending HEU down is a relatively easy

While considering final plutonium disposition deci- and effective means of eliminating its weapons usabil-
sions of the type described above, the United States aitd. However, virtually any isotopic mixture of pluto-
Russia should agree to process their surplus pits intbum can be made into a nuclear exploSive.

non-weapon forms. A plutonium pit is the core element | recognition of this physical reality, the Spent Fuel

of a nuclear weapon. Processing pits out of weapon forg, . - - q was adopted. As recommended by the US Na-

wpu!d ease barriers_ to verificr_:ltion a”‘?' safegyarding b%(onal Academy of Sciences, both Russia and the United
_el|m|nhat|né] g?org?lt_”c de]:cS|ghn |nf|ormat_|on, while recll4C'States have decided that their surplus plutonium should
mg_t e desirability 0 t_e P u_tomu_m '_[0 certain o processed into a form that makes it as inaccessible
proliferators t_>y preventlng_dlrect reinsertion in aweapor, .4 \\nattractive as the plutonium in spent fuel. It was
These benefits are_meanlngful a_md can be obtalne_d IRoted that going beyond the Standard would not be jus-
dependently of decisions regarding further ProcessSiNGfied unless the same treatment was performed on the

The proposed strategy attempts to meet nonproliferamuch larger stocks of plutonium presently found in spent
tion objectives by recognizing technical limitations andfuel.

satisfying political co_nstrair_lts. The reasor_ling used to No measurable parameters were established to deter-
develop t_he strategy Is outllned_ in the S(_ectlo_ns th‘f"? fohﬂne compliance with the Standard. However, both burn-
low. A brief background on fissile-material dlsposmoning the plutonium in reactors (the mixed-oxide fuel or

is giv_en to further de_scri_be current challenges_. The ung 5% option) and commingling the plutonium with the
derlying factors contributing to the proliferation risk from radioactive waste it was originally extracted from (the

surplus plutonium are then identified. An assessment mobilization option) have been judged as meeting the

made of the effectiveness of physical alteration (e'gSFS by the Department of Energy. The United States is
isotopic, chemical, etc.) in reducing the attractivenes ursuing both options in parallel in its “dual track” ap-
of the material and decreasing a proliferator’s ability t roach.

divert it. Based on this assessment, a strategy for Rus-

sian disposition is proposed, and conclusions are dis- Meeting the Standard will be difficult as neither coun-

cussed. try has the required facilities and their construction will
cost hundreds of millions if not billions of dollars. More-
BACKGROUND over, unlike commercializing HEU, plutonium process-

ing will not produce a profit. With neither means nor

The disposition of surplus plutonium in both Russig&inancial motivation there is little reason to believe that

and the United States presents a major challenge. TBﬁJtonium disposition will proceed with urgency.
United States has declared 52.2 MT of weapons- and ) ] . )
reactor-grade plutonium excess to its security néeds, |N€ expense of plutonium disposition could certainly

While a similar Russian declaration has not been madB€ Justified on a security basis alone. Due to national
teconomic troubles, however, Russian finances are sim-

plutonium available for disposition in Russia will be a ) - i i
least this much and could be several times gréater. Py not available for plutonium processing. The United
States is reluctant to fund Russian disposition efforts,

_The larger quantities of surplus highly enriched uran,ticylarly if funds are used to support the develop-
nium from weapons have proven far more manageablement of a plutonium fuel cycle, something the United
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States as a matter of policy does not encoutage. guards, security, ease of handling, tracking potential,

While the immobilization option may have a better etc.).

chance of obtaining US financial support, Russia has Both desire for the plutonium and ability to obtain the
firmly rejected it. Russia contends that the high energgnaterial are directly affected by the physical character-
content of plutonium cannot and should not be ignoredstics of the plutonium host form. The objectives of as
Disposing of this resource is therefore illogical and unwell as the resources and expertise available to a prolif-
acceptable, in their view. erator will determine the relative impact of any physical

This situation has led to stagnation. Russia appeaFQOdiﬁcation of the plutonium by the hOSt_ _state _(i.e., the
content to store its plutonium until conditions favor itsOWher of the plutonium and storage facility, either the

use in reactors or the disposition effort is subsidized inl-Jn'tecl States or Russia).

ternationally. In the meantime, the turmoil in Russian The ability to obtain plutonium is further constrained
political and economic affairs creates a risk that the pluby the presence of safeguards, through the application
tonium could be stolen. During Senate testimony in 199@&f material control and accounting as well as physical
John Deutch, then director of the Central Intelligencgrotection procedures. Material form can impact both
Agency, described four confirmed thefts of weaponsthe application and the expected effectiveness of safe-
usable material. This included thefts of six grams of pluguards.

tonium, as_ingle gram of H_EU’ approximately 500 grams . goth desire and the ability to divert are needed for
ofap_Iutorlngm/uran:umlimxtfure, and most &gmﬂcgagt, Froliferation risk to exist; however, their relative im-
case '”YO ylng ngaryB gof HEU in Decem_er 1994. ortance is unknown. Nonetheless, a successful dispo-
These incidents increase the pressure to either procesg,, strategy should (where possible) make the

the plutonium into a more intrinsically secure Storagey|ytonium less desirable and more difficult to divert, and
form or transfer it to a more stable environment. be implemented such that opportunities for diversion are
Given the implementation hurdles, a reassessment ofinimized. The effect of processing on the risk of di-
nonproliferation objectives and Russian plutonium disversion by various proliferators will be discussed in the
position options appears warranted. The following sedollowing section?
tion proposes a measure of proliferation risk, by
identifying two factors that contribute to the risk of theftDesirability
an effective diéposition strategy that would produce :Eln ater_lal, assuming itcould be successfully diverted. 'I"he
secure plutonium storage form without requiring Usmatenal processing of s_urplu; weapons-grade plqtonlum
investments in a Russian plutonium fuel cycle (WGPU.) .WOUId do relatlyely lttle to reqluce the gltlmate
' desirability of the material to a subnational proliferator,
but could impact a host state under certain conditions.
PROLIFERATION RISK Disposition processing can degrade the utility of the plu-
In order to reduce proliferation risk, we need a detonium or make alternate sources more attractive, but

tailed understanding of what is meant by risk. In thighe impact will be limited.
analysis, proliferation risk is taken to depend on two fac- The first step in any disposition program will be to

tors: desire and ability. The greater the motivation angdy i, the plutonium from the pit. Pit disassembly and

the ability of a group to divert fissile material if given .. ersion (converting the extracted plutonium into an

the opportunity, the greater the perceived risk. oxide powder) makes it impossible to reinsert the pluto-
From the perspective of a proliferator, surplus plutonium into a weapon without remachining. A dry separa-

nium in a given storage form represents: tion process, termed the Advanced Recovery and
» something | want to some degree (defined by myntegrated Extraction System (ARIES), has been devel-
ability to use it and alternate sources of the fissil@ped for this purpose. In ARIES, the pit is bisected and
material); and the plutonium extracted using a hydride/dehydride pro-
» something | have some prospect of successfully olwess. The plutonium is collected in a crucible and, if so
taining (defined by the presence or absence of safdesired, converted to an oxide product.
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For a host state, any plutonium that is not in pit forndition of a radiation barrier will not dramatically reduce
possesses no military value in a use-or-lose combat sabe attractiveness of the material.

nario. ARIES processing would also demonstrate com- A scenario where the host state diverts the plutonium

mitment t_o "eat)/ obligations becau_se_ SW'f? reve_rsailn order to reconstitute its arsenal is the only case where
v_vould be |r_npos_3|ble as long as only limited pit fabrlca1arge guantities of plutonium would be involved. Even
tion capacity exists. then, the combination of an operational reprocessing
Another benefit of pit processing would stem fromfacility and concerns over criticality safety would quite
the elimination of important design information. Thislikely result in a “clean” plutonium matrix (one that
could make the plutonium less attractive to a non-nucledaicked other radioactive elements) being processed in
weapon state or a subnational group, because they dhe remote facility. In this situation, a clean host form
likely to face design challenges. Reduced confidence ioould be viewed as equivalent to radioactive spent fuel
the production of a weapon as well as the expected yieliecause the same processing facility would be used.
may dissuade certain less-skilled proliferators from at-
tempting a theft. Ability

Altering the isotopic makeup of the plutonium might The other component of proliferation risk is the
affect desirability for a host state. Isotopic dilution (e.g.proliferator’s estimated and actual ability to successfully
from exposing the WGPu to neutrons in a reactor) mayansfer the plutonium offsite. Each host state will pre-
render the material useless for service in the host natiorssmably place its dispositioned plutonium in a storage
existing weapons infrastructure. While new weapongacility for monitoring. The material form of the pluto-
could be designed for low-grade plutonium, in the curnium can affect the ease of safeguarding and/or off-site
rent nuclear test ban environment that may be unaccepémoval, and can dramatically decrease the proliferator’s
able, forcing new material to be produced. However, onlgxpectations for success, thereby deterring an attempt.
nations that have refined requirements for plutonium and

e . Processing the plutonium into a more easily monitored
possess alternate sources of fissile materials would bhe
. . . and safeguarded form would reduce the prospects of a
affected by isotopic degradation. Non-host states, even . o
o : . successful theft because security forces could be notified
with limited technical skill, can produce a dependable

(albeit low-yield) design that utilizes low-grade plu,[o_lmmediately. Multilateral safeguarding would have some

. . . 7 deterrent effect on the host state because the international
nium?® As they cannot pick and choose their fissile

: : - . community would be alerted of any removal.
material and would likely be satisfied with one or two . o

: o : . Safeguarding the material in an open manner could also
explosives of uncertain yield, the isotopics of the pluto-

: : - . deter proliferation attempts by removing ambiguity
nium would not affect their desire in a meaningful Way'regarding the security of the material. ARIES-type
The most additional processing can do to reduce aprocessing would increase security by eliminating
tractiveness is to force a proliferator to perform plutoclassified design information, thereby making it more
nium recovery and purification operations. This wouldikely that host states would accept multilateral
be achieved by chemically combining plutonium withsafeguarding?
various other elements in a host form—a so-called

. . ) . Processing the plutonium into an unclassified form
chemical barrier to proliferation. If some of the added D . e .
. . S . would also simplify the direct verification of plutonium
elements are radioactive, a radiation barrier would alsg . . ; s
L . sftorage (i.e., the confirmation of declared plutonium lo-
be present. The radiation could force the construction of_.. . .
- . cations and concentrations via measurements performed
a large, remotely operated facility for plutonium recov-

ery. However, this is true only if a large quantity of pIu-On the host form). For perhaps unrelated political rea-

. . . sons, inspectors may periodically be denied access to
tonium were stolen and a high extraction rate were P y P y

. Storage facilities. Being able to independently verify
desired.For a case where only a few weapons are . . .
) - declarations under such circumstances would be desir-
needed, small batch operatiarwild reduce radiation

exposures, and crude separations capable of reduciﬁg

the radiation dose rate by several orders of magnitude Beyond pit processing, the most effective means for
could be employed. If a proliferator is willing to acceptreducing diversion ability appears to be increasing the
clumsy and slow laboratory-scale reprocessing, the agize and mass of storage units to hamper on-site ma-
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nipulation and off-site transport. This can be achievethan 30 minutes before radiation effects would be ex-
by fabricating the plutonium into large glass or cerami@ected to appear. Assuming these effects would mani-
monoliths that require industrial-size equipment to bdest themselves in an inability to function physically,
moved. Some have questioned this benefit. The DOE&nd she or he had not yet transferred the plutonium off-
Proliferation Vulnerability Red Team Report cautions:site, the radiation would have served as an effective bar-
“In all cases, it is estimated that intrinsic resistance taer.

It_t;e:]t C|_°U|d be ovgrc?me in 15|t0 30 rr:linutes%/ one heavy This hypothetical case illustrates the complexity and
Ift helicopter and a few people on the grourdNone- the limits of the radiation barrier. There are numerous

theless, relatl_ve to small objects, such a mo_nollth vv_oul_ blevant factors: the dose required for timely incapaci-
be much_eaS|er to safeguard and clearly raises a S'gn'{éition; the dose rate of the plutonium matrix itself; the
cant barrier to a successful theft. duration of the theft; and the thief's success at using
The addition of radioactive fission products could proshielding and distance from the matrix. Each factor is
vide an effective barrier but appears to provide little funcsubject to debate or is presently unknown. What is known
tional benefit beyond that produced by a large-unit-sizés that whatever the dose rate deemed necessary to inca-
mass matrix. The National Academy of Sciences notgsacitate, the plutonium storage form will drop below it
that a radiation barrier would reduce a proliferator'ssventually’® Therefore, whatever effectiveness a radia-
chances for a successful theft by forcing remote hartion barrier does provide will subside with tirfffe.
dling of the plutonium-loaded matri.When the plu-

ium has b fabr di Hicientlv | ; Finally, while material form is important, when and
tonium has been fabricated into sufficiently large forms,, j,q o plutonium is processed and stored also affects

however, proliferators face the burden of using Iarg?)roliferation risk. This relates to the strength of institu-

equipment for on-site manipulation regardless of adcliﬁonal control. The longer weapons-usable material is
tional radionuclides. Sucheavy-lifting equipment

Id be fitted with de shieldi h i h stored in an insecure environment, the greater the cause
could be ltte .W't crude shielding rather eastly. Th&or concem. Therefore a disposition strategy that trans-
marginal benefit due to the presence of radiation woul rred plutonium to a more stable environment would

appear to be small. effectively reduce the ability for theft.

Setting aside the possibility of shielding, a radiation
barrier could incapacitate a thief during a theft attempbEVELOPING AN EFFECTIVE DISPOSITION
if the radiation level was sufficiently high. For the MOX STRATEGY

option, the radiation barrier could be effective for a pe- An effective disposition strateav should be capable
riod of several decades after irradiation. While poten- P 9y P

tially effective, adding the radiation barrier could takemc addressing identified threats in a timely manner. For

. . . H1e United States, insecure plutonium in Russia has
several decades due to insufficient fuel fabrication an o S
. _ : . caused the greatest concern. The “major motivation” for
reactor capacity. The timing of the benefits, and the ris

: ; . A S disposition action, as stated in the DOE Nonprolif-
associated with leaving the plutonium in pit form, shoul . : . .
. L eration Assessment, is to produce reciprocal action in
be carefully weighed when considering the role of a a2 ssia?®

diation barrier in Russian disposition.
S L . As illustrated in the preceding section, characterizing
A simplified example allows the radiation barrier is- _ . I, . . o
. . disposition strategy as effective requires specifying the
sue to be explored in more detail. Assume a whole bo . o .
o .proliferator that the strategy is aimed at defeating. In the
dose upwards of 500 rem (a “rem” is a measure of radi

. . o ‘present case, the proliferator of concern is the subnational
tion absorption and its impact on the human body) |8 ' P

owanization, which is distinguished by its lack of alter-

needed to provide a measure of confidence that a persQ o . : .
nate sources of fissile material and by its desire for one

would be mcap_acnateq within roughly half an hour, %r a few crude nuclear weapons. The DOE Proliferation
reasonable period of time for a successful tHeffur-

Vulnerability Red Team Report characterized the threat

ther assume that the final plutonium storage form del'vf'rom unauthorized parties to be the “greater near-term

ers a dose rate of 1000 rem/hr at one meter from theoncern,” compared to host nation retriefat appears

surface (comparable to 10-year-old spent fuel). If a thi ierefore that priority should be given to finding solu-
were at an average distance of one meter from the mate

rial for 30 minutes, she or he would have somewhat Ies!sonS that can swiftly secure Russian plutonium.
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The present Russian plan for addressing the near-teminess known proliferation risks. Spending large amounts
risks while SFS options are readied appears to be staftime and money to place plutonium in an optimal form
age in either pit form or as recast metallic spheres. Pu20 or 30 years from now does not address today’s risks
suing disposition options that require large capitahnd may not address the nonproliferation needs of the
investments with significant operational vulnerabilitiesfuture. Sub-optimum storage forms that produce near-
may thus lead to indefinite, or at least extended, storagerm payoffs can provide useful insurance against fu-
in pit form. While the recast forms would be a meaningture unknowns.
ful improvement, their attractiveness and small size

would still present safeguarding challenges, particularha NEW APPROACH TO PLUTONIUM
in a country troubled by economic and political turmoil.DISPOSITION

If the default storage options are viewed as unaccept- The following strategy is proposed to reduce the pro-
able, what sort of material processing could be pursuediferation risk posed by surplus WGPu in Russia. First,
When it comes to Russian plutonium disposition, lesghe United States should pursue the negotiation of a bi-
processing may produce more security. If a plutoniunateral agreement with Russia to process surplus pluto-
storage form marginally below the SFS could be pronium pits into non-weapon storage forms. In addition,
duced without contentious fuel-cycle investments inthe United States could propose to accommodate Rus-
Russia, a net security benefit could be produced by asian fuel-value concerns in order to allow removal of
lowing plutonium to be dispositioned in a more timelysurplus plutonium from Russia and/or further material
fashion. processing. This approach would reduce both the desir-

Plutonium processing decisions should be made Witﬁbility of the plutonium and the potential for diversion,
specific, functional objectives for reducing the prolif-in & timely manner.

eration risk posed by this material. Verification and safe- The United States and Russia should begin to address
guarding criteria should be adopted and met. The abilitpheir mutual proliferation concerns by committing to
to detect, track, and retrieve diverted material could beisassemble their surplus pits and extract the contained
an additional functional requirement for a plutonium stor\WWGPu as soon as possible. Assuming pit disassembly
age form. As the Center for Strategic and Internationajould be done with sufficient transparency to be confi-
Studies has noted, “The current inability to locate alent of the weapons origin of the plutonium, the ben-
nuclear device without intelligence cueing is perhaps thefits of removing the material from pit form are

greatest limitation of our neutralization capability.” significant and should be the immediate priority.
While itis a difficult task, processing the plutonium into

. . . The processing of plutonium out of pit form would
a more readily traceable form would provide obvious il | verificati d saf di q
benefits?? ease multilateral verification and safeguarding and re-

duce the opportunity for diversion by all would-be pro-

Disposition decisions must also be made with an eykferators. The prospect of direct reinsertion in a weapon
to the future. The world may change in ways that wills also eliminated. As this act would be the first step for
dramatically affect the nonproliferation benefits of dis-any disposition option, it would appear that every effort
position actions. The diffusion of uranium enrichmentshould be made to decouple this activity from other dis-
technology (e.g., centrifuge and laser technology) ovgsosition decisions and move forward swiftly.
the several decades of disposition may dominate the
long-term proliferation risk posed by surplus WGPu'rection by recasting some of its pits. While this is desir-

The buildup of separateteactorgrade plutonium able, it does raise some transparency concerns related to

(RGPu) is also of proliferation concern. Either occur- .
. gotentlal future arms control agreements. If such agree-
rence could produce an environment where the expense

. :  ee .. ments require accounting for the number of pits disas-
of extensive processing of WGPu is difficult to justify. sembled, it may be difficult to prove the recast plutonium

This does not mean that one should do nothing in theame from an actual weapon. Detection systems are cur-
expectation that other risks will swamp those of surplugently being designed to provide confidence, without
WGPu. The uncertainty means that we should focus aflivulging classified information, that plutonium enter-
simple actions that can be taken in the near term to afhg the disposition process is of weapons origin.

Russia has apparently already taken steps in this di-
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With sufficient transparency in place, the Russian piposes. While the resulting matrix would not possess a
disassembly efforts could be expanded. In the Unitethdiation barrier, the radiation barrier is not expected to
States, pit disassembly and conversion operations walgnificantly reduce the attractiveness of the plutonium
require sufficient shipping and receiving facilities, alongor unduly hamper a skilled proliferator’s ability to steal
with glove box and ventilation systeritsThe opera- the material.

tional start time for the ARIES process is estimated at ; .;1d be argued that given the relatively low mar-

seven year$: With siting ar_ld regulatory authority is- inal cost of adding a radiation barrier for the immobili-
sues settled, US and Ru55|an_ efforts could be SC"’“edg&tion option (an estimated $390 million beyond the cost
match any level of warhead disassembly. of ARIES processing for the can-in-can variéfjtswve

While steps that create obstacles to reinsertion arghould add it even though the benefits are debatable.
improve prospects for outside verification are valuablelHowever, adding a radiation barrier in Russia means
if the plutonium is to be stored indefinitely, further ma-building the infrastructure for a plutonium fuel cycle,
terial changes may be warranted to reduce the ability @fhich is expensive and likely to delay plutonium dispo-
a proliferator to steal the material. However, additionasition.

processing (_)f Russian plutonium will not be possible Tracking devices, encapsulated in the storage matrix
unless Russian fuel-value concerns are addressed. itself, could provide a new form of deterrence to would-

Two alternative means for accommodating Russiabe proliferators. A beacon from such a device could be
interests are proposed: used to locate and retrieve the plutonium should it be
diverted. A detectable signal would be advantageous
during the initial transport offsite, before the transmitter
ould be removed. Although the design of such a device
as not been explored in any detail, the absence of highly
radioactive elements that could damage the device would
appear to make this option more feasible.

(1) Allow for the conditional future retrieval of pluto-
nium for use in energy production:
» fabricate a “clean” plutonium storage form absenﬁ
of fission products;
* immobilize plutonium to form large-unit-size/mass
matrices via a “can-in-can” or similar appro&éh;
» do not require the addition of high-level waste (HLW) Perhaps the largest benefit of this immobilization ap-

in the future; and proach is its potential to gain US and Russian support.
« if proven feasible, add integral off-site tracking ca-Because HLW is not included in the matrix, retrieval
pability; or would not require further handling of aqueous, radioac-

(2) Financially compensate Russia for the potentia’iive waste. This would reduce the costs of extracting the
material for commercial use. In essence, a plutonium

value of the material as a nuclear fuel: Id be fabri dth Id be mined |
* replicate the value of stored plutonium, which rep-Ore would be fabricated that could be mined at a later

resents access to nuclear fuel at a fixed price, alSdgte (in an internationally safeguarded manner). As the

position in the uranium market: immobilization would not be supporting a plutonium

« purchase plutonium at the price calculated in thiéuel cycle, this activity would not conflict with other US
manner: and nonproliferation goals andould be financially sup-
. dispos’e of the purchased plutonium ported by the United States without criticism. This co-

operation may provide the basis for swift disposition
Further details and the merits of each approach are digetion.

cussed below. . . , . L
Completely separating Russian plutonium disposition

from other fuel-cycle activities enables processing to be
performed independently. Progress would not be tied to
Processing plutonium into a non-fission-product storpotentially precarious HLW vitrification activities or

age form would provide virtually all the security ben-civilian reactor operations. Plutonium could be immo-
efits attainable by material processing. For all but theilized at virtually any pace through the use of multiple
host state, on-site manipulation and removal is a maj@rocess lines and/or higher capacity systems.
barrier to diversion. Processing the plutonium into units _ . . .

This proposal could also be formalized into a surplus

with large size anq welght WOUI.d force potentlal_ IC)rom-plutonium storage standard that could be applied glo-
erators to employ industrial equipment for handling pur®

Secure Plutonium Storage Form
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bally. Other states possessing separated plutonium malgeaper alternativ@.This break-even price is still higher
eventually wish to disposition their excess plutoniumthan the price of uranium today, but is much lower than
The matrix described here would give them an alternahe price needed for plutonium fuel-cycle competitive-
tive other than MOX fuel or mixing with HLW. Indeed, ness.

some countries may have neither alternative at their dis- Nonetheless, the analysis demonstrates that plutonium

posal. This alternate storage form could enable the§§ at best valueless today. Uranium can be purchased,

states to demonstrate a commitment to arms recluct'ogmriched, and fabricated into fuel for less than the cost

case saf(_aguardi_ng and storage costs, and give verifiabje plutonium fuel fabrication. This supports the view
proliferation resistance. that plutonium has no economic worth.

However, this assessment ignores a significant point:

) ) ) o present economic conditions will not hold forever. Glo-
Russia may not accept the idea of immobilizing the,5| gepletion of uranium may tilt the economic scale in

plutonium, even with no requirement to add fission prodsyor of plutonium. Plutonium could be worth holding
ucts. In such a scenario, an outright purchase, similar {9, if one believes it will be valuable in the future. The

the HEU deal, would be attractive. But how does ongyesent value of plutonium should therefore include its
value a commaodity that is not traded in the marketplacegotentim future worth.

| propose a plutonium valuation methodology that may
be acceptable to both Russia and the United States.

Financial Compensation

The value of separated plutonium depends on its stor-
_ _ age costs relative to the price of uranium. For example,
Plutonium Economics if storage costs are negligible, then even though it may

Recent evaluations have concluded that the plutoniut@ke many years, eventually the price of uranium will
fuel cycle is not competitive with once-through alternafise above the plutonium break-even point. This means
tives. It is simply cheaper to produce electricity fromthat plutonium will amass value in the future.

uranium fuels. The price of uranium must rise dramati-  Accepting that plutonium could have future worth does
cally before a plutonium fuel cycle is economically com-, ¢ by itself solve the problem. Valuing plutonium us-

petitive with a once-through uranium cycle. ing traditional methods relies on predictions of the fu-

A recent study estimates that a plutonium cycle wilkure price of uranium: when it will rise or fall, and by
be competitive when U308 sells for $16CAkThis as- how much. These predictions vary widely. Russian plu-
sumes today’s European reprocessing and MOX fabrtonium investment plans reflect their view of impend-
cation costs. The current price of U308 is around $9.20ng uranium scarcity, while the United States feels
Ib,3°and it has never sold for more than $50/Ib. It thugonfident that uranium will remain plentiful for some
seems that plutonium recycling will not be economicallytime. These conflicting expectations will produce con-
justifiable for some time. tradictory estimations of plutonium value, leaving dis-

However, the economics of burning WGPu differspos"[Ion atits present impasse.

considerably from the economics of pursuing a pluto- What is needed is an objective or market-based as-
nium fuel cycle. While an evaluation of future pluto-sessment of the potential future worth of plutonium. If
nium fuel-cycle investments must include an assessmesiich a framework could be accepted, global market data,
of all costs, particularly reprocessing, plutonium fromrather than subjective predictions, could be used to de-
weapons could be viewed as an essentially free resour¢ermine the value of plutonium. A relatively new method
The cost of producing the WGPu was paid for long agéor valuing assets that derive their value from other as-
by defense agencies. Free plutonium would obviouslgets can be used for this purpose.

be much more competitive. However, it still must bep|,tonium Valuation via Options Theory

fabricated into fuel, which is much more expensive than

uranium fuel fabrication. In some industries, the price of a single input is

critical to the cost of production. For example, for

In a “free plutonium” scenario, plutonium fuels be-cqa1-hurning utilities, the price of coal affects their
come attractive at a much lower price of uranium. Whegst of electricity production. It is therefore in their

the price of U308 is just $15.84/lb, MOX fuel is the jnierest to negotiate with coal producers to ensure that
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they haveaccess to coal at a fixed low price, reducingday, the ability to use it to avoid higher fuel costs in the
their risk in producing electricity. future is indeed valuable.

Rather than agreeing to purchase the coal outright, a The calculated value is dependent on when you be-
utility can purchase theght to buy a certain amount of lieve the plutonium could be burned in reactors (the op-
coal at a low price on a future date. If the price of coal ifion execution date). While this date is a matter of
higher than the contracted price on that date, the utilitgpinion, the results of the analysis show that no matter
will exercise its right, or option, and buy coal at thewhat time is assumed, the value of plutonium is bounded.
agreed-upon price. Otherwise the utility will let theFor the case above, this value is $524 million for an
agreement “expire” and simply purchase coal at marketption with an infinite execution date.

prices. The option contract that the utility purchased is It should be noted that there are costs associated with

insurance against the potential high future price of Coaholding plutonium that would not affect a purely finan-

Storing plutonium is a similar strategy for providing cial agreement. Storage costs increase with time and can
insurance against high fuel prices—in this case nuclede much higher than the option value of the plutonium.
fuel. One kilogram of plutonium can be used to offseAssuming a low storage cost of $400/kg/yr, indefinite
an equivalent amount of enriched uranium. Stockpilingtorage would have a present cost of $250 million. At a
plutonium is one way to guarantee access to nuclear fugtorage price of $1000/kg/yr, the cost of storing WGPu
at a fixed price in the future. This strategy pays off if theexceeds the maximum value of the option. Storage costs
price of uranium goes up in the future. It is exactly there capable of eliminating any market value of the ma-
same as negotiating with uranium suppliers for the righterial.

to buy uranium fuel at a fixed price in the future. Inboth  po oo dless of the calculated value, the option frame-
cases the risk of high fuel prices is eliminated. work provides a means for guiding negotiations. It allows

The question remains: “how does one value this rightoth the United States and Russia to move beyond their
to purchase?” Economists have developed a quantitpelarized views of plutonium economics. The methodol-
tive theory for pricing contracts that give the holder theogy values plutonium by capturing fistentialworth (im-
option to purchase an asset in the futgifEhis approach portant to Russia) while providing a pricing mechanism
uses the historical behavior of the asset’s price to calcbrased on hard market data rather than disputable asser-
late option value. This parameter is determined directlfions (important to the United States). For this reason, both
from market data and does not rely on predictions gbarties may find this approach acceptable.

future price behavior. Implementation Issues

tion date. The break-even price was mentioned abovg) 14 then be immediately sold in the marketplace or

and can be calculated based on the costs of uranium ?ﬁd for potential execution in the future. Either way
plutonium fuels. The execution date must be chosen aRgj sqi, will have extracted the energy value of its pluto-
should represent the time at which the plutonium CO“'ﬂium

be burned in reactors. _ _
Accepting the option contract as payment may be more

appealing. With this alternative, one need not accept the
By assuming that possessing plutonium is as valuabtbeory underlying options valuation, only that the value
as possessing the right to an equivalent amount of uraf plutonium depends on the value of uranium. As the
nium at a low price, we can calculate a market-basegrice of uranium rises, the value of plutonium rises and
value for plutonium. If we assume that the infrastrucso does the value of an option to buy uranium at a low
ture for burning plutonium will be available in 10 years,price.
50 MT of WGPu has a value of $263 million today.
While a store of plutonium is relatively worthless to-

Results

Holding an option contract as compensation for plu-
tonium might require some sort of collateral. The HEU
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that the United States is purchasing from Russia miglan internationally safeguarded facility would reduce the
prove useful for this purpose. An equivalent amount odbility of any proliferator to divert the material. This
the HEU could be blended down, paid for, and stored inan be done separately from other disposition activities
Russia until the execution date of the option. In this wayand should be pursued as expeditiously as possible. A
any risk that the terms of the contract will not be uphelanajor obstacle to further disposition processing is Rus-
can be avoided. sian fuel-value concerns. The United States should con-
sider alternate strategies for addressing these concerns

_ in case the MOX option in Russia proves difficult to
Once the fuel-value issue has been addressed, sevgfghlement.

plutonium disposition alternatives may become more q i . _— d flexibil
attractive. Immobilizing the plutonium for disposal or "_1 or lerto_prov(;_e economic mot_|v§1t|on a?] exi '(;
irretrievable storage in Russia may become possible. THR In plutonium disposition negotiations, the Unite

United States could financially aid the processing an tates C_OU|d compen_sate Russia for the potential fuel
allow disposition to move ahead swiftly. value of its WGPu. Using a market-based assessment of

) . _ _ plutonium value could avoid delays stemming from ir-
Alternatively, the plutonium could immediately be reconcilable views of the nuclear future. Compensating
moved to a mutually agreed-upon third state. Both URyssia for the peaceful fuel value of its plutonium would

and Russian WGPu could be transferred via militaryjiow a wider range of alternatives, including disposal
escort to safe storage until plutonium processing can Rf removal, to be considered.

executed. This reciprocal action would demonstrate both P _ lutonium int | ¢ ; _
countries’ commitment to plutonium disposition and __ roc;essmg piu ?n'(;’én Into a (I:Qean. storage form 1S an
eliminate concerns over present instabilities. alternate means of addressing Russian energy Concerns.

This would allow Russia to save the material for fuel
This approach would work well in conjunction with a,yhile providing virtually all the proliferation risk reduc-
plan to burn surplus WGPu in European reactors. Thgon attainable by material processing. The large unit-
WGPu could be swapped with stockpiles of RGPu schedijze/mass would reduce the likelihood of successful
uled for fabrication into MOX fuel in existing European diversion, and the inclusion of an effective off-site track-

facilities. In this way, WGPu processing could begin muchyg capability would provide a new form of deterrence.

more quickly than in either the United States or Russia. L _ _
The lack of a radiation barrier has less impact on se-

The problem of the displaced RGPu will remain butcyrity than one might expect. Whatever protection a ra-
seems more manageable. As Russian WGPu will havgation barrier provides may take decades to achieve and
already been compensated for, Russia will not requirgjjj| decay with the fission product inventory. It is not
that its share of RGPu be returned. If the Europeans Qqear that the marginal benefits of introducing such a
not want the displaced plutonium, the United States coulglarrier outweigh the costs. Material processing options
eventually take it for dispositioning.This would also  that could provide tangible, near-term security benefits

address Russian concerns about the United States inile failing to meet the SFS should be explored at least
mobilizing its WGPu without having altered its isotopic 55 3 contingency plan.

composition. The plutonium returned to the United States
would possess the degraded isotopics of RGPu.

Compensation Impact on Disposition Flexibility

Finally, if plutonium disposition were completely
separated from other fuel-cycle activities, its execution
CONCLUSIONS could Ipegin more rapidly._Questi'o'n's of interfacing prop-
erly with energy production activities would be elimi-
Separated weapons-grade plutonium in insecure stafated. Disposition operations would also be more
age represents a global security risk. Given the obstaclgspendable because processing would proceed concur-
to timely plutonium disposition in Russia, a reassessent with arms control obligations, not according to the
ment of alternatives and priorities appears warrantedchedules of facilities that possess alternate missions.
This viewpoint has put forward an assessment of noGiven the risks created by current conditions in Russia,
proliferation goals and measures in order to identify efdesire for a perfect solution should not prevent us from
fective disposition alternatives. taking imperfect but useful steps that can be implemented

Removing plutonium from pit form and placing it in duickly.

The Nonproliferation Review/Winter 1999 107



Kory Budlong Sylvester

2 Lawrence Livermore National Laboratoffyissile Material Disposition

Program, Alternate Technical Summary Report: Vitrification Can-in-Can-

1 United States and Russian Federation, “Joint Statement of Principles Fster Variant UCRL-ID-122659 L-20216-1, 1996, Ch. 2, p. 21.

Management and Disposition of Plutonium Designated as no Longer Re® DOE, Technical Summary Repog@h. 5, p. 10.

quired for Defense Purposes,” Moscow, September 2, 1998. 26 The can-in-can approach immobilizes plutonium in small canisters of

2 US Department of Energy (DOE), Office of Fissile Material Disposition glass or ceramic. The cans are then placed in a rack in a larger container that
Technical Summary Report for Surplus Weapons-Usable Plutonium Dispds eventually filled with molten glass.

sition, DOE/MD-0003 Rev. 1, 1996, p. ES-1. 27 DOE, Technical Summary Repp@h. 5, p. 10.

3 Moscow Summit Participants, “Moscow Nuclear Safety and Security Sum#® If implemented in the United States, HLW might be included simply to
mit Declaration” April 20, 1996. reduce plutonium disposal costs. Fewer canisters of plutonium would need
4 $200 million was included in the FY99 Omnibus Emergency Appropria-to be disposed of if they were included in the HLW canisters already sched-
tions Act (H.R. 4328) to aid Russian disposition efforts. uled for disposal.

5 Tarun Reddy, “Group Fears Russian Plutonium Will Be Used For MOX? Brian Chow and Kenneth Solomdrimiting the Spread of Weapon-Us-
Plants,”Inside Energy/with Federal Land®ctober 26, 1998, pp. 8-9. able Fissile Materialg{Santa Monica: RAND, 1993), p. 36.

5 White House, Fact Sheet, “Nonproliferation and Export Control Policy,”* PublishedTrade Techvalue, April 30, 1998.

September 27, 1993. 31 This value was calculated using market values publishettde Tech

” DOE, Office of Fissile Material Dispositipireed Materials Planning for separative work units (SWUs) expended in uranium enrichment and as-
Basis For Surplus Weapons-Usable Plutonium Dispos{aningfield, VA: sumes thermal use in a once-through cycle. Ironically plutonium is most
National Technical Information Services, 1997), p. 1. valuable in a once-through cycle without reprocessing. Fuel costs are a higher

8 Matthew Bunn and John Holdren, “Managing Military Uranium and Plu- fraction of production costs in this cycle.

tonium in the United States and the Former Soviet Uni@niiual Review  *2 There is extensive literature on option pricing, beginning with F. Black
of Energy and the EnvironmeB? (Palo Alto: Annual Reviews Inc., 1997), and M. Scholes, “The Pricing of Commaodity Contracgtrnal of Politi-

p. 413. cal Economy81, No.3 (1973), pp. 637-54.

9 National Academy of Sciencelslanagement and Disposition of Excess 3 Kory Sylvester, “Weapons-Grade Plutonium Disposition: An Alternate
Weapons PlutoniunfWashington DC: National Academy Press, 1994), p. Immobilization Strategy,” Ph.D. diss., MIT, 1997, p. 148.

32. 34 Storing plutonium can be expensive, and if sufficient americium-241 has
10 White House, Fact Sheet, “Nonproliferation and Export Control Policy,”grown in fromplutonium-241 decay, the plutonium must be purified before
September 27, 1993. fuel fabrication. By swapping WGPu with the RGPu, the Europeans can

11 John Deutch, Director of Central Intelligence, Statement for the Recordvoid these purification costs. The United States could take this RGPu and
to the Permanent Subcommittee on Investigations of the Senate Committdispose of it in its immobilization program.
on Government Affairs, March 20, 1996.

12 In this paper the term diversion includes theft by an unknown party as
well as diversion by the host state.

13 DOE, Nonproliferation and Arms Control Assessment of Weapons-Us-
able Fissile Material Storage and Excess Plutonium Disposition Alterna-
tives DOE/NN-0007, 1997, p. 38.

14 Russia regards thisotopics of its WGPu as classified information.
ARIES-type processing would obviously not eliminate this information.
However, the elimination of geometric information would loosen the re-
strictions associated with multilateral verification and safeguards activities.
15 Sandia National LaboratorieBroliferation Vulnerability Red Team Re-
port, SAND97-8203 1996, Ch. 5, p. 40.

16 National Academy of Scienceldlanagement and Disposition of Excess
Weapons Plutonium: Reactor-Related Opti¢Wéashington DC: National
Academy Press, 1995), p. 225.

17 The incapacitating dose of 500 rem is taken from a review of the table
presented in Sandia National Laboratoriged Team Repqr€h. 4, p. 11.

The table in that document was extracted from United Nations Scientific
Committee on the Effects of Atomic Radiati®gurces, Effects and Risks

of lonizing RadiatiofNew York: United Nations, 1988). The assumed dose

is a nominal value, consistent with published dose-effect relationships for
acute radiation exposure, and was assumed for the purpose of discussion.
18 After roughly 10 years, the dose rate from spent fuel falls by 50 percent
every 30 years. This is due to the decay of cesium-137.

19 Sandia’sRed Team Repogoes on to estimate that dose rates of several
thousand rem/hr at 1 meter would be needed to produce lethal effects during
the execution of a theft. Spent fuel would fall below this level sooner than
the 10 years used in the example.

20 DOE, Nonproliferation and Arms Control Assessment9.

2! Sandia National LaboratorieRed Team Repqr€h. 2, p. 1.

22 S. Mullen, chair, Nuclear Black Market Task Force, Center for Strategic
and International Studies, Washington, DC, Statement to the US Senate
Permanent Subcommittee on Investigations, Senate Committee on Govern-
ment Affairs, March 13, 1996.

2Notably, the DOBNonproliferation and Arms Control Assessm@nts4)

stated that the “larger” benefit of the radiation barrier was its ability to aid
the detection of plutonium after a theft had occurred.

108 The Nonproliferation Review/Winter 1999



