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U.S. decisionmaking on how best to dispose omantlement to low-enriched uranium (LEU) for fabrica-
tens of tons of plutonium expected to be recovtion into fuel for light water reactors (LWRSs) has already
ered from the dismantlement of U.S. nuclear weaponsommenced. But plutonium options have not proceeded
and determined to be surplus to national security needsue to the greater technical and political difficulties in-

The closing months of 1996 are a crucial period foblending down of HEU recovered from weapons dis-

By the end of the year, a U.S. volved.
government decision is sched ] Overation of anv nuclear
uled to be made—on the basi§ VIEWPOINT: P y

reactor with fuel containing

of consideration of the various GETTI NG TO BURN natural uranium or LEU pro-

studies and reviews—as tg duces plutonium. A substan-

which of the available options WEAPONS PLUTON | UM tial fraction of this plutonium

(or combination thereof) the is consumed (“burned”) dur-

United States should pursus PRINCIPAL ISSUES ing such operations, account-

and begin to implemenit.

ing for as much as one-third

One option would use weap- AND OBSTACLES of the energy produced in an
ons plutonium (WPu) declared by Charles N. Van Doren LWR. Several West European
to be surplus to U.S. nationa countries and Japan have had
security needs to fabricate extensive experience in the

mixed-oxide (“MOX") fuel for burning in a few desig- fabrication and use of MOX fuel in place of LEU (in up
nated nuclear power reactors of existing types. Notablyp 30 percent of a reactor’s fuel).
this is the option that appears to be preferred by RUSSiaAccording to industry sources, while an LWR fueled
for the disposition of its surplus WPu. Because some ith LEU" ’
the WPu in each country is in forms not readily adapt-
able to such use, this option may well be coupled with the
application of another of the available options (such as
vitrification) to such other material.

produces 20 to 30 kg of plutonium per TWh [bil-
lion kilowatt hours], a 30 percent MOX-loaded
reactor produces practically none, and a 100 per-
cent MOX reactor, that is, a completely loaded

This essay reviews the principal policy issues involved MOX fuel reactor, burns approximately 60 kg
and the obstacles yet to be faced in implementing reac- of plutonium per TWh generatéd.
tor-based options. In doing so, it discusses the technic@he plutonium remaining in the spent fuel is mixed with
issues, proliferation concerns, current Russian policy, andranium and highly radioactive fission products and is
finally, the various remaining practical obstacles. It coninaccessible because of this radiation barrier—as well as
cludes by arguing that burning plutonium—despite adthe size, weight, and high temperature of the spent fuel
mitted hurdles—makes sense, and the sooner the bettassemblies in which it is contained. Such residual pluto-

nium is also somewhat degraded in quality (i.e., the pro-

TECHNICAL BACKGROUND portion of the fissile isotopes Puand Pé&* to total

_ _ . plutonium, which also includes such non-fissile isotopes
The underlying concept of reactor-based options is ag pgss ang Per%), making it comparatively unattractive

appealing one: buttoning down nuclear arms reductiong ;se in sophisticated weapons (though still capable of
by having the United States and Russia transfer the fis-

sile ingredients of dismantled nuclear weapons to use as _ _
safeguarded fuel for the production of civilian electriccharles N. Van Doren, a former Assistant Director of
power. This concept dates back to the late 1950s, wh&ie U-S. Arms Control and Disarmament Agency in
President Eisenhower proposed a mutual cut-off of thgarge of its Non-Proliferation Bureau, headed the U.S.
production of fissile materials for weapons use and th€/€gation to the Expert Group on International
transfer of such materials (from a substantial number dflutonium Storage convened by the International Atomic
weapons) to peaceful uses. Considerable progress in tigl€dy Agency in 1980. He is currently a Principal
direction has recently been made with respect to highffyonsultant on nonproliteration at Ogden Environmental
enriched uranium (HEU). Both countries have long sinc@1d Energy Services in Fairfax, Virginia. The views in

ceased producing HEU for weapons purposes, and tHdS €ssay are solely his own.
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being used for weapons purposes if optimal performandbae Non-Proliferation Treaty (NPT). The latter two coun-
is not required). tries provide reprocessing services to advanced nuclear

Before the plutonium remaining in spent fuel can béndustrlgl countries such as Jaﬁ&ﬁs_ermany, Belgium,
used either for recycle in a nuclear reactor or to mak%nd Switzerland. Such reprocessing has separated con-

weapons, it requires separation in a reprocessing faci”t?!derably_more plutonium than is needed for near-term
which yields separated Pu free of fission prodéicRut tommercial use, amounts that far exceed the amounts of

reprocessing is not required to make MOX fuel out ofVPuto be released from dismantled warhéads.
WPu, which is uncontaminated with fission products.  As Berkeley Nobel Laureate Glenn Seaborg has ex-

Despite the anxieties of the U.S. and other governmen%a'ned: : .
(as well as various non-governmental organizations), Rep_rocessm_g technology has now been in t_he
burning WPu in a small number of existing reactors was public domain for a number Of. decade_s a_md Its
one of the leading alternatives suggested in the landmark perfo".f??‘”ce ona small-scale is well within the
study published by the National Academy of Sciences capabilities of virtually any country that can op-
in 1994 for dealing with the “clear and present danger” erate_? nuclear power plgnt. we canno_t rely on
presented by WPu by making it at least as inaccessible the dlfflculty of reprocessing as an effective bar-
as spent fuel from a commercial power reactor (the so- rier to p_ro_llferatlon any more than we can rely
called “spent fuel standard”). It was the alternative on the difficulty of fab_rlcatmg anuc_lear weapon
strongly preferred by the distinguished international by those who come into possession of enough

panel subsequently convened by the American Nuclear f|SS|on_abIe materigf _ ..
Society’ Many major North American nuclear utilities Construction of a small reprocessing facility that could

have expressed an interest in having some of their reaitract enough plutonium to make several nuclear weap-

tors considered for participation in such an undertaking%‘s is considerably easier than building a successful com-

and the Russians have made clear their determination ercial reprocessing plant (though it might present a

make use of the energy value of WPu by burning it ir:§|gniﬁcant hurdle to a subnational group). In most cases,
reactors the principal protection against doing so is the fact that

most countries have decided that acquiring nuclear weap-
ons would not be in their interest, and have made legal
and political commitments not to do so. It seems clearly
desirable to discourage the construction of reprocessing

Since the mid-1970s, there has been an impassion&tilities in countries without such commitments or whose
policy debate, primarily in the United States, over coméedication to such commitments is unclear, or whose
mercial plutonium recycling, which is the path beingphysical protection is unreliabté.

pursued by several major European countries and JaThe other main concern of those who oppose a “pluto-

pan. Proponents stress the energy value of plutonium,y economy” relates to the multiplicity of locations
(*one gram of recycled plutonium in a MOX fuel as-\nare separated plutonium might be exposed to the risk
sembly generates the same quantity of electricity as burgg hef or seizure by unauthorized persons or groups if
ing 1 to 2 tons of oif’) and insist that it is a valuable ) onium recycle became widespread. Separated plu-
resource that should not be discaréledleanwhile, y,nim would be exposed at the product end of the re-
opponents stress its toxicity, longevity, and the fact thaj, .assing facility, in transit to the fuel fabrication facility,

its acquisition is one of the principal pacing items Ny, i the Jatter facility. MOX fuel (whose plutonium

acquiring a nuclear weapon capability and urge that itS,nent could be recovered by means simpler than repro-

commercial use be avoided and that it be treated as@gging; since no fission products would have to be coped

with) would be present at the output end of the fabrica-
A serious concern is the need to avoid the emergentien plant, in transit to each reactor planning to use it,
of widespread reprocessing under national control. Largend at the input end of such reactors.

commercial reprocessing plants currently exist only in \vnije there may be little risk afational diversion of

three countries (Russia, France, and the United Kings, . niutonium in an advanced nuclear industrial state
dom)—all of which are nuclear weapon states parties tQ;y, 4o0d nonproliferation credentials (for which access

Relationship to the Controversy Over Recycling
Commercial Plutonium

waste to be isolated from the biosphere.
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to ample fissile material by more direct means wouldyling, and acquisition by subnational groups of terrorists

pose no problem), critics also express concern that coor criminals or by rogue states; and 2) the risk of break-
doning commercial recycling of plutonium in such aout (i.e., its re-use in nuclear weapons by one of the dis-
country could increase the difficulty of resisting its adop-arming superpowers if it decided to flout its undertakings

tion in less reliable neighboring countries (where it mighto reduce its nuclear arsen#l).

present a more substantial risk of n.ational diversion). Both the United States and Russia have recognized the
For those concerned about a “plutonium economy, thﬁrst as of top initial priority, and are making progress

question thus becomes whether, and, if so, to what exs,\ -4 achieving the safe, secure storage of Wpend-

tent, the burning of WPu might create a “slippery SIOpeing its conversion into a less accessible and reusable
toward such an economy.

form. But only the latter step would also reduce the risk

Several differences between the two situations shoulof break-out. On the production side, the United States
help prevent its having that effect. First, in the case derminated all production of plutonium for weapons use
burning WPu, no reprocessing would be involved, sinceeveral years ago, and it seems to be making good
WPu is already separated plutonium. Instead of beingrogress in negotiating with the Russians arrangements
converted into a form that imore proliferation-sensi- to secure a similar termination of such production in the
tive, the conversion would be in the opposite directionlast few remaining Russian dual-purpose reactors. But,
since it starts out in the form of actual metal weaponwhile the United States has also been promoting nego-
“pits"—which are even more directly usable in weapongiation of a world-wide convention against further pro-
than separated plutonium oxide powder. Second, it iduction of plutonium for weapons or in unsafeguarded
likely that the burning of WPU will be confined to a facilities, it has not yet made visible progress in this area.
small number of designated reactors in a very limite®n the other hand, progress has been made in U.S.-Rus-
number of locations. Third, the expectation is that WPsian cooperative efforts to manage their own stockpiles
will be made available to the reactor owners at no costf weapons plutonium.

(in fact, the owners are expected to be paid a fee for In the joint declaration from their January 1994 sum-

burning it), whereas commercial MOX is quite COStIymit meeting, Presidents Clinton and Yeltsin announced

(involving expenses incurred for reprocessing and fotrhat they had agreed to establish a joint working group to
fabricating MOX fuel, which are higher than that forconside)rl: g J g group

fe}brlcatl_rlg nuclear_ fuel tha.t does not conta_ln pluto- steps to ensure the transparency and irreversibil-
nium—since plutonium requires remote handling). ity of the process of reduction of nuclear weap-

These differences narrow the “slippery slope” ques- ons, including the possibility of putting a portion
tion down to whether and to what extent the burning of  of fissionable material under safeguards. Par-
MOX made from WPu might stimulate the establishment ticular attention would be given to materials re-
of a MOX fuel fabrication industry whose interests would  leased in the process of nuclear disarmament and
be to encourage the use of commercial M@Xemon- steps to ensure that these materials would not be
strate some advantages of MOX fuel (e.g., in CANDU  used again for nuclear weapdhs.
reactors, as discussed below) and thus stimulate a bro@t March 1, 1996, President Clinton announced that he
demand for MOX made from commercial plutonium, not-had ordered that “200 tons of fissile material—enough
withstanding the cost differences mentioned above.  for thousands of nuclear weapons—be permanently with-
drawn from the United States nuclear stockpile. Two

Groups hostile to recycling commercial plutonium nev - i . _
ertheless seem likely to try to prevent or delay both thgundred tons of fissile material that will never again be
Ised to build a nuclear weapd#.”It was subsequently

making and implementation of a decision to pursue rea " .
tor options for disposing of WP, revealed that this included 38.2 metric tons of weapons-

grade plutonium that had been determined to be excess to
national defense needs. A Department of Energy (DOE)
publication in July 1996 stated that “Additional invento-
ries of plutonium are expected to bring the total amount

Two distinct types of proliferation risk are involved: of [U.S.] plutonium that is surplus to approximately 50
1) the vulnerability of the WPu to theft, seizure, or smugmetric tons.*

PROLIFERATION RISKS AND RELATIONSHIP
TO RUSSIAN POLICIES
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The joint declaration issued at the April 1996 Moscowfunds it is unlikely to have available, and greatly prolong
Nuclear Safety and Security Sumthihcluded a pledge the period in which the WPu remains stored in the form
by the G-7 economic powers plus Russia to support “ebf metallic weapons “pits”—the form that most readily
forts to ensure that all sensitive nuclear material (sep#ends itself to re-incorporation into weapons.

rated plutonium and highly enriched uranium) designated Russia has, however, shown some interest in three other

as no]E ir|1tended(1;or use for rr:jeetir:jg dlefenge reguiremer}@actor options. It realizes that some of its WPu is not in
IS fsa eydstore , protected an Pagle ug er I,',AEAA form that could readily be used to fabricate MOX fuel,
safeguards...as soon as It Is practicable to do so. Tlﬁ‘ﬁd thus would have to be disposed of by other methods.

declaration mentlone_:d_ §ev§ral options: “safe and SECU 610 have been technical exchanges between the United
long-term storage, vitrification or other methods of per%

di | and o ed-oxide f tates and Russia already on all of these matters, which
manent disposal, an conversmrl Into mixed-oxide gL joyhtless be further discussed in the coming months.
(MOX) for use in nuclear reactors.” The two sides agree

to share information on such options and to convene an The three reactor options (other than the fast breeder)
international meeting to discuss thém. in which the Russian side appears to have shown some

Negotiations on achieving transparency (with respeé{]tfri\s?;iédian proposal to burn WPu as 100 percent
to the size of inventories of WPu, and to provide assur- MOX in designated CAND® reactors in Canada (on
ance the plutonium involved is in fact derived from weap- which Russia is engaged in a joint study with Canada):
ons programs and not freshly produced for this purpose) , A proposal, which Russia is studying with France ’
have also been underway, but have been hindered by deato burn WPU ’as MOX in Russia’s VVER-1000s the’
lays in concluding an agreement for cooperation that will type of LWR most similar to U.S. LWRs: and ’

permit release _o_f th;a requisite U.S. information, whichis 5" 5 proposal by the U.S. company General Atomics
currently classified: to complete the development of a Gas Turbine Modu-
Nevertheless, the United States has been cooperatingar Helium Reactor (GT-MHR)(in which the Ministry
under the Nunn-Lugar Cooperative Threat Reduction of Atomic Energy (Minatom) has reportedly invested
Program to help ensure the safe, secure storage of Rus$1 million of its own funds for a study, and the French
sian WPu and to protect it against subnational threats company Framatome has also invested some).
(theft, seizure, or smuggling). Among other activities, thef'he CANDU option is the only reactor proposal under
United States has been helping to improve physical sececensideration by both the U.S. and Russia and is dis-
rity at relevant Russian facilities and build a safe, secureussed more fully in the next section.

storage facility. Continued progress in this sector will be The GT-MHR is not among the reactor options being

influenc_ed by pos_si_ble_KremIin Ieadershi_p changes, Ru%’onsidered by the U.S. government for the disposition of
sian action on ratification of the Strategic Arms_ Reducy; o WPu, even though it promises results that go be-
tion (_START I_I) Treaty, and the exte_nt to which the ond the “spent fuel standard” by more completely and
Russians continue down the nuclear disarmament pat fliciently consuming the WPu and by leaving a smaller
But what Russia will do about getting its excess plutoand more degraded waste product. The main reason is
nium into a form that meets the “spent fuel standard” anthat the GT-MHR is still in the developmental stage, and
disposing of it depends also on U.S. progress on the digould require substantial time and investment to bring
position of its WPu. Russia has made it clear that it wilinto operation. Russia, on the other hand, appears to see
move no further or faster than the United States doet.as an attractive possibility for a new generation of pas-
Another issue is the apparently firm Russian convictiosively safe power reactors and, as in the case of the
that plutonium is a valuable energy resource that must limeeder possibility, seems less bothered by the probable
used and not discarded. delay. Moreover, DOE recently granted General Atom-

Russia initially stated that its preference has been fdfS PEmission to transfer the technology to RuSsia.
burning WPu in fast breeder reactors. Such reactoitd This transfer suggests that the Process Is beglnnlng to
be operated to consume more plutonium than they use hove 'forwaro!, but coo_rdmatpn with dgvelopme_ntst n
produce. But, this plan would postpone the dispositiOIqther international settings will be crucial to achieving
step for many years, require enormous investments geal progress.
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REMAINING PRACTICAL OBSTACLES before its fabrication into MOX.

Where to Fabricate the MOX Fuel? The West European fuel fabricators are also possibili-
o . ties for fabricating MOX from Russian WPu, if they are
The pacing item for the reactor-based options appeagg,t 100 fully booked. (The prospects of using the idled
to be the availability of facilities for the fabrication of 5erman facility at Hanau for this purpose seem to have
the MOX fuel from WPu. The National Academy of yisanpeared, both because its owners decided against it
Sciences study noted the possibility of using DOE's nearly,q hecause of some apparent reluctance of the Russians

completed Fuel and Ma_terial Exami_nation Facility;q ship weapon-grade plutonium to Germany.) But some
(FMEF) at Hanford (Washington) for this purpose. Ad-cgnsideration is being given to German assistance in the

vantages of doing so include avoidance of the greatggnstruction of a MOX fuel facility in Russia. If the

delays and costs of building a new facility in the Unitedsssjans decide to pursue the GT-MHR, fabrication of
States from scratch, and its location on a physically prqgox would not be required, and fabrication of the ce-

tected Federal reservation. The downside is that its apsmic coated plutonium fuel involved would be expected
nual capacity to consume WPu would be limited unlesg, tgke place in Russian facilities.

major additions were made to it.

One alternative would be to build a new MOX fuelHow Many and Which Reactors?
fabrication facility in the United States.(If located at | ¢ t by DOE f . ¢
Hanford, it could either complement the use of FMEF, or N TESPONSe 10 a request by L or expressions o
fill the entire fuel fabrication need.) Fabrication at themter(aSt by U.S. nuclear utllities in the possible use of

DOE’s PANTEX facility in Texas, where the WeaponsSome of their existing reactors for burning .MOX made
from WPu, positive interest was expressed in early 1996

dismantlement occurs, is another possibility under con- o ; .
sideration. British Nuclear Fuels Limited (BNFL), therl)y 15 ljt”mes'. V\.”th respect to more than 34 existing re-
French company COGEMA, and Belgonnucleaire havrgctors% olln det():ldlng how mr?ny aqd Wh'T.h reactglrs Sh.OUId
each indicated their willingness to help design and co _e_lijseh tg urbn IWPU’; € major p? ey proh em 'E to
struct such a U.S. facility, drawing on their considerabl trike the best balance _etween_per orming the task at a
expertise and experiente. _aster rate ('Fhl.JS shortening _the tl_me needed to cor_nplete
it) and avoiding the putative risks of a “plutonium

A third possibility—which these European fuel fabri- economy.” A faster rate could obviously be achieved by
cators also expressed their willingness to accommodateysing a larger number of reactors and/or those that can
would be to fabricate the special MOX in Europe, eithepurn 100 percent (rather than only 30 percent MOX fuel)
using their existing MOX fuel fabrication capacity or without significant design modification. But confining
adding to it. The problem this would raise is the need tghe task to a small number of selected reactors, as sug-
transport the weapon-grade Pb@sea from the United gested by the National Academy study, would minimize
States to Europe, which could encounter all the safetfe risk of stimulating a “plutonium economy.”

and security objections that accompanied the 1992 re- . I
y Ob P Responses by North American nuclear utilities to the

turn of plutonium from Europe to Jap&rBut such trans- : o
port is obviously no more of a risk than transporting U.SI.DOIIE reqt;f;ft m_clgded Sme'SSI;ﬁrEdpy the t\évoDIalzgePst US.
nuclear weapons, for which military transport has beefjuciear utlities—-Lommonweat ISon and DUKE Fower
used. In cqnjunctlon with ateam thr?lt_lncluded the French com-
panies COGEMA and Electricite de France, BNFL, and
Of these choices, completion of the FMEF seems p@thers—that would involve the use of up to eight PWRs
tentially the quickest, cheapest, and safest alternative fghd two BWRs, following Lead Test Assembly demon-
fabricating MOX fuel from U.S. WPu, though its opera-stration programs. Another interested utility is Washing-
tion would presumably be subject to the licensing hurdlegssn Public Power System (WPPS), which has been
discussed below (which could delay it). It would also bexxamining the matter in depth for several years both for
the least likely to create the “slippery slope” feared byts WNP-2 plant (located within the U.S. government’s
opponents of commercial plutonium recycle. In most oHanford Reservation) and as a possible member of a con-
these respects, construction of a special facility afortium. Others include Arizona Public Service Com-
PANTEX might also be an attractive alternative, and havgany, with respect to its three Palo Verde reactors, which
the advantage of avoiding the need to transport the WRife capable of burning 100 percent MOX cores without
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modification of their design; and a Canadian proposal tand was estimated to take some 18 months following a
use Ontario Hydro’s “Bruce” A CANDU reactors to burn decision to do so.

MOX fuel fabricated from WPu. (Without modification,
these reactors could burn 100 percent MOX cores, a
the Canadians would take responsibility for the spent fug

The r_ate ".’It which th_ey could_ burn WPu would be SUbéxtensive European experience in using 30 percent MOX
stqntlally increased if a special new type of fuel—now o loadings, but would also have to address any poten-
_be_:lng develqped—were used. Qanada ha_s_ conductedd gifferences attributable to the use of a higher grade
joint study with DOE of the technical feasibility and ad-of plutonium, and the possibility of 100 percent MOX

vantages of this approach, assembled a supporting teqy loadings). It would also have to act upon proposed

(including BNFL and Bechtel), and is carrying out ajom:%cense amendments authorizing the operation of the des-

Once it has reacquired such expertise, the NRC would
esumably have to perform a safety analysis of the use
MOX fuel made from WPu (which could draw on

study of this option with the Ru_ssians, \(vho,_as “9‘9 nated reactors to burn MOX fuel. While there would
at_’o"e' have(:j gxpresb_sl_ed so(;ne mter((aft in this OIF;UO obably be some special extra safety and physical pro-
leen Cana_ a’s stability an outstqn INg NONProiterase otion measures required at those reactors, there would
tion credentials, concerns about national diversion of thﬁot appear to be a need for a generic study of the accept-
fuel and safeguards difficulties seem negligible forability of using MOX in U.S. LWRs, such as the NRC's
CANDU reactors |ocated within Canatta. Generic Environmental Statement on Mixed Oxide
Negotiation of the contractual terms for actual par{GESMO) fuel use proceedings aborted in the 1970s.
ticipation in the use of existing U.S. reactors is expecteguch proceedings would probably not be necessary be-
to be tough. For example, PECO (formerly the Philadeleause few reactors would be involved in burning WPu.

phia Electric Company) made clear its expectation that There would, of course, be a risk of intervention in the

DOE would bear the costs associated with such particb’roceedings by hard-core opponents of commercial plu-

patl_on:l dina. b limited to th tor- facil tonium use, as well as related National Environmental
Inciu :jnfg l_Jt hot |m|te_: o the costs for: r?CII-h Protection Act litigation and, perhaps, even attempts to
Ity modifications, security enhancements, healt get state regulatory bodies involved. Transfer of MOX

physics and industrial health and safety enhance- - aining WPU to Canada could also face regulatory
ments, fuel handling, fuel fabrication, lead test hurdles

assembly program, spent fuel handling, storage,
packaging, transportation, and the costs of any
lost generating capacity caused by reactor shut-
downs, or outage extensions necessitated by the ~ To overcome the many obstacles mentioned in this es-
MOX fuel progran¥?® say (almost certainly an incomplete list) will clearly take
It also argued that DOE would be contractually obligatedime, sustained and dedicated effort, and substantial fund-
to provide an acceptable, guaranteed, net benefit to PEQQ@ by the U.S. government over a number of y&ars.
(such as irradiation fees, tax deductions or exemptiondyleanwhile, the WPu is likely to remain in a form (metal-
Several respondents to the DOE request noted the nd@dweapons “pits”) from which it could all too easily be
for a sustained federal commitment to the program, andcorporated into nuclear weapons again, either by Rus-
for public acceptance (although WPPS, the CANDUsian or U.S. leaders who might decide to break out of
team, and PECO claimed progress in securing the lateir nuclear reduction commitments, or by others (quite

CONCLUSIONS

ter) 3 possibly including a “rogue” state) if the physical protec-
tion accorded it proves inadequate against theft or sei-
Regulatory Hurdles zure. There is an appreciable risk that before the burning

¢ the fabricat ¢ : i b ; OIor equivalent disposition of WPu begins or is completed,
It the fabrication of WPu into MOX is to be performe the political situation in Russia could deteriorate and

in the United Sta_tes,_ the f_uel fabrication facility wouldp |<sian cooperation in weapons reductions cease.
presumably require licensing by the Nuclear Regulatory _ _
Commission (NRC). In preliminary meetings atthe NRC Although the U.S. government funding needed to imple-
in early 1996, the need for the NRC to reacquire the expent the reactor option is bound to be substantial (at least
pertise needed to perform such a function was identified billion dollars)? it is minuscule compared to the tril-
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lions of dollars spent to build up the U.S. and formef Committee on International Security and Arms Control, National Academy of

. o Sciences (NASManagement and Disposition of Excess Weapons Plutonium
Soviet nuclear arsenaﬂ%or the many billions needed to (Washington, D.C.: NAS Press, 1974), followed by a supplemental subcom-

clean up facilities that were involved in that build3¢ip. mittee report orReactor-Related Optionsublished in 1995. These will be

Nevertheless, it may well be extremely difficult to obtainfeferred to collectively as "the National Academy study.”
American Nuclear Society Special PaRettection and Management of Plu-

the necessary funding from successive budget-cuttingiyma Grange Park, Ill.: ANS, August 1995).
Congresses that may not appreciate how vital appropfigritish Nuclear Fuels Ltdet al, p. 10. o .
ate disposition and destruction of WPu actually is to naﬁ’_/_Anot_herfacet of the resource argument concerns the possibility of using pluto-
) i nium in fast breeder reactors. Though commercial use of breeders is conceded to
tional and global security. be at least several decades in the future and would involve large shipments of
separated plutonium, its advocates point out that current reactors utilize only a
tiny fraction of the energy potential in uranium, which could be increased nearly
100-fold in a fast breeder reactor by converting the plentiful isotéfjéntb
fissile P@%®. It would also be possible to operate breeders as net consumers of
Pu.
10 Although Japan has long planned construction of a large commercial re-
1The primary documents in this connection are: Department of Energy (DOEprocessing plant of its own, such plans have met with considerable domestic
Technical Summary Report for Surplus Weapons-Usable Plutonium Dispogiesistance and may be delayed. It has declared its policy against accumulat-
tion (DOE/MD-0003)(Washington, D.C.: DOE, July 17, 1996), and DOE, ing separated plutonium in excess of that needed for its civil nuclear pro-
Storage and Disposition of Weapons-Usable Fissile Materials, Draft Programgram, and advocated “transparency” that will make clear to the international
matic Environmental Impact Statem@dOE/EIS-0229-D) (Washington, D.C.:  community how its plutonium is being used.
DOE, February 1996), the final version of which is scheduled to be releasétiFor a useful discussion of world inventories of plutonium, see Albright,
during the fall of 1996. The first of these is the shorter and, in this author'8erkhout, and WalkeiVorld Inventory of Plutonium and Highly Enriched
judgment, by far the more useful. The second, in its current draft form, is Branium 1992(London: Oxford University Press, 1993), a revised and up-
2,350-page document that deals in minute detail with estimated environmenwdted version of which is expected to be published by SIPRI this year.
impacts of the numerous alternatives and subalternatives still under considétGuest editorial by Dr. Glenn Seaborg, in British Nuclear Fuelsditell, p.
ation, and does not designate any preferred alternative. While legally necessaty,
this document essentially indicates that the incremental environmental impa€tin this editorial, Dr. Seaborg writes: “Plutonium should be separated and
of none of the programmatic options considered is severe enough to rule it oused with great care under strong international safeguardsngnih loca-
or to provide a decisive basis for choosing among them. Following a decision ¢ions where it makes technical, economic and political sense.toTtis
which programmatic options to pursue, site-specific environmental impact stateaeans that in place of the “plutonium economy” that some forecast, we need
ments will also presumably be prepared and submitted for public comment. to develop a ‘spent fuel economy’ in which, as it acquires economic value, spent
On relevant nonproliferation issues, see also OE&ft Nonproliferation fuel is transferred from countries that lack the technical background and eco-
and Arms Control Assessment of Weapons-Usable Fissile Material Storagemic justification for reprocessing to those that do.” (Emphasis added).
and Plutonium Disposition Alternativéd/ashington, D.C.: DOE, October 1, 4 They may, for starters, initiate protracted litigation over alleged deficiencies
1996) (available on the Internet at “http://www?2.dp.doe.gov/www.nn.doe.govin the DOE’s environmental impact analyses.
nn/index.html”). A proposed outline for this study was published Feéleral 150n October 1, 1996, the DOE released for public comment by November
Register33909 (July 1, 1996), and public meetings to discuss that outline wer@ an analysis of the nonproliferation and arms control implications of the
subsequently held in each of the major regions of the United States. principal options for disposing of weapons plutonium and of possible ways
2For areport that the DOE is likely to make such a “hybrid” decision, see Davef mitigating those that are adverse. See DDI&ft Nonproliferation and
Airozo, “DOE to Opt for Dual Path Approach for Plutonium Disposition Ef- Arms Control Assessment of Wepaons-Usable Fissile Storage and Plutonium
fort,” Nucleonics WeelSeptember 12, 1996, p. 6. Disposition Alternatives..
3 More than a dozen shipments of LEU derived from the blending down of patf As for storage in Russia, this has been a major focus of efforts under the
of the 500 MT of former Russian weapons HEU purchased by the United Statdiinn-Lugar Cooperative Threat Reduction program, and of related efforts
have already been received in the United States. In late June 1996, the DOfEhe U.S. DOE and the National Laboratories. The most recent publication
published the pertinent environmental analysis (CFdal Environmental on U.S. government consideration of storage options in the United States is the
Impact Statement on the Disposition of Surplus Highly Enriched UraniunDOE, TechnicalSummary Report for Long-Term Storage of Weapons-Usable
(DOE/EIS-0240-DS) (Washington, D.C.: DOE, June 1996)), which designateBissile Materialf DOE/MD 004) (Washington, D.C.: DOE, July 17, 1996).
maximum commercial use of the blended down HEU as the preferred optio#,Office of the Federal Register, ®&ekly Compilation of Presidential Docu-
and a Record of Decision to pursue that option was published in July (DOBents81 (Washington, D.C.: GPO, January 24, 1994).
Record of Decision for the Disposition of Surplus Highly Enriched Uranium?!® Office of the Federal Register, 8&ekly Compilation of Presidential Docu-
Final Environmental Impact StatemefWashington, D.C.: DOE, July 29, ments343 (Washington, D.C.: GPO, March 6, 1996).
1996). On the related subject of proposed sales by the DOE of surplus natutaDOE, Technical Summary Repdduly 17, 1996). While most of that pluto-
and low-enriched uranium, see the following very informative Energy Departnium is in metallic form, the remainder is in oxides, reactor fuel, irradiated fuel
ment Record of Decision entitl&raft Environmental Assessment on DOE or other forms, some of which could not readily be converted into MOX fuel.
Sale of Surplus Natural and Low Enriched Uranif®E/EA-1172) (Wash-  Thus, somewhat less than the 50 tons would be likely to be used for that pur-
ington, D.C.: DOE, July 29, 1996). The U.S. Enrichment Corporation (USECpose, and the remainder might well have to be disposed of in one of the alterna-

distributed to the press a usefubgress Reporin September 25, 1996. tive ways identified in the National Academy and DOE reports.
4 British Nuclear Fuels Ltd.,, COGEMA, and Japan Nuclear Fuel Co. Ltd.? The text of the declaration is reprinted in “Programme for Promoting Nuclear
Nuclear RecyclingParis: Nusys, February 1996), p. 10. Nonproliferation,”Newsbrief No. 34Southampton, United Kingdom: Uni-

5 There have, however, been recent proposals for utilizing unreprocessed speaitsity of Southampton Press, June 1996).

fuel from LWRs (whose residual?® content is higher than that in natural 2! At press time, this meeting was still scheduled to take place in France in late
uranium) in CANDU reactors, and promising research has been reported orOztober.

new technology for removing uranium from spent fuel without traditional re-?> Sec. 144.d of the U.S. Atomic Energy Act (42 U.S.C. Sec. 2164d) as added by
processing; see “International Research Effort Aimed at Extracting U WithouBec. 3155 (b) of P.L. 103-337 (October 5, 1994) and most recently modified by

Reprocessing,Nuclear Fue] August 12, 1996, p. 8. Sec. 3160 of P.L. 104-201 (September 24, 1996) which extended until October
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1, 1997, the legal authority to enter into such a special agreement for coopera-
tion without a Congressional review period.

2 CANDU reactors are unusually adaptable to different uses, but normally pro-
duce a greater quantity of plutonium than LWRs of comparable size, and are on-
line refueled (theoretically making them more difficult to safeguard, in view of
the ease with which fuel could be removed after relatively brief irradiation, when
its plutonium content would be of a higher grade). However, Canada has pro-
vided the International Atomic Energy Agency (IAEA) with technologies to safe-
guard these reactors effectively.

2 Michael Knapik, “DOE Likely to Give GA Approval to Transfer Technology

to Russia,Nucleonics WeelSeptember 12, 1996. An executive officer of Gen-
eral Atomics advised the author that the authorization was in fact received on
September 13.

%“DOE Seeks MOX Makers’ Advice on Conversion of Old Facilitid&tlear

Fuel, September 23, 1996, p. 12.

%6 |n that case, an armed escort vessel was required by the United States, and
protests were met from a number of countries along the route, as well as harass-
ment by Greenpeace vessels that tracked the shipment, publicized its movement,
and thus compromised its security.

2"For an excellent article by a U.S. industry executive advocating a reactor-
based option and explaining utility perspectives, see William F. Naughton,
“Disposition of Weapons-Grade Plutonium in Commercial Light-Water Re-
actors,”Nuclear NewsAugust 1996, p. 24.

28 See Joanne Charnetski and Tarig Rauf, “Let Canada Cremate Nuclear
Swords,"Defense New€)ctober 3-9, 1994, pp. 23-24.

2 Letter to DOE from Hugh Diamond, director, Fuel and Services Division
of PECO Nuclear, February 26, 1996, p. 4, Public Documents Room, DOE,
Washington, D.C.

30 Since WPuwoespresent a “clear and present danger,” the author was sur-
prised by the National Academy panel's estimate of six years as the mini-
mum plausible time before reactor burning of WPu could commence, and of
many more years to complete it (depending on the number of reactors and
percentage of MOX fuel used). But this review of the hurdles ahead has
persuaded him that the Academy study’s estimate was probably correct, if
not optimistic.

31 The earliest estimated starting time for reactor-based options given in the DOE’s
Technical Summary Repdiduly 17, 1996) was 10 years after authorization
for the CANDU option (or up to four years earlier if European MOX fuel fabri-
cation plants are used initially), and “several years longer for other reactor types”;
and the “time to complete” was estimated at 24 years for the CANDU option
and up to seven years longer for the other reactor options considered.

32DOE, Technical Summary Repdduly 17, 1996), and Susan Kopte, Michael
Renner, and Peter Wilk& he Cost of Disarmament: Dismantlement of Weap-
ons and the Disposal of Military Surplugfie Nonproliferation Revie@/(Win-

ter 1996).

33 A Nuclear Weapons Cost Study Project Committee, chaired by Stephen
Schwartz of The Brookings Institution, has been analyzing the real cost (in
1995 dollars) of the U.S. nuclear weapons program since its inception. Its pre-
liminary conclusions were summarized in an article by Schwartz in the issue of
The Bulletin of the Atomic Scienti@ovember/December 1995) entitldéour

Trillion Dollars and Counting.” A book updating and providing greater detail
on their findings is expected to be published this winter. Although no compa-
rable study of the cost of the Russian nuclear weapons program appears to have
been done, their program was even more extensive, and the environmental dam-
age from it even more devastating.

34 Cf. DOE,Closing the Circle on the Spilitting of the Atom: The Environmen-
tal Legacy of Nuclear Weapons Production in the United States and What the
Department of Energy is Doing Abou{Washington, D.C.: DOE, January,
1995).
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