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ranium (HEU)—are at the heart of the nucleareration Treaty (NPT) review process. At a recent meet-
proliferation problem. With several kilograms of ing of the Preparatory Committee for the year 2000 NPT
either material, a nation or terrorist group could build aeview, only one nation’s statement out of dozens (that
bomb that could destroy a city. Lacking these material®f the Norwegian delegation) suggested that production

Fssile materials—plutonium and highly enrichedcivilian fissile materials characterizes the Non-Prolif-

they cannot. Given their im- of civilian fissile material

portance as the irreduciblg stocks, as well as military

element of proliferation, fis- V| EWPO| NT stocks, should be bannéd.

sl mateia shoud be |
| - . .

: ) regarding the plutonium
eration efforts. Paradoxi- THE PLUTONlUM threat is even more unfor-
cally, they are not. FALLACY: AN UPDATE tunate in light of the

This has not always beer] ) unique opportunity to deal
the case. In the United with the fissile material
ﬁtaﬁs, tthe '\L\U‘;Ie?rlg‘?g' by Paul Leventhal and Steven Dolley plrotble_m pr_ezen'f[ed by the

roliferation Act o plutonium industry’s cur-
(NNPA) established the au- rent travails. Nuclear elec-
thority of the United States tric utilities, particularly

to give or withhold consent to the recovery of pluto-in Germany and Japan, are coming to recognize that re-
nium from the used, US-supplied fuel of foreign nucleaprocessing and recycling of plutonium present them with
power plants. In the two decades since, however, the UBany liabilities and no benefits, aside from briefly de-
government has proven reluctant to exercise this coiflerring the issue of final waste disposal. As a result, no
trol, looking to avoid political frictions with important new reprocessing contracts are being signed, and as we
allies, such as France and Great Britain (whose statedll discuss, the plutonium industry is “on the ropes.”
owned companies bring in large amounts of foreign exNevertheless, the British and French state-owned pluto-
change by “reprocessing” spent fuel to recovenium industries resist every attempt to diminish the
plutonium for overseas clients), and Germany and Janultibillion-dollar reprocessing business, and now they
pan (whose nuclear utilities contract for these servicesyre attempting to establish reprocessing in the world’s
rAargest nuclear power industry, that of the United States.
ki‘l_'hese efforts have benefited from a nonproliferation
grgument, which we will suggest is misguided, that ex-
{ceSS weapons plutonium in Russia must be disposed of
I%erough the use of mixed-oxide (MOX) fuel.

As aresult, civilian stockpiles of separated plutoniu
continue to grow. Plutonium that can be used by the

possible future use as nuclear power plant fuel. Shor
after the year 2000, we will reach a turning point, whe
more atom-bomb material will be circulating in civilian  In this viewpoint, we recount the proliferation risks
commerce than exists in nuclear weapons. and other liabilities of reprocessing and plutonium re-
Despite this growing danger, control of civilian fis- cycling, suggest _explanations for the growing malaise
sile materials remains an orphan issue in the nonprolifzf the pIutonlu_m md_ustry, review the Iacklus_ter hlstory
eration field—regarded as a “non-starter” because of th%f US nonproliferation policy on the plutonlt_Jm Issue,
ebut the most recent arguments for supporting the plu-

opposition of the major industrial states that are in thE

plutonium business. Most non-governmental organizat-onium industry, and suggest alternative approaches to

tions that work on nonproliferation do not focus on ci-ninimizing the risks poseq by th|s deadly m‘?‘tez”m-
vilian plutonium and HEU. The same is true Ofpartlcular, we argue that financial means exist to make

international arms control organizations. The United'mmOb'l'Zat'on of separated commercial plutonium

Nations Conference on Disarmament is attempting to

negotiate a fissile material production cut-off treaty, but - - )
the treaty would only cover materials produced fof’@ul Leventhal is President and Steven Dolley is

nuclear-explosive purposes. Civilian production andResearch D_irector of the _Nucl_ear Control Institute
stockpiling would not be curtailed. A similar neglect of (NC1), Washington, DC (nci@nci.org).
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and surplus weapons plutonium more attractive to thod®as given political interests in avoiding disputes with its

countries that most favor the use of MOX fuel. allies precedence over the security interest of making
sure that US exports of non-weapons-usable nuclear fuel

WHY IS CIVILIAN PLUTONIUM A do not end up as weapons-usable plutonium in world

PROLIFERATION RISK? commerce. As a result, US-origin plutonium is now be-

Plutonium, a man-made byproduct of nuclear fiSSionginning to enter world commerce in alarming amounts.

is created in civilian reactors that generate electricity By the turn of the century, nearly 1,400 metric tons of
for cities, as well as in military reactors that produceplutonium will have been produced in the spent fuel of
material for bombs. The intended use of these two kindsuclear power reactors, and over 280 tons of it will have
of reactors is different, but the byproduct is essentiallpeen separated into weapons-usable fotmess than
the same. Civilian electrical power reactors are typicallff8 pounds (eight kilograms) is needed to build a
much larger than military production reactors and theréNagasakitype bombThe amounts will continue to grow
fore produce many times more plutonium. The plutofapidly. By2010, there will be over 440 tons of sepa-
nium produced in power reactors is so-calledated plutonium incommerce, more than twice the
“reactor-grade,” a different mix of plutonium isotopesamount now contained in the world’s nuclear arsenals.
than the “weapons-grade” produced in military reactorsAssuming that the technology and materials suitable for
but still suitable for use in weapohs. makingnuclear weapons continue to spread as legiti-

ate articles of commercauclear proliferation and

Outside the United States, the nuclear industry is we . .
: . : e e closely connected threat of nuclear terrorism will
on its way to introducing this civilian, reactor-grade plu- : .
become ever-increasing dangers.

tonium on the world market as a commercial fuel. The
uranium now used in power reactors is a low grade that Plutonium is an essential weapons material, but it is
cannot be used in its existing form in a nuclear weapomot an essential reactor fuel. Ample reserves of uranium
But the plutonium can be used either for fuel or fohave been discovered to keep power reactors operating.
bombs. Low-grade uranium fuel for power reactors is several

: . times cheaper than plutonium-uranium MOX fuel. The
Plutonium becomes a concentrated nuclear-explosiv ) ) - .
utonium industry, originally established to offset an

material once it is separated in “reprocessing plants -0 . .
from the hiahl radiogctive wastesp(so-calleg ‘Ps en nticipated uranium shortage, is no longer needed. But
gnly P he factories it has built in the meantime to extract plu-

fuel”) of a reactor. If then mixed with uranium to make, ". . o :
. ) . . tonium and fabricate it into fuel continue to operate
a mixed-oxide fuel, the plutonium can be used in power
. : . nonetheless.
reactors. Plutonium separation, once the exclusive do-
main of bomb-makers, is now getting underway in ear- A further reason plutonium should not be used as fuel,
nest in commercial reprocessing plants. Fortunately, ut rather disposed of as waste, is the difficulty of se-
is still confined to a relatively small group of countries—curing it against diversion or theft for use in weapons.
Britain, France, India, Japan, and Russia. The international inspection regime established by the
. . . NPT and the International Atomic Energy Agency
For economic and nonproliferation reasons, th )
: IAEA) to verify that peaceful nuclear programs are not
United States does not reprocess spent fuel from power. - o
sused for military purposes is inadequate to the task.

reactors and frowns upon reprocessing overseas. o
) . up pro 9 raq and North Korea have both shown how military
anti-reprocessing policy was originally promulgated by

President Ford in 1975, modified by President ReagarrllUCIear programs can be developed under the guise of

in 1982, and restated by the Clinton administration irPeacefuI ones w!thout_detectlon_by mtgrna_tl'onal nspec-
to&s. Compounding this danger is the inability of the in-

1993. However, the United States has not been prepare .

: ) . spectors to detect promptly losses of weapons quantities
to press its anti-reprocessing case on European and Japa- . , o

. . . plutonium from large commercial facilities that op-
nese allies or to enforce US nonproliferation laws to re:

s o
strain their plutonium programs. About three-quarters(,erate legitimately.

of the plutonium being extracted today in Europe and Itis well understood in the industry, but not acknowl-
Japan is from US-supplied nuclear fuel, and thereforedged publicly, that there are systematic diversion
subject to US consent rights. However, the United Stat&shemes capable of defeating the plutonium measure-
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ment and security systems operated by national authoMOX fabrication plant. Scrap containing about 100 to

ties and monitored by international inspectors. Thes#50 kilograms of plutonium has been put into cans, but
schemes could be used by the state that operates a latige actual plutonium content still must be verified be-

plant, or by individual employees working in collusionfore the inventory balance of the plant can be cl8sed.

W_ith outside states or groups, f[c_) divert enough pluto- In Europe, MOX fabrication plants have not disclosed
nium for several Weapor*_isln addition, prompt CONVer- e operating history of their material control and ac-
slon Of pegceful plutonium (or bomb-grade uran'_uml‘,ounting systems (which are under the control of
stockpiles mtq nuclear weapons by _government_s N 1§ JRATOM. the EU’s nuclear agency, rather than the
sponse to reglon_al or global CrISEs 1S also possible ar?ﬂEA). The IAEA is unable to oversee EURATOM safe-
may pose the ultlmate danger. Th_|s is what Ir_aq undeb’uards at these facilities and therefore declines to make
took in 1990, until the Gulf War interrupted its crashany judgment about the effectiveness of material ac-
bomb program. counting and control at European MOX plants. In addi-

After the reprocessing stage, there are also severe sien, the adequacy of EURATOM safeguards over MOX
curity risks involved in the manufacture and use ofuel at reactor sites is open to question. Indeed, IAEA
mixed-oxide fuel. MOX is made by mixing plutonium safeguards director Bruno Pellaud complained to the
oxide with uranium oxide and fabricating the mixturelAEA director general in 1996 that the IAEA was being
into small ceramic pellets that are loaded into metal roddenied access to MOX fuel at a reactor site in Germany
and formed into fuel assemblies for nuclear power plantand being asked to accept EURATOM verification
This is a messy process, involving bulk handling of plusolely on faitht®

tonium powder bS]f the ton. Maklbr;g ai:cura_te |n_vent<())ry There is also the crucial question of safeguarding fresh
measurqme_nts of Weapon-usable p_utonlum n MOX10x fuel in storage at reactor sites. Weapon-usable
fuel-fabrication plants—where plutonium dust sticks to lutonium can be separated from fresh MOX fuel by

surfac_es and shavings_and sc_rap must be collected fzﬁaightforward chemical means. For this reason, the US
recycling—has proven impossible.

National Academy of Sciences recommended that fresh
There is clear evidence of this problem. In May 1994MOX fuel be provided the same degree of physical pro-

the Nuclear Control Institute (NCI) disclosed that a matection accorded to nuclear weapéhs.

jor plutonium inventory discrepancy had been building

up at Japan’s pilot MOX fabrication plant since a newwHY IS THE PLUTONIUM INDUSTRY IN
automated line began operating in 1988he Japanese TROUBLE?

government had asserted that this plutonium, amount-
10 to about 70 kiloarams. or more than enouah for eiaht More than 20 years after the enactment of the Nuclear
9 9 ! 9 g"l\lon-ProIiferation Act, the Act’s critics in the nuclear

nuclear bombs, was not missing, because it had been : L . R
) " . . - “industry still describe it as a mistake, viewing it as the

measured as “hold-up” material—that is, as plutonium . ; o : :
: : source of anti-plutonium obstructionism they believe is

that stuck to surfaces and got held up in the plant’s pro- : : .
cess equipment. But such measurements were taken rﬁsponsmle for the demise of reprocessing and MOX
. quip e . : flel in the United States and for the present difficulties
directly by assaying devices, and were subject tQ

L _— , of these industries in Europe and Japan. These critics
significant uncertainties—as large as 30 percentin some . : . ) :
. point with pride at the commercial reprocessing pro-
instances. .
grams of Europe and Japan, and at the official govern-
To deal with the uncertainty, the IAEA required Ja-ment policy of these nations to “close” the nuclear fuel
pan to cut open the glove boxes and physically produesgcle by recovering plutonium and recycling it as MOX
and measure the held-up plutonium so that inspectofgel.1
could verify the pla_nf[s inventory. At a reported cost of In fact, the NNPA was years ahead of its time—a
more than $100 million, and after more than two years _. . . ) ) )
: . pointer in the right direction. Its central premise—full-
of clean-out operations, about 10 kilograms of pluto-

. . scope safeguards as a condition of nuclear supply—not
nium (more than a bomb’s worth) remained unaccountedp P g PRl

for, which fails to meet the safeguards criteria requiregrlIy became the law of the land; it has since become the

by the IAEA. Plutonium scrap is another significantu.r"\/(—)rsally accepted operating principle of the NPT re-

, ime. Likewise, its restrictive approach to plutonium
source of measurement uncertainty at the Japane%e ’ PP P
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commerce anticipated the security threats and the eco-The truth of the matter was summed up by a top Ameri-
nomic liabilities that the plutonium industry faces to-can utility industry executive who once confided to one
day. of the authors—after cautioning that if quoted by name

Plutonium advocates, who are quick to blame the Forjae1d deny it—that we did the US nuclear power indus-

and Carter policies and the NNPA for their misfortune 'Ery a “great favor” by killing off the domestic plutonium

do not like to acknowledge whattuallyhas happened Industry. (It was actually Rona_lld Reagan who performed
to the plutonium industry since 1978. It is afflicted with e coup de graceon economic grounds.)

a fatal condition, one with numerous causes. The de- _

mise of the fast-breeder reactor (FBR), the original ra>tatus of the Plutonium Fuel Cycle

tionale for closing the fuel cycle, was the first and The terminal condition of the plutonium industry can

primary etiology:® be illustrated by briefly examining its status in each of

The United States abandoned its FBR program in 1968€ major nuclear-power nations. We will begin with
with the cancellation of the Clinch River Breeder Reacth€producer statgsthat is, France, Great Britain, and
tor. Since then, the major nuclear industrial nations haV@ussia. Each of these nations maintains a significant

followed one by one, until today only India, Russia, andtate-owned reprocessing industry, primarily to bring in

Japan still plan to develop FBRs. Japan’s program is JR"€ign exchange.

hold after a serious sodium leak crippled the experimental |s it hypocrisy, or mere irony, that Great Britain and
Monju FBR in December 1995, and a follow-on dem-Russia do not even load MOX into their own commer-
onstration FBR was postponed indefinitely. Russia’gial power reactors? Both nations must, as a consequence,
economic crisis will block its FBR development pro-maintain enormous surplus stocks of separated civil plu-
gram for the foreseeable future. India’s breeder is esonium (over 54 tons in Great Britaihand over 30 tons
sentially a non-startéf,and its May 1998 nuclear tests in Russid’), with no firm plans for their disposition.
confirmed what the world long suspected: its civilianGreat Britain withdrew its support for development of a
plutonium facilities (including the US/Canadian-suppliedEuropean FBR, and has shut down its own experimental
CIRUS research reactor) have been a front and a soursgeder reactor and the associated reprocessing plant in
of material for its nuclear weapons progré&nEven to-  Dounreay, Scotland. It has even decided against using
day, Japan, France, and Russia still cling stubbornly t1OX fuel in its single light-water reactor (LWR), which
the FBR pipe dream, and have begun discussions on hemilike British gas reactors is presumably suitable for
they can pursue cooperative breeder reactor R&D. MOX use.

Other causes of this terminal disease include substan-Russia’s FBR program languishes for lack of capital;
tially diminished prospects for future nuclear power canor does Russia have funds to complete construction of
pacity. A quarter-century ago, President Ford’s “Projecthe RT-2 reprocessing plant at Krasnoyarsk. Last No-
Independence” energy policy anticipated that 1,00@ember, Ministry of Atomic Energy (Minatom) First
commercial nuclear power plants would be operating ibeputy Minister Ivanov predicted that it may take two
the United States by the year 2000. One year short d@kécades to commercialize the technology required to
that milestone, less than half that number are operatingprocess spent fuel from Russia’s more modern VVER-
in the world As a result, uranium resources and enrich1000 reactors, and that Russia would rely on dry storage
ment capacity are cheap and abundant. The enormoiusthe meantimé? This year, according to a trade press
capital costs of plutonium fuel cycle facilities havereport, “Russia has launched a government-wide cam-
proved to be a millstone around the neck of the nuclegraign to reprocess spent fuel from around the world, in-
power industry, aggravated by the fact that mixed-oxideluding the United States,” but there are no indications
fuel is at least four to eight times more expensive thathat Minatom is close to signing any new
standard low-enriched uranium (LEU) fdélFinally,  contracts® Russia plans to fuel LWRs with MOX fuel
there is a growing if somewhat reluctant recognition oks a means of disposing of warhead plutonium, but in-
the safety and proliferation risks associated with the plusists on acquiring outside funding to cover the entire
tonium fuel cycle. cost of this projec2 To date, the United States has

pledged $200 million to help implement warhead-plu-
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tonium disposition in Russfda sum far short of the approval for MOX to be loaded into two of the four
total amount required. France and Germany have pledgetlVRs selected to initiate the “Pluthermal” program. Nor
cooperation in construction of a MOX fuel-fabricationhas one of the governors of the three prefectures where
plant in Russia, but, not surprisingly, are refusing to puthese reactors are located given his approval.

up the money to build it. Nor has anyone offered to guar- Germany is now in the forefront of rethinking of the

antee the $45 billion total life-cycle gpst of Ope]fgtilngplutonium fuel cycle. Some years ago, the Kalkar FBR
Russian VVER-1000 reactors to irradiate MOX ftfel, and Wackersdorf reprocessing plant projects were can-

nor for that matter the $120-180 million that would beceled, because of strong public opposition. In 1995, Si-

required to upgrade each of the reactors to Westell,ans was forced to abandon plans to operate its
safety standards. near-complete MOX fuel-fabrication plant at Hanau

France, despite a long-standing commitment to closeecause of technical violations and local political oppo-
its fuel cycle, canceled its breeder-reactor developmensition. Current developments in Germany illustrate the
program. After a series of technical problems, shutdowngengths to which the plutonium industry and bureaucracy
and sodium coolant leaks, the Superphenix FBR has beeiill go to maintain its base in the absence of market
permanently shut down and now awaits decommissiordemand for its product. The “Red-Green” coalition won
ing.2 France also has been slowing down the introduche federal election last October on a platform that called
tion of plutonium fuels into its light-water reactors. for phasing out nuclear power and reprocessing. By mid-
Indeed, a Socialist/Green election platform in early 1993anuary, the Social Democrats and Greens had agreed
called for a moratorium on further MOX fabrication, andon a draft revision of the German Atomic Energy Act
license applications for eight more reactors to use MOXhat would outlaw reprocessing of spent fuel beginning
were put on hold@’ Nor is France in any hurry to repro- in 2000%°

cess domestic spent fuel from its national electric util- .o serman utilities’ post-2000 reprocessing con-

ity, Electricite de France (EDF). Most reprocessing ha?racts containedorce majeureclauses allowing their

been O,f foreign spent fgel’ thllj_i ma_kn_wq |t_cl_ear t; ermination in case of a decision by the German govern-
France’s reprocessing industry, like Britain's, is intendeq, oy 14 reprocessing is unnecessary or undesirable.

primarily tobea majorfqreign-excha_nge earner. Ir'deeqklonetheless, Cogema (the government-owned French
in 1995 EDF cha_mged Its bookkeepl_ng practices t(_) a?’eprocessing company) argued that a 1990 Franco-Ger-
sign azns economic value of zero to its own pIutonlun]ﬂan exchange of notes, requiring that neither govern-
stocks: ment interfere in reprocessing, had the force of a treaty

Of theconsumer statedapan has the most ambitiousand “cannot be overruled by a law.’As a result, Ger-
plutonium fuel cycle plans, but they continue to be seman Chancellor Gerhard Schroeder pressed Environ-
back by accidents, scandals, and delays. As noted, theent Minister Juergen Trittin to remove the reprocessing
FBR program was left in limbo by the Monju accident.ban from the draft nuclear law, which he éfidit this
Efforts by investigators to cover up and doctor evidencpoint, it is not clear how the German government will
from the Monju FBR and Tokai reprocessing plant acciproceed on the reprocessing question, given the approxi-
dents led to the dismantlement of the Power Reactor amdately 30 tons of separated plutonium already being
Nuclear Fuel Development Corporation (PNC), whichstored in Britain and Franéeand the strong public op-
had been in charge of FBR development in Japan. lposition to its use as MOX fuel, as well as to any further
October 1998, data used to certify Kansai Electric’'separation of plutonium from German spent fuel in
MOX-fuel transportation cask was found to have beeirrench and British reprocessing plants.

falsified, and the cask is now undergoing relicensing. Belgium and Switzerland each plan to irradiate small

Const_ructi_on of a large reproces_s?ng plant a_t ROkkaSh%fmounts of MOX fuel to deal with plutonium recovered

mura 1S St',” not complet_e, and it is noyv_estlmated thafrom their spent fuel under old reprocessing contracts,
the proy_ac_t s total cost wil re_ach 2.14 t[”_”'on yen (about ut do not plan to continue to use plutonium fuel there-
$17.8 billion), more than twice the original estimate Olafter. In fact, the Belgian government recently canceled

840 billion yert® The first shipment of MOX fuel from major post-2000 reprocessing contract with Cogema

Europe to Jap_an may occur sometime this year, bUt_tl?:\ d began a year-long review of its spent-fuel manage-
Japanese national government has only granted fin ent policy®
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The third categoryfuture candidate stateincludes French-German European Power Reactor (EPR) project
nations such as South Korea, Taiwan, and the Peopldsdevelop an advanced light-water reactor recently pro-
Republic of China. These states have growing nuclegosed that MOX fuel not be used, in an attempt to make
power sectors, and are attempting to develop policies the reactor design economically competitive—despite
deal with the back end of the fuel cycle. Over the lasthe public pro-MOX posture of Electriéitde France,
several years, both South Korea and Taiwan have egne of the project’s partnets.

pressed interest in exploring reprocessing and MOX These are the real reasons why no new reprocessing

opticl)ns,_ a_nddCoge(;na,_ BNFL gormerly Briti_sh INUCIearcontracts are being signed, despite the fact that the price
Fug S L”T“te ), an _Mlnatom ave aggressively Soughé such contracts has dropped by nearly 50 percent over
their business despite US opposition to the recovery e last decade. That is also why BNFL, the government-

plutonium fromhfuel originzlly S_:,J\?F;p"f]‘_j byhthebUnited owned British plutonium company, has been unwilling
States to South Korea and TaiwarChina has begun to “market test” its 54-ton stockpile of surplus separated

construction of a small reprocessing plant, which it hOpeﬁlutonium—that is, to offer it to customers for fabrica-

to comp_le_te b_y next yea“r.N_ucIear utility and govern- _tion into MOX instead of separating yet more unwanted
ment officials in these candidate states should be pay"giutonium at its Sellafield reprocessing plént

close attention to the plutonium quagmire that Europ ) _ _

and Japan now find themselves in. Plutonium simply makes no sense, especially in the

h hread h _increasingly deregulated electricity market in which
-5 ere ar(fa solme C‘?mmf;]” t reda S among tdese tw'ﬂﬁclear utilities now find themselves. Thereagsmar-
an s of policy. First, t € producer states_ 0 NOt Utz for plutonium when nuclear utilities must compete
lize FBRs at all, and as for utilizing MOX fuel in LWRs, against cheaper sources of electrical power

they either do not use it at all, or not to a great extent.

But th_ey nonethele_ss continue 'Fo market plutonium tedV\/HAT ABOUT THE UNITED STATES?
nologies and services aggressively to the consumer and
candidate states. The United States, neither a producer nor a consumer

T of commercial plutonium fuel-cycle services, still re-
Second, nuclear electric utilities in consumer state

do not welcome blutonium fuel. Thev would be obtin fhins a unique position of global influence on the issue.
P ' y X gOne-quarter of the world’s nuclear power plants are lo-

out of the closed fuel cycle if they were not subject t%ated in the United States, as are the tens of thousands

severe pressure from domestic and foreign plutonium

. . f tons of spent fuel generated by these reactors. The

interests. Such pressure takes the form of being held fo . . . ;
nited States is also the largest supplier of uranium-

reprocessing contracts the utilities no longer want or _ . L : .
enrichment and fuel-fabrication services. It exercises
need, as was most recently demonstrated by the success-

ful effort by Cogema and BNFL to derail the new Ger- consent rights” under the terms of the NNPA to permit

, : r prohibit the separation of plutonium from vast

man government's effort to phase out reprocessing. . L S
: . - o amounts of foreign spent fuel containing “US-origin

physics expert working for a German utility said, in the . , :

) “uranium. The Department of Energy (DOE)’s Office of

context of efforts to make Germany’s nuclear electric . . . :

fArms Control and Nonproliferation characterized this

utilities competitive in a future European market, thamquence as follows in a recent nonproliferation assess-
“MOX is a pain in the neck.” And a German utility offi- P

. . ent:
cial expressed concern that foreign reprocessors Woufa L : :
B A . L. Because of its pivotal role in preventing the
attempt to “blackmail” utilities with Germany'’s “pluto- . . :
: o S : proliferation of nuclear weapons and its own
nium mountain,” presumably by insisting upon repatria-

) ; o extensive nuclear programs and activities, the
tion of separated plutonium to Germany if utilities . . .

. manner in which the United States manages
attempt to renegotiate or cancel contrécts.

its nuclear materials has an influence on other

The utilities now understand too well that they shoul-  states, both by example and in the way it sup-
der far greater risks and expense with MOX fuel than  ports US diplomatic efforts and initiatives. US
with conventional uranium fuel. In addition to compli- technical and policy choices frequently influ-

cating safeguards and security, MOX fuel is several times  ence other countries. Thus, management deci-
more expensive than LEU fuel. Because of its cost, the  sions taken in the United States can positively
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or negatively affect initiatives to further en- fuel did not curtail other countries’ pursuit of

hance the global nonproliferation regime and these technologies. Now the United States is
bolster the international norm against the ac- unable to use these technologies to meet ur-
quisition of nuclear weapons. gent energy or nonproliferation needs and has

been largely left out of international nuclear

fuel cycle issues.... Reprocessing—even lim-
ited reprocessing—could help mitigate the po-
tential hazards in a repository, and could help
us recover the energy content of the spent
fuel 4

There are now no elements of a commercial pluto-
nium fuel cycle (reprocessing, MOX fuel fabrication, or
irradiation) operating in the United States. US nuclear
electric utilities abandoned efforts to develop such a fuel
cycle more than a decade ago. However, the European
plutonium industry is now avidly attempting to penetrate
this largest potential market for its services. BNFL and Such plutonium evangelism was also evident in a pro-
Cogema have each established a major corporate pression of S. 1271, the Nuclear Waste Policy Act of 1996,
ence in the United States. which would have allowed US utilities to ship their spent

One attempt to break into the US market came in Iag(?el overseas for reprocessing on an emergency-relief

1992, when the Long Island Power Authority attempte asist” This provision was removed after NCI and a

to enter into a contract with Cogema to reprocess th(éo"’?"tion of public interest groups Obj(?CtEd t(_) it as a
slightly irradiated initial core of the defunct ShorehamMaO" breach of US nonproliferation policy against pro-

reactor being decommissioned. Ultimately the export ofroting C'\_/'I use of plutonlun“ﬁ_ Nuclear waste b'”_s in-
the fuel to France was disapproved by the Executiv[{lOduced in subsequent sessions of Congress, including
the current one, have emphasized centralized interim

branch, but only after the Nuclear Control Institute in- _ : : :
tervened in NRC export licensing proceedings, and ais_toragg prior to completlon ofa ggologlc_reposnory. In_
ter Defense Department officials objected that they hagu" opinion, centralized storage is unwise because it

not been given an appropriate opportunity, as require%omd_add an additional transportation sta_ge if a final
by US law, to review the proposed export. repository next to the proposed storage site (presently
’ Yucca Mountain in Nevada) fails to open. Also, central-

British and French reprocessors are likely to makgyeq storage of spent fuel could be an invitation to fu-

further attempts to win reprocessing contracts as addigre reprocessing, especially if the initial attempt at final
tional US reactors permanently shut down (Maine Yangisposal does not work out as planned.

kee, for example), and as DOE’s inability to accept
utilities’ spent fuel forfinal disposal in a repository,
as required by the Nuclear Waste Policy Act of 199
compels utilities to face the issue of crowded spent-fu
pools at reactor sites. While getting rid of spent fuel ma
seem attractive to American nuclear utilities, taking bac

separated plutonium and vitrified reprocessing waste,
P P P d ,and targets from defense programs and research reac-

materials they have no experience with handling, wil here | definite i ble f hutd
not be welcomed at all. Nor will Britain and France be©'S- There is no definite timetable for canyon shutdown,

willing to store surplus plutonium and the wasteand various reprocessing campaigns proposed by DOE

byproducts indefinitely. could delay closure of the canyons until 2035.

Meanwhile, large-scale hon-commercial reprocessing
2continues in the F and H canyons at the Department of
(_ﬁnergy’s Savannah River Site (SRS) in South Carolina.
he materials being reprocessed are mostly defense-re-
ted. They include residual waste materials being sta-
ilized pending their disposition, as well as some fuel

Despite these problems, plutonium has found some The SRS canyons do not now reprocess spent com-

powerful friends on Capitol Hill. One of the most influ- Mercial nuclear power fuel, but Westinghouse did pre-

ential has been Senator Pete Domenici of New Mexic®2'€ an economic analysis of just such an option, in
sponse to a request by Representative Norwood of

chair of the Senate Budget Committee and the Ener ) _ :
eorgia®® This alternative has never been formally ruled

Appropriations Subcommittee. Senator Domenici hold ) _ e s
ut, and could be revived if the political winds proved

that the United States should abandon its no-reproceé%:u :
ing policy: more favorable in the future. But even DOE, not noted

The 1977 decision by the United States to halt fpr its <e|r1thu5|aslt|c |m_plem'entat|on of(;JS nonprollfe'ra-
research into reprocessing and mixed-oxide tion policy on plutonium, is on record as recognizing
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that continued reprocessing of DOE’s non-commercidization in both the United States and Russia would help,
spent fuel in the SRS canyons could send the wrong siget hinder, the pace and scope of the disposal effort.
nal to the rest of the world about US efforts to discour-
age use of plutonium:
A decision to reprocess the aluminum-based
spent nuclear fuel at the Savannah River Site
could negatively affect the credibility of US
policy not to encourage reprocessing. First, as
long as the United States continues to operate
some reprocessing facilities, reprocessing ad-
vocates in other countries will point to this
activity and argue that even the United States
understands the need for reprocessing in some
circumstances. A decision to reprocess this
material would extend the time that reprocess-

Dual-track proponents in the United States, including
the Clinton administration, contend that, since Russia
rejects the proposed immobilization method of pluto-
nium disposition, a MOX approach is the only way to
get Russia to cooperate and dispose of its own warhead
plutonium. This argument simply doesn’t make sense.
The US-Russian nuclear disarmament process is funda-
mentally bilateral in character, and the United States will
always have substantial influence in the areas of safe-
guards, security, and verification, whatever the means
of disposal. Also, the joint US-Russian government plu-
tonium disposition study recognized that “[tlhe United
: _ : States and Russia need not use the same plutonium dis-
Ing ope_rat;é)ns must continue at the Savannah position technology. Indeed...it is likely that the best
River Site’ approaches will be different in the two countriéslh
With regard to the aluminum-based spent fuel, DOE tshort, the Russian government has formally acknowl-
its credit is attempting (despite considerable resistanatiged that the United States need not use MOX as its
among some reprocessing enthusiasts at the Savanmdbtonium disposition method. Moreover, the United
River Site) to develop and implement an alternative t&tates possesses the ultimate tool for exerting leverage
reprocessing, known as “melt and dilute.” over the Russian program—money. There is little ques-

On the other hand, the US government is giving itéion 'Fhat the United States W.i” end up _bearir_wg mqs_t of
full support to a plan to introduce MOX fuel into US'[he fmanqal burden O.f Russian plutonlu_m d|spc_)3|t|0n.
nuclear power plants, despite a warning by the Armg_ the United States _S|mply acquiesces in Ru_ssm’s de-
Control and Disarmament Agency (ACDA) that thisSire to pursue MOX, it could lose the Ieverage? it already
approach could send precisely the wrong signal to th}éas' Since the MOX techno_logy that Ru53|a_a_nd the
rest of the world’ The Clinton administration has de- United States would acquire is of European origin, US

vised a “two-track” approach for disposing of Weaponé)articipation in fundamental technology and design is-

plutonium that includes turning most of the surplus pIu-Sues would automatically be marginalized. The better

tonium (at least 33 tons) into MOX fuel. The secondapproaCh for the_pnit_ed States is o prom_ptly demon-
track is to dispose of some of the plutonium by combin§trate_ an |mmob|I|za_t|o_n tec_hnology th.at It can offer
ing it with (and thereby “immobilizing” it in) highly ra- Russia, anq to mgke !t flr_wan_c|ally attractive to Russia to
dioactive waste. Proponents insist this two-track?OOper""te in & joint vitrification program.
MOX-and-immobilization approach is the only way to Nonetheless, DOE recently awarded a contract for the
win the cooperation of Russia, which believes in thévlOX portion of the plutonium disposition program to a
economic value of plutonium and won't think of throw- consortium that includes Cogema, which would build
ing it away. They also claim that those who oppose anhe MOX fabrication plant, and Duke Power and Vir-
use of mixed-oxide fuel in a plutonium disposal planginia Power, which would irradiate the warhead-pluto-
are relying on simple ideological positiofis. nium MOX fuel in nuclear power plants in Virginia,

But a one-track approach that treats plutonium as waslNeorth Carolina, and South Carolina.
cannot be so neatly dismissed. It is practical. DOE ac- The MOX approach presents two sets of problems
knowledges that immobilization can do the whole jobthat US utilities and their customers have been spared
while MOX cannot. All surplus plutonium, pure and thus far. First, as discussed earlier in this paper, the MOX
impure, can be immobilized in waste, while only theoption presents greater risks of diversion and theft of
purest forms can be turned into MOX fuel. The wast@lutonium. This is primarily because the fuel-fabrica-
approach is fast, cheap, and efficient compared to MOXion process is difficult to safeguard effectively, and also
Concentrating limited resources on validating immobibecause of the need to transport MOX fuel long dis-
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tances to reactors. Uncertain safeguards and verificatiomate where possible the accumulation of stockpiles of
an especially acute problem in Russia, could severelyighly enriched uranium or plutonium,” or “explore
limit the trust nations place in an international nucleameans to limit the stockpiling of plutonium from civil
arms reduction and nonproliferation regime. nuclear programs,” as it pledged in the 1993 policy. This
golicy announcement also stated:

The United States does not encourage the civil

use of plutonium and, accordingly, does not
itself engage in plutonium reprocessing for
either nuclear power or nuclear explosive
purposes. The United States, however, will
maintain its existing commitments regarding

the use of plutonium in civil nuclear programs

in Western Europe and Japan.

Second, the use of tons of plutonium from dismantle
nuclear warheads as fuel in civilian nuclear power reac-
tors will result in a significant increase in cancer risk to
residents in and near the plants. In particular, because of
the greater concentrations of toxic radioactive isotopes,
such as plutonium, americium, and curium, in a reactor
operating with MOX fuel compared to one operating on
LEU fuel, the consequences for public health of a core-
meltdown accident would be greater. A recent NCI re-
port® identified a number of technical flaws andIn pursuing this policy over the past five years, the ad-
misleading statements in earlier analyses by DOE thatinistration has managed to expand the concept of “ex-
had found only a slight increase or even a decrease isting commitments,” to the detriment of efforts to limit
cancer risk in the event of a severe accident at a power eliminate reprocessing and the civil use of plutonium.
reactor using warhead plutonium in its fuel. We foundlime and again, the State Department has deferred to
that within a 1,000-mile radius of a plant, the number of¥Vestern European and Japanese interests on civil pluto-
“early” cancer fatalities among the public (those that willnium matters. Whether the issue has been the European
occur due to radiation exposures within one week aftatemand for sweeping programmatic approvals of repro-
a severe accident) will be 81 to 96 percent greater aessing and MOX use in the US-EURATOM nuclear
average for a plant with a full core of weapons-gradeooperation agreement, or Japan’s demand for approval
MOX fuel, and 27 to 32 percent greater for a plant witrof European fabrication of MOX fuel for Japanese reac-
a one-third core of this type of MOX fuel, than for ators before the use of such fuel was approved in Japan,
plant with an LEU core. We found that in such an areayr Japan’s demand for an easing of US security require-
with a surrounding population density similar to thatments on MOX fuel shipments from Europe, nonprolif-
near Duke Power’'s Catawba and McGuire plants, theration objectives invariably have taken a back seat to
actual number of additional fatalities would be 1,430 ta@voidance of political friction with allies.

6,165 if the plant had a full core of Warhead-plutoniu_m The Department of Energy aptly described the devo-
MOX f;;ehI: afnd |477 t0 2,055 if the plant had a One’th'rqution of the plutonium-use policy in a December 1998
core ot this fuel. nonproliferation assessment:

Under this policy, the United States will con-
THE FAILURE OF US NONPROLIFERATION tinue its commitmentsot to interferewith

POLICY TO CONTROL PLUTONIUM civilian nuclear programs that involve the re-

The MOX approach to plutonium disposition is sim- processing and recycling of plutonium in West-
ply the latest example of the Clinton administration’s  ern Europe and Japan. In regions of
infinitely flexible nonproliferation policy on plutonium. proliferation concern, however, the United

When the policy was first unveiled in 1993, plutonium States actively opposes plutonium reprocess-
advocates criticized the restrictions on plutonium use  ing and recycling?

as Carter policy reborfut in practice the Executive Thus, over the last five years, the policy has degener-
branch has followed a “don’t ask, don't tell” approachyieq from an assurance teatstingcommitments (such

to plutonium use that is virtually mqllstmgwshable from s the 1988 advance programmatic consent for Japanese
the Reagan and Bush years. That is, the policy on plutps,ocessing) would continue to be honored, to the de
nium is repeated, almost like a mantra, when State D5t creation of a new sweeping commitmenida-

partment off_ic_ials are asked ab_out it, but, in fa}ct,_ thenterference—in other words, a laissez-faire approach
Clinton administration doasot actively “seek to elimi- plutonium fuel cycles.
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A basic flaw in the US policy on plutonium is that, $80/kg of uranium oxide, or until the year 2075 from
while it purports to take “a comprehensive approach teesources recoverable up to $1307kgmple uranium
the growing accumulation of fissile material from dis-exists to fulfill world demand far into the future. Addi-
mantled nuclear weapons and within civil nuclear protionally, long before these conventional uranium re-
grams,” in reality it takes a highly discriminatory sources are depleted, rising prices would make uranium
approach. It indulges the plutonium (and highly enricheg@roduction from unconventional sources, such as sea-
uranium) fuel programs of Europe and Japan, and it agvater, economically competitive, providing nearly
vocates a fissile material cut-off treaty that is applicabl®oundless uranium supplies without the need to resort
only to plutonium and bomb-grade uranium producedo breeding plutoniurff
for weaponsturning a blind eye taivilian, weapons-
usable nuclear materials worldwide. Reprocessing is Not Needed for Waste

The answer to the question—"Is the United States og¥lanagement

posed to civil reprocessing and plutonium use?"—ap- Reprocessing proponents also claim that reprocess-
parently depends on what the meaning of the worthg and recycling represent a superior waste manage-

“is” is. ment alternative to the direct disposal of spent fuel in a
geologic repository. They cite the reduced volume of
THE REPROCESSING FALLACY REVISITED high-level waste when uranium and plutonium are re-

European and Japanese plutonium enthusiasts, fregavered and fission products are mixed in a glass matrix

from even a hint of disapproval from the United State t’o create vitrified high level waste (VHLW). They also

have had to contend only with their own foibles, not toClalm that VHLW co_ntalns less toxic and radioactive
mention the immutability of the plutonium fallacy it- content than the equivalent amount of spent fuel.
self. The demise of the breeder reactor has forced theFirst, to state the obvious: If plutonium and recovered
plutonium industry to come up with other justificationsuranium from reprocessing am®t recycled as MOX
for reprocessing and plutonium use. Before concludindpel, no volume-reduction or toxicity-reduction benefits
we briefly examine and rebut two of the principal onesensue, because the plutonium and uranium must still be
energy security and waste management. disposed of. In fact, uranium recovered from reprocess-
ing is not being widely used on a commercial basis, be-
Reprocessing is Not Needed for Energy Security cause itis far more expensive than unirradiated uranium
oxide, and also contains isotopes such as U-232 that
complicate its re-use and pose environmental safety and

total depletion within a few decad&sSuch predictions %e_:alth risks. Nor at this time is ther_e widespread recy-
ing of plutonium, because of the high costs and risks,

. . |
are based on the narrowest available estimates of tOf(f:iﬂj}scussed earlier, that make MOX fuel so unattractive

uranium reserves, that is, "Reasonably Assured R?c_) utilities and so threatening to the survival of the nuclear
sources” (RAR) recoverable at a cost below $80 per ki- 9

logram of uranium oxid&.However, RAR includes only power industry.

well-known, completely explored deposits. If Estimated Even if the uranium and plutonium were recycled, the
Additional Resources, Category | (EAR-I)—known re-irradiated MOX fuel must still be disposed of in a re-
sources in deposits that have not been completely eRository. Plutonium advocates often imply, when ad-
plored—are also included, estimates of world reservedessing non-technical audiences, that plutonium can be
increase by more than héifEurther, according to these recycled in a closed fuel cycle until it is entirely used
OECD/IAEA estimates, “There remains very good poup. However, such complete burning of plutonium in
tential for the discovery of additional uranium resourceOX is impossible. After only two or three recycles,
of conventional type, as reflected by estimates of EARthe isotopics of plutonium are such that it cannot con-
Il and Speculative Resources.” tinue to be re-irradiated in fresh MOX fuel, and it must

. . . be disposed df.Moreover, even the most fervent MOX
Even if Speculative Resources are excluded, uranium

reserves would suffice to fulfill projected world demandSUpporterS (France and Russia) do not currenly plan to
reprocess LWR MOX fuel even once for recovery and

until the year 2062 from resources recoverable up to :
re-use of plutonium.

Advocates of plutonium recycling claim that world
uranium reserves will prove insufficient, perhaps facin
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Once MOX fuel enters into the equation, any purportedp, it is not surprising that the plutonium industry is
waste-management benefits of reprocessing are fodying. Yet proponents of the closed fuel cycle are at-
feited. In fact, in regard to volume and toxicity, irradi-tempting a comeback in the United States, masquerad-
ated MOX is considerably worse than irradiated LEUng as arms controllers and pushing the
for three reasongirst, reprocessing itself creates sub-warhead-plutonium MOX fuel disposition program. It
stantial intermediateand low-level waste streams. should be clear that these plutonium advocates will not
When this waste is taken into account, the volume dfe satisfied unless and until the limited use of warhead-
reprocessing waste products requiring deep geologicplutonium MOX fuel establishes a beachhead in the
disposal is greater than the volume of waste from thenited States for widespread commercial use of reac-
equivalent amount of once-through LEU fuel by at leastor-grade MOX fuel. Of course, commercial MOX fuel
a factor of terf® Second, the key variable determiningwould be fabricated from plutonium recovered in repro-
the volume requirements for a geologic repository is theessing plants from the spent fuel of power reactors.

total heat loading, not the physical volume of the spent It is not too late to reverse these disturbing trends.

fuel.** “;] thisl rzgafdh MOhX spent fugll creates meChThe Clinton administration should implement its non-
greater heat loading than the comparable amount o I‘E;lJJroIiferation policy pledges that the United States will

spent fue_l, at_ least d“_””g_the firs.t 10_0 years or so Whe‘geek to eliminate where possible the accumulation of
heat loading is most significaf#Third, irradiated MOX stockpiles of highly enriched uranium or plutonium,”

fuel has considerably more radiotoxic content than it§ y \vill sexplore means to limit the stockpiling of plu-

LEU fuel equivalent’ tonium from civil nuclear programg$” One option

It is worth noting (but it is not surprising) that the would be for the United States to promote implementa-
only assessments claiming waste-management advation of the National Academy of Sciences (NAS)'’s “spent
tages for reprocessing and recycling are those preparéugkl standard,” a benchmark of the US warhead-pluto-
by the plutonium industry itself. Independent studiesium disposition program, in civilian nuclear programs
invariably conclude either that there would be no sigaround the world. As posited by the NAS, the spent fuel
nificant waste-management difference between the twstandard:
cycles® or that reprocessing-recycle would be worse  ...means making the excess WPu [weapons
than once-througf.Thus, a review of the literature by plutonium] roughly as inaccessible for weap-
the US Office of Technology Assessment concluded: ons use as the much larger and growing quan-

Despite such potential advantages, major stud-
ies that have considered reprocessing in the
context of waste management have concluded
that reprocessing of commercial spent fuel is
not required for safe waste isolation. ... More-

over, reprocessing—which generates addi-
tional radioactive waste streams and involves
operational risks of its own—does not appear
to offer advantages that are sufficient to jus-

tify its use for waste management reasons
alone. Thus, while large-scale reprocessing of
commercial spent fuel would have significant

implications for waste management, those im-

tity of plutonium in spent fuel from
commercial nuclear-power reactors. The ‘re-
actor-grade’ plutonium found in commercial
spent fuel, while it could be used to make
nuclear bombs, poses much smaller risks than
separated plutonium in this regard because of
the mass, bulk, and intense radiation field of
the spent fuel assemblies and because of the
additional technical sophistication and re-
sources required for the chemical separation
of the spent fuel plutonium from the accom-
panying fission products and uraniGn.

If it were broadly applied to civilian nuclear power
programs, the spent fuel standard would require halting
further reprocessing—i.e., keeping plutonium safely in
spent fuel rather than separating it into weapon-usable
form. But what about the large and growing stockpiles
CONCLUSION of civilian plutonium that have already been separated?

When the economic, health and safety, and proliferd order to avoid the serious proliferation and safety risks
tion liabilities of reprocessing and recycling are talliedof MOX fuel, reprocessing customers should request that

plications would not be a major factor in the
decision on whether to undertake such repro-
cessing®
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Cogema and BNFL immobilize their separated plutothat replacing just one-fourth of global fossil-fuel use
nium in highly radioactive waste (left over from repro-would require a ten-fold increase in nuclear capacity (to
cessing) prior to its return. The plutonium would be3,000 large reactors worldwide) and would place about
mixed with ceramic or glass and placed in small candive million kilograms of separated plutonium into glo-
These cans then would be placed inside canisters ladl commerce each year. That's equivalent to at least
Cogema and BNFL's waste-vitrification facilities, which 700,000 nuclear bombs.

are already operating. There, the canisters would be filled Who will guarantee that the eight kilograms or less of

W'th mqlten, V'mf'ed, high-level waste, Iocl_<|ng the plu- plutonium needed to destroy a city will not go astray
tonium into the equivalent of spent fuel with a self-pro-from time to time? It is to be hoped that nuclear power

tecting radiation barrier. This approach, known a3Yecisionmakers, electric utilities, and electricity consum-

“ca_n-in-canister," is_ curre_zr_ltly under development.in theers, both here and abroad, will come to recognize these
United States for disposition of at least some of its SUliabilities before additional millions of dollars are

) |
plus weapons plutoniuf. squandered and millions of lives are put at risk by these

To immobilize their plutonium, reprocessing custom-dangerous non-solutions to energy-security and nuclear-
ers would have to pay Cogema and BNFL either to buildvaste-management problems.
a special process line or to modify an existing one. For a
ceramic immobilization facility with a throughput of five
tons of plutonium per year, the US Department of En-
ergy estimated that the investment cost would be $450
million. This is less than half of the $1.1 billion that
German utilities alone might wind up paying
reprocessors for overseas storage of their separated plu-
tonium over the next decadelf a number of repro-

cessing consumer nations, in particular Japan, were {@tatement by H.E. Mr. Bjorn Skogmo, Ambassador and Permanent Repre-
request this option, their shared costs would be mingentative, Permanent Mission of Norway to the United Nations, Presented

. . . the Third Preparatory Committee for the 2000 Review Conference of the
mal’ and their combined savings enormous compar rties to the Treaty on the Non-Proliferation of Nuclear Weapons, New

with the expensive MOX-fuel and plutonium-storageyork, May 10-21, 1999.
options. 2 The risks associated with the other fissile material, highly enriched ura-
nium (HEU), are not discussed in this article. For a discussion of those risks

The United States should also rely on immobilizationand of needed control measures, see Alan Kuperman and Paul Leventhal,
. s . “HEU Core Conversion of Russian Production Reactors: A Major Threat to

rathe_r than MOX, for dlSpOSItIOI’l of warhead plutomum'the International RERTR Regime,” Presented at the 21st Annual Interna-

Russia has expressed a strong preference for the MQi¥nal Meeting on Reduced Enrichment for Research and Test Reactors
approach, but the Clinton administration has been e)(RERTR), Sao Paulo, Brazil, October 19, 1998; and Alan Kuperman and
. . . L ._Paul Leventhal, “"RERTR End-Game: A Win-Win Framework,” Presented
cesswely deferential to this preference In Its negotlaét the International Meeting on the RERTR Program, Jackson Hole, Wyo-

tions with Moscow. Given that Russia does not have theing, October 5-10, 1997.

i H ; H _% “Reactor-Grade and Weapons-Grade Plutonium in Nuclear Explosives,”
e_c_ono_mlc Wherewlthal to pay f_or glther MOX orimmo US Department of EnergiNonproliferation and Arms Control Assessment
bilization, the United States will likely have to pay theof weapons-Usable Fissile Material Storage and Excess Plutonium Dispo-

lion’s share of the cost of disposing of Russian plutosition (;\'AtfghaﬂveFSDOEéNNk;IOOOI J;w_ﬁry 1\9/\77|i< gf 37-39. .
. . . . avi rng t, Frans Berkhout, an lllam vval utonium an ighly
nium. This gives the United States a gOOd deal morériched Uranium 1996: World Inventories, Capabilities and Poli¢{@s-

leverage than it has exercised to date. ford and New York: Oxford University Press/SIPRI, 1997), Table 5.3, p.

. . 142; Table 5.4, p. 143; and Table 6.8, p. 184.
The liabilities of reprocessing and MOX fuel are even bid., Table 14.10, p. 412.

greater now than they were when the NNPA becam@varvin Miller, “Are IAEA Safeguards on Plutonium Bulk-Handling Fa-

| A It. plutoni ts h b tcilities Effective?,” Nuclear Control Institute, Washington, DC, August 1990.
aw. As a result, piutonium proponents have begun OPaul Leventhal, “Safeguards Shortcomings: A Critique,” Nuclear Control

espouse creative new justifications for plutonium fuelnstitute, Washington, DC, September 12, 1994. See also James Ford and C.

cycles For examp|e Senator Domenici and other prclfz_ichard SchullerControlling Threats to Nuclear Security: A Holistic Model
) ! Center for Nonproliferation Research, National Defense University, June

ponents of commercial reprocessing and MOX fuel adrgg7.

vocate using plutonium instead of fuels that producé‘“Astounding’ Discrepancy of 70 Kilograms of Plutonium Warrants Shut-
; ; own of Troubled Nuclear Fuel Plant in Japan,” Nuclear Control Institute,
greenhouse gases, in a nuclear solution to global warrﬁ,’ashmgmn’ DC. May 9. 1994.

ing. But Princeton University scientists have calculated edwin Lyman, “Japan’s Plutonium Fuel Processing Facility (PFPF): A
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