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scar Wilde observed that “In

this world, there are only two

tragedies. The first is not get-

ting what one wants, and the
other is getting it.”

The world should collectively cheer
the prospective dismantlement over
the next decade or so of as many as
45,000 nuclear warheads in the arse-

Frans Berkhout, Harold Feiveson
and Frank von Hippel are, respec-
tively, research associate, senior re-
search policy analyst, and professor
of Public and International Policy at
Princeton. Anatoli Diakov is a profes-
sor of physics at the Moscow Institute
of Physics and Technology. Marvin
Miller is a professor of nuclear engi-
neering at MIT. Technical details are
avatlable in Disposition of Separated
Plutonium, by the authors and Helen
Hunt, report number 272, PU/CEES,
available from the Center for Energy
and Environmental Studies at Prince-
ton University.

nals of the United States and the
Commonwealth of Independent States
(CIS). But dismantlement also pre-
sents a staggering headache. What
will become of the 100-200 tons of plu-
tonium and 500-1,000 tons of highly
enriched uranium (HEU) that will be
recovered from these weapons?

For now, the United States re-
serves the option of refabricating this
fissile material into new weapons. Be-
cause of that, there is no official U.S.
interest in drafting an agreement on
the bilateral verification of weapons
dismantlement, or fissile materials
storage. Nor has there been a re-
sponse from either the United States
or Russia to offers by Hans Blix, direc-
tor general of the International Atom-
ic Energy Agency (IAEA), to bring
surplus weapons material under in-
ternational safeguards. Thus, control
over weapons materials remains with
the national military establishments.

In the post-Cold War world, there
simply is no weapons use for most of

the fissile material that will become
available as dismantlement proceeds.
But if reductions in the nuclear arse-
nals are to be permanent, it is essen-
tial that the United States and Russia
(which is also responsible for dispos-
ing of the warheads withdrawn from
the other former Soviet republics)
take steps to assure each other, and
the rest of the world, that the fissile
material recovered from excess war-
heads will not be reused in future
weapons. Indeed, the question of
what to do with the fissile materials
from dismantled weapons has become
one of the most urgent problems in
arms control.

The disposal of HEU presents no
intractable problems. It can be “dena-
tured”—reduced to low-enriched ura-
nium—and then burned in civilian
power reactors. ‘

But weapons plutonium presents a
more difficult set of technical, eco-
nomic, and political problems. Pluto-
niuth cannot be isotopically denatured
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like highly enriched uranium. Conse- -

quently, proposals to fabricate CIS
weapons plutonium into power-reac-
tor fuel raise the same difficult securi-
ty issues that have plagued all pro-
posals to use plutonium in reactor
fuel. “Plutonium-economy” advocates
in Western Europe and in Japan are
eager to use the problem of disposi-
tion of weapons plutonium as a way
to legitimize the use of plutonium in
fuel. However, poor economics and a
worldwide shortage of capacity to
fabricate plutonium-uranium fuel,
added to the controversies over the
dangers of diversion by terrorists,
are causing utilities in those coun-
tries to reconsider their commit-
ments to the reprocessing of spent
fuel and to the recycling of the re-
covered plutonium.

The real-world risks and cost of
fueling civilian reactors with fuel
containing plutonium far outweigh
the possible advantages. The first
priority is not to figure out ways to
make weapons-plutonium work in
the civilian power cycle. Rather, the
first priority must be to keep plu-
tonium—weapons-grade and reactor-
grade—out of the hands of would-be
bomb-makers.

Warhead dismantlement

Given that the former Soviet Union
and the United States began 1991
with about 35,000 and 20,000 war-
heads respectively, and are in the
process of reducing to about 3,000
strategic and 2,000 tactical warheads
each, they will have to dismantle a
combined total of about 45,000 war-
heads over the next decade.

Assuming an average of three kilo-
grams of plutonium and 15 kilograms
of HEU per warhead, about 45 metric
tons of plutonium and 225 metric tons
of HEU will eventually be released
from U.S. warheads, and about 90
metric tons of plutonium and 450 met-
ric tons of HEU from CIS warheads.
(All tons referred to are metric.) In
addition, based on estimates of past
production, each country probably al-
ready has tens of tons of weapons-
grade plutonium and hundreds of
tons of HEU in stored weapons com-
ponents, metal, and scrap.

At present, the rate at which war-
heads are being dismantled appears
to be roughly the same in both Russia
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“and the United States—about 2,000

to 2,500 warheads per year. Disman-
tling is taking place at facilities previ-
ously used for warhead assembly. The
United States has only one such facil-
ity, at Pantex near Amarillo, Texas.
Russian officials say that Common-
wealth warheads are being disman-
tled at four sites in Russia: Nizhnaya
Tura and Zlatoust in the Urals, and at
Penza and Arzamas, south of Gorky.
The potential dismantlement rate at
the four Russian facilities could be as
high as 6,000 warheads a year. (This

Safeguarded
stored plutonium
might be safe
from terrorists—
but available to
the governments
that own it.

larger Russian assembly/ dismantle-
ment capacity reflects both the larger
size of the Soviet nuclear-warhead ar-
senal in the 1980s and the shorter life
of Soviet warheads.)

The United States plans to use ex-
isting facilities for the storage of war-
head components and fissile materi-
als. Currently, most of the plutonium-
containing “pits” are being stored at
Pantex in “igloos”—bunkers used in
the past principally for the temporary
storage of nuclear warheads. The
thermonuclear components, which
contain most of the HEU, will be
shipped to the Y-12 facility at Oak
Ridge for further disassembly, after
which the HEU may be processed
into standard metal “buttons” and
stored. Because of its very high den-
sity, even a 10-kilogram (22-pound)
mass of uranium metal is compact. It
could fit into a cylinder 2.5 centime-
ters high and 16 centimeters in diam-
eter—about twice the size of a hockey
puck.

While the U.S. administration cur-
rently seems content to adapt al-
ready-existing storage facilities to
the new demands, Russia has re-
quested U.S. assistance for the con-
struction of a massive central storage
facility to hold all of the plutonium
and HEU recovered from its war-
heads. According to officials of the

Russian Ministry of Atomic Energy,
the ultimate capacity of this facility
would be 100,000 containers, each
holding 4-5 kilograms of plutonium
or 10 kilograms of HEU. The U.S.
government appears to be basically
sympathetic but, at the time of this
writing, discussions were continuing
on certain aspects of the design—es-
pecially the size, since there is no ob-
vious reason for long-term storage of
most of the HETU.

Highly enriched uranium

Russian nuclear officials say that ulti-
mately most of the HEU extracted

,from surplus CIS nuclear warheads

will be diluted to low-enriched levels
and used as nuclear fuel. Recently,
the Russian Ministry of Atomic Ener-
gy (Minatom) agreed to sell Allied-
Signal Corporation approximately 500
tons of HEU over a period of 20 years
for eonversion to low-enriched fuel
for commerecial reactors. Although it
is not vet clear who will dilute the en-
riched uranium to reactor level, the
U.S. government approved the pur-
chase in late August. Allied-Signal
will buy no less than 10 tons annually
for the first five vears and no less
than 30 tons annually for the next 15
years. Approximately 10 tons of Rus-
sian weapon-grade HEU per year
should support 20 1,000-megawatt re-.
actors, the equivalent of 20 percent of

U.S. nuclear capacity. ‘

Diluted, low-enriched uranium fuel
cannot sustain the fast-neutron chain
reactions required to generate a nu-
clear explosion. However, it does sus- -
tain the slow-neutron chain reactions
that drive nuclear power-reactors. It-
can only be converted back' into
weapons-grade uranium using the
same isotopic-enrichment technigques
that are used to produce HEU from
natural uranium—although only about
half as much enrichment work is re-
quired per kilogram of HEU produced.
Conversion to low-enriched uranium
would therefore reduce the size of the
high-security storage requir ed for
weapons-usable HEU.

Some of the weapons-grade HEU
would be retained undiluted because
naval propulsion reactors and a few
research and isotope-production reac-
tors are fueled with HEU. However,
Russia needs only about 1.5 tons of
HEU for these purposes each year



and the United States only about
three tons. A stockpile of 100 tons of
HEU—about 10 percent of the
amount produced by the Soviet Union
and the United States for weap-
ons—could fuel these reactors for two
decades. If 600 tons of surplus weap-
ons-grade HEU were diluted for reac-
tor fuel, it could fuel the world’s 800
gigawatts of light-water reactor ca-
pac;ty for about three years. (A giga-
watt is 1,000 megawatts; 1,000 mega-
watts is the typical electrlcal generat-
ing capacity for a modern power reac-
tor. “Light” or ordinary water reac-
tors make up more than 80 percent of
the world’s nuclear capacity.)

Plutonium

Since there is no practical way to iso-
topically “denature” weapons pluto-
nium, it must be stored in a high-se-
curity facility, such as the one pro-
posed by Russia, that features a
large .guard force—the plutonium
equivalent of Fort Knox. The costs of
storing civilian plutonium are typical-
ly estimated in the West to be about
one dollar per gram per year, which
would amount to about $100 million
per year for 100 tons.

While safeguarded storage could
make the plutonium relatively safe
against theft by terrorist groups, it
would remain available to the govern-
ment that owned it—a fact that ex-
plains why there is considerable in-
ternational interest in converting
weapons plutonium into a form less
easily reused in weapons.

Weapons plutonium has about the
same fuel value as HEU per kilo-
gram, but nuclear warheads, on aver-
age, contain only about one fifth as
much plutonium, which means that
weapons plutonium represents a
much smaller potential energy re-
source. The approximately 200 tons
of plutonium that have been pro-
duced for U.S. and CIS weapons
would fuel the world’s light-water re-
actors for less than a year if plutoni-
um fuel completely replaced low-en-
riched uranium fuel.

Proponents of nuclear power some-
times argue that military plutonium
should be stored to provide startup
fuel for fast-neutron plutonium-
breeder reactors when they eventu-
ally become commercially feasible.
However, that argument makes little

sense. Plans to commercialize these
uranium-efficient but expensive re-
actors have been postponed indefi-
nitely. They are not even close to
being cost-effective.

Interest in breeder reactors is not
likely to revive unless world nuclear
capaclty greatly mcreases—to say,
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1,000 gigawatts. However, to start up
1,000 gigawatts of breeder capacity
wou]d require some 6,000 tons of plu-
tonium (or an equivalent amount of

"enriched uranium). A few hundred

tons of already-separated plutonium
would not make a significant differ-
ence. The wisest course: convert sur-
plus weapons plutonium into a form
that is less susceptible to weapons
use.

Less accessible plutonium

There are two principal near-term op-
tions for converting plutonium into
more proliferation-resistant forms:
fabrication into mixed-oxide (MOX)
fuel for nuclear reactors, and incorpo-
ration into glassified high-level waste.

Both options would make the pluto-

nium relatively inaccessible for weap-
ons use by imbedding it in a matrix
roughly equivalent to spent power-
reactor fuel, in which the plutonium is
mixed, at a concentration of roughly
one percent, with highly radioactive
fission products. This is a useful com-
parison because most of the world’s
plutonium—more than 70 percent—is
currently held in spent power-reactor
fuel that is not likely to be reprocessed.
Other possible measures designed
to get rid of the plutonium entirely
have been proposed. These include
rocketing the plutonium into the sun;
the complete fissioning (sometimes
called “transmutation”) of plutonium
with fast-neutron reactors or acceler-
ators; and using nuclear explosions in
manmade caverns deep underground
to mix weapons plutonium into a
glass produced out of the swrrounding
rock melted by the heat of the explo-
sion. However, it is unlikely that such
costly and difficult processes would
be undertaken, except as part of an
international program to completely
rid the world of plutonium. The latter
goal would require separating out,
under effective safeguards, all of the
plutonium that has been accumulat-
ing in the world’s .unreprocessed
spent fuel. That would amount to
over 1,000 tons by the year 2000.

Plutonium as fuel

The plutonium disposal method pre-
ferred by the nascent commercial plu-
tonium industry in Western Europe
and Japan is to use it to make plutoni-
um-uranium “mixed oxide”—MOX—
fuel for light-water reactors. '

Utilities in the United States reject-
ed commercial plutonium recycling a
decade ago on economic grounds, and
they would be very reluctant now to
use MOX fuel, with all of the atten-
dant licensing, safeguards, and politi-
cal problems.

In Russia, however, some parts of
the Ministry of Atomic Energy (Mi-
natom) seem interested in MOX fuel.
Siemens AG, a German company, has
proposed building in Russia a dupli-
cate of the MOZX-fuel fabrication
plant that it has completed (but has
been unable to license) in Hanau, Ger-
many. The Russian plant could pro-
duce up to 120 tons of MOX a year,
which would consume about five tons
of weapons plutonium per year
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Siemens estimates that the facility
could be constructed in three years at
_a cost of about half a billion dollars.
According to Siemens’s estimates,
the cost of producing MOX fuel at its
plant, when operating at full capacity,
would be roughly the same as produc-
ing low-enriched uranium fuel at
today's uranium and separative-work
prices—about $1,000 per kilogram.
Although these estimates appear op-
timistic compared to the current
West European prices for MOX fabri-
cation of $1,300-1,600 per kilogram,
even a cost penalty of, say, $1,000 per
kilogram of MOX fuel might be an ac-
ceptable price for making the plutoni-
um less accessible and useful to po-
tential bomb-makers. At such a cost
penalty, the extra cost of burning 50

grow at a rate of 2.5 tons a year be-
cause of the continued reprocessing of
Commonwealth and East European
power-reactor fuel at the Mayak re-
processing plant. Giving priority to
the use of this plutonium would delay
fuel use of the weapons-plutonium
indefinitely after MOX fabrication
began.

Even though MOX and low-en-
riched uranium have similar fuel val-
ues, they are not completely inter-
changeable. Because their nuclear
properties differ somewhat, the mar-
gin of control of the chain reaction in
an unmodified light-water reactor
would be significantly reduced if
more than about one-third of the fuel
assemblies in the reactor core were
made of MOX fuel.
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t(ms of plutomum Would be a modest
$1.2 billion spread over a decade.

Just how interested Minatom isina
“turnkey” MOX plant is unclear.
Early this year, some Minatom offi-
cials tried to get a group of visiting
U.S. senators interested in funding
the completion of a partially built
MOX-fuel fabrication plant near the
Mayak reprocessing plant in the
Urals near Chelyabinsk. This plant
was initially designed to produce fuel
for fast-neutron plutonium-breeder
reactors, but construction was sus-
pended in 1987 when the future of the
Soviet fast-reactor program fell into
doubt.

Minatom also has made it clear
that it would give first priority to
using—in any MOZX-fuel fabrication
plant—its stockpile of about 30 tons
of separated power-reactor plutoni-
um. This stockpile is continuing to
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At th;s level—one- t‘mrd loadmgs of
the core—it would require all of Rus-
sia’s operating (five) and partially-
built (four) 1-gigawatt light-water re-
actors to absorb one-half the output
of the proposed Siemens plant. (Other

classes of Russian reactors have safe-_
ty problems so severe that they are

expected to be shut down over the
next ten years.) Over a decade, some
25 tons of weapons plutonium—or
about one quarter of the weapons plu-
tonium that would become avail-
able—could be irradiated in reactors,
at least in theory. (We say “in theory”
because, as noted before, the first pri-
ority is likely to be the fabrication of
already separated power-reactor plu-
tonium into MOX fuel.)

It is important to be clear that
feeding MOX fuel into light-water re-
actors does not dispose of all the plu-
tonium. Although much of the pluto-

nium would be fissioned, some would
be converted to higher plutonium iso-
topes, and some of the U-238 in the
fuel would be converted to plutonium
as a result of neutron capture. There-
fore, the MOX fuel, which would con-
tain about 4 percent weapon-grade
plutonium when fed into the reactor,
would still contain about 2.5 percent
when discharged.

Nevertheless, spent MOX fuel
would be much less useful to potential

- bomb-makers than fresh MOX fuel

because of the admixture of fission
products, and because the isotopic
composition of the plutonium would
have been shifted toward the heavier
isotopes.

However, using MOX fuels in Rus-
sia would burden that country with
the major problem of assuring that no
plutonium was diverted during fabri-
cation and transport at a time of great
political instability and uncertainty.

If MOX is not the right road to take
in Russia, could Commonwealth (or
U.S.) weapons-plutonium be sent to

" West Europe and Japan, where the

recycling of civilian plutonium in
light-water reactors is already being
undertaken?

Probably not. Even if the security
problems could be dealt with, these
countries are already awash in civil-
ian plutonium separated from spent
power-reactor fuel. As of the end of
1990, almost 50 tons of surplus civil-
ian plutonium were in storage in
Western Europe—principally at re-

" processing plants in Britain and

France. With large additional repro-
cessing capacity now coming on line
in these countries, an additional 170
tons of plutonium are programmed to
be separated from spent fuel from
West European and Japanese reac-
tors by the end of the century. This is
more than twice the amount of pluto-
nium that can be absorbed in MOX
fuel during this period and would re-
sult in a tripling of the stockpile of
stored civilian plutonium to about 150
tons by the year 2000.

Furthermore, interest in the use of
plutonium as fuel is rapidly waning
among both European and Japanese
utilities. Their plutonium recovery
programs were originally launched to
provide startup fuel for the fast reac-
tors that they expected to be building
in large numbers beginning in the
1990s. As interest in breeders receded,



they believed for a time that it might
be economic to recover and recycle
plutonium in light-water reactors to
reduce their consumption of uranium.

However, the cost of reprocessing
has risen while the cost of uranium
has fallen, and the economics of re-
covering plutonium from spent fuel
for recycling have become absurd.
Reprocessing costs about $1,000 per
kilogram of spent fuel. It requires the
reprocessing of about six kilograms of
spent fuel to recover enough plutoni-
um to make one kilogram of MOX
fuel. Adding a minimum $1,000 per
kilogram for MOX-fabrication costs
brings the full cost of MOX contain-
ing civilian plutonium to $7,000 per
kilogram. The equivalent amount of
low-enriched uranium fuel costs about
$1,000.

Today, MOX fuel programs are mo-
tivated primarily by the need to get
rid of existing stockpiles of separated
civilian plutonium, and the additional
plutonium scheduled to be separated
during the next decade under partial-
ly prepaid reprocessing contracts.
Given the limited MOX fuel-fabrica-
tion capacity and the restricted num-
ber of power reactors licensed to use
MOX fuel, it will probably take at
least 20 years to work off the backlog
of separated civilian plutonium. Even
then, given the tremendous politieal,
safeguards, and licensing problems
associated with the use of plutonium
in fuel, West European and Japanese
utilities would probably be reluctant
to volunteer to use MOX fuel made
with CIS or U.S. weapons plutonium.

Indeed, the safeguards problems
associated with recycling separated
“reactor-grade” (but weapons-usable)
plutonium in Western Europe and
Japan are daunting enough without
adding huge quantities of weapon-
grade plutonium. Recycling 20 tons of
civilian plutonium annually into
MOZX, as currently planned by the
end of the decade in Western Europe
and Japan, would call for fuel contain-
ing plutonium to be shipped to about
50 nuclear-power reactors in five
countries. This would impose an enor-
mous new burden on safeguards
agencies, and it would clearly in-
crease the risk of diversion or theft.
A group that stole a half-ton MOX
fuel assembly could chemically sepa-
rate out about 25 kilograms of pluto-
nium within a few days—enough to

make two or three crude Nagasaki-
type bombs. '

If MOX use was largely segregated
from ordinary commercial nuclear ac-
tivities, some of the diversion risks
could be significantly reduced. One
possible approach would be to re-
design the control systems of a few
light-water reactors so they could ac-
cept 100 percent MOX cores. If, in ad-
dition, the MOX fuel was irradiated in
the reactor only long enough to con-
vert the contained plutonium to reac-
tor grade (about two years), then 1.5
tons of plutonium could be converted

~ into spent fuel each year. This would

allow safeguards and security systems
to be focused on many fewer reactors,
Almost 50 tons of Russian weapons
plutonium could be processed over a

Mixing plutonium
with high-level
waste glass
would make
plutonium recovery
impossible.

10-year period in three reactors at a-

single site (Balakovo), rather than at
nine reactors at three sites.

Light-water reactors are not the
only vehicles for using MOX fuel.
Fast breeder reactors without urani-
um blankets around the cores operat-
ing on a once-through MOX fuel cycle
could process more plutonium into
spent fuel per reactor than could
light-water reactors.

For example, a 1-gigawatt reactor
of this type would have a throughput
of about 2.4 tons of plutonium per
year, of which about one quarter
would be fissioned. However, less
than 1.5 gigawatt of breeder reactor
capacity is operating worldwide fol-
lowing the effectively permanent clo-
sure of the large French-Italian “Su-
perphénix” reactor in July—and addi-
tional shutdowns are planned.

The Japanese Science and Technol-
ogy Agency has suggested building a
fast breeder reactor without blan-
kets—a plutonium “burner” in Russia.
However, the Japanese government
has made clear that it will not go for-

ward with this proposal unless it is co-
funded by Western Europe and the
United States. This is unlikely, since
the idea is regarded, even by many in
Japan, as make-work for Japanese
breeder-reactor designers after the
completion of Japan’s 280-megawatt
Monju “demonstration” breeder reac-
tor in 1993. There seems to be no
good reason to build a new fast-neu-
tron reactor at great cost to “burn”
plutonium when existing light-water
reactors can do the same job much
sooner. It also appears unlikely that
Russia will complete its proposed
800-megawatt breeder reactor with-
out external assistance.

High-level waste

Burning weapons plutonium in reac-
tors—whether light-water reactors
or fast-neutron “burners”—is feasi-
ble, but fraught with safety and secu-
rity risks. An obvious alternative to
feeding plutonium into reactors is

simply to mix plutonium back into the

liquid high-level waste that was gen-
erated when the plutonium was origi-
nally separated at the reprocessing
plant. Much of this waste is now
scheduled to be vitrified (glassified)
prior to geological disposal. Six vitri-
fication plants are now in operation—
none in the United States. Seven
more are planned, including two by
the U.S. Energy Department. Al-
though there is some confusion in the
literature, it appears that at least one
percent plutonium (by weight) could
be dissolved in the borosilicate glass
being used by the United States.

Plutonium could be mixed into the
high-level waste glass as it is pro-
duced. The fission products contained
in the glass would make plutonium
recovery impossible without remote
chemical reprocessing techniques
similar to those used to recover pluto-
nium from spent fuel. Indeed, the
glass would probably be somewhat
more difficult to dissolve (an early
step in the recovery process) than the
spent fuel.

The United States has a huge
amount of liquid high-level waste
stored in tanks at the military repro-
cessing facilities at Savannah River,
South Carolina, and Hanford, Wash-
ington. Billion-dollar glassification fa-
cilities are being built at both sites.
The plant at Savannah River is under
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construction. When it will actually go
into operation is currently in question
because of the need to “pretreat” the
waste. If and when it does operate,
however, it could produce 400 tons of
glassified high level waste a year op-
erating at 50 percent capacity. At a
one percent plutonium loading, four
tons of weapons plutonium could be
absorbed a year—about the same as
could be processed by 17 light-water
reactors with one-third MOX-fuel
loadings.

Since the glass will be made in any
case, the cost of plutonium disposal
would be the extra cost associated
with converting the metal plutonium
into oxide form, transporting it to the
vitrification facility, arranging for its
incorporation into the glass, and es-
tablishing a safeguards system to
monitor the process. About 5,000 tons
of glass are planned to be produced at
Savannah River and 25,000 tons at
Hanford—enough to incorporate all
surplus U.S. weapons plutonium at a

concentration of less than 0.3 percent.

This is approximately the concentra-
tion of plutonium and other tran-
suranic elements in the waste glass
being produced at the large commenr-
cial reprocessing plants at Sellafield,
Britain, and La Hague, France. A Pa-
cific Northwest Laboratory group
has estimated the total cost of adding
50 tons of weapons plutonium to the
waste glass at a concentration of 0.3
percent at about $50 million.

Russia has stored high level waste
at only one of its three military repro-
cessing sites—that near Chelyabinsk.
(At the other two sites, near Tomsk
and Krasnoyarsk, the wastes have
been routinely disposed of by injec-
tion into a deep aquifer) At the
Chelyabinsk site, about one quarter
of the high-level waste has been dis-
charged into an open pond, and some
of the remainder has already been
glassified. However, about as much
" high-level waste remains in tanks
(measured in terms of its radioactivi-
ty) as is at the Savannah River site.
Most of the high-level waste at
Chelyabinsk has come from civilian
power-reactor fuel, which has been
reprocessed there since 1978,

The concentration of high-level
waste in the glass being produced at
Chelyabinsk is, however, about dou-
ble that planned at Savannah River,
which means that less glass—about
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3,000 tons—would be produced from
the waste currently in the tanks. At a
one-percent plutonium concentration,
this amount of glass would accommo-
date only 30 tons of plutonium. If
higher concentrations of plutonium
are not possible, and no additional
glass is produced, vitrification may be
only a partial solution to the Russian
plutonium problem.
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Surplus eivilian plutonium could also
be disposed of in glassified high-level
waste in Britain and France. Howev-
er, at this time such a proposal would
almost surely be rejected by reproces-
sors, because it would represent a dra-
matic demonstration that separating
civilian plutonium was a mistake. The
same problem will probably also arise
in Russia within Minatom, where
some officials are interested in the
possibility of earning hard currency by
reprocessing foreign fuel, as is being
done in Britain and France.

A dangerous distraction

The most critical near-term task is
to ensure that all HEU and plutoni-
um recovered from dismantled weap-

ons is stored in monitored, secure fa-
cilities under bilateral or internation-
al safeguards. Conversion of highly
enriched uranium to low-enriched
uranium as quickly as possible after
the HEU is recovered from weapons
would also minimize both security
concerns and storage costs.

By the end of the century, it should
be possible to begin to imbed separat-
ed plutonium into more proliferation-
resistant forms. The United States,
which is unlikely to turn to plutonium
recycling, should look seriously at in-
corporating weapons plutonium into
glassified high-level waste. Although
more research and development is
needed to optimize this approach, vit-
rification looks technologically and
economically feasible.

For Russia, the preferred ap-
proach—or the best mix of approach-
es—is less clear. However, the Rus-
sian nuclear establishment’s first pri-
ority should be to shut down the coun-
try's most dangerous nuclear power
plants and improve the safety of those
that remain. Given that, it would be a
dangerous distraction for Russia to
rush into the widespread use of MOX
fuel, as some nuclear industry and
government officials in Western Eu-
rope and Japan are urging.

Whichever option is taken, the
waste forms (either spent MOX fuel
or glassified wastes) will ultimately
have to be disposed of. Spent MOX
fuel is little different from ordinary
spent fuel when it comes to final dis-
posal. With about one percent added
plutonium, the fractions of plutonium
and fission products in glassified
wastes would be similar to those of
conventional spent fuel.

Therefore, although the problems
associated with plutonium migration
from geological repositories have not
been fully resolved, disposal of these
waste forms does not appear to raise
environmental issues greatly differ-
ent from the problems presented by
the disposal of conventional spent
fuel.

By irradiating plutonium in MOX
fuel in dedicated reactors or adding it
to high-level waste, we would be
adding only modestly to our already
very large spent-fuel disposal prob-
lem. In exchange, we would gain a
great reduction in the security threat
posed by huge quantities of separated
plutonium. M



