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Safely Disposing and Controlling the Various
Forms of Excess Military Plutonium

Introduction
For more than 40 years, the U.S. Government

has operated the nuclear weapons production
complex to produce an estimated 60,000 nuclear
bombs for aircraft and warheads for missiles. Of
these, about 40,000 have been removed from the
delivery systems, and the nuclear materials in-
side them have been recycled into new weapons or
have been stored, leaving the United States with
roughly 20,000 nuclear weapons in its arsenal to-
day. The United States has produced roughly 100
metric tons of plutonium and 500 metric tons of
weapon-grade uranium for nuclear weapons.

Dramatic changes in the relationship be-
tween the United States and the Soviet Union
have eliminated many of the usual rationales for
continuing the nuclear arms race. As a result, dur-
ing the past several years, the United States has
reduced its nuclear arsenal and has developed a
plutonium surplus. Continued reductions are ex-
pected to increase this surplus, with the Strategic
Arms Reduction Treaty (START) treaty alone
adding around 10 metric tons.

The United States, however, lacks the means
to dispose safely of all this plutonium or to use it
in reactor fuel. The form of the plutonium, includ-
ing metal bomb components, manufacturing scrap,
and irradiated uranium metal fuel, makes reuse
in reactors impossible without further processing
and complicates direct disposal.

Several of the key U.S. Department of Energy
(DOE) facilities that could potentially convert
surplus plutonium into a form more suitable for
long-term storage or disposal have fallen victim
to concerns about safety, effects on the environ-
ment, and the health of workers and nearby resi-
dents. Other DOE facilities that are under con-
struction, including plutonium processing plants

and nuclear waste disposal sites that could con-
vert or store excess plutonium, have been delayed.
For example, the Waste Isolation Pilot Project
(W1PP) facility in New Mexico has been plagued
by delays, and the Yucca Mountain high-level-
waste site has encountered intense local opposi-
tion.

If the United States and the Soviet Union are
to achieve verifiable deep reductions in their nu-
clear arsenals, they will also need to develop
verifiable procedures to dismantle and dispose of
nuclear weapons and their contained fissile mate-
rials. These arrangements are likely to conflict
with concerns over what to do with surplus mate-
rials, particularly the plutonium.

The issue of safely reducing the plutonium
surplus is intertwined with that of downsizing
and rebuilding the weapons production complex.
This process is already controversial, particu-
larly with respect to the construction of new
weapons production facilities or nuclear waste
disposal sites. Even though the public may sup-
port the general goal of reducing the plutonium
surplus and verifiably dismantling nuclear war-
heads, it might not be willing to tolerate particu-
lar siting decisions. Any proposed solution must
aim at minimizing waste streams and health im-
pacts, as well as maximizing safeguards, physi-
cal security, and the ease of verifying arms reduc-
tion agreements.

To better understand some of the problems in-
volved in either reusing or disposing of pluto-
nium, the following sections address three spe-
cific cases that have added to the plutonium sur-
plus—retired nuclear weapons, manufacturing
scrap, and irradiated fuel from the Hanford N
Reactor.

Retired Nuclear Weapons
Since the mid-1980s, the U.S. nuclear weap-

ons stockpile has steadily decreased from
roughly 25,000 to 20,000 nuclear weapons. This
decrease in the size of the arsenal is largely
responsible for the growing surplus of plutonium

and highly enriched uranium and underlies the
recent decision by the DOE not to produce more of
these materials for weapons in the foreseeable
future.
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Table 1. Estimated excess fissile material from nuclear weapons reductions.

Size of arsenal

20,000 (current)

15,000 (post-START)

10,000 (post-START-II)

5,000 (post-START-II)

2,000 (finite deterrent)

Excess plutonium3

(metric tons)

0=

15-20

30-40

45-60

54-72

Excess highly enriched uraniumb

(metric tons)

0°

75-100

150-200

225-300

270-360

I assume that each warhead retired contains an average of 3 to 4 kilograms of plutonium.
I assume that each warhead retired contains an average of 15 to 20 kilograms of weapon-grade uranium.
Arbitrary baseline, for comparative purposes only. Actual surplus is not publicly known.

Table 1 contains five possible scenarios for
the U.S. nuclear arsenal, and estimates for
plutonium and highly enriched uranium surpluses
in each case. The first scenario is basically the
present arsenal. The second includes the START
reductions and the reductions in U.S. nuclear
forces in Europe. This scenario is consistent with
expected near-term reductions. The third and
fourth scenarios represent possible post-START-II
arsenals. The final estimate corresponds to a
"finite deterrent" level of nuclear arms, about
2000 U.S. weapons.

This table illustrates the magnitude of the
problem facing the United States, and undoubt-
edly the Soviet Union, and argues for a rapid
evaluation of the economic and technical feasi-
bility of verifiable warhead dismantlement and
disposal or reuse of the contained plutonium and
highly enriched uranium. At least one unclassi-
fied study has shown that such a process can be
established without revealing weapons design
information.7

Whether or not a verifiable warhead dis-
mantlement scheme is achieved, the United
States will still need to reduce its surplus inven-
tories of plutonium and highly enriched uranium.
There are many feasible alternatives for the
highly enriched uranium, including vising it in ex-
isting government-owned reactors or blending it
down to low enriched uranium and selling it to
the commercial nuclear industry. The latter op-
tion could be accomplished by substituting low en-
riched uranium for material that the DOE has

already agreed to supply through existing con-
tracts with the owners of nuclear power plants.
Unless done carefully, however, the sale of this
material to commercial reactor owners could en-
counter political opposition from certain parts of
the commercial nuclear industry, particularly
uranium mining and enrichment.

Reducing excess plutonium inventories is far
more difficult, because plutonium poses greater
radiation risks than enriched uranium and be-
cause it cannot be denatured isotopically to make
it unusable in nuclear weapons. An interim strat-
egy is to convert the plutonium metal components
into oxide powder, which is generally recognized
as safer to store than metal. With the weapon
production complex aging, fragile, and subject to
frequent shutdowns, however, the DOE may have
significant problems converting the metal into
oxide.

Once converted, the oxide could be stored,
disposed of as nuclear waste, or fabricated into
plutonium/uranium fuel for use in reactors. The
second option would ultimately require that sep-
arated plutonium be disposed in geological waste
repositories. The ones currently under construction
or planned should be capable of storing separated
plutonium, although they are not being designed
specifically to do so and would require further
evaluation to ensure that separated plutonium
can be disposed of safely.

The reuse of the plutonium in commercial re-
actors has not proven to be politically or economi-
cally feasible. Conversion of this plutonium into
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irradiated fuel would be a more "proliferation re-
sistant" alternative than storing separated plu-
tonium. However, this option could stimulate the
development of a commercial plutonium separa-
tion and recycling industry in the United States,
which could decrease the proliferation resistance
of commercial nuclear power.

Another strategy is to remix excess plutonium
with high level waste, vitrify it, and prepare
it for disposal in the same type of facilities
that will store commercial spent fuel. This

alternative, however, has not been evaluated for
its technical or economic feasibility.

In the meantime, plutonium metal components
can be stored in high security facilities. Al-
though this option is not desirable from a physi-
cal security or verification perspective, it would
allow time for a more thorough evaluation of
possible approaches to handling the excess pluto-
nium. To reduce concerns about "breakout," the
United States and the Soviet Union could agree to
submit excess plutonium to bilateral inspection.

Manufacturing Scrap

Because of problems in operating Building 371
at Rocky Flats in the early 1980s, the DOE accu-
mulated a large backlog of plutonium manufactur-
ing scrap or "residues." Rocky Flats has the larg-
est amount, with an inventory of over 140 metric
tons of scrap containing an estimated 8 to 9 metric
tons of recoverable weapon-grade plutonium.
This scrap is in about 20 major forms, including
ash, sand, salt, gloves, high-energy particulate
air (HEPA) filters, and glass.2

Until recently, the DOE had intended to
recover much of this plutonium for use in new nu-
clear weapons. This plan has been deferred be-
cause adequate amounts of plutonium will be
available from retired warheads. A plan to re-
cover scrap along with plutonium from retired
weapons in a new plutonium recycling facility at
Rocky Flats encountered intense local opposition,
which led the U.S. Congress to cancel the project.

If plutonium in the scrap is not worth recover-
ing, the U.S. government needs to evaluate the
various management options to dispose of the
scrap, including disposal without recovering the
plutonium. This problem is made more manage-
able since recoverable scrap and waste are
similar, differing mainly in their plulonium
concentration. Recoverable plutonium scrap is

defined as containing enough plutonium to war-
rant recovery when compared economically to
other methods of obtaining plutonium.

During the debate about building a new plu-
tonium recycling facility at Rocky Flats, the DOE
took the position that virtually none of the scrap
would meet the WTPP waste acceptance criteria,
which provides specific characteristics and limi-
tations on what waste forms would be allowed
in the VV1PP, and thus the scrap could not be
stored in the facility without further processing.3

Although some fraction of the scrap might re-
quire processing before it can be safely trans-
ported or disposed, the general conclusion needs
to be reevaluated. Because of the importance of
this issue, an independent group should evaluate
the various alternatives for scrap disposal, in-
cluding a review of the WIPP waste acceptance
criteria.

Any procedures developed or facilities built
to handle this scrap should be transparent to bi-
lateral or international inspection. The amounts
of plutonium are large enough to raise questions
about whether some of it has been hidden for fu-
ture use during a "breakout" from arms reduction
agreements.

N Reactor Spent Fuel

From 1963 until 1988, the N Reactor at the
Hanford Reservation in Washington State pro-
duced both electricity for the Northwest and plu-
tonium for nuclear weapons and research pro-
grams. Most of the N Reactor's irradiated fuel
was chemically processed in the nearby PUREX
plant, but that plant was shutdown for safety

modifications in late 1988, leaving about 2100
metric tons of irradiated fuel yet to be processed.4

About 1700 metric tons of this fuel contains an es-
timated 3.4 metric tons of fuel-grade plutonium,
and the rest contains about 300 kilograms of
weapon-grade plutonium.3
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The PUREX plant, however, may not reopen,
and controversy has developed over the fate of
the remaining N Reactor spent fuel. The fuel is
uranium metal containing slightly enriched ura-
nium and clad by a zirconium alloy (zircalloy).
The deeding of some of the fuel has failed and is
leaking radioactive fission products into its wa-
ter storage basins. In addition, both the uranium
metal and its cladding can burn under some cir-
cumstances, and uranium metal, if exposed to wa-
ter, will react to form oxides, oxide hydrates, and
hydrogen.

The DOE has recommended that the PUREX
plant be restarted to process this fuel, recovering
and storing the separated plutonium oxide.6 It
has said that the intact fuel is not suitable for
disposal in the proposed Yucca Mountain Site.

The DOE expects that this site's waste accep-
tance criteria will be similar to the one for WIPP
and, thus, will limit radionuclide pyrophorics to
1% of the waste by weight.7

The DOE's position has been criticized by the
Hanford Education Action League and the
Institute for Energy and Environmental Research,
who have suggested an interim alternative of en-
capsulation of leaking fuel rods and dry storage of
the fuel.8 Long-term alternatives are permanent
encapsulation of the fuel or oxidation or
"roasting" of the fuel followed by disposal in z
geological repository.9 In response to public and
congressional pressure, the DOE has agreed to
evaluate these alternatives in an Environmental
Impact Statement that will be completed before
the PUREX plant would restart.

Conclusions

The growing surplus of plutonium will con-
tinue to pose safety, health, and verification
problems. Although long term storage and dis-
posal of plutonium seems technically feasible, or
at least comparable in technical difficulty to
commercial spent fuel disposal, significant polit-
ical obstacles within the government and the
public, may make it difficult to solve this prob-
lem.

Although options to build verifiable war-
head dismantlement facilities or to recycle plu-
tonium in reactors and thus convert separated

plutonium into irradiated fuel are straight-
forward concepts, their realization remains dif-
ficult for economic and political reasons. The
plutonium recycle option also raises additional
proliferation concerns about its impact on civilian
nuclear programs.

In the absence of a long term solution, the
United States can implement various storage or
interim disposal options that involve minimal
processing, but that ease verification problems
and provide adequate safety and protection of
public health.
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