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ABSTRACT

All Pu isotopes produced in either a Pu production
reactor or a nuclear-power reactor have a critical mass.
Theoretically, then, any isotopic content of Pu can be
used to fabricate a nuclear weapon. However, there
must be sufficient mass of Pu and that mass must be
assembled fast enough. While fabrication of a weapon
may be above the resources of any particular terrorist
group, it certainly is within the capabilities and
resources of many countries of the world.
Consequently, both so-called "weapons-grade Pu" and
"commercial power-reactor-grade Pu" can be made into
a usable weapon. Therefore, the stockpile of Pu being
returned from the Russian and American militaries
(About 100 tonnes of plutonium will be removed from
the US and Russian stockpiles by the year 2005) will
remain a proliferation problem if burned in a once-
through MOX-reactor cycle. For comparison, in the
year 2000, approximately 1200 to 1600 tonnes of
weapons-usable plutonium exist in spent fuel from
worldwide power reactors. (This number is increasing
at a rate of 60 to 70 tonnes per year.)

The Russian proposal is to burn all of the excess
weapons-grade Pu in power reactors as MOX fuel. The
US proposes to burn only a portion of its excess Pu in
existing reactors. The remainder of the Pu, the US
proposes to immobilize in a ceramic matrix and then
surround that matrix in a canister filled with high-level
Waste (HLW) glass. This is referred to as the can-in-
canister concept.

The radiation field from spent fuel (both uranium
oxide and MOX fuel) will give a measure of protection
against a terrorist group but that field decays with time.
Between discharge and one year, the gamma radiation
dose falls by about a factor of 10, another factor of
about 10 between years 1 and 10, and then falls roughly
with the half-live of 137Cs for years 10 to about 300.
Whereas fuel which has recently been discharged from
the reactor exhibits a lethal radiation dose, 10 year old
spent fuel does not. With the easy of which spent fuel
can be chopped using water shielding and then leached
with hot nitric acid, spent fuel aged for ten years no
longer has a sufficient radiation field to be a significant
deterrent to any knowledgeable group.

At the proposed irradiation rate of 3 tonnes
weapons-grade plutonium per year, it will take 17 years

to load 50 tonnes of Pu into the reactors and 20 years
to irradiate those 50 tonnes. After 13 years the first
weapons-grade-spent fuel will have aged 10 years.
Therefore at the end of the 20 years irradiation cycle,
nearly a third of the 50 tonnes of Pu is back to being a
maj or terrorist proliferation threat. Even at the greater
rate of 5 tonnes per year, it will take 10 years to load
land 13 years to complete the irradiation. Therefore,
about 25% of the Pu will again be a nuclear weapons
proliferation risk. The US answer to counter this risk
is to entomb the weapons-grade MOX spent fuel in a
repository. The repository then becomes the
proliferation deterrent — not the radiation field.

When Pu is immobilized by mineralizing in a
ceramic matrix and then placed into a canister and
surrounded by HLW glass, the package will have
approximately the same radiation field as 30 year old
spent fuel. However, the mechanical disassembly of
the canister is much more difficult than chopping spent
fuel assemblies. Simplistic time-and-motion studies
indicate that the radiation dose that would be absorbed
by a terrorist group would be much higher while trying
to dismantle the can-in-canister immobilized Pu than
She dose absorbed to chop-up spent fuel that has been
aged only ten years. Whereas the fissile materials are
very easily leached from chopped spent fuel, that is
hot the case with dissolution of the Pu ceramics.
Although several recovery methods are possible, each
method for the recovery of mineralized Pu from the
ceramic immobilized form is much more vigorous than
that required for the recovery of Pu from the simple
solid-solution ceramic form of spent fuel.

With increasing age, the radiation dose decreases
for both the spent fuel and the immobilized form. The
ease of dissolution of the solid solution of Pu-U oxides
of spent fuel become easier as the radiation dose to the
matrix increases. Therefore with aging, spend fuel
become easier to process. Although the radiation field
will diminish with age, the actual mechanical difficulty
of removing the cans of plutonium from the canister of
glass does not diminish with time. Neither does the
difficulty of dissolution of the mineralized plutonium
ceramic. While it is true that the reduction in radiation
field allows longer human contact with both forms, this
reduction in dose foes not translate into a equal
reduction in the difficulty of Pu recover for the two
forms. The difference in the difficulty of recovery of
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Pu from the immobilized form over once-through
burning of weapons-grade plutonium and over uranium
oxide power reactor fuel increases with age.

From the host country standpoint, one must
remember that the United States and Russia will be
holding an undisclosed amount of plutonium in reserve.
Since neither country has the equipment neither
installed nor developed necessary to recover plutonium
from the ceramic immobilized form, it makes no sense
for either the United States or Russia to do the R&D
and construction necessary to recover the Pu from the
immobilized form.

From a terrorist group standpoint, there is more
than 10 times as much weapons-usable plutonium in
spent fuel that will be approaching an average age of
30 years when the Pu Disposition Programs of the

United States and Russia are at about their midpoints.
The total amount of Pu will be 15 to 20 times as much.
At the present processing rates, there will also be twice
as much separated weapons-useable Pu in the
commercial sector, as the United States and Russia have
declared excess.

Conclusions

Excess Pu, mineralized in a ceramic matrix and
incased in HLW glass, is a less attractive target for
terrorist groups than either aged, irradiated weapons-
grade MOX foel, or aged, U oxide spent fuel. This is
especially true after the Russian and United States' Pu
Disposition Programs have been completed, until the
material (spent MOX fuel or the immobilized form) is
stored in a sealed, repository*


