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Introduction

This article is intended to describe the circumstances which have led, and will lead,
to significant accumulations of isolated plutonium. The intent is to draw attention
to a developing issue which will require attention in the next 10 to 20 years. No
attempt is made here to suggest how this problem should be dealt with or resolved
- that will be the subject of future IAEA sponsored Advisory Group Meetings and
Technical Committee Meetings.

Background

Early in the development of nuclear power, the demand for electricity was growing
at about 7% per year - requiring installed capacity to double every 10 years. In
addition, uranium supply was viewed as quite limited, at least relative to the
projected growth in demand. Since this combination (limited supply and rapidly
increasing demand) would rapidly drive the price of uranium up, an early and
substantial capital commitment to fuel reprocessing and uranium recycling was
made. This was the rational way to use very efficiently the uranium resources -
in a once through fuel cycle, about 4% of the uranium is consumed; in a breeder
recycle programme, nearly all of the uranium can be used.

However, after the initiation of construction of reprocessing facilities, the first of
the "energy crises' occurred with the oil embargo . The increase in energy price
and the greater awareness of energy issues seems to have permanently mitigated
the rate of increase of electricity demand worldwide. But the combination of both
the high capital cost of reprocessing facilities and the great "inertia" that
commitment to their construction provided, has resulted in significant reprocessing
capacity now on line. With the utilization of this reprocessing capacity, 1 0 - 1 5
tonnes of plutonium were isolated in 1990, and the rate of isolation of the
plutonium is expected to grow to about 25 tonnes annually by 2000.

In addition to the significantly reduced electricity demand growth rate, two other
factors have impacted the present and projected inventories of isolated plutonium.

First, the known uranium resources worldwide have increased significantly, thus
reducing the pressure to find and develop alternate nuclear fuels. Second, there
have been technical problems with the fast breeder reactor (FBR) so that the FBR
development has been delayed in all countries. The effect of these two factors has
been both to reduce the demand for isolated plutonium and to increase the
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uncertainty about future plutonium requirements. The existence and growth of the
inventories of isolated plutonium have led to efforts to utilize it. The result of
these efforts has been the development of MOX fuel for use in thermal reactors.

Economics of MOX Fuel

The evaluation of the economics of MOX as a nuclear fuel in thermal reactors is
quite straightforward. One must compare the costs of a typical low enrichment
uranium fuel cycle:

the cost of natural uranium,
plus the cost of sufficient enrichment services to produce the
requisite low enrichment level for uranium fuel,
plus the cost of fabrication of the low enriched natural uranium into
fuel assemblies,

with the equivalent costs of a MOX fuel cycle:
the cost of plutonium,
plus the cost of (natural or depleted) uranium for matrix material,
plus the cost of fabrication of the MOX fuel.

(To provide a complete cost comparison, the cost saving of final disposal of
reprocessed waste instead of disposal of spent nuclear fuel from the once through
cycle should also be included. However, since no final disposal has been
completed for any fuel, these costs differences are difficult to estimate.) If the
reprocessing costs are included as a component cost of the plutonium, most
analysts conclude that the reprocessing of spent fuel and recycling the plutonium
are significantly more costly than the once through (direct disposal) option.
However, if the investment in spent fuel reprocessing and plutonium isolation is
considered a "sunk cost" (an investment made long ago when the future of the fuel
cycle appeared very different from the present reality - see assumptions above),
the plutonium may be considered as a "free" material. This is because it is
presently available and there are real costs of not utilizing it quickly (see below).
In this case, the comparison of plutonium recycle in thermal reactors as MOX, with
the typical uranium cycle, are closer in costs but still appear to favour the uranium
cycle. This is because fabrication facilities for MOX fuel are more costly for three
reasons. First, although reactor grade plutonium is not an ideal material for
weapons, it can be so used. Therefore, MOX facilities must include security
features to guard against weapon proliferation concerns. Second, because
plutonium is quite toxic and has a relatively small critical mass, special safety
features must be included. Thirdly, because of plutonium-241 decay to americium-
241 which decays by gamma emission, more radiation protection for workers in
MOX facilities must be provided (this problem continues to increase with increasing
time between the reprocessing/isolating of the plutonium and fabrication of the
plutonium into MOX fuel).

Conclusion

Because MOX fabrication facilities are more expensive, and the need for them is
dependent on uncertain forecast economics and demand, investment in and
development of such facilities is likely to be delayed. With the growing rate of
isolation of plutonium and the very slow growing rate of use of plutonium, the
inventories of isolated plutonium will continue to grow. Now, what should we do
with the stuff?...
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