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Abstract – Denatured reactor plutonium with a 238 Pu isotopic content of ;6% or somewhat more can
be produced in a suitably adapted fuel cycle. Several such fuel cycle options are proposed. Reenriched
reprocessed 235 U/ 236 U/ 238 U, which can be blended with some low-enriched 235 U/ 238 U fuel, leads, after
one burnup cycle of 50 to 60 GWd/tonne in a pressurized water reactor (PWR) core, to denatured reactor
plutonium with more than 8% 238 Pu isotopic content. Presently existing reactor plutonium with ;2.8%
238
Pu from spent fuel with a burnup of 50 GWd/tonne can also be converted in PWRs, during one or two
burnup cycles over 50 to 60 GWd/tonne into denatured reactor plutonium. This is also demonstrated by
burnup calculations for different fuel cycle scenarios using, e.g., reenriched reprocessed uranium, thorium, and minor actinides. Denatured reactor plutonium with 6% or somewhat more 238 Pu isotopic
content can be considered as a proliferation-resistant fuel and could be treated like low-enriched (⬍20%
235 U) uranium fuel. It can be incinerated by multiple recycling in PWRs or fast reactors. Advanced
aqueous reprocessing or pyroprocessing as well as related refabrication methods, as they are being
developed for transmutation scenarios of the minor actinides, would be best suited for such adapted fuel
cycle options. Safeguards needs and aspects for the different proposed fuel cycle options are discussed.

I. INTRODUCTION

for the incineration of the plutonium contained in spent
fuel elements by recycling it 2,3 under relieved International Atomic Energy Agency ~IAEA! safeguards in a
civil plutonium fuel cycle. However, this will require the
production of 238 Pu in sufficient quantities in an adapted
fuel cycle. It would also require modern reprocessing
and, e.g., mixed-oxide ~MOX! refabrication technologies which are already under development.4– 6

In Ref. 1 it is demonstrated that reactor plutonium
with an increased isotopic content of ;6% or somewhat
more 238 Pu can be regarded as proliferation resistant.
The utilization of such so-called denatured plutonium
would be unsuitable for a nuclear explosive device ~NED!,
because the high explosive lenses surrounding the plutonium would partially melt, or their elevated temperature would lead to self-ignition and explosion. This would
bring denatured reactor plutonium to a similar level as
that of denatured uranium ~,20% 235 U! with regard to
its proliferation resistance. Eventually, this would allow

II. REVIEW OF EARLIER PUBLICATIONS
AND PURPOSE OF THIS PAPER

During and just after the International Nuclear
Fuel Cycle Evaluation Program,7 several papers were
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