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SUMMARY

Current light water reactor fuel cycldsWRs) were originally envisioned tanclude
continuos reprocessing of spent fuel and the eventual use of fast reactor technology to close
the fuelcycle. Failure to evolve beyond current once-through fuel cyw@ssresulted in
unabatedgrowth in plutonium inventories. Globally, civilian reactors have discharged
some 1400metrictons (MT) of plutonium, and this inventory igrojected togrow by 75

MT per year [Albrightet. al. 1997]. In additionsome 100 MT of US and Russian
military plutonium has been declarecexcess and isgarmarkedfor disposition. In
recognition of the proliferationsks associated with botmilitary and civilian, separated

and unseparated plutonium stocks, many experts have called for burning plutonium beyond
the spent fuel standard [NAS 1994].

Nuclear transmutation is the only way to reduce existing plutonium invent@snced
nuclear systems such aaccelerators and fast-spectrum reactors are not likely to be
constructed on any significant scéte three or morelecades. Thus, by defauliyVRs
are theonly vehiclesavailable todestroy significant quantities of plutonium tine near
term. Mixed uranium-plutonium dioxide (MOXels are alreadyused to burrplutonium

in the LWRs of severahations. Unfortunately, some of neutrons produced when MOX
fuel plutoniumfissionsare captured in MOX’s uraniunvhich breeding morglutonium.
This in situ plutonium production substantially reduces tm@aximum net plutonium
destruction possible in MOX. Proliferation resistant fuf@fRFs) encapsulate the
plutonium and burnablpoisons in a non-uranium matrixBecause they do not contain
uranium, PRFs daot produce plutonium. Consequentlihe use of PRFscan destroy
more plutonium than these ofMOX over identical reactocycles. Both one-third MOX
and one-thirdPRF LWR cores produce plutonium ithe two-thirds ofthe core that is
loaded with UQ. However, the one-third PRIere yields a netonsumptionof 90 kg of
plutonium whereas a one-thiMOX core produces70 kg as shown in Figure This is
because the one-third of the core loaded with MOX fuel consumes30#yof itsoriginal
plutonium content whereas PRF fuel consumes as mu8%sas shown in Figure 2. In
addition, the spent PRFplutonium isotopicsare significantly more denatured than that of
spentMOX and contain negligiblé**Pu and over 50wt%"Pu as shown in Figure 3.
Thus, PRFplutonium is burned well beyonthe spent fuelstandard. PRFgan be
incorporated into steady state LWR fagkles,meeting existingsafety envelopes without
reactor modification. Thé’RF is burnedand thendisposed of without any further
reprocessingThe Swiss, Japanese and Frenele also interested irthe advantages of
managing their plutonium inventories with proliferation resisthrgls [Akie 1994,
Degueldre1995]. By varying cycle and PRF parameters, &ll spectrum of global
plutonium inventory management strategiasging from sharp reductions tmntrolled
growth, including maintenance of an equilibrium inventory, could be achieved.
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Figure 1. Figure 2.
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PRFscanalso be used toeduce long-term repositorsisk. Actinides and long-lived
fission products (LLFPs) are the primary source of geologic reposigaiihrisks. PRFs
contain no uraniunwhich significantly reduceshe production ofactinides. Although a
smalleradvantage, LLFPsan be incorporated infoesh PRFand burned inLWRs. In
addition, proposed PRE&eramic matrices are more chemicallyrable wastdorms than

MOX, which reduces nuclide release rates and further reduces overall repository risk. This
enhanced chemical durabilitglso preventsthe use of common commerciachemical
processing technology to recover plutonium frdPRFs, thus raisingthe chemical
proliferation barrier above that of MOX fuels.
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