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	In Greek mythology, Pluto was another name for Hades, god of the underworld, a very unpleasant character as we all know.  In his Pluto personification, however, Hades was also the Giver of Wealth.  I'm not sure whether this bit of trivia was known to the discoverers of plutonium when they bestowed the name of the ninth plant on element 94, but it isn't a bad metaphor for the long-running debate over plutonium policy.





	Is plutonium the unmitigated evil depicted by those who favor its permanent banishment, if not to Hades then at least in the same general direction; is it the long-sought key to unlimited energy resources, a giver of wealth; or does it have elements of both these personalities?  To arrive at sensible plutonium policies - and I include in that term reprocessing policy - we need to separate misconception from fact.





	A good place to start is with plutonium toxicity.  As this audience is well aware plutonium, contrary to an oft-repeated claim, is not one of the most toxic substances known to man, or anything approaching that level.  As a plutonium worker in Los Alamos in 1945-46, I doubt very much that I would be on this panel today if it were.  We were well aware then that plutonium is a hazardous material that must be handled with great care, and we did so.  Needless to say, however, we had neither the means nor the time to take the precautions that are required today, but we all, to the best of my knowledge, survived without ill effects.  The exaggerated perception of plutonium toxicity may seem to have little to do with the knottier issue of proliferation, but this misconception is an integral part of the attitudes and beliefs that have made objective discussion of the plutonium issue so difficult.  





	But let's move on to proliferation.  The central fact for any policy analysis is that plutonium, both separated and in spent fuel, already exists in large amounts, and, with some 1,000 thermal GW of reactor capacity in operation worldwide, it is obviously accumulating at rates far in excess of the highest level ever reached by defense production.  Moreover, this production is dispersed among some 30 countries, meaning at least that many separate points of decision as to its ultimate use or disposition.  Fortunately, the nonproliferation regime provides us with a high degree of assurance that very little, and most likely none, of this civil plutonium will be transformed into nuclear weapons, but it is self-evident that the accumulation itself has undesirable implications for the long-term avoidance of proliferation.











	Misconception number 1 is that the proliferation risks of plutonium were somehow overlooked in the early euphoria of Atoms-for-Peace.  The corollary, of course, is that we now must correct the mistakes and oversights of the past.  In fact, the special proliferation risks of plutonium have always been recognized.  By way of examples, the Statute of the International Atomic Energy Agency includes provisions, so far not implemented, that authorize the Agency to store plutonium that is excess to the peaceful needs of its members.  Our own early bilateral agreements contained, and still contain, provisions giving us a voice in where and how reprocessing was carried out.  These arrangements reflect the expectation that plutonium would be used as a nuclear fuel, but that its accumulation and use would be carefully controlled and safeguarded.





	If anything, nonproliferation policy evolved with an almost single-minded preoccupation with plutonium which originated in another myth, the "enrichment mystique," that only the most technologically advanced nations could succeed in enriching uranium and only the U.S. could do so economically.  For a number of years, plutonium was, in fact, the preferred route to first nuclear explosives, with the only exception - China - being attributed to Soviet help on enrichment.  The more recent examples of Pakistan, South Africa, Argentina, and Iraq have demonstrated that enrichment is not the exclusive province of the technological elite.  The emergence of enrichment as a realistic proliferation risk even for less advanced countries does not, of course, justify the relaxation of concern for plutonium, but the preoccupation with plutonium that still characterizes the debate is factually misleading and, once again, tends to inhibit objective analysis.





	By far the most serious misconception, however, is that if we just refrain from reprocessing, there will be no weapons-usable plutonium, thus avoiding the proliferation risk of separated plutonium.  This misconception is buttressed by the further misconception that to ensure that reprocessing doesn't happen in the future, we can and should permanently dispose of spent fuel.





	To find out what's wrong with this simple picture, we need to look at the issue objectively and analytically.  





	While many variations and combinations are possible, there are only a few basic possibilities for dealing with the accumulating stocks of civil plutonium:





	o	It can be left in fuel assemblies, either at the reactor sites themselves or in retrievable repositories elsewhere.





	o	It can, in theory, be permanently and irretrievably disposed of.





	o	It can be separated and recovered from spent fuel and stored as pure plutonium for future use.





	o	It can be returned as fuel to reactors, either breeders where it will increase gradually in quantity, or to converters, or even burner-uppers, where it will decrease at a rate that depends on the reactor design.





	Now we need to look at the practical and nonproliferation implications of each of these possibilities in turn.





	o	Retrievable Storage.  It is a truism that so long as plutonium remains in irradiated fuel, it cannot be used for nuclear weapons, but the flaw in this is that we cannot assure that it will remain in this unusable form.  The key point, as experience has shown, is that reprocessing is not a difficult obstacle for even moderately, industrialized, developing countries to overcome; witness India, North Korea, and Argentina, not to mention the numerous more   industrialized countries that have engaged in reprocessing.  Nor should we overlook that the reprocessing barrier becomes progressively easier to overcome with the passage of time.  After 50 years, the fission product content of spent LWR fuel is only 5% of its level after one year, with corresponding implications for the cost and difficulty of reprocessing.





	o	Permanent, Irretrievable Disposal.  Irretrievable disposal is an oxymoron.  While we can increase the cost and difficulty of retrieval of spent fuel from geological repositories by closure or backfilling, the suggestion that what was emplaced can never be recovered defies common sense.  Even if feasible, however, immediate or near-term irretrievable disposal would be environmentally irresponsible.  This is explicitly recognized in NRC regulations that call for a 50 year period of retrievability.  Thus, permanent irretrievable disposal is not an available solution to the problem of plutonium accumulation for many decades, and quite possibly indefinitely.  In short, it differs only in degree from retrievable storage.  Neither is it a solution that appeals to other countries, who continue to attach great importance to the energy security significance of their plutonium stocks.  If the U.S. succeeds in its plans to discard the energy value of spent fuel, it is likely to be the only country to do so in more than demonstration quantities.





	o	Separated Plutonium Storage.  To a considerable degree, this option is already being followed, in part because the development and application of plutonium utilization technology has not kept pace with the availability of separated plutonium from civil reprocessing facilities in several countries.  Plutonium from weapons stockpiles falls in the same category.  Unlike highly enriched uranium which can be rendered unusable for nuclear weapons simply by dilution, this plutonium cannot be made unsuitable for nuclear explosive use.





		We can and should reduce the proliferation risks of separated plutonium by storage under IAEA auspices, but we should not deceive ourselves that this constitutes a full and permanent solution.  Plutonium storage sites still must be located on sovereign national territory, under agreements that are likely to be of finite duration and allow withdrawal under various conditions.  In fact, the Agency's Statute envisions the storage only of amounts in excess of peaceful needs.   Agreements aside, the countries where storage sites are located will obviously possess the power to terminate international custody and take possession of the stocks.  International storage is a desirable development that reduces the risk of improper use, but it does not eliminate it.





	o	Plutonium Use.  We can get rid of plutonium only by burning it in reactors.  By doing so, some will be consumed and still more could be rendered unusable by changing its isotopic composition.  In the process, large amounts of separated plutonium would be quickly immobilized by transformation into irradiated, in-core inventories.





		All types of reactors have, in principle, the ability to make use of plutonium fuel, but this capability varies greatly both quantitatively and qualitatively, with important implications for nonproliferation policy.  Each 1000MW LWR produces about 250kg of plutonium annually.  When we operate one of these reactors with plutonium recycle, we tie up in the range of 1000kg of previously separated plutonium in the core inventory and reduce the net plutonium production over time by about one-third.





		If we fuel a liquid metal reactor with plutonium, we tie up between 12 and 20 tons of plutonium in inventory.  If the reactor is a breeder, there is net plutonium production, but - and here is another misconception that needs to be corrected - even with breeders, we do not get this inventory back through new production for many years, and if we install breeders on a continuing basis, we may never get it back.  Liquid metal reactors, whether breeders or converters, are very effective plutonium sinks.





		LWRs can also be built and operated as converter reactors.  In fact, this is easier to accomplish than breeding.  If we operate a 1000MW LWR as a converter with a conversion ratio of 60%, it will consume nearly 400kg/year of plutonium, almost twice as much as a 1000MW LWR makes.  This means that if we build somewhat more than half as many of such LWRs as the number of LWRs already in existence, the net global production of civil plutonium would be reduced to zero.  In the process, we would absorb enormous amounts of the existing stocks of plutonium for the initial fuel inventory of these reactors.  If we simply burn the plutonium in burner-uppers, we get rid of on the order of 1000kg annually for each 1000MWe reactor.





	These are facts that are almost invariably overlooked in the rhetoric of plutonium avoidance.  Another misconception concerns safeguards.  Effective safeguarding of large Purex reprocessing plants, as well as fabrication plants, meaning the detection of significant diversion soon after it occurs, is technically tough, but it is certainly achievable.  Near real time accountancy is useful, but the key to effective safeguards of these facilities is continuous inspection and extensive containment and surveillance.  Safeguards involvement from the very beginning of design, as well as design verification, are also essential.





	Safeguards effectiveness is often confused with the issue of remedies for diversion if it occurs, the argument being that diversion of separated plutonium leaves inadequate time "for diplomacy to work."  The evidence that diplomacy works better when it has all the time in the world is far from convincing, witness the apparently unsuccessful efforts over a number of years to dissuade Pakistan from developing nuclear explosives.  The key requirement is not time but the resolve of the international community to take effective action against diversion or other violations of nonproliferation norms. 





	Advocates of once-through fuel cycles now acknowledge that permanent irretrievable storage is not achievable.  This is a welcome improvement in the objectivity of the debate, but the argument falls back on the supposed nonproliferation benefits of increased warning time afforded by the need to retrieve and reprocess stored spent fuel.  This argument fails to deal with the fact that large quantities of separated plutonium already exist and are increasing.  More importantly, even while acknowledging the retrievability of stored spent fuel, it does not face up to the implications of this fact and provide any rationale for the contention that it is better to allow the decisions on plutonium use to be made in the future than now.  A similar approach to dealing with accumulations of other hazardous substances would obviously be unacceptable.  It is time to seriously question not only the soundness, but the fairness and even the morality of a policy that leaves entirely to future generations the decisions on when, where and for what reasons the plutonium that we create is separated and put to use.





	Plutonium mythology is not, however, a one-way street.  Despite a number of attempts over the years, the U.S. Government has still not entirely overcome the suspicion that power reactor plutonium is not really a practical weapons-usable material.  Otherwise knowledgeable observers understand that it can be used, and many recall that the U.S. actually made and tested an explosive device from high exposure plutonium many years ago, but some suspect, incorrectly as I understand it, that this is a trick that only the experienced weapons states can manage.  





	Nonproliferation policy and international safeguards have always been based on the assumption that a would-be proliferator could produce a usable nuclear weapon from power reactor plutonium.  Given the recurrent doubts which can adversely affect how this policy is implemented, however, the U.S. Government should, in its own interest, provide an unambiguous answer the key question of whether an inexperienced proliferator would be able to make an explosive device from high exposure plutonium.





	If plutonium from a single LWR cycle is recycled repeatedly, as it can be to a fast reactor, not only will plutonium and the higher actinides be consumed but a point will be reached when those that remain can no longer be practically used for weapons.  This, of course, is the realm of actinide burning.  If this recycle is accomplished in the IFR fuel cycle, residual plutonium is not separated from this mixture or even from many fission products and its recovery would be of roughly the same order of difficulty as for spent fuel reprocessing.  To assess the nonproliferation implications of such fuel cycles, additional information on the criteria of weapons usability is required and it is my impression that such information can be made available within the constraints of classification.  This, too, should be done.





	Since power reactor plutonium is a weapons-usable material, the power reactor fuel cycle is a plausible route to proliferation, but experience has shown that it is an improbable one.  If we look at the proliferation or attempted proliferation that has occurred. not a single case has involved the use of plutonium from the civil reactor fuel cycle.  Instead, proliferation or proliferation threats have always first involved small facilities dedicated to production of weapons-grade material.  Often, especially in the case of attempted concealment, these facilities have been euphemistically called research or development facilities, but that has not changed their basic nature.  It is not surprising that proliferation has come about in this way.  The controls of the nonproliferation regime have worked, pushing would be proliferators to clandestine, undeclared programs.  Moreover, would-be proliferators, especially the relatively unindustrialized countries of principal proliferation concern, do not want to compound the high political and strategic risks of proliferation by taking on the added technological risk of the difficult, sophisticated, high technologies that characterize today's commercial fuel cycle.  The breeder, pyroprocessing, laser enrichment and other advanced technologies now under development are even less likely to be chosen by proliferators.  It is no accident that North Korea built a graphite moderated reactor not unlike our own earliest production reactors and that Iraq put its main effort and made its greatest progress on electromagnetic isotope separation, a technology that we had abandoned by the end of World War II.





	Much of the opposition to plutonium use is based on another misconception:  a proliferation model which was popularized some years ago and which sees the civil nuclear fuel cycle as the principal proliferation threat, despite all of our experience to the contrary.  Another feature of this model is the proposition that to avoid giving proliferation-prone countries access to risky technologies, we have to avoid these technologies everywhere, including in the U.S. itself.  This proposition is equally unfounded.  U.S. cooperation in the peaceful uses of nuclear energy has always been highly selective, yet has not created precedents for uniform treatment that this model predicts.  The Nuclear Nonproliferation Act itself calls for selective treatment and case-by-case consideration for all significant nuclear exports.  It is unlikely that the Congress would have prescribed these measures in the belief that they were unworkable.





	What does all of this have to say about demythologizing plutonium?  Plutonium does, of course, exhibit the dual personalities that its name coincidentally connoted in mythology.  It is a serious proliferation risk and it is a giver of wealth, the key to unlocking energy on a nearly inexhaustible scale.  But it is a proliferation risk in any form, and the policy or practice of the once-through fuel cycle simply assures that it will remain a risk in larger quantities, for longer periods, and in more locations than would otherwise be the case.





	We can get rid of plutonium only by consuming it.  No combination of technologies will dispose of the already existing and growing plutonium stocks quickly, but we owe it to ourselves and future generations to develop the technologies, to put in place the institutions and arrangements, and at least initiate the programs that will clearly point the way and start the process that will result in long-term balance in plutonium production and consumption.





	Some may say "what's the problem?"  At last report, the once-through fuel cycle is not mandatory under current U.S. policy and the U.S. no longer seeks to impose it on its partners who are committed to nonproliferation and who have a serious technical and economic justification for plutonium use.  Universal or widespread reprocessing and plutonium use would be foolhardy, and I know of no one who advocates this.  Nevertheless, the continued pressures to return to a policy of plutonium avoidance are real and they take their toll on the viability of plutonium use programs elsewhere, and programs both in the U.S. and elsewhere to develop the technologies needed to make future responsible use of plutonium.





	Reprocessing is not likely to arise full-blown in the U.S. from the ashes of Barnwell.  Rather, the U.S. role for the foreseeable future, and it is a vital one, is to continue to be in the forefront of the development of the technologies that will assure the responsible, proliferation-resistant use of plutonium in the future.





	Because plutonium is a proliferation risk and elicits sincerely held if often exaggerated fears on the part of the public and policy makers alike in many nations, those who choose to pursue its use also have a special obligation.  This is not merely to allow but to insist that the activities involved be subject to the most effective and transparent international safeguards that the IAEA is capable of applying.  Legalistic constraints on inspection access and transparency will only arouse suspicion and ensure a continuation of the pressures that could result at any time in renewed prohibitions.





Thank you.	 
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