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Recent news articles have noted a major milestone in radioactive waste management, the first shipment of transuranic waste to permanent disposal at the Waste Isolation Pilot Plant (WIPP) in New Mexico.  Safety assessment of WIPP, and related controversy, have focused on the consequences of inadvertent human intrusion during future drilling for oil and natural gas.  Intentional human intrusion has received less attention.  WIPP will ultimately contain a minimum of 2.7 tons of plutonium now in buried and stored waste materials at various DOE sites, plus 3 or more tons of plutonium from the Rocky Flats depending on disposal criteria ultimately adopted there [1].  This plutonium is sufficient for many hundreds of nuclear explosives with yields ranging >from kilotons to megatons, depending on design sophistication.  A substantial fraction will be in chemical forms allowing recovery at lower unit cost than the original overt mass production; most of it would be attractive source material compared to clandestine production.

When WIPP's military plutonium is eventually submitted for international safeguards the International Atomic Energy Agency will likely determine, as with commercial spent fuel [2], that WIPP will require permanent safeguards monitoring because WIPP's plutonium can not be classified as practicably irrecoverable and because the geologic overburden of repositories, in particular WIPP's soft rock, provides only a modest barrier to recovery by clandestine or overt tunneling [3].  In an ideal future world where arms control has safely reduced nuclear weapons stockpiles to levels substantially below today's, the clandestine recovery of such quantities of plutonium would have substantial strategic implications. Current waste-management trajectories toward widely dispersed, long-term surface storage at decommissioned facilities, and large numbers of national repositories, have the potential to substantially increase future uncertainty about fissile material status, above the background created by potential clandestine production and imperfect verification of previous unsafeguarded military production.  

In focusing on the consequences of inadvertent drilling at WIPP, we must presume a major breakdown of future safeguards monitoring and arms control.  Similarly, the focus at Yucca Mountain on doses to a maximally exposed subsistence farmer presumes a breakdown of rudimentary public health capabilities for monitoring ground water.  While these assumptions may be reasonably conservative in the context of radioactive waste disposal, the implications of such institutional breakdown are quite frightening when extrapolated to the future management of the other major twentieth century legacies:  the invention of nuclear weapons, widespread chemical contamination of groundwater, and climate change from large-scale fossil fuel use.  

Perhaps the best policy for protecting future generations is to presume their intelligence and ability, and focus instead on leaving them robustly sustainable technologies, institutions, and environmental conditions.  For nuclear fission technologies, this should involve efforts to extend concepts for passive safety systems to include design for regulatory simplicity and for passive proliferation resistance of the integrated fuel cycle.  Because spent fuel requires permanent safeguards monitoring, technological development to reverse its accumulation is justified whether future long-term use of fission continues to include commodity electricity generation or is restricted to specialty applications like underwater propulsion and isotope production.  Here the focus of the new DOE Nuclear Energy Research Initiative on proliferation resistant fuel cycle technologies is laudatory.  Particularly intriguing is the potential of lead-cooled reactor technology, which was abandoned here in favor of sodium's rapid breeding capability but was demonstrated in Russian submarines.  The high atomic weight of lead allows virtually all fission neutron energy to be used in burning actinides and long-lived fission products, and leads easily to negative temperature and void reactivity coefficients.  Homogeneous cores are possible, allowing volatility-based fuel recycle methods that eliminate uranium and plutonium separation from blankets.  In whatever form, transition toward a fuel cycle that generates waste streams qualifying unambiguously for permanent safeguards termination should remain a key goal for nuclear energy research and development.
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