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Abstract


Little attention has been paid to the problem of HEU-fueled critical assemblies and pulsed reactors because they have lifetime cores.   But a significant fraction of them contain sufficient lightly-irradiated weapon-grade uranium to make one or more nuclear weapons.  


Little attention has been paid to the problem of HEU-fueled ship-propulsion reactors because all but a small number are in the secret domain of the nuclear Navies.  A slightly more accessible window into this problem is provided, however, by Russia’s nuclear-powered icebreakers and a new generation of floating nuclear power plants that Russia proposes to build using the same reactor technology.

Critical assemblies.  There are about 50 highly enriched uranium (HEU) fueled critical assemblies worldwide.  More than half of these are in Russia.  They are mockups of a variety of types of reactor:

· Many are mockups of HEU-fueled research reactors with a few kilograms of HEU in their cores.  The mockups can and often are being converted to low-enriched uranium (LEU) when the associated research reactors are converted.

· A few are mockups of space reactors and have core inventories ranging from tens to over a hundred kg of weapon-grade uranium.  No space reactors have been launched since the end of the Cold War.   NASA considered developing such a reactor recently but postponed the project indefinitely because of cost.   

· About ten are mockups of naval reactors and contain more than one hundred kg of HEU in their cores. 

· Finally, some critical assemblies are mockups of fast-neutron power reactors.  These reactors are supposed to be fueled with plutonium and other transuranic elements but historically, HEU fuel has been more available and some of the mockups have ton-quantities of HEU.   One of the remarkable facts is that much of this HEU is weapon-grade, even though the equivalent enrichment of the cores of large fast reactors is less than 30 percent.   Because of the availability of weapon-grade uranium, however, most fast critical facilities simulate lower enrichments by interleaving weapon-grade and depleted uranium.  

Most HEU-fueled critical facilities are no longer needed because, for standard reactor types, neutronics codes are well tested and computers are now fast enough so that it is possible to make a detailed virtual simulation of the reactor.  Where HEU-fueled critical assemblies are still needed to do new types of experiments to calibrate new neutronics codes, this can be done in a smaller number of centralized facilities to which user groups from other facilities can come to do experiments.  

Such consolidation has already largely occurred in Europe, which has only 5 HEU-fueled critical facilities.  Of these five, three could and should be converted and two are fast-neutron reactors.  One of these is the Masurca reactor at Cadarache, which, as discussed by Massimo Salvatores in a later session in this workshop, has only 30-percent enriched HEU and is used by groups from all over the world.  If Europe can do all its nuclear research with only one HEU-fueled critical assembly fueled with 30-percent-enriched uranium, does Russia need thirty fueled with weapon-grade uranium?

Pulsed reactors.  There are about twenty pulsed reactors in the world.   Nineteen are fueled with weapon-grade uranium.  About two thirds are in Russia. They contain collectively about 2 tons of HEU.  Eighty percent are in nuclear-weapon labs or military testing facilities and are used primarily to test the effects of nearby nuclear explosions on nuclear warheads and other equipment. 

Here too computers are fast enough so that it is possible to simulate these effects accurately and the computer codes are well tested.  The U.S. is retiring two of its three pulsed reactors at its nuclear-weapon laboratories next year because of the high costs of providing security for their HEU fuel.   Computer simulations will replace them.

If it is necessary to keep a pulsed reactor, consideration should be given to the possibility of conversion to low-enriched uranium (LEU).   A group at one of Russia’s nuclear-weapon laboratories, the Institute of Experimental Physics in Sarov has proposed to do a feasibility study on the conversion of its BIGR pulsed reactor.  The core of BIGR contains 833 kg of 90-percent-enriched uranium.

Propulsion reactors.  Nuclear reactors were once expected to be used to power civilian ships but were too costly.  Today, about 200 reactors power submarines and aircraft carriers.   Twenty years ago there were 500.  In the case of Russia, the U.K. and the U.S, these reactors are HEU fueled.   The U.S.  and U.K. use weapon-grade HEU. 

Russia has seven nuclear-powered icebreakers based in Murmansk.  Conversion of their reactors to LEU appears possible because LEU fuel has been developed for a derivative reactor that Russia hopes to export in large numbers in barge-mounted nuclear power plants. 

In 1994, Congress asked the U.S. Navy whether it could convert from weapon-grade uranium to LEU. To preserve core longevity with LEU fuel, it must contain approximately the same amount of U-235 plus enough U-238 to dilute the U-235 below 20 percent of the total uranium.  The Office of Naval Nuclear Propulsion (ONNP) concluded that this would be impossible because the density of uranium in that fuel had already been increased to a maximum.  

The latest U.S. Virginia-class submarines have cores designed to have lives as long as the ships,  i.e. 33 years.   ONNP asserted that, to preserve core longevity with LEU, the core volume would have to be increased threefold with corresponding increases in the size and weight of the pressure vessel, the reactor compartment, and ultimately the displacement and cost of the ship.  Or it would be necessary to refuel every 7.5-14 years. 

France has developed LEU fuel for its Rubis-class submarines but they have to be refueled every ten years.  Refueling is a major operation for U.S. submarines since, unlike the French submarines, which have large refueling hatches,  U.S. submarines are cut open to replace the spent fuel and then welded shut again.

It might be feasible to convert Russia’s nuclear submarines.  They are refueled every 7-10 years and their cores are believed to be enriched to only 21-45 percent.
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