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    Abstract

        
            A program has been initiated for the purpose of developing the chemical separations technologies necessary to support a large Accelerator Transmutation of Waste (ATW) system capable of dealing with the projected inventory of spent fuel from the commercial nuclear power stations in the United States. The baseline process selected combines aqueous and pyrochemical processes to enable the efficient separation of uranium, technetium, iodine, and the transuranic elements from LWR spent fuel. The diversity of processing methods was chosen for both technical and economic factors. A six-year technology evaluation and development program is foreseen, by the end of which an informed decision can be made on proceeding with demonstration of the ATW system.
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                    Chemical partitioning technologies for an ATW system

                    
                        Journal Article
                            Laidler, James; Burris, Leslie; Collins, Emory; ...  - Progress in Nuclear Energy
                            

                    A roadmap for the development of the technology of an Accelerator Transmutation of Waste (ATW) system was recently submitted to the U.S. Congress by the U.S. Department of Energy. One element of this roadmap was a development plan for the separations technologies that would be required to support an ATW system operating with a sustained feed of 1,450 tonnes of commercial light water reactor spent fuel per year. A Technical Working Group was constituted to identify appropriate separations processes and prepare a plan for their development. The baseline process selected combines aqueous and pyrochemical processes to enable efficient separation ofmore » uranium, technetium, iodine, and the transuranic elements from LWR spent fuel in the head-end step. For the recycle of unburned transuranics and newly-generated technetium and iodine from irradiated ATW transmuter assemblies, which were given to be metallic in form, a second and quite different pyrochemical process was identified. The diversity of processing methods was chosen for both technical and economic factors; aqueous methods are deemed to be better suited to large tonnages of commercial oxide spent fuel, while it is considered that pyrochemical processes can be exploited effectively in smaller-scale operations, particularly when the application is to metallic fuels or targets. A six-year technology evaluation and development program is foreseen, by the end of which an informed decision can be made on proceeding with demonstration of the ATW system.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Preparation of a technology development roadmap for the Accelerator Transmutation of Waste (ATW) System : report of the ATW separations technologies and waste forms technical working group.

                    
                        Technical Report
                            Collins, E; Duguid, J; Henry, R; ... 
                            

                    In response to a Congressional mandate to prepare a roadmap for the development of Accelerator Transmutation of Waste (ATW) technology, a Technical Working Group comprised of members from various DOE laboratories was convened in March 1999 for the purpose of preparing that part of the technology development roadmap dealing with the separation of certain radionuclides for transmutation and the disposal of residual radioactive wastes from these partitioning operations. The Technical Working Group for ATW Separations Technologies and Waste Forms completed its work in June 1999, having carefully considered the technology options available. A baseline process flowsheet and backup process weremore » identified for initial emphasis in a future research, development and demonstration program. The baseline process combines aqueous and pyrochemical processes to permit the efficient separation of the uranium, technetium, iodine and transuranic elements from the light water reactor (LWR) fuel in the head-end step. The backup process is an all- pyrochemical system. In conjunction with the aqueous process, the baseline flowsheet includes a pyrochemical process to prepare the transuranic material for fabrication of the ATW fuel assemblies. For the internal ATW fuel cycle the baseline process specifies another pyrochemical process to extract the transuranic elements, Tc and 1 from the ATW fuel. Fission products not separated for transmutation and trace amounts of actinide elements would be directed to two high-level waste forms, one a zirconium-based alloy and the other a glass/sodalite composite. Baseline cost and schedule estimates are provided for a RD&D program that would provide a full-scale demonstration of the complete separations and waste production flowsheet within 20 years.« less
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                    Chemical separations schemes for partitioning and transmutation systems.

                    
                        Conference
                            Laidler, J
                            

                    In the initial phase of the U.S. Accelerator Transmutation of Waste (ATW) program, a single-tier system was foreseen in which the transuranics and long-lived fission products (specifically, {sup 99}Tc and {sup 129}I) recovered from spent LWR oxide fuel would be sent directly to an accelerator-driven transmuter reactor [1]. Because the quantity of fuel to be processed annually was so large (almost 1,500 tons per year), an aqueous solvent extraction process was chosen for LWR fuel processing. Without the need to separate transuranics from one another for feed to the transmuter, it became appropriate to develop an advanced aqueous separations methodmore » that became known as UREX. The UREX process employs an added reagent (acetohydroxamic acid) that suppresses the extraction of plutonium and promotes the extraction of technetium together with uranium. Technetium can then be efficiently removed from the uranium; the recovered uranium, being highly decontaminated, can be disposed of as a low-level waste or stored in an unshielded facility for future use. Plutonium and the other transuranic elements, plus the remaining fission products, are directed to the liquid waste stream. This stream is calcined, converting the transuranics and fission products to their oxides. The resulting oxide powder, now representing only about four percent of the original mass of the spent fuel, is reduced to metallic form by means of a pyrometallurgical process. Subsequently, the transuranics are separated from the fission products in another pyro-metallurgical step involving molten salt electrorefining.« less
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                    A closed, proliferation-resistant fuel cycle with Th-U-O{sub 2}-fueled LWRs, Th, U, and Np recycle, and accelerator-driven transmutation of waste (ATW)

                    
                        Conference
                            Beller, Denis; Venneri, Francesco; Sailor, William; ... 
                            

                    In a previous report we described a nuclear energy scenario for the 21. century that included a thorium uranium- oxide (ThUOX) fuel cycle and new light water reactors supported by Accelerator-driven Transmutation of Waste (ATW) systems. A study of the deployment of this coupled system with the closed denatured Th-U (DTU) fuel cycle demonstrated several improvements beyond today's once-through, UO{sub 2}-fueled nuclear technology. These improvements indicated a potential to help revitalize the nuclear energy option in the U.S. and worldwide, while simultaneously meeting U.S. and DOE guidelines for nuclear energy. But much has occurred since that initial study, including amore » congressionally mandated ATW Road map study that has resulted in changes in ATW concepts; increased performance, license extensions, and reactor retirements that result in new projections for the future of U.S. nuclear energy; an announcement from the DOE that neptunium and other minor actinides from spent fuel can be used to construct a nuclear explosive; and interim results of an ongoing study of proliferation risk associated with plutonium. In this update of our previous study, we investigated separation and recycle of neptunium with thorium and uranium--rather than with plutonium and higher actinides-to increase the production of {sup 238}Pu. The presence of {sup 238}Pu degrades the explosive qualities of spent-fuel plutonium. In addition, this alternative process also simplifies the pyrochemical separation of fuel elements (thorium and uranium) from higher actinides. Compared to a once-through, UO{sub 2}-fueled LWR scenario that provides the same growth in nuclear energy production, implementation of the DTU-LWWATW concept with thorium uranium and neptunium recycle would result in the following improvements: inventories of plutonium which may result in weapons proliferation will be reduced in quantity by more than 98 percent and in quality because of 50 times the spontaneous neutron emissions and 25 times the alpha decay heating of weapons-grade plutonium depletion of natural uranium resources would be reduced by about 40 percent, thus extending the lifetime of this resource; more than 99% of actinides for final disposal in nuclear waste will be nearly eliminated; the impact on repository performance of troublesome long-lived fission products {sup 99}Tc and iodine is eliminated because they are either transmuted or confined in stable waste forms, and increased costs associated with ATWS maybe offset by a reduction in fuel-cycle costs.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    ACCELERATOR TRANSMUTATION OF WASTE TECHNOLOGY AND IMPLEMENTATION SCENARIOS

                    
                        Conference
                            BELLER, D; TUYLE, G
                            

                    During 1999, the U.S. Department of Energy, in conjunction with its nuclear laboratories, a national steering committee, and a panel of world experts, developed a roadmap for research, development, demonstration, and deployment of Accelerator-driven Transmutation of Waste (ATW). The ATW concept that was examined in this roadmap study was based on that developed at the Los Alamos National Laboratory (LANL) during the 1990s. The reference deployment scenario in the Roadmap was developed to treat 86,300 tn (metric tonnes initial heavy metal) of spent nuclear fuel that will accumulate through 2035 from existing U.S. nuclear power plants (without license extensions). Themore » disposition of this spent nuclear reactor fuel is an issue of national importance, as is disposition of spent fuel in other nations. The U.S. program for the disposition of this once-through fuel is focused to characterize a candidate site at Yucca Mountain, Nevada for a geological repository for spent fuel and high-level waste. The ATW concept is being examined in the U.S. because removal of plutonium minor actinides, and two very long-lived isotopes from the spent fuel can achieve some important objectives. These objectives include near-elimination of plutonium, reduction of the inventory and mobility of long-lived radionuclides in the repository, and use of the remaining energy content of the spent fuel to produce power. The long-lived radionuclides iodine and technetium have roughly one million year half-lives, and they are candidates for transport into the environment via movement of ground water. The scientists and engineers who contributed to the Roadmap Study determined that the ATW is affordable, doable, and its deployment would support all the objectives. We report the status of the U.S. ATW program describe baseline and alternate technologies, and discuss deployment scenarios to support the existing U.S. nuclear capability and/or future growth with a variety of new fuel cycles.« less
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