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    Abstract

        
            Department of Energy (DOE)-owned spent nuclear fuels encompass many fuel types. In an effort to facilitate criticality analysis for these various fuel types, they were categorized into eight characteristic fuel groups with emphasis on fuel matrix composition. Out of each fuel group, a representative fuel type was chosen for analysis as a bounding case within that fuel group. Generally, burnup data, fissile enrichments, and total fuel and fissile mass govern the selection of the representative or candidate fuel within that group. The Shippingport Light Water Breeder Reactor (LWBR) fuels incorporate more of the conventional materials (zirconium cladding/heavy metal oxides) and fabrication details (rods and spacers) that make them comparable to a typical commercial fuel assembly. The LWBR seed/blanket configuration tested a light-water breeder concept with Th-232/U-233 binary fuel matrix. Reactor design used several assembly configurations at different locations within the same core . The seed assemblies contain the greatest fissile mass per (displaced) unit volume, but the blanket assemblies actually contain more fissile mass in a larger volume; the atom-densities are comparable.

        

    


                        

    	Authors: 
	














    
    
        
        
        
        
        
    

    
    
        
        
        
        
        
    



    Taylor, L L; 
    

    Loo, H H
    







                	Publication Date: 
	Wed Sep 01 00:00:00 EDT 1999


    	Research Org.: 
	Idaho National Lab. (INL), Idaho Falls, ID (United States)


            	Sponsoring Org.: 
	USDOE Office of Environmental Management (EM) (US)


            	OSTI Identifier: 
	769053


            	Report Number(s): 
	DOE/SNF/REP-051
TRN: US0303008


                    	DOE Contract Number:  
	AC07-94ID13223


                	Resource Type: 
	Technical Report


                        	Resource Relation: 
	Other Information: PBD: 1 Sep 1999


                        	Country of Publication: 
	United States


                	Language: 
	English


                	Subject: 
	11 NUCLEAR FUEL CYCLE AND FUEL MATERIALS; 12 MANAGEMENT OF RADIOACTIVE WASTES, AND NON-RADIOACTIVE WASTES FROM NUCLEAR FACILITIES; 21 SPECIFIC NUCLEAR REACTORS AND ASSOCIATED PLANTS; BREEDER REACTORS; BURNUP; CONFIGURATION; CRITICALITY; DESIGN; FABRICATION; NUCLEAR FUELS; OXIDES; SEEDS; SPACERS; WATER; ZIRCONIUM; SPENT FUELS; SPENT NUCLEAR FUEL; CRITICALITY ANALYSIS; FUEL MATRIX; BURNUP DATA; FISSILE ENRICHMENTS; TOTAL MASS; LIGHT WATER BREEDER REACTOR; SEED/BLANKET; BREEDER


                


                        
                            

                            
    
    Citation Formats

    
    
        	MLA
	APA
	Chicago
	BibTeX


    


    
            
        
            
                
                    Taylor, L L, and Loo, H H. Shippingport LWBR (Th/U Oxide) Fuel Characteristics for Disposal Criticality Analysis.  United States: N. p., 1999. 
        Web.  doi:10.2172/769053. 
            

             Copy to clipboard

        
            
        
            
                
                    Taylor, L L, & Loo, H H. Shippingport LWBR (Th/U Oxide) Fuel Characteristics for Disposal Criticality Analysis.  United States.  https://doi.org/10.2172/769053 
            

             Copy to clipboard

        
                
        
            
                
                    Taylor, L L, and Loo, H H. 1999.  
        "Shippingport LWBR (Th/U Oxide) Fuel Characteristics for Disposal Criticality Analysis".  United States.  https://doi.org/10.2172/769053.  https://www.osti.gov/servlets/purl/769053. 
            

             Copy to clipboard

        

        
            
                
                    
@article{osti_769053,

  title        = {Shippingport LWBR (Th/U Oxide) Fuel Characteristics for Disposal Criticality Analysis},

  author       = {Taylor, L L and Loo, H H},

  abstractNote = {Department of Energy (DOE)-owned spent nuclear fuels encompass many fuel types. In an effort to facilitate criticality analysis for these various fuel types, they were categorized into eight characteristic fuel groups with emphasis on fuel matrix composition. Out of each fuel group, a representative fuel type was chosen for analysis as a bounding case within that fuel group. Generally, burnup data, fissile enrichments, and total fuel and fissile mass govern the selection of the representative or candidate fuel within that group. The Shippingport Light Water Breeder Reactor (LWBR) fuels incorporate more of the conventional materials (zirconium cladding/heavy metal oxides) and fabrication details (rods and spacers) that make them comparable to a typical commercial fuel assembly. The LWBR seed/blanket configuration tested a light-water breeder concept with Th-232/U-233 binary fuel matrix. Reactor design used several assembly configurations at different locations within the same core . The seed assemblies contain the greatest fissile mass per (displaced) unit volume, but the blanket assemblies actually contain more fissile mass in a larger volume; the atom-densities are comparable.},

  doi          = {10.2172/769053},

  url          = {https://www.osti.gov/biblio/769053},
  journal      = {},
number       = ,

  volume       = ,

  place        = {United States},

  year         = {Wed Sep 01 00:00:00 EDT 1999},

  month        = {Wed Sep 01 00:00:00 EDT 1999}

}
    
            

             Copy to clipboard

        
            
    



    
    



                        

                    

                    
                        

                
Technical Report:


    
                                     View Technical Report (3.44 MB)
                                

                            https://doi.org/10.2172/769053


    


    Save / Share:
    
        
        
            Export Metadata  
            
                	Endnote
	RIS
	CSV / Excel
	XML
	JSON


            
            
        

        
            Save to My Library
                    
                        
                            You must Sign In or Create an Account in order to save documents to your library.
                        

                    
            
                

        
            
                	
                    Facebook
                
	
                    Twitter
                
	Email
                
	Print
                
	
                    More share options
                    
                        	 LinkedIn
	 Pinterest
	 Tumblr


                    
            
                


            

        

                
    


                    

                

            
                    
            
            
            
                
                
                
                
                

            
            
                    
            
            
            
            
            
            
            
                
                    

                        
                            
                                Similar records in OSTI.GOV collections:

                                
                                	
            










                    Unique thermal and hydraulic features of the Light Water Breeder Reactor (LWBR development program)

                    
                        Technical Report
                            McWilliams, K; Turner, J; Stout, J; ... 
                            

                    The objective of the Light Water Breeder Reactor (LWBR) Program is to develop the technology necessary to significantly improve the fuel utilization of light water thermal reactors. This technology has evolved by developing, designing, and fabricating a reactor core that is operating in the DOE-owned reactor plant at Shippingport, PA. Reactor operation is expected to demonstrate that net breeding of U233 (approximately 1 percent more fissile fuel at end of life than in its initial loading) can be achieved in a light water reactor system using the thorium--uranium-233 fuel system in a seed-blanket core configuration. The design for the LWBRmore » core was developed within the constraints of the Shippingport Plant. This design provides a simulation of a large core environment in the interior of the demonstration core, and permits net breeding in the entire core. In the design hexagonal modules are arranged in a symmetric array surrounded by a reflector blanket region. There are four basic regions: the seed, the standard blanket, the power flattened blanket, and the reflector. The center three sed/blanket moduel design is such that the more highly loaded seed has a k I greater than one and te lower loaded blanket has a kinfinity less than one. Reactivity is controlled by varying the leakage of neutrons from the small seed regions into the blanket regions. This is achieved by axially positioning the seed section of the core so as th change core geometry rather than by using conventional parasitic neutron-absorbing poisons. With this method of control, which is one of the major advantages of the seed-blanket concept, excess neutrons are absorbed in fertile thorium material, and good neutron economy is achieved. To improve the reactivity worth of the movable seed assembly a stepped fuel design was utilized. In addition, to further enhance breeding the module water volume was minimized by placing rods close together on a triangular pitch.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    EQ6 Calculation for Chemical Degradation of Shippingport LWBR (TH/U Oxide) Spent Nuclear Fuel Waste Packages

                    
                        Technical Report
                            Arthur, Sara
                            

                    The Monitored Geologic Repository (MGR) Waste Package Department of the Civilian Radioactive Waste Management System Management & Operating contractor (CRWMS M&O) performed calculations to provide input for disposal of spent nuclear fuel (SNF) from the Shippingport Light Water Breeder Reactor (LWBR). The Shippingport LWBR SNF has been considered for disposal at the potential Yucca Mountain site. Because of the high content of fissile material in the SNF, the waste package (WP) design requires special consideration of the amount and placement of neutron absorbers and the possible loss of absorbers and SNF materials over geologic time. For some WPs, the outermore » shell corrosion-resistant material (CRM) and the corrosion-allowance inner shell may breach, allowing the influx of water. Water in the WP will moderate neutrons, increasing the likelihood of a criticality event within the WP; and the water may, in time, gradually leach the fissile components and neutron absorbers from the WP, further affecting the neutronics of the system. This study presents calculations of the long-term geochemical behavior of WPs containing a Shippingport LWBR SNF seed assembly, and high-level waste (HLW) glass canisters arranged according to the codisposal concept. The specific study objectives were to determine: (1) The extent to which criticality control material, suggested for this WP design, will remain in the WP after corrosion/dissolution of the initial WP configuration (such that it can be effective in preventing criticality); (2) The extent to which fissile uranium and fertile thorium will be carried out of the degraded WP by infiltrating water (such that internal criticality is no longer possible, but the possibility of external criticality may be enhanced); and (3) The nominal chemical composition for the criticality evaluations of the WP design, and to suggest the range of parametric variations for additional evaluations. The scope of this calculation, the chemical compositions (and subsequent criticality evaluations), of the simulations are limited to time periods up to 3.17 x 105 years. This longer time frame is closer to the one million year time horizon recently recommended by the National Academy of Sciences to the Environmental Protection Agency for performance assessment related to a nuclear repository. However, it is important to note that after 100,000 years, most of the materials of interest (fissile and absorber materials) will have either been removed from the WP, reached a steady state, or been transmuted. The calculation included elements with high neutron-absorption cross sections, notably gadolinium (Gd), as well as the fissile materials. The results of this analysis will be used to ensure that the type and amount of criticality control material used in the WP design will prevent criticality.« less
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                    Validation Work to Support the Idaho National Engineering and Environmental Laboratory Calculational Burnup Methodology Using Shippingport Light Water Breeder Reactor (LWBR) Spent Fuel Assay Data

                    
                        Technical Report
                            Sterbentz, J
                            

                    Six uranium isotopes and fourteen fission product isotopes were calculated on a mass basis at end-of-life (EOL) conditions for three fuel rods from different Light Water Breeder Reactor (LWBR) measurements. The three fuel rods evaluated here were taken from an LWBR seed module, a standard blanket module, and a reflector (Type IV) module. The calculated results were derived using a depletion methodology previously employed to evaluate many of the radionuclide inventories for spent nuclear fuels at the Idaho National Engineering and Environmental Laboratory. The primary goal of the calculational task was to further support the validation of this particular calculationalmore » methodology and its application to diverse reactor types and fuels. Result comparisons between the calculated and measured mass concentrations in the three rods indicate good agreement for the three major uranium isotopes (U-233, U-234, U-235) with differences of less than 20%. For the seed and standard blanket rod, the U-233 and U-234 differences were within 5% of the measured values (these two isotopes alone represent greater than 97% of the EOL total uranium mass). For the major krypton and xenon fission product isotopes, differences of less than 20% and less than 30% were observed, respectively. In general, good agreement was obtained for nearly all the measured isotopes. For these isotopes exhibiting significant differences, possible explanations are discussed in terms of measurement uncertainty, complex transmutations, etc.« less
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                    Startup of the Shippingport Light Water Breeder Reactor (LWBR)

                    
                        Conference
                            Woodruff, O; Jones, T
                            

                    The LWBR core is installed in the Shippingport Atomic Power Station, which is a pressurized water reactor jointly owned by the Department of Energy and the Duquesne Light Company. The Light Water Breeder Reactor Core is a seed-blanket design, fueled with uranium-233 and thorium in the form of ceramic oxide pellets contained in Zircaloy clad rods. Core reactivity is controlled by changing the relative neutron absorptions between uranium-233 and thorium through movement of a portion of the fuel (the seed) with respect to the remainder. The core at Shippingport is rated at 236.6 megawatts thermal and the plant nominally producesmore » 72 MW electric gross and 60 MW electric net. The features of the reactor that are significant to its operational characteristics are reviewed. The experience obtained during initial startup and power operations are discussed.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Light Water Breeder end-of-life component examinations at Shippingport Atomic Power Station and module visual and dimensional examinations at Expended Core Facility (LWBR Development Program)

                    
                        Technical Report
                            Wargo, J.
                            

                    This report presents highlights of visual and dimensional examinations of the Light Water Breeder Reactor fuel assemblies and selected core components following five years of power operation in which the core achieved 29,047 effective full power hours. Each type of fuel assembly (seed, blanket, and reflector) is described, and the end-of-life conditions are documented in photographs and data plots. Fuel modules were examined immediately after removal from the reactor vessel at the Shippingport Atomic Power Station and after shipment to the Expended Core Facility at the Naval Reactors Facility in Idaho. Further inspection was performed on one seed and onemore » reflector assembly after their external support shells were removed. Module length changes and bow data are presented for selected assemblies. Structural component examinations include magnetic particle testing and ultrasonic test inspection of the LWBR reactor vessel closure head. Visual inspections were also performed on compression sleeves and guide tube extensions which formed part of the guide path for the movable fuel assemblies. 4 refs., 103 figs., 5 tabs.« less
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