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    Abstract

        
            The purpose of the Department of Energy Water Cooled Breeder Program was to demonstrate pratical breeding in a uranium-233/thorium fueled core while producing electrical energy in a commercial water reactor generating station. A demonstration Light Water Breeder Reactor (LWBR) was successfully operated for more than 29,000 effective full power hours in the Shippingport Atomic Power Station. The reactor operated with an availability factor of 76% and had a gross electrical output of 2,128,943,470 kilowatt hours. Following operation, the expended core was examined and no evidence of any fuel element defects was found. Nondestructive assay of 524 fuel rods determined that 1.39 percent more fissile fuel was present at the end of core life than at the beginning, proving that breeding had occurred. This demonstrates the existence of a vast source of electrical energy using plentiful domestic thorium potentially capable of supplying the entire national need for many centuries. To build on the successful design and operation of the Shippingport Breeder Core and to provide the technology to implement this concept, several reactor designs of large breeders and prebreeders were developed for commercial-sized plants of 900--1000 Mw(e) net. This report summarizes the Water Cooled Breeder Program from its inception in 1965more » to its completion in 1987. Four hundred thirty-six technical reports are referenced which document the work conducted as part of this program. This work demonstrated that the Light Water Breeder Reactor is a viable alternative as a PWR replacement in the next generation of nuclear reactors. This transition would only require a minimum of change in design and fabrication of the reactor and operation of the plant.« less
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                    Proof of breeding in the Light Water Breeder Reactor (LWBR Development Program)

                    
                        Technical Report
                            Schick, Jr., W.; Beaudoin, B.; Beggs, W.; ... 
                            

                    The Light Water Breeder Reactor (LWBR) was developed to demonstrate practical breeding while producing electrical energy in a commercial pressurized water reactor generating station. After the /sup 233/U-thorium fueled core operated successfully for five years, expended fuel from the core was assayed to prove breeding - that is, production of more fissile fuel from thorium than was expended to produce energy. This demonstrates the existence of a vast source of electrical energy potentially capable of supplying the entire national need for many centuries using potential domestic thorium. The LWBR operated for more than 29,000 effective full power hours in themore » Shippingport Atomic Power Station and contained more fissile fuel at the end of its five-year operational lifetime than at the beginning. Five hundred twenty-four fuel rods were randomly selected from the spent core for nondestructive assay to determine their final fissile fuel content. Two different nondestructive assay measurements were performed on each rod. Seventeen of these rods were subsequently assayed destructively to validate the nondestructive results. Two estimation methods, which agreed closely, were used to determine the fissile fuel content of the spent core. The more accurate method gave a value of 507.98 kg for the end-of-life fuel content of the core, with a total standard deviation of 0.14%. The fuel content of the beginning-of-life core was determined during core manufacture to be 501.02 kg, with a standard deviation of less than 0.04%. The increase in fissile fuel during core life was 1.39% +- 0.14%, in close agreement with prediction, thus demonstrating breeding in LWBR.« less
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                    Primary disassembly of Light Water Breeder Reactor modules for core evaluation (LWBR Development Program)

                    
                        Technical Report
                            Greenberger, R.; Miller, E.
                            

                    After successfully operating for 29,047 effective full power hours, the Light Water Breeder Reactor (LWBR) core was defueled prior to total decommissioning of the Shippingport Atomic Power Station. All nuclear fuel and much of the reactor internal hardware was removed from the reactor vessel. Non-fuel components were prepared for shipment to disposal sites, and the fuel assemblies were partially disassembled and shipped to the Expended Core Facility (ECF) in Idaho. At ECF, the fuel modules underwent further disassembly to provide fuel rods for nondestructive testing to establish the core's breeding efficiency and to provide core components for examinations to assessmore » their performance characteristics. This report presents a basic description of the processes and equipment used to disassemble LWBR fuel modules for subsequent proof-of-breeding (POB) and core examination operations. Included are discussions of module handling fixtures and equipment, the underwater milling machine and bandsaw assemblies, and the associated design and operation of this equipment for LWBR fuel module disassembly.« less
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                    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

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Design of the Shippingport Light Water Breeder Reactor (LWBR development program)

                    
                        Technical Report
                            Connors, D; Milani, S; Fest, J; ... 
                            

                    A Light Water Breeder Reactor (LWBR) core has been developed, designed, fabricated and installed and is currently operating in the pressurized water reactor plant of the Shippingport Atomic Power Station at Shippingport, Pennsylvania. The goal of the LWBR program is to confirm that breeding can be achieved in a light water reactor system using the thorium/uranium-233 fuel system. The Shippingport LWBR design and operation are described. Design objectives are stated and nuclear, thermal-hydraulic, mechanical and fuel element designs are provided. Major components have been illustrated.

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Design features of the Light Water Breeder Reactor (LWBR) which improve fuel utilization in light water reactors (LWBR development program)

                    
                        Technical Report
                            Hecker, H; Freeman, L
                            

                    This report surveys reactor core design features of the Light Water Breeder Reactor which make possible improved fuel utilization in light water reactor systems and breeding with the uranium-thorium fuel cycle. The impact of developing the uranium-thorium fuel cycle on utilization of nuclear fuel resources is discussed. The specific core design features related to improved fuel utilization and breeding which have been implemented in the Shippingport LWBR core are presented. These design features include a seed-blanket module with movable fuel for reactivity control, radial and axial reflcetor regions, low hafnium Zircaloy for fuel element cladding and structurals, and a closelymore » spaced fuel rod lattice. Also included is a discussion of several design modifications which could further improve fuel utilization in future light water reactor systems. These include further development of movable fuel control, use of Zircaloy fuel rod support grids, and fuel element design modifications.« less
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