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    Abstract

        
            This report discusses the Shippingport Atomic Power Station, located in Shippingport, Pennsylvania, which was the first large-scale nuclear power plant in the United States and the first plant of such size in the world operated solely to produce electric power. A program was started in 1953 at the Bettis Laboratory to confirm the practical application of nuclear power for large-scale electric power generation. It led to the development of zirconium alloy (Zircaloy) clad fuel element containing bulk actinide oxide ceramics (UO{sub 2}, ThO{sub 2}, ThO{sub 2} -- UO{sub 2}, ZrO{sub 2} -- UO{sub 2}) as nuclear reactor fuels. The program provided much of the technology being used for design and operation of the commercial, central-station nuclear power plants now in use. The Shippingport Pressurized Water Reactor (PWR) began initial power operation on December 18, 1957, and was a reliable electric power producer until February 1974. In 1965, subsequent to the successful operation of the Shippingport PWR (UO{sub 2}, ZrO{sub 2} -- UO{sub 2} fuels), the Bettis Laboratory undertook a research and development program to design and build a Light Water Breeder Reactor (LWBR) core for operation in the Shippingport Station. Thorium was the fertile fuel in the LWBR core andmore » was the base oxide for ThO{sub 2} and ThO{sub 2} -- UO{sub 2} fuel pellets. The LWBR core was installed in the pressure vessel of the original Shippingport PWR as its last core before decommissioning. The LWBR core started operation in the Shippingport Station in the autumn of 1977 and finished routine power operation on October 1, 1982. Successful LWBR power operation to over 160% of design lifetime demonstrated the performance capability of the core for both base-load and swing-load operation. Postirradiation examinations confirmed breeding and successful performance of the fuel system.« less
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                    Chemical and spectrochemical production analysis of ThO{sub 2} and {sup 233}UO{sub 2}-ThO{sub 2} pellets for the light water breeder reactor core for Shippingport (LWBR development program)

                    
                        Technical Report
                            Bukowski, J.; Hollis, E.
                            

                    The Bettis Atomic Power Laboratory has utilized wet chemical, emission spectrochemical, and mass spectrometric analytical techniques for the production analysis of the ThO{sub 2} and {sup 233}UO{sub 2}-ThO{sub 2} (1 to 6 wt percent {sup 233}UO{sub 2}) pellets for the Light Water Breeder Reactor (LWBR) core for Shippingport. Proof of the fuel breeding concept necessitates measurement of precise and accurate chemical characterization of all fuel pellets before core life. Chemistry's efforts toward this goal are represented in three main sections: (1) general discussions relating the chemical requirements for ThO{sub 2} and UO{sub 2}-ThO{sub 2} core materials to the analytical capabilities;more » (2) technical discussions of the chemical and instrumental technology applied for the analysis of aluminum, boron, calcium, carbon, chloride plus bromide, chromium, cobalt, copper, dysprosium, europium, fluoride, gadolinium, iron, magnesium, manganese, mercury, molybdenum, nickel, nitrogen, samarium, silicon, titanium, vanadium, thorium, anduranium (total, trace, and uranium VI) and (3) a formal presentation of the analytical procedures applied to the LWBR Development Program.« less
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                    PRESSURIZED WATER REACTOR (PWR) PROJECT FOR THE PERIOD JUNE 24, 1960 TO AUGUST 23, 1960

                    
                        Technical Report

                    = C 8 9 5 A 9 : ; : 4 9 8 : C nuclear power range linear level amplifier to resolve the problem of (1) OPERATE-TEST zero shift and (2) circuit transient. A design modification was prepared. The allowable pressure drop on the air locks and butterfly valves during the performance of DLCS-357 was increased from 0.5 psig/hr to 0.8 psig/hr and 4.0 psig/hr. respectively. This increase will eliminate the excessive maintenance required each time test DLCS-357 is performed. A design modifying the charging- pump relief valve discharge lines was completed. This design eliminated the necessity of freezemore » plugging the charging-pump suction lines in order to isolate relief valves 08-HlS-6 and 08-HlS-7. A design adding permanent local-flow indicators for each major component requiring cooling water was completed. This design enables the station operator to regulate the flow of cooling water to equipment. Steady-state and transient power testing of the Babcock and Wilcox and Foster Wheeler Steam Generator was conducted at Shippingport which will provide data for use in PWR Core 2 modifications. Preliminary results from operation of the PWR plant with the purification system bypassed showed some increase in radiation levels in the reactor-vessel head area but no other significant changes in plant radiation levels. Long-lived fission-product levels increased in a predictable manner. The CR-V in-pile test loop was successfully decontaminated from activated corrosion products using the alkaline permaganate ammonium citrate (APACI process to yield a decontamination factor of 10. The functional requirements for the plant container air cooling system were developed. Reactor Engineering - PWR Core 1: The design of the fuel assembly holders for the M-130 container were completed. The first three calibrations of the core thermocouples were evaluated. Fewer thermocouples showed calibration shifts with time and with temperature cycling in each successive calibration. Reactor pressure drop and core-flow instrumentation were monitored periodically since Seed 2 startup. No significant buildup of pressure drop or decrease in flow were observed. The refueling system description for PWR Core 2 was completed in accordance with established reference method using wet refueling. Preliminary testing of the full-scale carbon-steel model of the PWR Core 2 bottom support was concluded. The initial test was a determination of the load-carrying ability of the weldment alone. Phase I testing of RCH-1 was concluded. After shutdown, components were disassembled and inspected. It was concluded that, with minor exceptions, all components were tested without detrimental effects. Metallurgy of Core Materials: An interim examination of irradiation test plates containing ZrO/sub 2/-34 wt.% UO/sub 2/ and ZrO/sub 2/-46 wt.% UO/sub 2/ was completed after exposures of 25.3 x 10/sup 20/ and 18.1 x 10/sup 20/ fissions/cc. respectively, in the VH-3 Loop of the MTR. These fuel plates showed average increases in thickness of 0.004 in. and 0.0026 in., respectively, which would represent 7.0% and 4.7% increase in fuel swelling, respectively, if the changes are due entirely to the fuel. Density measurements on bulk B/sub 4/C irradiated to 1.02 x 10/sup 22/ B/sup 10/ fissions/cc showed density decreases of about 30%. Means of avoiding exaggerated grain growth during pressure-bonding were developed. A postpressure-bonding heat treatment showed proimise of converting Type C bonds to predominantly Type B bonds. Thermal-expansion measurements showed that the expansivities of ZrO/sub 2/-25 wt.% UO/sub 2/ and ZrO/sub 2/-34 wt.% fuel compositions were about 10% greater than that of pure UO/sub 2/. A 3-day corrosion test in 756-F steam on platelets of ZrO/sub 2/-25 wt.% UO/sub 2/ and ZrO/sub 2/-34 wt.% UO/sub 2/ showed the same negligible weight changes as were observed for a three-daytest in 650 deg F water. Diffusion anneal data for Xe/ sup 133/ ZrO/sub 2/- 25 U.% UO/sub 2/ indicated that diffusion coefficients are« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Water cooled breeder program summary report (LWBR (Light Water Breeder Reactor) development program)

                    
                        Technical Report

                    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 thatmore » 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 1965 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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                    Measured proof of breeding of the light water breeder reactor

                    
                        Conference
                            Schick, Jr, W; Beaudoin, B; Beggs, W; ...  - Trans. Am. Nucl. Soc.; (United States)
                            

                    Proof of self-sustaining breeding in the light water breeder reactor (LWBR) would mean that this proven pressurized water reactor (PWR) could provide our nation with an energy option from plentiful thorium about 50 times larger than that provided by current commercial reactions. Assay measurements to date of expended fuel elements from the LWBR indicate successful breeding. Bettis Atomic Power Laboratory designed and built a LWBR under technical direction of the US Department of Energy's Office of Naval Reactors. The core produced 60 MW(e) in the nation's first large-scale nuclear power plant, Shippingport, which was operated by Duquesne Light Company tomore » provide electric power to the Pittsburgh area. The LWBR core operated from 1977 to 1982 for about 29,000 equivalent full-power hours. To date, more than 350 rods from eight fuel modules have been assayed. The EOL fissile content of these modules was deduced from assay results and compared with calculated loadings. LWBR breeding performance was estimated based on the results from assay of the first eight modules. The ratio of the EOL core fissile content to the initial value is called the fissile inventory ratio (FIR). An FIR >1.0 indicates breeding. Allowing for an estimated fuel reprocessing loss of 0.5%, FIR >1.005 would provide a self-sustaining fuel cycle. The authors presently estimate that FIR lies between 1.012 and 1.015, compared to a predicted value of 1.0135.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Fuel Summary Report: Shippingport Light Water Breeder Reactor

                    
                        Technical Report
                            Illum, D; Olson, G; McCardell, R
                            

                    The Shippingport Light Water Breeder Reactor (LWBR) was a small water cooled, U-233/Th-232 cycle breeder reactor developed by the Pittsburgh Naval Reactors to improve utilization of the nation's nuclear fuel resources in light water reactors. The LWBR was operated at Shippingport Atomic Power Station (APS), which was a Department of Energy (DOE) (formerly Atomic Energy Commission)-owned reactor plant. Shippingport APS was the first large-scale, central-station nuclear power plant in the United States and the first plant of such size in the world operated solely to produce electric power. The Shippingport LWBR was operated successfully from 1977 to 1982 at themore » APS. During the five years of operation, the LWBR generated more than 29,000 effective full power hours (EFPH) of energy. After final shutdown, the 39 core modules of the LWBR were shipped to the Expended Core Facility (ECF) at Naval Reactors Facility at the Idaho National Engineering and Environmental Laboratory (INEEL). At ECF, 12 of the 39 modules were dismantled and about 1000 of more than 17,000 rods were removed from the modules of proof-of-breeding and fuel performance testing. Some of the removed rods were kept at ECF, some were sent to Argonne National Laboratory-West (ANL-W) in Idaho and some to ANL-East in Chicago for a variety of physical, chemical and radiological examinations. All rods and rod sections remaining after the experiments were shipped back to ECF, where modules and loose rods were repackaged in liners for dry storage. In a series of shipments, the liners were transported from ECF to Idaho Nuclear Technology Engineering Center (INTEC), formerly the Idaho Chemical Processing Plant (ICPP). The 47 liners containing the fully-rodded and partially-derodded core modules, the loose rods, and the rod scraps, are now stored in underground dry wells at CPP-749.« less
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