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    Abstract

        
            The Molten Salt Reactor Experiment (MSRE) is an 8 MW reactor that was operated at Oak Ridge National Laboratory (ORNL) from 1965 through 1969. The reactor used a unique liquid salt fuel, composed of a mixture of LIF, BeF{sub 2}, ZrF{sub 4}, and UF{sub 4}, and operated at temperatures above 600{degrees}C. The primary fuel salt circulation system consisted of the reactor vessel, a single fuel salt pump, and a single primary heat exchanger. Heat was transferred from the fuel salt to a coolant salt circuit in the primary heat exchanger. The coolant salt was similar to the fuel salt, except that it contains only LiF (66%) and BeF, (34%). The coolant salt passed from the primary heat exchanger to an air-cooled radiator and a coolant salt pump, and then returned to the primary heat exchanger. Each of the salt loops was provided with drain tanks, located such that the salt could be drained out of either circuit by gravity. A single drain tank was provided for the non-radioactive coolant salt. Two drain tanks were provided for the fuel salt. Since the fuel salt contained radioactive fuel, fission products, and activation products, and since the reactor was designed such that themore » fuel salt could be drained immediately into the drain tanks in the event of a problem in the fuel salt loop, the fuel salt drain tanks were provided with a system to remove the heat generated by radioactive decay. A third drain tank connected to the fuel salt loop was provided for a batch of flush salt. This batch of salt, similar in composition to the coolant salt, was used to condition the fuel salt loop after it had been exposed to air and to flush the fuel salt loop of residual fuel salt prior to accessing the reactor circuit for maintenance or experimental activities. This report discusses the disposition of the fluoride fuel and flush salt.« less
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                    AIRCRAFT NUCLEAR PROPULSION PROJECT QUARTERLY PROGRESS REPORT FOR PERIOD ENDING DECEMBER 10, 1955

                    
                        Technical Report
                            Savolainen, A.W.
                            

                    : 9 6 9 9 7 6 7 9 8 7 9 :tion. Construction work is under way on the Aircraft Reactor Test facility. System flowsheets and instruroentation lists were prepared in an initial atiempt to define the entire ART. The fuel-to-NaK heat exchanger design was modified to overcome interfaces at the headers and to provide additional space in the region of the headers for the Be support struts. The problem of cooling the fuel filland-drain tank was studied. The basic mechanical design work on the ART lead-and-water shield and suppcrts was completed. Core flow studies were made on bothmore » the fullscale Al and plastic core models. An equipment layout was prepared for the Engineering Test Unit (ETU). Operation of the high-temperature critical experiments revealed that the ZrF/sub 4/ vapor traps were inadequate. An in-pile loop was inserted and successfully operated in the HB-3 beam hole of the MTR. Five electrically heated and three gas-heated fused-salt-Inconel forced-circulation loops were in operation. Seals of various designs are being tested for possible use in the lower position in the ART fuel pump. Full-size models of the impeller and the volute for the ART Na pump are being tested with water. Tests of an ART fuel pump are under way with high-temperature (1400 deg F) NaK as the pumped fluid. Operation of intermediate heat exchanger test A was continued, and test stand B was placed in operation. A small heat exchanger test stand is operating with a 20-tube fuel-to-NaK heat exchanger, a 500-hw NaK-totained with the intermediate and small heat exchanger test stands have been correlated. A test assembly for use in the development and testing of cold traps and plugging indicators is being fabricated. A full-scale Al model of the top portion of the ART is being fabricated. Several roomtemperature experiments on the reflector- moderatedreactor critical assembly were completed. Experiments with the reflector-moderated critical assembly operated with liquid fuel (NaF -ZrF/sub 4/- UF/sub 4/) at 1200 deg F were also completed. Materials Research. Phase equilibrium studies of various fluoride systems were continued. Work continued on determining the phase relationships in the NaF LiF -BeF/sub 2/-UF/sub 4/ system. Studies of the stability of V and Nb in NaF -LiF -KF -UF/sub 4/ at 600 and 800 deg C indicated that V was quite stable and that Nb was not. Examinations were completed of several inconel forced-circulation loops in which fluoride fuel mixtures were circulated. Several Inconel forced-circulation loops were operated in a study of the effect of the oxide content of the Na being circulated. A series of six thermal-convection loops was operated with NaF -ZrF/ sub 4/-UF/sub 4/ to which various amounts of ZrH/sub 2/ had been added to reduce the UF/sub 4/ present to UF/sub 3/. A special thermal convection loop was fabricated for testing brazed Inconel segments in the hot-leg section. Thermocouple assemblies were exposed to Na and to NaF-ZrF/sub 4/-UF/sub 4/ in seesaw apparatus so that the effect of various amounts of Chromel-Alumel in the weld nugget could be studied. Titainium carbide cermets with Co- and Ni-base alloys as binding material were exposed to NaF - ZrF/sub 4/-UF/sub 4/ for 200 hr in seesaw apparatus. Inconel valve disks and seats were flame-plated with a mixture of tungsten carbide and cobalt for testing to determine the suitability of the coating as a hard-facing material. Measurements were made of the self- decomposition of fused NaOH into water and Na/sub 2/O. A third 500-kw NaK-to-air high-conductivity-fin radiator, two 20-tube fuel-to-NaK heat exchangers, and two 100-tube bundles for intermediate heat exchangers No. 3 were fabricated. The two NaK-to-air radiators that failed in service were examined. Alloys of the Ni-Mo system are being investigated. Preliminary work on the fabrication of seadless duplex tubing was completed. Attempts are being made to produce suitable B/sub 4/ C-base tiles for the ART neutron shield and to evaluate the properties of such tiles. The problems associated with the fabrication of Inconel« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    MOLTEN-SALT REACTOR PROGRAM QUARTERLY PROGRESS REPORT FOR PERIOD ENDING JULY 31, 1959

                    
                        Technical Report

                    The nuclear performance of a two-region graphite moderated molten-salt breeder reactor was studied. Reactor power was 125 Mw(th). Salt-lubricated hydrodynamic journal bearings wiih two axial grooves 180 deg apart were tested to failure. Three further tests were conducted with bearings containing three equally spaced helical grooves. Fabrication of a pump incorporating a three- axial-groove hydrodynamic bearing was completed. Construction of the Remote Maintenance Demonstration Facility was completed on schedule. One longterm corrosion test loop was terminated after a year's operation. The enthalpy and viscosity of a high-thoriumcontent blanket salt mixture were experimentally determined. A redetermination of the viscosities of twomore » low-UF/sub 4/-content mixtures wita the modified viscometer resulted in lower values and altered temperature dependence for both salts. Eleven INOR-8 thermalconvection loops and twelve Inconel loops were examined. A 6000-hr test and a 5000-hr test of INOR-8 exposed at 1300 deg F to a system containing graphite and fuel 13O(LiF-BeF/sub 2/- UF/sub 4/) were completed. Inconel and INOR-8 specimens exposed to graphite- sodium systems for 4000 hr at 1400 deg F were carburized to a depth of 3O to 40 mils and showed a loss in ductility both at room temperature and at 150 deg F. Fuel 3O(NaF-ZrF/sub 4/-UF/sub 4) and fuel 130 penetrated to 58% or more of the accessible void volume in AGOT graphite specimens when 150 psig pressure was applied in a 100-hr exposure at 1300 deg F. Initial gettering and flushing tests to remove oxide contaminants from graphite specimens with fuel 130 in a in- uranium oxide precipitation normally observed in tests with nongettered graphite. The program for evaluating the mechanical properties of INOR-8 was reviewed. Initial studies to determine the cladability of prefabricated porous nickel for use as a leak-detecting component in a triplex heat-exchanger tube have indicated that the material can be bonded to Inconel with retention of core porosity. An INOR-8 weld-metal oomposition containing 2% Nb exhibited good ductility at 15OO deg F. Groundwork for a phase study of PuF/sub 3/ fuels is provided by cooling cuves on a series of compositions from the NaF-PuF/sub 3/ binary system. Fissions product behavior, particularly as related to fuel reprocessing and recovery, was studied in experiments on the solubility and precipitation of rare- earth fluorides. Solubility measurements were made on NiF/sub 2/. In a study of the compatibility of graphite with fuel, no deleterious or unfavorable effects were encountered with samples of an impervious graphite which were exposed to circulating fuel for one year in a corrosion-test loop. Two modifications of the HF dissolution process for purifying the LiF-BeF/sub 2/ carrier salt are being investigated. (For preceding period see ORNL-2723.) (W.D.M.)« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    MOLTEN-SALT REACTOR PROGRAM QUARTERLY PROGRESS REPORT FOR PERIOD ENDING JULY 31, 1960

                    
                        Technical Report
                            MacPherson, H.
                            

                    Conceptual designs of the MSRE were made in which the core is constructed of vertical graphite stringers in which fuel passages are machined. A facility for thermally cycling freeze flanges between room temperature and 1400 deg F was designed, and fabrication is nearing completion. Two freeze valves, which have no moving parts, are being fabricated for test; one of these is heated by electrical resistance heaters, the second is heated by a high-frequency induction coil. Operation of forced-circulation corrosion loops continued. Nine INOR-8 loops and two Inconel loops are in operation. Resign and testing work on the MSRE primary andmore » secondary pumps continued. The testing of in-salt bearings was continued. Graphite undergoes shrinkage at MSRE temperatures in a flux of neutrons with energies greater than 0.3 Mev. Calculations were made to determine the effects of this shrinkage in the MSRE core. An analysis was made of temperature effects in a graphitemoderated core with round and flat fuel channels. An analogcomputer analysis was made of loss-of-flow in the MSRE primary system. The last of three INOR-8 corrosion inserts was removed after 15000 hr from an INOR-8 forcedconvection loop. Two typs of solidified metal seals were developed for use with molten fluorides at elevated temperatures; one contained an alloy sump with a tongue-and-groove joint design, the other has an alloy-impregnated metalfiber compact. A method was devised and equipment was built for leak testing graphite-to-metal braze joints. Welding and back-brazing procedures are being developed for tubeto-tube sheet joints for the MSRE heat exchanger. Tensile tests were performed to determine the effect of low creep strains on the strength and ductility of INOR-8. Permeation tests were made with S-4 and AGOT graphite using LiFBeF/sub 2/--ThF/sub 4/--UF/sub 4/ at 1300 deg F at pressures of 25, 65, and 150 psig in 100-hr exposures. Additional tests were made in order to confirm data indicating that the thermal decomposition of NH/sub 4/F - HF removes oxygen contamination from graphite to such an extent that it could contain molten LiF-BeF/sub 2/--UF/sub 4/ at 1300 deg F without causing the usual UO/sub 2/ precipitation from the fuel. No carburization was detected on unstressed INOR-S specimens after exposure to a LiF-BeF/sub 2/--UF/sub 4/--graphite system for 12000 hr at 1300 deg F. The surface tensions of two NaF--BeF/sub 2/ mixtures were determined to fall between 200 and 150 dynes/cm over the temperature range 500 to 800 deg C. Heat transfer studies with LiF--BeF/sub 2/--UF/sub 4/--ThF/sub 4/ in Inconel and INOR-8 tubes are reported. Preliminary studies indicated that ThF/ sub 4/ in molten-salt reactor fuel may be decontaminated from rareearth fission products by dissolution of the rare-earth fluorides in SbF/sub 5/--HF. (For preceding period see ORNL2973.) (W.L.H.) 167l6 Research and development activities being carried out by du Pont, Nuclear Metals, Inc., Nuclear Development Corporation of America, Inc., and Sargent and Lundy are summarized. Design and construction progress on the Heavy Water Components Test Reactor is reported. The current status of tasks under the ECNG/FWCNG research and development program is outlined. The Carolinas-Viania Nuclear Power Associates work on the Power Demonstration Program is reviewed. (M.C.G.)« less
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                    MOLTEN-SALT REACTOR PROGRAM QUARTERLY PROGRESS REPORT FOR PERIOD ENDING OCTOBER 31, 1958

                    
                        Technical Report

                    5 = 6 5 6 L 7 7 6 nterim Design Reactor have resulted in an improved filland-drain system and alternate ways of transferring heat from reactor fuel to steam. A simplified fuel-tosteam heat transfer is being considered that elinfinates intermediate heat transfer fluids. Nuclear calculations relative to a 30-Mw experimental reactor are presented. Calculations of the initial states of U/sup 233/-fueled reactors were completed. Calculations were also made of the fissions in tbe blanket of the Interim Design Reactor. Gamma-ray energy absorption coefficients were computed as a function of energy for 24 elements. Development tests of salt-lubricated pump bearingsmore » were continued. A conventional Al bearing and an Inconel journal bearing that had been lubricated with Dowtherm "A" during 3200 hr of operation at 1200 deg F were examined. Materials required for a motor suitable for long term operation at 1250 deg F in a radiation field are being investigated. A small, submerged, centrimgal pump with a frozen-lead seal is being operated in evaluation tests. Freeze-flange and indented-seal-flange joints that had sealed successfully in high-temperature molten-salt lines were tested with Na. Heater sod insulation units designed for use on a 4-inch line were tested along with the large freeze fiange. Three commercially available expansion joints were tested and found to be satisfactory for use in moiten salt or Na lines. The enthalpies, heat capacities, and heats of fusion were determlned for the mixtures NaF--BeF/sub 2/- UF/sub 4/, LiF--BeF/sub 2/--UF/sub 4/, NaClCaCl/sub 2/, and LiCl-KCl. Graphite- mederated molten-salt reactors fueled with low-enrichment material were studied, and the results of preliminary calculations indicated that initial enrichments as low as 1.25% U/sup 235/ might be used in a circulatlng-fuel system. A simplified natural-convection moltensalt reactor for operation at 576 Mw (thermal) was studied to determine the approximate size of components and the fuel volume. Materials Studies. Two Inconel and four INOR-8 thermal-convection loops, which circulated various fused-fluoride-salt mixtures, were examined. Test results were also obtained for three Inconel forced-circulation loops operated with fluoride mixtures. INOR-8 samples removed from forced-circulation loop were found to have no evidence of surface attack. A sedium-graphite system was used to prepare Inconel and INOR-8 tensile specimens for a study of the effect of carburization on the mechanical properties. Corrosion tests of pure Ag and Ag- base brazing alloys in static fuel 130 showed Ag and its alloys to have very limited corrosion resistance. Phase equilibrium studies of fluoride-salt systems containing UF/sub 4/ and or ThF/sub 4/ were continued. Extensive gradientquenching experiments were completed on the LiF-fission-preduct ions on the solubility of Puf/sub 3/ in LiF-BeF/sub 2/ mixtures were studied. Solubility studies were made on several systems, including argon in LiF-BeF/sub 2/, HF in LiF--BeF/sub 2/, CeF/sub 3/ in NaF--LiF--BeF/sub 2/ , and CeF/sub 3/, LaF/sub 3/. and SmF/sub 3/ in LiF--BeF/sub 2/ -UF/sub 4/. Two methods of separating U from undesirable fission preducts in fluoride-salt fuel solvents are being studied. Tentative values were obtained for the activities and activity coefficients of Ni metal in Ni--Mo alloys. Apparatus was set up for measuring the surface tensions of BeF/sub 2/ mixtures. Further measurements of the activity coefficients of CrF/ sub 2/ dissolved in the molten mixture NaF-ZrF/sub 4/ were determined and equilibrium quotients were calculated. Studies of Cr diffusion in Cr-containing« less
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                    Laboratory tests in support of the MSRE reactive gas removal system

                    
                        Technical Report
                            Rudolph, J; Del Cul, G; Caja, J; ... 
                            

                    The Molten Salt Reactor Experiment (MSRE) at Oak Ridge National Laboratory has been shut down since December 1969, at which time the molten salt mixture of LiF-BeF{sub 2}-ZrF{sub 4}-{sup 233}UF{sub 4} (64.5-30.3-5.0-0.13 mol%) was transferred to fuel salt drain tanks for storage. In the late 1980s, increased radiation in one of the gas lines from the drain tank was attributed to {sup 233}UF{sub 6}. In 1994 two gas samples were withdraw (from a gas line in the Vent House connecting to the drain tanks) and analyzed. Surprisingly, 350 mm Hg of F{sub 2}, 70 mm Hg of UF{sub 6}, andmore » smaller amounts of other gases were found in both of the samples. To remote this gas from above the drain tanks and all of the associated piping, the reactive gas removal system (RGRS) was designed. This report details the laboratory testing of the RGRS, using natural uranium, prior to its implementation at the MSRE facility. The testing was performed to ensure that the equipment functioned properly and was sufficient to perform the task while minimizing exposure to personnel. In addition, the laboratory work provided the research and development effort necessary to maximize the performance of the system. Throughout this work technicians and staff who were to be involved in RGRS operation at the MSRE site worked directly with the research staff in completing the laboratory testing phase. Consequently, at the end of the laboratory work, the personnel who were to be involved in the actual operations had acquired all of the training and experience necessary to continue with the process of reactive gas removal.« less

                        
                            	https://doi.org/10.2172/656697
	Full Text Available


                            
                            
                    

                    

                

            
        		
    
                                        
                                                                         
                                
                                
                            
                        
                                    
                                    
                                    
                    
                    
                        	 Similar Records


                        
                                
                    

                
            

            
            
            
            
        


        
    

        









	
		
                        

			
                            
                                	
                                        
                                            [image: U.S. Department of Energy]

                                        
                                    
	
                                        
                                            [image: Office of Science]

                                        
                                    
	
                                        
                                            [image: Office of Scientific and Technical Information]

                                        
                                    


                            

			

			
			
                            
                                	 Website Policies / Important Links
	 Contact Us
	
	Vulnerability Disclosure Program
	
	Facebook
	Twitter
	YouTube


                            

				
			

		
	
	





    

    









