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    Abstract

        
            The results showed that appreciable amounts of gamma-radiation energy can be stored under certain exposure conditions. The results also showed that thermally activated annealing takes place at elevated temperatures and that the rates of this annealing at temperatures above about 150/sup 0/C are such that negligible amounts of energy will be stored in salt in a repository where the salt is at temperatures above about 150/sup 0/C. We are not able to show that thermally activated annealing takes place in rock salt at temperatures below about 150/sup 0/C, although it may do so. There may also be some radiation-induced annealing. The results of measurements of energy stored at irradiation temperatures between 30 and 150/sup 0/C, together with results of theoretical considerations, showed that the maximum stored energy that would be formed in salt in a repository with no annealing whatsoever would be about 50 cal/g. We did not conceive a means by which the stored energy could be released abruptly, nor was any significant hazard believed to be possible from the release if it should occur abruptly by some unforeseen mechanism. In practice, salt temperatures below about 150/sup 0/C will occur only with isolated or semi-isolated canisters in a repository,more » or with most canisters, after very long times during which the gamma-dose rate will have dropped off markedly. Available evidence from thermal annealing observations and from calorimetric and dissolution measurements indicated that there were no significant losses of either chlorine or sodium during or after irradiation. One effect of the stored energy which must be accounted for in a safety analysis is the generation of H/sub 2/, which takes place upon aqueous dissolution of radiation-damaged salt; about 0.1 cm/sup 3/ of H/sub 2/ is generated per calorie of stored energy. However, we have not recognized any problems arising from this effect which cannot be counteracted by appropriate design and operation of the repository.« less
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                    Stored energy of gamma-irradiated WIPP salt

                    
                        Technical Report
                            Moss, M.
                            

                    Samples of WIPP salt exposed at 363/sup 0/K to gamma radiation from a /sup 60/Co source were annealed at constant rates of heating in a differential scanning calorimeter in order to release the energy stored. Radiation doses were 2.2, 5.4, 8.2, 11 and 13 x 10/sup 9/ rad, and temperature scans were conducted from room temperature to 800/sup 0/K. The specific stored energy-dose relationship deduced from 80 K/min scans could be only approximately established due to the extreme variability of the specific energy in samples of a given dose. This variability probably results from unequal amounts of impurities in themore » 10 to 25 mg samples required for the calorimeter. The energy-dose relationship is best described empirically by lnQ/sub 0/(cal/g) = (-40.6 +- 2.6) + (1.84 +- 0.12) lnD(rad). Temperature scans of 10, 20, 40, and 80 K/min were performed to determine the activation energy E of the annealing process. For the four more highly dosed samples, E = 31.1 +- 5.6 kcal/mole. Based upon criteria established elsewhere, there appears to be no danger of the stored energy being released quickly in a nuclear waste repository of bedded salt, nor could serious consequences result from such a release by some unforeseen mechanism.« less
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                    SOLID STATE DIVISION ANNUAL PROGRESS REPORT FOR PERIOD ENDING AUGUST 31, 1959

                    
                        Technical Report

                    ; 5 8 : 5 : 8 : : 9 < 6 8 9 6 8 6 5 ; 8 6 : 4 9 > < D ; lattice atom was investigated in detail. The results are of general interest since the method used is limited only by the validity of the interatomic potential assummed. Cross sections for the displacement of lattice atoms by gamma rays up to 5 Mev were calculated. A theoretical study was made of the slowing down process for a primary displaced atom in a solid. The small amplitude motion of dislocation loops was investigated inmore » detail, taking into account the whole elastic field interaction between different parts of the loop. The extension and interval correlations in a radiation-induced displacement cascade were investigated. The numerical data apply to copper. A special model for annealing of defects in solids is discussed. Dislocation Interactions: Studies were made of the variations of internal friction and elastic modulus during irradiation of pure copper crystals at a number of temperatures in the range 90 to 300 deg K. Using neutron irradiation as a tool, it is shown that there are at least two dislocation contributions to the Young's modulus and internal friction of Cu at low temperatures. An apparatus was developed which makes possible the continuous observation of the Young's modulus and internal friction of a metal sample. Low-temperature Irradiation Studies: Activation energies for the annealing of copper and aluminum following reactor bombardment near 4 deg K were measured. Isochronal annealing studies of Cu, Ag, Au, Pt, and Zn were made after neutron bombardment of these materials at 4 deg K. It was confirmed that the residual resistivity of high purity copper can be greatly reduced by annealing in an oxidizing atmosphere. A redetermination of the stored-energy release in reactorirradiated Cu between 30 and 50 deg K was made. The design of a new facility for irradiation damage experiments at very low temperatures is described. A helium-cooled facility was installed in the pool of the ORR, which allows samples to be irradiated at about 50 deg C in an inert atmosphere. Electron Microscope Studies: Fission fragment tracks in thin films of UO/sub 2/ were studied and found to be essentially a surface effect in which material at the surface is displaced as a result of the passage of the fission fragments. An improved replication technique for copper is described. Chemical Properties of Metal Surfaces: The kinetics of the dissolution of copper crystals in aqueous solutions were investigated. The diffusion of deuterium in deuteron-irradiated Cu was studied in the temperature range -50 < T < 50 deg C by monitoring neutrons from the D(d,n)He/sup 3/ reaction. Alloy Studies: Experiments were conducted on the effect of irradiation on atomic rearrangements in Cu-Al, Ni-Be, Ni-Cu, Au-Cd, and Fe-C. Semiconductor Studies: A model for the potential well surrounding disordered regions in neutron-irradiated Ge and Si is discussed. The different effects of Co/sup 60/gammaray and fast-neutron bombardment on the electrical behavior of Ge are discussed in terms of the distribution of lattice defects. Thermal neutron capture in Si and Ge is considered. The effect of neutron and gamma irradiation upon minority carrier lifetime in Ge was studied. The effect of 14-Mev neutron irradiation upon the electrical properties of Ge was studied. A preliminary study was made of the change in thermoelectric power of n-type germanium as a result of neutron irradiation. Annealing of radiation-induced conductivity changes in n-type Ge was found to take place in the range between 77 and 273 deg K. The charge-center concentration as a function of temperature of high-purity, n-type Ge under fast- neutron irradiation is compared to similar data obtained for Co/sup 60/ gamma-ray irradiations. The difiusivity, solid solubility, and acceptor behavior of Cu in Ge was investigated. The effect of neutron spectrum on conluctivity changes in n- type Ge was investigated. Hall coefficient and Hall mobility were« less
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                    STORED ENERGY RELEASE BELOW 80 IN DEUTERON IRRADIATED COPPER. Technical Report No. 24

                    
                        Technical Report
                            Nilan, T; Granato, A
                            

                    Measurements were made of the release of stored energy during the annealing of deuteron-irradiated copper. The irradiation was carried out with 11.0-Mev deuterons at a temperature of less than 10 deg K. The specimen was annealed at an approximately constant rate from 15 to 80 deg K. A differential thermometry technique employing two closely matched specimens, one of which was irradiated, was used to measure the energy release. Loss corrections and heat capacities were determined experimentally for the annealing temperature range. The average energy release between 25 and 55 deg K, for a normalized integrated flux of 10/sup 17/ 10-Mevmore » dsuterons per cm/sup 2/, was 0.83 plus or minus 0.04 calorie per gram. The following experimental ratios were obtained: 7.1 cal/gm energy release per mu omega cm recovery and 4.2 ev energy release per atomic volume recovery. This indicated that the recovery takes place by means of discrete processes describable by first order kinetics. The characteristic activation energies of these processes are sufficiently separated from each other at low temperatures to permit experimental resolution. A mathematical description of the recovery under first order kinetics is given, and, upon application to the data available, the frequency factor of recombination was found to be about 10/sup 12/. The possibllity of an energy release in irradiated copper similar to that observed in irradiated graphite is discussed. It was concluded that recovery is due to the recombination of isolated interstitial- vacancy pairs and correlated interstitial recombination. (M.C.G.)« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Stored energy of gamma-irradiated 97% pure rocksalt

                    
                        Conference
                            Moss, M
                            

                    Samples of 97% pure NaCl from the Waste Isolation Pilot Plant (WIPP) site near Carlsbad, New Mexico, were exposed at 363/sup 0/K to gamma radiation from a /sup 60/Co source, and annealed at constant rates of heating in a differential scanning calorimeter in order to release the stored energy. Radiation doses were 2.2, 5.4, 8.2, 11, and 13 x 10/sup 9/ rad, and temperature scans were conducted from room temperature to 800/sup 0/K. The stored energy-dose relationship is best described empirically by 1nQ/sub 0/(kJ/kg) = (-39.2 -+ 2.6) + (1.84 +- 0.12) 1nD(rad). Temperature scans of 0.17, 0.33, 0.67, andmore » 1.33 K/s were performed to determine the activation energy E of the annealing process. For the four most highly irradiated samples, E = 113 +- 31 kJ/mol. The values of stored energy and activation energy for the annealing process are similar to those reported by previous investigators. These data, then, support their conclusion that there appears to be no danger of a rapid release of the stored energy in a nuclear waste respository of bedded salt, nor could serious consequences result from such a release by some unforeseen mechanism.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    A Salt Repository Concept for CSNF in 21-PWR Size Canisters

                    
                        Technical Report
                            Hardin, Ernest; Cumberland, Riley; Joseph, Robby; ... 
                            

                    The most straightforward concept for disposal of large, heavy packages containing commercial spent nuclear fuel (CSNF) in a repository in bedded salt, would be to emplace them directly on the floor in emplacement tunnels. In-tunnel axially aligned horizontal emplacement would minimize excavated volume and avoid drilling of large-diameter emplacement boreholes. A similar concept was proposed in Germany for direct disposal of POLLUX® canisters. The repository would be constructed at a depth of 500 to 1,000 m for isolation from the surface, and for sufficient overburden stress to ensure creep reconsolidation of repository openings. It could entail modular panels of emplacementmore » tunnels arranged on headings oriented in cardinal directions from a central core, to accommodate the estimated 140,000 MTU total U.S. CSNF inventory. To do so, the overall area of the repository layout would be approximately 20 km2. Many layouts are possible, but the approach should be modular, excavation should be deferred for as long as possible to avoid maintenance, and the emplacement areas should share support facilities and shafts. Vertical shafts would be used in accordance with mining practice in sedimentary basins. Large diameter shafts would be needed for ventilation exhaust and waste transport, with smaller shafts for waste salt removal, men & materials, and ventilation intake. The spacing between disposal tunnels as estimated from thermal modeling, seeks to limit the maximum average areal thermal load in the panels to 11 W/m2 to control long-term heat buildup in the host rock. Peak salt temperature would occur within a few years and would be dominated by each waste package locally, simplifying thermal management. There would be some flexibility to decrease the package spacing or increase the emplacement thermal power limit Backfilling emplaced waste packages immediately with mine-run crushed salt would provide shielding and expedite reconsolidation. This arrangement would isolate adjacent waste packages from one another by the intervening backfill, especially after it reconsolidates and its properties approach those of intact salt. After the repository is fully loaded and the performance confirmation program is complete, activities to permanently close the repository would be initiated. During closure operations all openings in the host salt would be backfilled, then shafts would be sealed, and boreholes plugged. Plans for the Waste Isolation Pilot Plant (WIPP) show how sealing and plugging could be done. A monitoring program could continue for 50 years or longer after repository closure. With an emplacement thermal power limit of 10 kW per waste package, nearly all the CSNF that is projected to be produced by the current fleet of reactors in the U.S. could be emplaced over a period of approximately 50 years starting in calendar 2048. No barriers to implementation in a reasonable timeframe have been identified from this generic analysis. Engineering challenges include: 1) shaft construction; 2) a very-large capacity shaft hoist; 3) overpack design; 4) a transport-emplacement-vehicle (TEV) for transporting waste packages once they are underground and emplacing them remotely; and 5) remotely operated equipment for emplacing backfill. The method of shaft construction would depend on site-specific conditions, and could involve freezing the subsurface. A shaft hoist with payload capacity of 175 MT seems technically and economically feasible based on development work in Germany, and it would be the largest hoist of its kind. The function of disposal overpacks would be to provide reliable containment during repository operations, which could be accomplished using a corrosion allowance material such as a low-carbon steel. Development effort would be needed to determine overpack thickness (e.g., 7 to 20 cm) that can resist corrosion and loading from salt creep, to rovide containment throughout the repository operational period. The transport-emplacement vehicle (TEV) would be similar to previous concepts, particularly one option proposed for a Yucca Mountain repository. It would move over a rough salt floor on independently driven and steered wheels, and carry heavy shielding in addition to a waste package. By analogy to the safety case for the WIPP in New Mexico, human intrusion is likely to be the dominant mode of radionuclide release from the repository. Treatment of human intrusion for a CSNF repository in salt could depend on promulgation of site-specific changes in the regulations. Radionuclide release and migration would be quite limited for undisturbed conditions. There may be opportunities for improved understanding of salt performance with waste heating, based on future in situ testing in an underground salt research laboratory. This report also discusses a developing area of salt rock mechanics that involves low-stress, low strain-rate creep that might cause large, heavy waste packages to slowly sink. Site-specific sampling, testing, and modeling would be used to determine if the mechanism is important enough to merit consideration in design, or inclusion in performance assessment. Part of engineering design and postclosure safety assessment for a CSNF repository in salt would be to implement a methodology to show that the probability of a criticality event in the repository, when waste packages eventually breach and are flooded, is less than the probability screening threshold for performance assessment. In the methodology, a criticality analysis would be performed for waste packages in the repository, incorporating measures that could be introduced as needed to limit reactivity, for example using fuel selection and loading rules, and crediting the absorption of thermal neutrons by natural chlorine in the environment. A similar analysis has been underway for CSNF stored in dual-purpose canisters. Ideally the strategy would be developed prior to actually loading SNF assemblies into canisters used in waste packages for disposal.« less
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