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    Abstract

        
            This report reviews existing literature and knowledge on graphite burning and on stored energy accumulation and releases in order to assess what role, if any, a stored energy release can have in initiating or contributing to hypothetical graphite burning scenarios in research reactors. It also addresses the question of graphite ignition and self-sustained combustion in the event of a loss-of-coolant accident (LOCA). The conditions necessary to initiate and maintain graphite burning are summarized and discussed. From analyses of existing information it is concluded that only stored energy accumulations and releases below the burning temperature (650/sup 0/C) are pertinent. After reviewing the existing knowledge on stored energy it is possible to show that stored energy releases do not occur spontaneously, and that the maximum stored energy that can be released from any reactor containing graphite is a very small fraction of the energy produced during the first few minutes of a burning incident. The conclusions from these analyses are that the potential to initiate or maintain a graphite burning incident is essentially independent of the stored energy in the graphite, and depends on other factors that are unique for these reactors, research reactors, and for Fort St. Vrain. In order tomore » have self-sustained rapid graphite oxidation in any of these reactors, certain necessary conditions of geometry, temperature, oxygen supply, reaction product removal, and a favorable heat balance must be maintained. There is no new evidence associated with either the Windscale Accident or the Chernobyl Accident that indicates a credible potential for a graphite burning accident in any of the reactors considered in this review.« less
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                    Boric acid precipitation following a cold-leg LOCA

                    
                        Conference
                            Twogood, F; Strong, B; Lew, B; ...  - Transactions of the American Nuclear Society; (United States)
                            

                    For a postulated cold-leg loss-of-coolant accident (LOCA) in a pressurized water reactor, borated water from the safety injection and recirculation systems is predicted to flow preferentially around the reactor pressure vessel (RPV) downcomer and out the rupture, bypassing the core. Flow to the core may therefore be limited to just the flow that is required to make up for boil-off in the core and to maintain an equal static head between the downcomer and core regions. Lacking any mixing of dilute injection water in the core, this would result in the accumulation of boron in the core region until saturationmore » concentrations are reached and boric acid begins to precipitate out of solution. Boric acid precipitation is undesirable because it may interfere with long-term core cooling. Without a reliable estimate of reflux condensation, this time to precipitation establishes the minimum time for the initiation of hot-leg recirculation to flush the core and terminate boric acid concentration. This analysis estimates the boric acid concentration over time for the postulated conditions of a cold-leg LOCA in San Onofre nuclear generating station unit 1, including the explicit incorporation of the stored heat release from the RPV and structures discussed in a companion paper. Earlier analyses assumed that the RPV stored energy was released during the safety injection phase immediately after the LOCA. Recent analyses showed that a significant portion of this stored energy is released into the coolant after core safety injection and needs to be explicitly addressed.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    REVIEW OF MATERIALS FOR GAS-COOLED REACTORS

                    
                        Journal Article
                            Brown, G; Nichols, R - Met. Soc., Am. Inst. Mining, Met. Petrol. Engrs., Inst. Metals Div., Spec. Rept. Ser.
                            

                    A review is presented of the various aspects of reactor materials important to the design of the Calder Hall type graphite moderated reactor and of the Windscale Advanced Gas-cooled Reactor. Some factors leading to the selection of CO/sub 2/ as a coolant are described, and its specification is given. The principal problems associated with the use of a graphite moderator are outlined. Following discussion of the influence of design on the initial requirements of density, strength, and permeability to gases, the effects of irradiation are discussed. Neutron irradiation causes accumulation of stored energy in the graphite which could be hazardousmore » if released at an excessive rate during transient conditions. However, selection of a minimum graphite operating temperature in relation to the flux rating of a particular design ensures that the maximum possible energy release rate will not exceed a critical value during the lifetime of the reactor. Neutron bombardment also causes dimensional changes in the graphite, and curves showing the expected trends of behavior are presented. Design measures to ensure that the graphite structure will continue to behave satisfactorily in the presence of gross dimensional changes are described, and mention is made of the problems arising from differential growth effects. While thermal reaction of graphite with CO/sub 2/ is not a problem below 600 deg C, attack of the graphite can occur in the reactor because of radiolytic decomposition of CO/sub 2/, the weight loss increasing with higher neutron and gamma flux ratings and increased gas pressures. In the A.G.R., controlled additions of CO will be necessary to reduce the rate of attack. Factors influencing the continual safe working of a steel pressure vessel are outlined. Particular attention is given to the safeguards used to avoid brittle fracture and to the effects of irradiation. Data on high temperature properties and fatigue behavior are summarized. The oxidation behavior of various pressure circuit materials in CO/sub 2/ is described, the data indicating that these materials will be satisfactory at the conditions of service in the Windscale A.G.R. Finally, a summary is given of the measures taken in the operating reactors to monitor for changes in properties of the steel and graphite. (auth)« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Physics and technology considerations for the deuterium–tritium fuel cycle and conditions for tritium fuel self sufficiency

                    
                        Journal Article
                            Abdou, Mohamed; Riva, Marco; Ying, Alice; ...  - Nuclear Fusion
                            

                    The tritium aspects of the DT fuel cycle embody some of the most challenging feasibility and attractiveness issues in the development of fusion systems. The review and analyses in this paper provide important information to understand and quantify these challenges and to define the phase space of plasma physics and fusion technology parameters and features that must guide a serious R&D in the world fusion program. We focus in particular on components, issues and R&D necessary to satisfy three 'principal requirements': (1) achieving tritium self-sufficiency within the fusion system, (2) providing a tritium inventory for the initial start-up of amore » fusion facility, and (3) managing the safety and biological hazards of tritium. A primary conclusion is that the physics and technology state-of-the-art will not enable DEMO and future power plants to satisfy these principal requirements. We quantify goals and define specific areas and ideas for physics and technology R&D to meet these requirements. A powerful fuel cycle dynamics model was developed to calculate time-dependent tritium inventories and flow rates in all parts and components of the fuel cycle for different ranges of parameters and physics and technology conditions. Dynamics modeling analyses show that the key parameters affecting tritium inventories, tritium start-up inventory, and tritium self-sufficiency are the tritium burn fraction in the plasma (fb), fueling efficiency (ηf), processing time of plasma exhaust in the inner fuel cycle (tp), reactor availability factor (AF), reserve time (tr) which determines the reserve tritium inventory needed in the storage system in order to keep the plant operational for time tr in case of any malfunction of any part of the tritium processing system, and the doubling time (td). Results show that ηffb > 2% and processing time of 1–4 h are required to achieve tritium self-sufficiency with reasonable confidence. For ηffb = 2% and processing time of 4 h, the tritium start-up inventory required for a 3 GW fusion reactor is ~11 kg, while it is <5 kg if ηffb = 5% and the processing time is 1 h. To achieve these stringent requirements, a serious R&D program in physics and technology is necessary. The EU-DEMO direct internal recycling concept that carries fuel directly from the plasma exhaust gas to the fueling systems without going through the isotope separation system reduces the overall processing time and tritium inventories and has positive effects on the required tritium breeding ratio (TBRR). A significant finding is the strong dependence of tritium self-sufficiency on the reactor availability factor. Simulations show that tritium self-sufficiency is: impossible if AF < 10% for any ηffb, possible if AF > 30% and 1% ≤ ηffb ≤ 2%, and achievable with reasonable confidence if AF > 50% and ηffb > 2%. These results are of particular concern in light of the low availability factor predicted for the near-term plasma-based experimental facilities (e.g. FNSF, VNS, CTF), and can have repercussions on tritium economy in DEMO reactors as well, unless significant advancements in RAMI are made. There is a linear dependency between the tritium start-up inventory and the fusion power. The required tritium start-up inventory for a fusion facility of 100 MW fusion power is as small as 1 kg. Since fusion power plants will have large powers for better economics, it is important to maintain a 'reserve' tritium inventory in the tritium storage system to continue to fuel the plasma and avoid plant shutdown in case of malfunctions of some parts of the tritium processing lines. But our results show that a reserve time as short as 24 h leads to unacceptable reserve and start-up inventory requirements. Therefore, high reliability and fast maintainability of all components in the fuel cycle are necessary in order to avoid the need for storing reserve tritium inventory sufficient for continued fusion facility operation for more than a few hours. The physics aspects of plasma fueling, tritium burn fraction, and particle and power exhaust are highly interrelated and complex, and predictions for DEMO and power reactors are highly uncertain because of lack of experiments with burning plasma. Fueling by pellet injection on the high field side of tokamak has evolved to be the preferred method to fuel a burning plasma. Extrapolation from the DIII-D penetration scaling shows fueling efficiency expected in DEMO to be <25%, but such extrapolations are highly uncertain. The fueling efficiency of gas in a reactor relevant regime is expected to be extremely poor and not very useful for getting tritium into the core plasma efficiently. Gas fueling will nonetheless be useful for feedback control of the divertor operating parameters. Extensive modeling has been carried out to predict burn fraction, fueling requirements, and fueling efficiency for ITER, DEMO, and beyond. The fueling rate required to operate Q = 10 ITER plasmas in order to provide the required core fueling, helium exhaust and radiative divertor plasma conditions for acceptable divertor power loads was calculated. If this fueling is performed with a 50–50 DT mix, the tritium burn fraction in ITER would be ~0.36%, which is too low to satisfy the self-sufficiency conditions derived from the dynamics modeling for fusion reactors. Extrapolation to DEMO using this approach would also yield similarly low burn fraction. Extensive analysis presented shows that specific features of edge neutral dynamics in ITER and fusion reactors, which are different from present experiments, open possibilities for optimization of tritium fueling and thus to improve the burn fraction. Using only tritium in pellet fueling of the plasma core, and only deuterium for edge density, divertor power load and ELM control results in significant increase of the burn fraction to 1.8–3.6%. These estimates are performed with physics models whose results cannot be fully validated for ITER and DEMO plasma conditions since these cannot be achieved in present tokamak experiments. Thus, several uncertainties remain regarding particle transport and scenario requirements in ITER and DEMO. The safety standard requirements for protection of the public and release guidelines for tritium have been reviewed. General safety approaches including minimizing tritium inventories, reducing tritium permeation through materials, and decontaminating material for waste disposal have been suggested.« less

                        
                            	https://doi.org/10.1088/1741-4326/abbf35


                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Recent measurements supporting N reactor graphite stack stored energy analysis

                    
                        Conference
                            Tollefson, D; Toffer, H; Mohr, C - Trans. Am. Nucl. Soc.; (United States)
                            

                    During the accident at the Chernobyl reactor in the Soviet Union last April, many speculated that Wigner stored energy in the graphite stack contributed to the burning of the moderator. This speculation prompted a reevaluation of the stored-energy question in a graphite-moderated reactor such as the Hanford N Reactor. This reactor is operated by UNC Nuclear Industries, Inc., the for US Dept. of Energy. In N Reactor, the core region operates at an average graphite temperature of approx. 510/sup 0/C (well below the graphite ignition temperature), such that continuous annealing of the stored energy occurs during operation. However, the operatingmore » temperature of the reflector graphite is much lower. Experimental measurements were performed recently to determine the operating temperature and epithermal flux level inside the reflector graphite. Subsequent analyses using the experimental measurements demonstrated that the release of the stored energy from the reflector graphite would not raise the maximum reflector graphite above the core graphite temperature. This conclusion is based on the following facts: (1) the amount of graphite affected by stored energy is relatively small compared to the full core-reflector graphite volume. (2) The epithermal flux and reflector graphite temperature result in a small amount of stored energy in the regions affected. (3) The stored energy release is a gradual rather than an instantaneous process.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    IRIS Responsiveness to Generation IV Road-map Goals

                    
                        Conference
                            Carelli, M; Paramonov, D; Petrovic, B
                            

                    The DOE Generation IV road-map process is in its second and final year. Almost one hundred concepts submitted from all over the world have been reviewed against the Generation IV goals of resources sustainability; safety and reliability; and, economics. Advanced LWRs are taken as the reference point. IRIS (International Reactor Innovative and Secure), a 100-335 MWe integral light water reactor being developed by a vast international consortium led by Westinghouse, is one on the concepts being considered in the road-map and is perhaps the most visible representative of the concept set known as Integral Primary System Reactors (IPSR). This papermore » presents how IRIS satisfies the prescribed goals. The first goal of resource sustainability includes criteria like utilization of fuel resources, amount and toxicity of waste produced, environmental impact, proliferation and sabotage resistance. As a thermal reactor IRIS does not have the same fuel utilization as fast reactors. However, it has a significant flexibility in fuel cycles as it is designed to utilize either UO{sub 2} or MOX with straight burn cycles of 4 to 10 years, depending on the fissile content. High discharge burnup and Pu recycling result in good fuel utilization and lower waste; IRIS has also attractive proliferation resistance characteristics, due to the reduced accessibility of the fuel. The safety and reliability goal include reliability, workers' exposure, robust safety features, models with well characterized uncertainty, source term and mechanisms of energy release, robust mitigation of accidents. IRIS is significantly better than advanced LWRs because of its safety by design which eliminates a variety of accidents such as LOCAs, its containment vessel coupled design which maintains the core safely covered during the accident sequences, its design simplification features such as no (or reduced) soluble boron, internal shielding and four-year refueling/maintenance interval which significantly reduce workers' exposure. IRIS has indeed a superb safety which makes it an excellent candidate to fulfill the Generation IV goal of no off-site emergency response. Finally, the economic goal includes various factors contributing to cost of electricity and capital at risk. Significant uncertainties exist on capital cost of all Generation IV concepts and a consensus is not reached how well advantages of modularity, simplicity and standardized, multiple fabrication compare with economies of scale. Still, IRIS is expected to have attractive economics because of its modular, simplified design which can be constructed in a three-year period and its small-to-medium size which significantly reduces the financial risk. In summary, IRIS is positively responsive to all Generation IV goals and is an excellent candidate for further development by its large international consortium. (authors)« less
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