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    Abstract

        
            In the event a commercial power reactor is subjected to a Class 9 accident resulting in gross core melting and reactor pressure vessel penetration, it has been shown that the containment integrity may subsequently be threatened by steam overpressurization, combustible gas reactions, and basemat penetration. A major contributor to these events would be the interaction of molten core debris with the structural concrete. Modeling of core-concrete interactions involves many poorly understood and complicated heat transfer phenomena for which there exists a sparse data base. One of these phenomena, which has been shown to have significant impact upon code calculations of core-concrete interactions, is the rate of heat transfer between overlying immiscible layers of core oxides and molten metals whose interface is agitated by transverse gas flow. A mathematical model is developed to analyze this heat transfer.
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                    The phenomena of core-concrete interactions impact upon containment integrity of light water reactors (LWR) following postulated complete meltdown of the core by containment pressurization, production of combustible gases, and basemat penetration. Experiments have been performed with non-reactor materials to investigate one aspect of this problem, heat transfer between overlying immiscible liquids whose interface is disturbed by a transverse non-condensable gas flux emanating from below. Hydrodynamic studies have been performed to test a criterion for onset of entrainment due to bubbling through the interface and subsequent heat transfer studies were performed to assess the effect of bubbling on interfacial heat transfermore » rates, both with and without bubble induced entrainment. Non-entraining interfacial heat transfer data with mercury-water/oil fluid pairs were observed to be bounded from below within a factor of two to three by the Szekeley surface renewal heat transfer model. However heat transfer data for fluid pairs which are found to entrain (water-oil), believed to be characteristic of molten reactor core-concrete conditions, were measured to be up to two orders of magnitude greater than surface renewal predictions and are calculated by a simple entrainment heat transfer model.« less
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                    Complete meltdown of an LWR core may lead to rapid penetration of the pressure vessel and thermal interaction between core materials and concrete in the reactor cavity in the absence of intervention by engineered reactor safety features. Subsequent core-concrete interactions impact upon containment integrity by containment pressurization, production of combustible gases, and basemat erosion. The CORCON code represents the state of the art calculational tool for calculating the consequences of the attack of molten core materials upon concrete. This paper addresses the phenomenon of heat transfer between immiscible overlying corium layers agitated by gas release from the concrete which ismore » one of the dominant heat transfer processes that needs to be modelled for accurate calculations of core-concrete interactions by CORCON.« less
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                    The modeling of molten core debris in the CORCON and VANESA computer codes as overlying, immiscible liquid layers is discussed as it relates to the transfer of heat and mass between the layers. This initial structure is identified and possible configurations are discussed. The stratified, gas-sparged configuration that is presently employed in CORCON and VANESA is examined and the existing literature for interlayer heat transfer is assessed. An experiment which was designed to measure interlayer heat transfer with gas sparging is described. The results are presented and compared to previously existing models. A dimensionless correlation for stratified, interlayer heat transfermore » with gas sparging is developed. This relationship is recommended for inclusion in CORCON-MOD2 for heat transfer between stratified, molten liquid layers. 12 refs., 6 figs., 3 tabs.« less
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                    A mechanistic model of the mixing of two layers of immiscible fluids by gas bubbling is presented. The model is based upon the conceptual framework of a bubble lifting a droplet of heavy fluid into the light fluid and releasing it when the bubble breaks at the upper surface. The model predicts the degree of entrainment for any rate of gas flow. The rate of heat transfer between the two layers is also predicted. Comparison of the model predictions and experimental data is found to be good. A comparison with experiments of an existing correlation by Calderbank for emulsification bymore » aereation is also presented. Applying the model to molten core-concrete interactions indicates that a three-layered concept, heavy oxide/metallic/light oxide, is unstable. A more likely situation would be a completely entrained system or a partially entrained two layer, oxide metallic, system depending upon the gas velocity. 13 refs., 12 figs., 2 tabs.« less
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                    In the highly unlikely event of a loss of cooling accident in a LWR followed by failure of certain engineered safety features of the reactor system, the core may eventually melt due to the generation of decay heat. If the safety features of the reactor system fail to arrest the accident within the vessel, the molten core debris (corium) will fall into the reactor cavity and attack the concrete walls and floor. The heat transferred from the core melt to concrete can lead to concrete decomposition accompanied by gas generation, which along with direct heating of the atmosphere will leadmore » to a pressure rise in the containment. The cooling rate of the core melt and the amount of gas generated by concrete decomposition will also affect the degree to which fission products may be released from the melt. A semiempirical correlation for calculating the downward heat transfer coefficient is derived based on periodic contact between the liquid pool and the underlying solid. The experimental data on interfacial heat transfer between bubble agitated immiscible layers are reviewed and a new model is proposed. The proposed downward and interfacial heat transfer models have been incorporated into an integral analysis code, CORCON/Mod1, developed by Sandia Laboratories. A simplified containment model based on thermal equilibrium among all materials within the containment is developed, and is integrated with the modified CORCON/Mod1. The combined model, called CORCELL, is used to study the impact of Corium/Concrete Interaction on containment pressurization.« less
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