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    Abstract

        
            An investigation was undertaken of the effect of gamma radiation on metastable pitting of mild carbon steels immersed in a solution similar to those existing at high level waste (HLW) deposits in the US. The object was to observe the extent to which a dosage rate of 1 Mrad/hour (10 Kgrey/hour) affected measurable electrochemical parameters such as pitting potential, open circuit potential, rate of metastable pitting and repassivation potential. Methods for reliably measuring electrochemical potentials in a high radiation field were developed. Exploratory analyses were made of the ion product release and electrolyte composition change in a confined volume simulating the conditions of a corrosion initiated pit during gamma irradiation. As expected the results indicated that the metastable pitting rate (as well as the general rate of corrosion) was significantly enhanced by a radiation field.
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                    The goal of this research is to develop new methods to mitigate corrosion in DOE HLW tanks. To accomplish this, we will characterize the parameters that influence the transition from metastable pitting (also referred to as electrochemical noise) to stable pitting. These parameters include (1) the development of the critical pitting solution chemistry, (2) metastable pit morphologies and dynamics. Once we have evaluated these parameters, we will then examine the influence of gamma irradiation on pit stability. Ultimately we will have identified the role of both radiolytic reactions and inherent pit reactions in the transition from metastable to stable pitting.more » Having identified these reactions only then it will be possible to develop more specific and effective corrosion mitigation strategies.« less
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                    Previous work relevant to current efforts is summarized. A description of an improved version of a new electrochemical probe, the ArtPit, is given. The distinct feature of the probe for investigating metastable pitting of carbon steels is specified and compared to other approaches. The electrochemical response of the ArtPit under the gamma irradiation and elevated temperature conditions that occur at high level waste (HLW) storage tanks is presented. In particular, the Tafel slope determinations and chemical analyses of the ArtPit confined volume electrolyte are described. Based on results a possible approach for reducing the corrosion rate of HLW tank wallsmore » is suggested. Additional statistical analysis of the occurrence of short duration (passivated pits) and long term (stable pitting) electrochemical pulses (current surges) during exposure confirm that radiation enhances the occurrence of both more and smaller sized pits due to increased likelihood of repassivation.« less
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                    Investigate the influence of gamma radiation on the hydrolysis of electrolyte and metal electrode surface, and the role which radiation plays in the corrosion process, in particular, the onset of metastable and stable pitting events.
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                    The overall goal of this proposed research is to develop more effective and innovative methods for solving corrosion problems in waste storage tanks. We will accomplish this goal by establishing a science base for understanding the influence of irradiation and solution chemistry on metastable pit initiation and stabilization. This base will allow the formulation of more effective corrosion mitigation strategies in current tanks, the development of materials selection criteria for the deployment of future remediation technologies, and broaden the understanding of data currently being collected by in-tank corrosion probes currently in use at the sites.
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                    The overall goal of this program is to develop more effective and innovative methods for solving corrosion problems in waste storage tanks. We will accomplish this goal by establishing a science base for understanding the influence of irradiation and solution chemistry on metastable pit initiation and pit propagation.
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