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The Department of Energy’s Hanford Site is situated along one of the longest remaining unimpounded stretches of the Columbia River, the highest discharge volume river west of the continental divide.  Decades of nuclear related activities have left significant local contamination (e.g. nitrate, U, tritium, Cr6+, 99Tc) in the vadose zone and groundwater within the site.  Some of this contamination has reached the Columbia River, and there remains the potential for further contaminant migration to the river.  Understanding the fate and transport of contaminants has been complicated by the presence of multiple potential sources within relatively small areas. Uranium from nuclear industrial activities covers a wide range of 235U/238U and 236U/238U due to variable combinations of isotopic enrichment and use in nuclear reactors. Natural background uranium in groundwater and vadose zone porewater has essentially constant 235U/238U, virtually zero 236U/238U, but variable 234U/238U due to alpha recoil effects. The contrasts in isotopic composition between natural and processed uranium, as well as the wide compositional range of processed uranium, provides the means to trace contaminant uranium in the environment and delineate the sources and history of contamination. I will present several ongoing uranium isotopic studies at the Hanford Site, including sourcing, apportioning and tracing the contribution of Hanford Site contamination to the U flux of the Columbia River.


Millennial variations in the total organic carbon (TOC) content of Arabian Sea sediments are consistent with the timing of the Dansgaard-Oeschger cycles found in the Greenland ice cores.  The TOC cycles reflect the changing intensity of the oxygen minimum zone (OMZ).  High-resolution uranium-series isotope records from core 93KL in the northeastern Arabian Sea suggest that the varying intensity of the OMZ is due to changing intermediate water circulation patterns which alter the supply of oxygen to the region.  Highest 230Th-normalized 232Th fluxes (a proxy for the eolian component) occur at times that are consistent with the timing of the Younger Dryas (YD), Heinrich events 1-7 and cold Dansgaard-Oeschger stadial events recorded in the GISP2 ice core. Such high dust fluxes may be due to a weakened SW monsoon in conjunction with strengthened northwesterly winds.  Excess 231Pa/230Th activity ratios are significantly higher than the water-column production ratio of 0.093. Average 231Pa/230Th activity ratios are lower during the last glacial period than during the Holocene.  On millennial timescales, the lowest 231Pa/230Th activity ratios occur during Heinrich events, which we interpret as a stronger supply of Southern Ocean intermediate waters that are oxygen-enriched and Pa-depleted.  The increase in the supply of Antarctic-sourced waters is coincident with the slowdown or cessation in North Atlantic deep water formation.





The seminar summarizes a recent CSIRO and CO2CRC report (Etheridge, Leuning, de Vries, and Dodds) on the use of meteorological and remote sensing methods to detect, attribute and measure emissions from geologically stored CO2 into the atmosphere. A three-step strategy is proposed to use atmospheric measurements to: 1) Detect sources and measure CO2 concentrations to comply with environmental health and safety requirements, 2) Attribute leakages associated with geosequestration and distinguishing them from biogenic and industrial sources, and 3) Quantify the leakage rates from identified geosequestration sources. 


Detection: Combine information from geological maps, soil surveys of CO2 concentrations, digital terrain maps and airborne remote sensing to identify potential sites and actual sites where CO2 leakage occurs. Monitor CO2 concentrations in potential accumulation areas such as local depressions in the landscape to ensure compliance with EH&S standards. 


Attribution: Use measurements of CO2 and tracer gas concentrations in the atmosphere in conjunction with atmospheric transport models to distinguish between sources such as existing industrial installations and biological activity. Baseline monitoring of CO2 concentrations and fluxes for a year prior to geosequestration  will be needed to establish typical background levels and the magnitude of natural variability of CO2 concentrations.


Quantification: Select the appropriate chamber, micrometeorological or atmospheric inverse methods to measure the emission rates from identified point, line or area-sources. These measurements should accompany sub-surface monitoring of reservoir characteristics and gas diffusion studies. Combine measurements with a calibrated  atmospheric transport model to partition fluxes between leakages from geological storage and existing industrial and biogenic sources. 


Potential techniques to monitor continuously emissions of CO2 from land surfaces at spatial scales from 1 – 1000 m are presented. Chambers placed on the surface are suitable for measuring small fluxes from small areas but replication is needed because of spatial variability in emissions. Micrometeorological mass-balance, eddy covariance and flux-profile methods integrate over larger areas but require high-precision instruments to measure small concentration gradients. Backward Lagrangian dispersion analysis and atmospheric tracer techniques for point, line and area sources are discussed. All techniques need to distinguish between emissions from geosequestration and biological sources and sinks, examples of which are presented.
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