Field Studies of CO2/Water Coflow Injection for Ocean Carbon Sequestration
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Abstract

An injector/reactor system has been developed and investigated at ORNL for the direct injection of CO2 in the ocean at depths of 900-1200 meters.  Coflow injection is used in which water is sprayed through a capillary nozzle into a stream of liquid CO2 to form a paste-like composite of CO2 hydrate, water, and liquid CO2.  At the exit of the injector, the composite forms cylindrical particles of the shape and diameter of the injector.  Laboratory experiments conducted using a seafloor process simulator (SPS) at ORNL showed that the injector could produce sinking composite particles in synthetic seawater.  Two series of field experiments were conducted in Monterey Bay, California, in collaboration with the Monterey Bay Aquarium Research Institute.  In the first series, seawater was injected at a rate of 50 mL/min through a 254-microns internal diameter (ID) capillary nozzle into a 6-mm ID tube carrying CO2 at 10-50 mL/min.   Neutrally buoyant composite particles were formed, and the conversion of CO2 to hydrate was estimated at 25-30%.  In the second series, scale-up injections were performed using a larger injector.  The water flowrate was 150 mL/min and the capillary used was 381-microns ID in a 9.5-mm ID tube carrying CO2 at 26-36 mL/min. Particles were observed to sink at a rate of 3.5 m/min.  Image analysis of the particle shrinking rate indicated a CO2 dissolution rate of 0.76–1.29 mol cm-2 s-1.  In subsequent laboratory experiments, simulated particles were used to provide estimates of the drag coefficient of the composite particles in seawater.  Based on the average sinking velocity of the particles and their drag coefficient, the conversion of liquid CO2 to hydrate was estimated at approximately 50%, indicating that larger injectors may perform better.  Extrapolations of these results to field injections at a larger scale will be presented in this conference by Adams et al.
