Field and Simulation 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. Recently, scale-up studies were conducted in Monterey Bay, California, in collaboration with the Monterey Bay Aquarium Research Institute. Coflow injection was used in which water was sprayed through a capillary nozzle into a stream of liquid CO2 to form a solid composite of CO2 hydrate, water, and liquid CO2.  At the exit of the injector, the composite formed cylindrical particles of the shape and diameter of the injector. In previous field studies where water 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, the composite particles were neutrally buoyant, and the conversion of CO2 to hydrate was estimated to be 25-30%. In the scale-up injections, the water flow rate was 150 mL/min and the capillary used was 381 microns in a 9.5-mm ID CO2 flow tube. Particles were observed to sink at a rate of 3.5 m/min, and the density of the sinking particles suggested that >25% of the injected CO2 was converted to hydrate. Image analysis of the particle shrinking rate indicated a CO2 dissolution rate of 0.76–1.29 mol cm-2 s-1.  Plume simulations of the hydrate composite particles showed that, while discrete particles may sink 10–70 m before dissolution, injections with CO2 mass flow rates of 1–1000 kg s-1 would result in sinking plumes 120–1000 m below the injection point.
