Free Ocean Carbon Dioxide Enrichment (FOCE):  Control and Measurement of Ocean Seawater to Simulate a Low pH-High CO2 Ocean.
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Scientists and Engineers at the Monterey Bay Aquarium Research Institute (MBARI) have undertaken a series of small-scale in-situ CO2 enrichment experiments in order to simulate the present and predicted future effects of fossil fuel CO2 emissions on ocean pH.  In excess of 25 gigatons CO2 are released to the atmosphere per year and the ocean has been the primary sink of these emissions.  Presently, the ocean is absorbing on average 1 million tons of fossil fuel CO2 per hour.  The result of this process has been a lowering of the surface ocean pH by approximately 0.1 units during the past 100 years.  Recent geochemical models project an additional drop of 0.2 units by the middle of this century.

The FOCE prototype was designed to create a controlled lowered pH condition for a freely exchanging volume of seawater 0.5 meters high by 1.0 meters diameter.  A current meter and pH probes in the center of this volume provide the control feedback for driving the system to a desired pH set point (0.1 to 0.3 pH units below ambient seawater pH).  The prototype system used a rotating mechanical vane and valve with 8 ports, each port delivering acidified seawater to emitters that covered 1/8th the circumference of the 2 meter diameter framework.  The directional valve delivered acidified seawater primarily to the upstream side of the FOCE structure.  A second-generation FOCE system will use a current meter, directional resolver and electronic operation of up to 16 solenoid valves, allowing for significantly improved directional control at low flow conditions (< 10 cm/sec).  For the two sea trials conducted with the FOCE prototype system, HCl was used to lower the pH of the seawater.  We have now begun to envision a FOCE design that would use liquid CO2 to change the local pH chemistry.  A near shore cabled observatory could provide the power, communications, and a supply of piped CO2 necessary for long term (weeks-months) observation and control of depressed pH levels in an ocean environment.

