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 The well documented change in ocean pH due to fossil fuel CO2 invasion will apply stresses on marine organisms that have not been seen on Earth in millions of years. The effects of elevated atmospheric CO2 levels on land plants have been investigated by a series of Free Air CO2 Enrichment (FACE) experiments carried out world-wide. Are such experiments possible for the oceans? The impacts of elevated CO2 levels on marine phytoplankton may be studied with short-term controlled closed mesocosm experiments, but benthic communities, coral reefs etc will require a different approach. Here we report on early pilot studies on the design and field testing of a FOCE system.
The prototype design is a circular frame of 2m diameter, with emitters on the periphery. It tests the ability to control and maintain elevated CO2/lower pH levels within a fixed but freely exchanging volume of sea water with velocity fluctuations from tidal forcing. The requirements include piped transfer of CO2 rich sea water to the observing point, metering of the working fluid to produce local sea water of the desired delta-CO2, a delay line with appropriate time for the reaction kinetics to occur and pH equilibrium to be established, and calibrated pH and velocity sensors for feedback and control. Field test results of the prototype on the ocean floor demonstrated the capability of the system to maintain closed loop control of pH in real time using acid addition for convenience. A fundamental limit is imposed by the time to reach pH equilibrium for mixing background and CO2 enriched sea water. This may be greatly reduced by larger scale emitter tubes where the pumping rate is adjusted to match the local velocity so that almost all of the sea water within the control volume has had an equilibration time equal to about 3 e-folding times for the hydration reaction before introduction.
In separate experiments we have developed systems for controlled enrichment of local sea water with CO2 to produce a potent working fluid. Discussion and analysis includes control algorithm development, systems in-situ results, corrective actions, control algorithm modifications adapting to modified chemical kinetics, and upgrades in materials and components to address physical forcing and long-term stability.
The prototype has established the viability of the FOCE technical concept to an extent that we are strongly pursuing further development and investigating the use of cabled observatory facilities and techniques for providing power and control.
