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Abstract:

Surface ocean disposal of fossil fuel CO2 by air-sea gas exchange is arguably by far mankind’s greatest carbon sequestration activity. We have already disposed of some 500 billion tons of fossil fuel CO2 in the ocean, and invasion rates are now approximately 1 million tons CO2 per hour. All ocean CO2 experimental activities, whether studies of direct injection, observation of large scale natural volcanic CO2 releases, or simulations of the biogeochemistry of a future lower pH ocean through controlled enrichment studies analogous to those carried out on land, face a common set of challenges. We have, together with a team of international colleagues, investigated these problems by carrying out a novel controlled plume experiment at 4km depth, and through a series of small-scale closed loop injection studies at many depths. Plume signals were created via an ocean floor experimental flume containing CO2, and observed with pH and conductivity sensors. Close to the source the signal was of lower pH, but also of lower conductivity. This is consistent with the presence of a large quantity of free CO2 molecules; the pH electrode thus greatly underestimates the quantity of CO2 in the plume within a meter or so of the source due to slow hydration. Nonetheless closed loop experiments showed the hydration rate at pressure is far faster than at the same temperature at 1 atmosphere, and we have identified a possible mechanism for this significant rate enhancement.

