Underway pCO2 System

An automated underway pCO2 system from AOML has been situated in the hydro lab of the R/V Ronald H. Brown since it was commissioned in July 1997.  The current system has been aboard since September, 2008, and is a model 8050 from General Oceanics, Inc (GO).  Access to the data can be found at AOML’s global carbon cycle web page (http://www.aoml.noaa.gov/ocd/gcc/rvbrown_introduction.php).

Early instrument designs are discussed in Wanninkhof and Thoning (1993) and in Feely et al. (l998).  The current design as well as the data processing procedure is detailed in Pierrot et al. (2009).

Seawater continuously flows through a closed equilibration chamber at approximately 2 liters/minute.  A spiral nozzle creates a conical spray that enhances the gas exchange with the enclosed gaseous headspace.  During ‘water’ analyses this overlying headspace is pushed through an infrared analyzer and returned to the equilibrator.  During air analyses, outside air is pulled from an inlet on the forward mast and pushed through the analyzer.  The pressure and temperature inside the equilibrator are constantly being measured.  With knowledge of the sea-surface temperature and salinity, along with all the parameters measured by the system, one can calculate the fugacity of CO2 in the seawater and the atmosphere above it.

To ensure the accuracy of analyzer output, every 2.6 hours four standard gases are analyzed.  (serial numbers CA06709 [284.75 ppm], CA02813 [363.24 ppm], CA07921 [423.57 ppm], and CA07931 [545.88 ppm])  They were purchased from NOAA/ESRL in Boulder, CO and are directly traceable to the WMO scale.  After the standards, five air analyses and then fifty water analyses are done.  With continuous operation, the current system provides over 920 water analyses per day.  During this cruise, the operation was interrupted while the ship was maintaining station several times for testing and upgrades.

The first upgrade was done before the ship left Cape Town.  A new equilibrator with a water jacket was installed.  The new equilibrator has a seawater flow of approximately 1.5 liters/minute flowing through a concentric enclosure around the vertical walls.  This thermal insulation improves the stability and accuracy of the temperature measured in the main equilibrator, especially with very cold waters.

Additional upgrades were associated with the firmware and software used to control the hardware.  On 12 March, a new version of the software was installed and worked well.  On 2 April, a new firmware and the necessary newer software were installed.  Both software upgrades yielded a more stable and adaptable analytical system.  On 9 April the GPS signal was switched from the dedicated deck box that comes with the GO system to the ship’s GPS that is broadcast through the ship.

Other than these planned service events, the system ran continuously during the entire cruise.  Preliminary examinations of the data confirm good analyses.  Calculation of final values of fugacity will require some time given the volume of data.
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