Recent advances in deep-sea laser Raman technology
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Following our successful demonstration of the feasibility of conducting laser Raman spectroscopy from an ROV using our a deep ocean in situ spectrometer (DORISS), we recognized that several factors limited widespread use of this technology.  Principal among these were the weight of the instrument, serviceability (was the instrument robust and could it be easily maintained), and the ability to precisely focus the laser on the subject under investigation.  Development of a second generation laser Raman spectrometer (DORISS2) in conjunction with Kaiser Optical Systems, Inc. solved the first two of these issues.  Development of a precision underwater positioner (PUP) solved the third issue.  Unfortunately, the initial engineering tests of DORISS2 in Monterey Bay revealed that a significant attenuation of the Raman signal with depth was still occurring.  This problem was later traced to a flaw in the fiber optic cable design.  Additionally, work at Barkley Canyon in 2006 revealed that PUP was not useable in certain situations, e.g. on seafloors with a steep grade, and a single axis positioner mounted on the robotic arm of the ROV would be more useful in these conditions.

We report here the construction of new fiber optic cables to solve the signal attenuation problem and the development of a single-axis positioner (SAP) to address the issue of problems encountered while using the laser Raman spectrometer in tight quarters or when motion on all three axes is not required.  Construction of pressure compensated fiber optic cables has reduced Raman signal attenuation from 92% in the first one thousand meters to about 12% over the same depth range.  Additionally, we have now completed engineering tests of the SAP with targets both on the ROV (with vibrations coupled between the probe head and the target) and off the vehicle (where vibrations between the probe head and target are de-coupled) with considerable success. Using a thin silicon wafer, the movement during collection was determined to be less than 1 mm, which is acceptable for most systems of interest.

