Recent advances in deep-sea laser Raman technology
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We report here on two recent engineering challenges and subsequent progress which has helped further deep-sea Raman spectroscopy as a functional geochemical field tool. The second generation deep ocean in situ Raman spectrometer (DORISS2), which has been actively used since January 2005, is a more lightweight, robust instrument for use on remotely operated vehicles (ROVs). Packaged in a single titanium pressure housing with reduction in system payload by 41 kg versus the DORISS1 system, DORISS2 has a floating optical bench to minimize misalignments, adding robustness to this sea-going instrument.
With this new spectrometer functioning with 100% success rate over X deployments, critical areas to make the instrument a viable research tool could be addressed. The first advance opens up the possibility to sample in a wider range of environments with the single-axis positioner (SAP). Opaque targets, such as gas hydrates which are of significant geochemical importance in oceanic environments, require precise positioning of the Raman laser for measurement. The 3-D precision underwater positioner (PUP) has allowed for measurement of solid targets but is limited in application due to weight and required working conditions. The SAP system consists of the DORISS probe head mounted onto a linear actuator manipulated by the robotic arm of the ROV. Even with the inherent vibrations of the ROV, field tests using a thin silicon wafer have shown that the movement during collection was less than 1 mm, which is quite acceptable for most systems of interest. 
The second advance is a custom-designed pressure compensated fiber optic cable to minimize signal loss with water depth. The final design consists of a 10 meter long cable containing two pairs of optical fibers and 12 copper conductors compensated in silicon oil..  The cable is constructed from half-inch braided stainless hose with Teflon inner tubing.  This provides adequate protection for the fibers when handling on deck or at the seafloor with the ROV manipulator arm.  By measuring water as a function of depth, this new design has been shown to maintain 88% signal strength at 1024 m. Compared with only 8% at 1024 m for the original cables, this represents a significant improvement in instrument sensitivity.
