Doriss2 consists of a commercial off-the-shelf spectrometer from Kaiser Optical Systems Inc. that has been re-packaged for use in the deep ocean. The instrument consists of a 532 nm (green) excitation laser, a holographically filtered probe head with interchangeable optics, a U-shaped spectrometer, and a CCD camera from Andor Technology. All of these components are mounted within a titanium pressure housing rated to a depth of 4000m.  The pressure case and spectrometer is an appropriate size and weight to be carried on either of MBARI’s ROVs.

Finally, any increase in sensitivity would help offset the signal loss with depth due to the pressure intolerance of the initial fiber optic cables.  While this is slight at first (approx. a 20-30% loss at 1000m), the severity of the effect increases with depth until >90% of the signal is lost at 4000m.  While this has little effect on the detection of pure substances and is easily compensated for by gases which are much denser at depth than at the sea surface, it is an intolerable situation for looking at trace components in mixtures.
No large issues with our stainless steel penetrators fitted to SeaCon Min-K caps  had arisen in previous work so we stayed with their basic design.  The Min-K golden colored caps can be seen fitted to a penetrator in one of the figures.    Scotchcast 4 and Scotchcast 2130 are used in the penetrators as pressure block and oil seal respectively.

Additionally, we put a moderate vacuum on the outboard side of the penetrator and placed several drops of Loctite 290, a wicking grade sealant/threadlocker, to penetrate and seal any leak paths remaining along the penetrator  inner wall or the fiber.  
and we have an abuse tolerant electro-optical cable which should yield years of good science.

  A complete second cable was concurrently built, just in case.


Probe head stage? Maybe?? With comms modules now – Kirkwood 

Delivery of the excitation laser and collection of the returning spectra is accomplished through the DORISS Probehead (Fig. X). The Probehead is an optical stage that focuses the laser on the target of choice. The head is large and cumbersome to move precisely without some method for controlled motion. To move the focal point along the central axis a linear optical stage was installed allowing for XX cm of total focal point motion. Delivery of the maximum power is ineffectual unless the laser focal point is accurately positioned to give maximum return. The Probehead motor stage makes this a very quick and efficient method to obtain spectra. 


The stage is operated remotely by the science through the topside computer and DORISS graphical user interface. The stage encoder gives position in counts from a predefined home position in the design and zero set on initialization of the system. The stage encoder is commanded by a number of counts and returns the delta position. The counts are used because they are entered as an integer and the focus position is adjusted by watching the signal maximize on the real-time spectra display. The process is very quick for an experienced user

More recently, we have investigated the fractionation of a complex mixture of hydrocarbons during the formation of methane clathrate during a controlled sea-floor experiment (Hester et al., 2006; Hester et al., in preparation).

Instrument Sensitivity Challenge

Laser Raman spectrometer sensitivity is a direct function of the number of photons delivered (output power) which excite the sample and return some fraction as frequency shifted light. The output power also has a direct relationship to the time spent exciting a sample to collect the desired spectra. Other than the obvious goal of making efficient use of expensive ROV time, there are some science experiments that require faster spectra collection times. For example, experiments have been conducted looking at CO2 equilibration rates which alter depending on depth, temperature and initial conditions of the sea water. As the reactions are studied shorter acquisition times can yield details otherwise invisible to the scientist. Similarly, DORISS has worked at hydrothermal vents where chemical changes can occur extremely fast. 
Instrument Deployment 
The DORISS II system has been optimized for use on the MBARI ships and ROV’s, however the system would be compatible with any ROV that has suitable power and payload.  A standard SeaCon min-k-10 long connector and cable is used for interfacing with the instrument.  MBARI has in operation two ROVs:  Ventana is rated to a depth of 1800 meters and has a science payload of 272 kg in air. Ventana provides 2.5 kW at 120 VAC. Tiburon is rated to a depth of 4000 meters, has a science payload of 220 kg in air, and provides 200W at 48 VDC and 5 kW at 240 VDC.  Both vehicles provide instrument communications via 10BASE-T Ethernet.  DORISS 2 has been configured to accept either power source (AC or DC).

Total weight of the DORISS 2 system (including probe head in pressure housing) is 340 lbs in air and 93 lbs in water.

Ease of maintenance was achieved in part by attaching the end bell to the internal instrument support frame, we were able to avoid having to break connections (either electronic or fiber optic) whenever the case was opened to service the spectrometer.  Additionally, the larger pressure case allowed all of the components save the movable probe-head within a single container vastly simplifying the assembly.
