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 The Monterey Bay Aquarium Research Institute (MBARI) is a non-profit privately funded research institute devoted to the development of technology that supports ocean sciences. A current MBARI interest in ocean science is the in-situ measurement of CO2 & CH4 hydrates and the identification and observation of phase changes associated with these hydrates. For in-situ hydrate measurement, we are adapting a Laser Raman Spectrometer (LRS) for use in the deep ocean. Laser Raman spectrometry is based on observing the change in wavelength of incident light scattered by covalent bonds in molecules. The data consists of spectrograms characteristic of the molecular species being probed. Although the Raman effect was elucidated by C.V. Raman in the 1920’s, the techniques for implementing practical spectrometers have only recently become available with the advent of advances in laser and optical component technologies. Raman spectrometry is especially attractive for ocean in-situ molecular speciation because it is a “point and shoot” technique requiring no sample preparation, although precise positioning of the laser beam with respect to the sample is required. The LRS consists of a 100mw, 532nm wavelength laser, an optical probe assembly for imaging and focusing the laser beam, a spectrometer for discriminating the scattered wavelengths, a detector for recording the intensity of the scattered radiation, and PC based data processing and display. 

A set of LRS components was purchased from Kaiser Optical Systems for use in this project. The original Kaiser configuration was intended for laboratory or process control measurement, and has been adapted for ocean use by MBARI. Adapting the LRS for use in the ocean required installation of LRS components in appropriate pressure vessels (6000PSI external), and interfacing with a support ship which has the means of delivering the instrument to the investigation site in the deep ocean. This is accomplished at MBARI using the R/V Western Flyer with its S.W.A.T.H. (Small Waterplane Area Twin Hull) design and Tiburon, MBARI’s deep diving (4000m) remotely operated vehicle (ROV). 

The goal of this project is to extend MBARI’s deep-sea measurement capability by fielding an in-situ Raman spectrometer tool to obtain spectral data on both solutions and solids. Potential applications of the LRS include hydrate measurement, measuring sulfur within marine bacterial cells, and providing deep ocean mineralogy data. This paper describes the design solutions employed to meet the technical challenges of high-pressure design, laser signal attenuation, system heat dissipation, and remote control through a 4000-meter cable. 

I. INTRODUCTION

The Laser Raman Spectrometer (LRS) project is a Demonstration of applied technology. We seek to extend MBARI’s deep-sea measurement capability by adding Raman spectroscopy to the suite of tools available for both laboratory and in situ work. This is a powerful, nondestructive, tool for obtaining quantitative molecular data on a variety of solutions, and solids, and under extreme conditions. It may be used both in the bulk solution mode, and for the microscopic analysis of small particles and fluid inclusions. MBARI’s principal observing tools, it’s ROV systems, are well adapted to deploy this instrumentation, which is of interest to many scientists. The project directly addresses MBARI’s mission of better instruments and methods for scientific research in the deep-sea, and exemplifies the peer relationship of scientists and engineers in achieving this goal.
II. RAMAN SPECTROMETRY

The fundamental principle of Raman spectroscopy arises from the nature of the interaction of light with the covalent bond. Most of the light interacting with the sample induces elastic (Rayleigh) scattering of the same wavelength as the incoming radiation. A small fraction, about 1 in 10 8 scattering events, involves inelastic scattering in which the exiting radiation has a different wavelength from the incoming laser light. Most inelastic scattering involves a loss of energy (Stokes Raman scattering), and the amounts of individual energy losses are directly correlated with the energies of the specific vibrational modes of the covalent bonds in the sample. The spectrum therefore contains detailed information on the bonding configurations and basic structure of a compound. Thus polymorphs of the same composition (e.g. calcite, aragonite) have different Raman spectra. A laser Raman spectrometer for the laboratory essentially consists of an optical microscope

for imaging the sample and focusing the laser beam, a spectrometer system for discriminating the scattered wavelengths, and a detector for recording the intensity of the scattered radiation. Since the beginning of the marketing of laser, systems there have been tremendous

Improvements in capability, and the time is ripe for extension to the deep sea world. For the laboratory a microscope is important, but for the initial deep-sea application to hydrates it is not since it is the changing nature of the bulk phase that is at present unknown, and very large gains in knowledge can be made without microscopically precise placement of the laser beam. A critical part of the adaptation to deep sea work is the fiber optic link to the sensor head. This unit basically has to serve three functions: to transmit the excitation light to a precise point on the sample (under fine motor control by the vehicle), to transmit the scattered return signal to the spectrometer, and to image the sample with sufficient resolution so as to enable the scientist to choose and identify the precise phenomenon or region of investigation.
II. DEEP OCEAN APPLICATION

A
Pressure Vessel Design.

The functional design requirements for the LRS project dictated that the assembly be remotely controlled underwater via the ROV and easily maintainable while deploying and operating at sea. The operating depth for the LRS is 4000m, which equates to 5880 PSI. In addition, the same configuration that goes to sea was to be usable in the laboratory. An early decision was made to keep intact as much of the optical assembly as was possible during the proof of concept application. This decision combined with the 90 degrees placement of the CCD camera in the optic bench assembly drove the design for the pressure housing. Structural analysis reveled the need to strengthen the housing near the camera penetration. The resulting vessel is a multi-piece version of a ring stiffened cylinder [1]. The vessel was manufactured from aluminum 7075-T6, which is a high yield strength grade of aluminum normally found in the aircraft industry.  This grade of aluminum is highly corrosive in seawater and measures such as hard anodize with Teflon impregnation were undertaken to resist material degradation. 

B. Thermal Analysis

C.
Photonics & Light Tubes
Photonics is the technology of generating and harnessing light and other forms of radiant energy whose quantum unit is the photon. 

532 nm Coherent laser = Diode pumped solid state techmology.

decibel Abbr. dB Equal to one-tenth of a bel. [After Alexander Graham Bell.] 1. A measuring system first used in telephony (Martin, W.H., "DeciBel -- the new name for the transmission unit. Bell System Tech. J. January, 1929), where signal loss is a logarithmic function of the cable length. 2. The preferred method and term for representing the ratio of different audio levels. 

The dB expression is a mathematical shorthand, steeped in cruft and venerable history, that uses logarithms (a shortcut using the powers of 10 to represent the actual number) to reduce the size of the expression. For example, instead of saying the dynamic range is 32,000 to 1, we say it is 90 dB [the answer in dB equals 20 log x/y, where x and y are the different signal levels]. Being a ratio, decibels have no units. Everything is relative. Since it is relative, then it must be relative to some 0 dB reference point. To distinguish between reference points and measurment methods, a suffix letter is added as follows: 

[image: image1.jpg]



