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1) Abstract (new and continuing projects)

An intrinsic aspect of MBARI’s mission is to advance ocean sciences through “the development of better instruments, systems, and methods for scientific research in the deep waters of the ocean.”  In recent years, there has been a burgeoning interest at MBARI, as well as and other institutions, in developing instruments that provide scientists with the means to explore processes and phenomenon that have to date been difficult to study due to technological limitations.  Many instruments currently being developed have focused on addressing, or measuring, a single parameter or phenomenon.  However, for those scientists exploring spatially or temporally widespread phenomenon, such as the occurrence of methane plumes from the ocean floor or the variations in domoic acid concentrations in harmful algal blooms, there is a need for an instrument that is capable of quickly and reliably measuring a wide range of dissolved gasses and chemical compounds in situ. Mass spectrometers can detect the broadest range of compounds with a single detector, and offer high sensitivity and throughput.

There are major challenges, however, involved with deploying mass spectrometers in situ.  In general, the largest issue is developing an inlet system that is suitable for use in situ, while allowing for ample sensitivity and high reliability.  To that end, we have focused our efforts during the last year to studying, designing and eventually constructing a membrane inlet system that provides the requisite reliability and sensitivity. In addition, at the management team’s request, we aimed to design an inlet system that is depth rated to 4500 meters (or ca. 6500 PSI).  While designing a membrane inlet to withstand 6500 PSI poses substantial engineering and analytical challenges, we believe that the benefits, in particular the vast reduction in instrument complexity, warrant the effort.  To date, we have demonstrated that our membrane inlet system is capable of sustaining 6500 PSI for at least 5 hours (note that we have yet to test the inlet to failure).  In addition, we have used this inlet with our quadrupole mass spectrometer system to detect and measure a suite of dissolved gasses in both oceanic and hydrothermal vent seawater at 4000 PSI (SEE ATTACHED FIGURES).  We have also developed a safety system to protect the instrument at pressures up to 4000 PSI (although we have yet to test this safety valve to failure, and it is possible it may be effective to higher pressures).  In addition, we have started to characterize both sensitivity and response time of the membrane inlet system, as well lay out some prototype packaging schemes for bundling the instrument for deployment.    

Several other organizations, including the Center for Ocean Technology at the University of Southern Florida, the McMurtry lab at the University of Hawaii, and the Teschniche Universitat Hamburg-Harburg are continuing their development of in-situ mass spectrometers (ISMS) for oceanic deployment.  To our knowledge, the instruments currently available are effective but limited in their application (e.g. incapable of working deeper than 200 meters), or are still in the developmental stages.  It should be noted that in all cases, these projects were initiated before our study but have not progressed significantly farther than our own efforts.  At a workshop on harsh environment mass spectrometry, we met with the developers of many of the aforementioned systems and have gained valuable insight into their approach.  As a consequence, we have focused our efforts on the inlet system in order to avoid many of the issues faced by other programs.  Accordingly, our in-situ mass spectrometer (IsMass) offers the best chance for a deep-water instrument that would be of tremendous benefit to a large number of researchers at MBARI.  The capabilities of an ISMS includes (but is not limited to) quantifying carbon dioxide, oxygen, methane, sulfide, helium, and hydrogen concentrations, to name a few of the compounds of great interest to many MBARI researchers.  As such, we would like to continue our development of this instrument, and attempt a deployment in 2003.  Development for use on AUVs may follow in a later funding cycle, pending the results of this study. 

2)
Proposal

Current and Future Engineering and Technology Developments

During this last year, we focused our efforts on accomplishing the milestones outlined in our prior proposal, primarily the development of an appropriate inlet system and pressure housing (note that in situ deployment, our third milestone, is slated for later this year in our prior proposal). In particular, we have focused our efforts during the last year to studying, designing and eventually constructing an inlet system that provides the requisite reliability and performance.  The decision to focus the bulk of our effort on developing an appropriate inlet system stemmed from our attending the conference on harsh environment mass spectrometry.  During this meeting, we met with researchers from the Center for Ocean Technology at the University of Southern Florida, and the McMurtry lab at the University of Hawaii.  It became apparent that designing appropriate inlet systems is the major obstacle in the development of in situ mass spectrometers. The single instrument that is currently available is effective but limited in range (e.g. incapable of working deeper than 200 meters).  Other mass spectrometers suitable for deeper waters appear to still be in the developmental stages, e.g. the rotating field in situ mass spectrometer from McMurtry’s lab at the University of Hawaii.

As such, we designed a membrane inlet system that interfaces directly between the analytical system (i.e. vacuum chamber with mass spectrometer) and the ocean environment.  The membrane itself is a polymeric material, and sits on a stainless steel frit.  A novel support structure was designed to bear the pressure load while allowing gas to enter the analytical system (SEE ILLUSTRATION).  In addition, at the management team’s request, we aimed to design an inlet system that is depth rated to 4500 meters (although designing a membrane inlet to withstand 6500 PSI poses substantial engineering and analytical challenges, we were convinced that the benefits, in particular the vast reduction in instrument complexity, warranted the additional effort).  To date, we have demonstrated that our membrane inlet system is capable of sustaining 6500 PSI fluid pressures for at least 5 hours.  These tests were conducted in the laboratory using our newly developed inlet system and mass spectrometer in conjunction with high-pressure liquid pumps.  Upon visual inspection, there were no obvious signs of imminent structural failure of the membrane, frit or supports (note that we have yet to test the inlet to any failure).  The inlet system was also repeatedly pressurized and depressurized and subjected to both freshwater and seawater. 

In addition to the inlet system, we developed and tested an instrument safety valve designed to seal the analytical system off from the environment in the event of membrane failure.  Based upon “off the shelf” components, the safety valve consists of a bellows-type valve assembly, a low-voltage pneumatic solenoid, and small nitrogen charged cylinder (about twice the size of a CO2 cartridge).  The valve is designed to detect leakage past the membrane, open the solenoid and dump nitrogen gas into the valve to actuate and seal the system.  The valve is rated to 4000 PSI, and we intend to test the valve to 6500 PSI (or failure, whichever comes first).  Because of the potential demands on monetary and financial resources, we have not as of yet considered developing a similar custom safety valve assembly for use at pressures greater than 4000 PSI.  However, there may be other, more affordable, means of sealing the system in the event of an emergency, e.g. small, depth-rated solenoids that seal the membrane inlet ports from the environment and do not need to be vacuum-rated.  We will explore this option as is deemed necessary.

During our development of inlet and safety valve systems, we have begun to explore the possible configurations for pressure housings.  In principal, we intend to build a pressure vessel with bulkheads to protect the instrument’s electronics in the event of end cap leakage.  Due to the allocation of MBARI’s machine shop to prior obligations, we have not received any machine shop time and have not yet built a pressure housing.   

Field program

Earlier this year, a roughing pump failed during our laboratory testing of the membrane inlet, leading to a failure in the primary pump and eventual failure of the analytical head.  This initial failure was the result of a manufacturing defect in the roughing pump, and will be resolved prior to re-integration of that pump into our analytical system.  In combination with the lack of machine shop time, the equipment failure prohibited our efforts to deploy the instrument in situ by this summer.  Regardless, we continued to test the system by using it as a shipboard analytical system during a recent cruise to the Juan de Fuca ridge (D. Kelley, PI).  On board ship, we used the instrument and inlet assembly to detect and measure a suite of dissolved gasses in both oceanic and hydrothermal vent seawater at 4000 PSI (SEE ATTACHED FIGURES), concurrent with analyses of these same samples by gas chromatography and HPLC.  The resulting spectra provide an example of the range and sensitivity of the mass spectrometer.  We intend to continue using the instrument on board ship and, during an upcoming expedition to the Endeavour ridge system, will be analyzing vent fluid samples directly from gastight bottles maintained at ambient pressures.

Although we hope to conduct field testing in and around the Monterey bay during 2003-2004, no ship or ROV time will be requested specifically for this project.  We hope to perform much of our in-situ testing on a space available basis during benthic dives such as those requested by Ed DeLong, Jim Barry, and others. The first task will be to test the integrity of the instrument housing and inlet system. During these initial deployments the mass spectrometer and pumping system will not be installed, but will be replaced by a low cost (<$100) RS232 based monitor to control and check inlet system performance.  When we are satisfied with the system integrity, the mass spectrometer and vacuum system will be installed and water column measurements will be made and evaluated using known water column chemical properties. During these dives we will utilize one of the ROV science ports and about two cubic foot of space on the tool sled. These tests will help establish the capabilities and limitations of this instrument. Once we have determined the sensitivity, resolution and response time of the ISMS, we hope to use a flexible inlet probe to obtain a few in-situ dissolved gas profiles of sediment pore water. This activity will consume a short period of bottom-time during selected dives.

Data reduction and analysis

During the initial field trials of the ISMS we plan to use the software provided by the mass spectrometer manufacturer (Stanford Research Systems). The instrument can also be programmed directly and we may utilize this capability if we feel that it will enhance data collection or if it is necessary for the control of the inlet system. Both Peter Girguis and Gernot Friederich have experience in writing control software necessary for this instrument. We plan to use known and measured water column gas concentrations to check and establish calibration data. Argon concentrations in the ocean are predictable and conservative and may act as a primary standard.  Nitrogen can also be considered to be a conservative quantity. Oxygen levels will be measured by the ROV CTD system and will be compared to the ISMS derived concentrations. When possible we will also collect water samples to validate the instrument output. Aside from data validation, our analysis efforts will focus on establishing the limits that presence of abundant substances such as oxygen place on the detection limits of trace substances.

Proposed duration of project and approximate plan of action

Specific deliverables (new and continuing projects)

· Products from research and development (instruments, tools, documentation, publications, presentations, etc.)

· How success will be measured

Project team.  

In the interest of maintaining continuity the project manager will continue be Ken Johnson.  Instrument development will continue to be handled primarily by Peter Girguis, Gernot Friederich and Jon Erickson.  Engineering and machining will be handled by Jon Erickson.  Although Peter will begin applying for jobs during the following year, he does not anticipate leaving the institute prior to the completion of this grant cycle (August, 2004).  In the event that Peter departs prior to that time, the project team will meet to discuss the appropriation of tasks.  If necessary, the project team will meet with the management team to discuss the involvement and addition of any other MBARI employees.

Project Lab Space 

For the duration of this proposal, we are requesting continued use of about 30% of lab B126 in building B.  This location is ideal for such experimentation and development, as it allows for continued operation of the turbomolecular pumps without disturbing other occupants.
If your project needs lab space for integration and test prior to deployment, please include details.

3)
Budget Justification (new and continuing projects)

Provide a detailed budget justification here for all expense resources you requested in the MBARI Budget Entry web, including reason for travel, “make” versus “buy” decisions, etc. 

4)
Milestones (new and continuing projects)

Appropriate milestones must be included here. A milestone is defined as a significant event represents completion of critical elements of the program. Examples of possible milestones include creation of requirements document, completing design, completing fabrication, testing, field deployment, presentation of results at meetings, manuscript completion, documentation submission, etc.  Distinguish tasks that must be done sequentially versus those that can be done in parallel. If you would like to include more than 5 milestones, extend the table or add a new table.
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