Development of an Active, Large Volume, Discrete Seawater Sampler for Autonomous Underwater Vehicles
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Abstract 

Engineers at the Monterey Bay Aquarium Research Institute (MBARI) have developed an active (define as spring actuated?), large volume (large volume may not be needed since this is quantified as 2 liter later in the sentence), water sampler that rapidly captures a 2 liter sample of seawater. This sampler will complement the wide array of sensors currently integrated on our Autonomous Underwater Vehicles (AUV’s). Although many properties of seawater encountered by AUV’s can be analyzed by on-board sensors, these measurements alone are often insufficient to fully investigate and understand (maybe investigate is OK by itself?) important scientific questions. Returning a discrete sample of seawater from the field, via AUV, for laboratory analysis could aid in better understanding the conditions encountered (suggestion: will expand the spectrum of research possible with the AUV platform) . Potential applications of this technology include plankton and larval ecology, Harmful Algal Bloom (HAB) detection, and sediment transport-carbon flux investigations. Using AUV onboard intelligence, designated sites and important phenomena can be targeted for acquiring water samples. This paper addresses the development, testing, and initial deployments of this sampler.

    During the first phase of development, the project team and a multi-disciplinary group (word order swap) of science users defined the design requirements. A large volume requirement of 2 liters was driven by the need to adequately sample sparse microbial populations. The large sample volume also enables multiple science users to share a single sample. An additional requirement is to sample around and within thin layers of phytoplankton. To accurately sample thin layers, given depth rates of optimal AUV flight characteristics, the sampler must acquire a single sample rapidly (<4 sec/sample), and be able to collect multiple samples in quick succession (3 samples over 10 vertical meters, <6 sec between sample acquisition).  Due to the large volume and fast acquisition time the sampler was aptly named the AUV Gulper.

            The gulper is a syringe design with a piston within a cylinder. The 2 liter sample is drawn into the cylindrical sampler body through a one-way valve from outside the vehicle fairing (sp). The water entrained (delete entrained?) behind the piston is expelled through outlets in the rear end cap of the sampler and exits the vehicle through vents in the vehicle body. Energy stored in springs drives the piston stroke. This results in low energy consumption and assures a rapid sample rate, (less than 2 seconds). Ten of these 2 liter samplers are configured within the mid-body section of MBARI’s Dorado class CTD (delete CTD; this reference was originally used to describe the upper water column vehicle, but it is not accurate – 7 measurements are made beyond CTD) AUV. The samplers are triggered by Titanium Nickel (TiNi) memory alloy pin pullers that deliver a reliable 25 pounds (11.34 kg) of pull for a modest investment in power.

     Additional design requirements included (drop :?) that the sample must be acquired with no ballast change to the vehicle, 10 samplers collected (samples collected or samplers available, but not samplers collected...unless the vehicle drops one and picks it up! 8^) per mission, the sampler body be transparent (why?), pressure compensation to 1500m, and minimal entrained water within the sampler (does this refer to non-local water carried in the inlet cylinder outside the sampler body, or dead space at the top of the sampler body, or both?) . The size and shape of the sampler was driven by the available space within the standard Dorado mid-body, 20.5 inches (52.07 cm) in diameter and 42.5 inches (108 cm) in length. This drove the sample body (cylinder) size, inside diameter of 5.0 inches (Gee, is the diameter really this narrow?) (12.7cm) with a .250 inch (.635 cm) wall thickness. The length of the sample body is 8.0 inches (20.32 cm). The piston employs a quad O ring for sealing. A guide rod through the rear end caps controls piston alignment. A spring loaded head piece on the end of the guide rod assures the piston bottoms out against the front end cap, limiting entrained water. Two extension springs configured in tandem on the rear end cap deliver >40 pounds (18.15kg) of pull, to cycle the piston. A compensating diaphragm allows the samples to be taken at depths up to 1,500 meters.

            Additionally, the exclusion of certain materials was required to ensure sample integrity. The sampler body and end caps are polycarbonate. To achieve a visibly clear and smooth sealing surface on the polycarbonate sampler body, TCE vapor polishing was utilized post machining. All metal parts that contact the sample are commercially pure (grade 2) titanium. 

    Several seal, spring, diaphragm, and valve configurations were designed and tested before the final iteration was released for manufacture. Extensive testing took place in MBARI’s 400,000 gallon (1,500,000 liter) test tank. Field testing was expedited by triggering the prototypes aboard MBARI’s ROV Ventana. This provided video footage of testing and allowed for comparisons between different seal, valve, and spring configurations. To validate the sample, salinity of the seawater collected by the gulper was compared to both measurements from the ROV’s CTD and the salinity of seawater collected with Niskin bottles concurrently. Testing of a single sampler aboard the institute’s CTD AUV was conducted to assure the sampler would not leak or pump water during repeated pressure cycling.

     Several successful engineering missions have taken place with the full compliment of ten samplers. Science missions are scheduled for spring through early summer 2007. We are hopeful this system will prove helpful in better understanding the processes at work in the deep sea. (Since much of the work for Gulper is in the upper ocean, and we know greater capacity for sampling features will be helpful, how about something like:  Coupling rapid, large-volume water sampling with autonomy on the AUV will provide a better observational basis for a diverse research areas in oceanography. 

