Development of an Active, Large Volume, Discrete Seawater Sampler, for AUV Operations

    The Monterey Bay Aquarium Research Institute (MBARI) has developed an active water sampling device that rapidly captures a 2 liter sample of seawater. Autonomous Underwater Vehicles (AUVs) are a valuable resource for collecting a wide range of oceanographic datain the field. Many AUVs are currently equipped with a wide array of sensors, however instrument readings alone are not always sufficient to investigate important science questions. Often conditions are encountered, that could be better understood if a discrete sample of seawater could be quickly captured and returned to the laboratory for analysis. 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, important phenomena can be targeted for experiments requiring water samples.

During the first phase of developing a discrete water sampler, the project team and a group of multi-disciplinary science users defined a set of design requirements. The team decided on a 2L sample volume. The large volume requirement is necessary to adequately sample for sparse microbial populations. Furthermore, a larger sample volume enables multiple science parties to share a single sample. There are additional demanding requirements on the design that stem from the desire to sample around and within small features such as thin layers of phytoplankton. To accurately sample thin layers without modifying the current AUV flight pattern the sampler must be capable of acquiring a single sample rapidly (<4 sec/sample), and taking multiple samples in quick succession (3 samples over 10 vertical meters, <6 sec between samples).  Due to the large volume and fast acquisition time the sampler was aptly named the AUV Gulper. Further constraints on the design, such as a limited material selection, were required to ensure sample integrity. 

The chosen sampler design is a dual-spring actuated piston. (NEEDS ELABORATION) Each 2-L sample chamber is filled with sea water through a one way valve which protrudes through an aperture in the fairing of the AUV. Two stainless springs provide enough driving force to fill a sample in approximately 2 seconds, easily meet our timing requirements. Precise dimensions between the sampler body and seals ensure there is no sample contamination. After lab and sea testing of various seals configurations, a quad o-ring was chosen as the seal between the piston and the sampler body. To make certain the properties of the sample are not altered by contact with the sampler, the following materials were chosen for each component: polycarbonate (end caps, body, & piston), titanium (valve, springs, & drive shaft), and silicon (seals). A silicon diaphragm on the sampler end cap provides the necessary compliance to compensate for pressure differentials.

The sampler was tested on MBARI’s remotely operated vehicles (ROVs) and AUVs. ROV video was used to accurately measure the fill time of the sampler. Sample validation was conducted by comparing the salinity of the Gulper sample water with the salinity measured concurrently by the vehicle CTD, or with the salinity of a water sample collected in a Niskin bottle at the same time. Our testing also included sending a sampler filled with DI water on the AUV to be pressure cycled repeatedly to check for any salt water intrusion. Once the sampler design passed validation testing and met our requirements for speed and volume, it was replicated. A complete set of 10 gulpers was integrated into the AUV midbody and is currently being tested in sea trials. 
