
(
 Deep Water Decompression and Sampling Module
Douglas M. Pargett, Scott D. Jensen, Brent A. Roman, Christina M. Preston, Roman Marin III, James M. Birch, Christopher A. Scholin
Short Abstract— A robotic system that can perform in situ microbiological identification and quantification of larvae, bacteria and other microscopic organisms at depths up to 4000m has been developed and deployed by the Monterey Bay Aquarium Research Institute.  The system is composed of a low pressure detection instrument and a Deep Water Sampling Module that collects up to 10L of seawater and decompresses it for analysis. The architecture for the Deep Water Sampling Module was inspired by lungs and the mechanics of breathing. 
I. Abstract
C
OLLECTING scientific information about life in the deep sea is challenging both technically and logistically, due to pressure, temperature and remote access issues. The Environmental Sampling Processor (ESP), functions as a microbiology laboratory for in situ molecular identification and quantification of larvae, bacteria and other microscopic organisms in near real time [1], [2]. Collection and analysis in situ avoids sample alteration and the time lag that can occur when samples are sequestered and transported to the laboratory for analysis. Additionally, as a robotic system, the ESP can be deployed for months, tracking microbial activity over time without the need for human presence.
The ESP resides in a pressure housing and filters a volume of seawater, concentrating microbes for autonomous detection by means of a luminescent sandwich hybridization assay [3] and real-time quantitative PCR [4], or preserves samples for later analysis [5]. Because the seawater path through the ESP instrument is only rated to 500kPa, the basic system is limited to 50m operating depth.

A science goal at MBARI is to enable the same in situ microbiology research capability in the deep ocean. It was intractable to harden the fluidic path of the microbial detection instrument, so MBARI developed a pressure-modifying interface that could feed reduced pressure seawater to the instrument. This 4000m capable in situ decompression interface is called the Deep Water Sampling Module (DWSM), and has the following functional requirements:

a. Operate from 0 to 4000m

b. Collect up to 10L of seawater

c. Sequester a single volume for processing

d. Maintain a homogenous sample

e. Prevent sample-to-sample contamination

f. Deployment for up to 1 year duration
g. Operate in water temperatures, 0-35˚C

h. Function by a series of stable, safe state sequences

i. Lab Testable to deployment pressures
DWSM consists of two similar tower assemblies each 1.5m tall. (Fig. 1.) Each tower consists of a central bulkhead plate sandwiched between identical pressure housings. Each top housing is a one-atmosphere dry chamber that contains control electronics, actuated valves and pump motors. Each bottom housing is a variable pressure oil filled chamber, containing a flexible bag for holding the seawater, as well as pumps and monitoring sensors. Outside of these towers is an external oil reservoir at ambient seawater pressure. 
The DWSM mimics breathing action by pumping oil into or out of the bottom housings containing the sample bags to generate a pressure differential with the sea. The raw seawater is drawn into the system, decompressed, pumped thru the ESP, and exhausted back to the ocean all by pumping hydraulic fluid into or out of the oil chambers (Fig 2). 
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Fig. 1 Cutaway view of the DWSM tower architecture, showing pressure chambers, bulkhead plates, and major components.
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Fig. 2 Simplified schematic of DWSM system showing the stages of inhaling seawater, decompressing, sampling by the ESP instrument, recompressing and exhaling the filtered seawater
II. Deployments
When deployed, the Deep ESP is a benthic elevator, 2m tall and 2m diameter, containing the DWSM, the ESP instrument in a titanium sphere, system batteries and context sensors. It has been operated autonomously and interactively via a remotely operated vehicle and the cabled ocean observatory, the Monterey Accelerate Research Station [7].

In July 2010, the Deep ESP was operated at a methane mound in the Santa Monica Basin, Fig. 6 [Ussler, et al., in prep.], and at the Ashes Vent Field on Axial Seamount in July 2011 [Girguis, et al., in prep].

The Deep ESP is currently deployed and operating on the Monterey Accelerated Research System (MARS) in Monterey Bay.
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