


ABSTRACT

The major limiting factor to deep ocean microbiology is the time lag and changes of state that occur when samples are sequestered and transported to the surface and laboratory.  An instrument that can perform in situ microbiological identification and quantification of larvae, bacterial and other microscopic organisms at depths up to 4000m has been develop and deployed by MBARI.  The core detection instrument is an Environmental sampling Processor, intended for depths no greater than 50m.  A sampling system and platform was implemented around this core to extend its capability to the deep ocean. A suite of context sensors provide water condition and chemistry as background information to the biological identification and quantification.


Introduction
(More detail of Abstract first sentence.)
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)Purpose of Deep ESP
1) Do in-situ detection of benthic ocean microbiology using the ESP, and MFB with PCR.
2) In the Deep Sea (>50m)
3) Existing Surface instrument for Biodetection (<50m)
4) Modification/system expansion to use up to 4000m
5) Contextual sensors for event detection (ISUS/CTD/ISMS)

Requirements
	The requirements for the Deep ESP are based upon providing a system that the surface ESP instrument can be operated in the deep ocean. The surface ESP instrument has one major limitation, all the fluid fittings and the sampling paths can only operate at low pressure <75psi.  As the instrument requires several multi port valves, and pressure seals that are opens and closed robotically on a regular basis, it was much more feasible to develop a pressure modifying interface that can feed reduced pressure seawater to the instrument rather than redesign an instrument that can perform the same functions at 6000 psi.
	The interface between the ocean and the ESP instrument is a Deep Water Sampling Module. This complex system has one simple function, to provide low pressure seawater that the core ESP can process while still located in the deep ocean.
We determined that the DWSM would need to sequester up to 10Ls of seawater; decompress that from a potential 6000psia to 30 psia; provide that water to the core ESP for processing, collect the filtered water back from the core ESP; and prepare for the next sampling event.
 
1)  (
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)Interface between ESP and Deep ocean
2) Operating environment
a. 0 to 4000 m
b. 25 to 4C
c. Seawater
d. Dark
e. Plug n play on ocean observatory
f. Standalone battery pack
g. Benthic
3)  (
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)Functional requirements
a. Operations from 0 meters to 4 Kilometers
b. Sequester single volume for processing
c. Collect a variable sample volume, up to 10L
d. Variable sample rates
e. Maintain homogenous sample (stirred)
f. Sample to Sample decontamination and sterilization
g. Contextual Sensors
i. CTD
ii. ISUS 
iii. ISMS
h. Not compromise core
i. Temperature
ii. Pressure (75psig)
iii. Particle size (1mm)
iv. Flow rates and filter pressure drop (10psig)
i. Operable by the core
j. Supported Platforms
i. Standalone
ii. MARS
iii. ROV’s
iv. NEPTUNE
v. Jason
k. Deployment time 1 year
4)  (
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)Derived Requirements
a. Communications
i. Ethernet from Core to Platform
ii. Serial from Core to DWSM
iii. Acoustic modem
b. Core operates DWSM
c. Wetted Materials will be in contact with toxicant during non-operational times
d. Provide for some if not all Toxicant storage
e. Core requires 10-16V at up to 150 Watts
f. Single power conversion configurable to platform power source
g. Environment
i. Water Temperature
1. Maximum 35 Celsius
2. Minimum 0 Celsius
ii. Sample Water Temperature
1. Maximum 200 Celsius (cool down in wand to max 35 C)
2. Minimum 0 Celsius
h. Core Environment 
i. 17 psia Nitrogen Atmosphere
ii. 10 to 35 Celsius (*no heating plans for core)
iii. Maximum Sample Temperature 100 Celsius
iv. Sample Pressure 75 psig

System Engineering

  
A previous incarnation at a 1000m rated Deep ESP was developed and tested by MBARI. This system utilized cylinders and pistons driven by oil compensated linear actuators. Much of the lessons learned from that development were instrumental in the development of the 4000m Deep ESP.
	Most notably was the requirement for larger sample volumes. The 1.8L sample volume of the 1k Deep ESP was not sufficient to collect the biomass required for reliable detection. A 10 L sample was predicted to be sufficient. With this larger volume pistons would have become cumbersome and not feasible.  It became a tradeoff between length and force and both were intractable.  The sampling piston in the 1km while it took advantage of the double sided nature as both a sample and filtrate reservoir caused a trouble with sample smear  across the wall.  The two sided nature of the piston also required active compensation of the rod volume.  With both the sample piston and the decompression piston exposed to ambient pressure this required them to be actively managed to maintain the lower pressure required by the ESP. 

 
1) Lessons Learned from 1k
a. Needed more sample, 10L
b. Sample smear
c. Mechanics  linear with volume :AKA 10 times the sample volume needs 10 times the actuator length.
d.  (
Pargett
)Depth limited, piston and force diameters, 
e. Required active dynamic control. (Controller had to compensate for rod volume)
f. Coupling of ocean pressure on sampling actuator.
g. Replaceable sample container.
2) Simple Operating Theory
a. Intake seawater
b. Decompress
c. Transfer and release gas
d. Sample (thru core)
e. Recompress
f. Exhaust seawater
g. Decon System
3) Design for Test
a. Pressure housings
b. 
4) Brain storming sessions
5) Diagrams
6) End at conceptual design

Detail Design
1)  (
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)Mechanical
a. What we copied
i. Valve Actuator
b. Rotary valve
c. Solenoid valves
d. Overpressure valves
e. High pressure pump
i. Magnetic coupling
ii. Pressure in pressure chamber
f. Sample pump
i. Magnetic coupling
ii. accuracy
g. IE pump
h. Stir pump
i. Pressure switches
j. Pressure transducers
k. Keystone pressure plates (Ti plates)
l. Galvanic isolation
m. 
2)  (
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)Electrical
a. What we copied
i. Rvalve
ii. Dwarf
1. Servo drive
b. Pressure limit switches
c. Analog pressure amplifiers
d. Became external sampler of core
e. External power amplifier
f. Water alarms
g. Oil sensors
3) Software
a. What we copied
i. Gateway
ii. Dwarf code
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)Build/test
1) Ti plates/CNC
2) Thread mill ¼-20
3) Thermos
a. Weld
b. Machine
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)Testing
1) HPP
a. 75 start shifted to 150
b. New high current  and voltage servo drive
2) IEP 
a. Gear pump failure
b. Piston pump
3) SP
a. Works great
4) Compliance bags
a. Purpose
b. Failure
5) Pressure switches
a. Compensator volume change
b. .4 to 4 ml
6) Oil filtering
a. Fiber shedding of bags
i. Heat sealing fibers
7) Rotary Valve testing
a. Torque less than VICI
8) Pressure transducer testing
a. Better
b. Less temperature dependant
c. High accuracy 600psi full scale with 1psi resolution
d. Sense at high and control at low
9) Hydotesting
10) Bulkhead valves
11) Lung pump proof of concept
a.  (
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)Purpose
12) Electronics
13) Software
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)Deployments
1) 1000m ROV test dives
2) M2
3) MARS
4) SC Methane Mound
5) MARS…

Future Direction





