MBARI’s Lagrangian Sediment Trap

Overview

A Lagrangian Sediment Trap (LST) was built by MBARI for Dr. Ken Smith’s NSF-funded Iceberg project.  The mission plan was to deploy several LSTs in the path of a drifting iceberg, have the LSTs quickly descend and hover at 500m depth, open four separate sediment traps, drift for a programmed interval, close the traps, and then return to the surface.  External ascent and descent weights allow the LSTs to quickly get to and return from the programmed depth. In addition, an acoustic modem detects whether an iceberg had passed over an LST and provides a means to track the vehicle and remotely override the ascent weight drop and sediment trap opening and closing.  Two LSTs were built and tested off Monterey in early 2008 and one system was deployed in the Scotia Sea off Antarctica in June (Figure 1).  Unfortunately, this vehicle was damaged and lost during recovery.
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Figure 1: LST being deployed off Antarctica on the left and sitting in the shop on the right.  The funnel assembly, syntactic foam trim float, acoustic modem transducer and the yellow HF tracking transducer (used for testing only) are visible.

Vehicle Description

At the core of an LST lies a slightly modified SOLO Float, developed by Russ Davis and manufactured by the Instrument Development Group (IODG) of Scripps Institution of Oceanography at UC San Diego.  Four underwater connectors are added to the top cap of 
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Figure 2: On the left, the inside of the Solo float is visible showing the Benthos Acoustic Modem mounted where two pump battery packs were located. The CPU battery pack was repositioned in the bottom of the vehicle between the modem and the remaining two pump battery packs.  On the right you can see a circuit board mounting frame with the Acumen serial data logger and the Benthos burn-wire board.

the SOLO and half of the pump batteries (860 W-hr) are removed to make room and increase payload to add a Benthos acoustic modem, a burn-wire board, and an Acumen Databridge (SDR-OEM-CF) serial data logger (Figure 2).  The LST components ride as passengers on the SOLO, and have no electrical connections to the SOLO circuitry other than sharing the 14 VDC pump battery pack (Figure 3).
[image: image2.png]Fenthes o

e

=t sy

T

'soro
contzoller

Logger.
Connasds
Tog data
T e
Fack +3v
EC ety

T e 0
packs
Gells pex pac

BRI Busmuizel
Intertacs Bas)

enchos Buzmvize)
neerface Boszd

e
cden

S50LO FLOAT

pin, Cos, Tx, Bx
Coh 2 Tx 3 Rx 4) f7in 5) et
Transduces + 2) Transducar -
Surn Gpen + 2) Bura Close +

5§ GND 2)2uzn Ascent ¢

RunEs
moaw[ ] meef ] mewe [ meos ] me-s ]
castom Seanazer Burnuire  Burnwire Seawater
ascent Ground open Close  Geound
weight Funnel Funnel





Figure 3: Electrical Layout of the LST

The sediment trap sub-system consists of four 60-degree funnels with a total capture area of 0.325 m2.  Falling particles entering the funnels are collected in 100 ml sample cups.  There is a spring-loaded valve assembly that can cycle between three positions: Funnel base open/sample sealed, funnel feeding sample cup, and finally funnel base open/sample sealed again.  The vehicle is deployed in the first state and the two state transitions are actuated with burn-wire releases.  The Acumen data logger can actuate the burnwire releases at preset times.  The sample-close burnwire can also be triggered remotely from the surface using the acoustic modem. In addition to actuator triggering, the Acumen data logger also sends commands to the acoustic modem to take range measurements to the surface and records the results.  The acoustic modem emits a fixed-frequency acoustic ping and listens for acoustic echoes that could either have bounced off the water’s surface, or the bottom of an iceberg passing overhead.

The acoustic modem is also equipped with three electronic switches that are used for burnwire actuators.  Two of the burnwires, described above, are used by the sediment trap, and the third burnwire is used to drop a 400 g ascent weight.  This ascent weight can be triggered by either the Acumen at a specific time, or at any time from the topside acoustic modem.  Operator intervention from the surface was desired to adapt the vehicle mission to changing conditions or iceberg movements.  For example, if the iceberg motion stalled above the LST, we don’t want the LST ascending, or if sea-ice were to move into the area, we want to close the sampler and recall the vehicle to the surface.

To help position the LSTs in the path of moving icebergs, we used a descent weight to quickly deploy the vehicle to 500m depth.  The buoyancy engine of a standard SOLO float is capable of imparting approximately 100 g of negative buoyancy to pull the float underwater.  We add a 7.8 kg weight (steel disk in a burlap bag) to drive the descent of the LST at 40 m/min.  The descent weight is jettisoned at 510 m using the mechanical guillotine device shown in Figure 4.
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Figure 4: Monofilament guillotine used to jettison the descent weight.

LST Drones

To test our deployment strategy for safe passage under an iceberg at 500 m, we developed some simple and inexpensive LST Drones.  These passive vehicles were carefully trimmed to be neutral at the target depth and were equipped with an ascent weight that could either be dropped with a galvanic release after 24 hours, or a guillotine release set for 1800 m.  The Drones were equipped with a VHF radio beacon for surface location.  We successfully deployed one of these Drones (Figure 5) under an iceberg and recovered it in sea ice 28 hours later.
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Figure 5: LST Drone in the water and on deck after a successful mission under an iceberg

Results

The two LSTs built so far have performed five missions.  We present data from the last test mission of LST #2 in Figure 6 (data from the only science mission was lost with the vehicle).  The plot shows the depth of the LST verses time.  The vehicle quickly descended to 510 m when the guillotine released the 7.8 kg descent weight (rock gravel in a burlap bag).  The vehicle then stabilized at about 500 m for about an hour.  We then deployed the ROV, located the LST in midwater, pulled the LST down to 590 m, and released it.  The LST then increased its buoyancy and floated back up to about 500 m.  We then pulled the LST up to 440 m where it decreased its buoyancy and started sinking back to 500 m.  We then intercepted the vehicle and carried it back to the surface for recovery.
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Figure 6: Time/Depth plot from LST #2, test dive 2 on April 29, 2008

Based on this mission, and a similar one for the other LST, we concluded that we could carefully trim the vehicles for neutral buoyancy in the expected environment, and that the buoyancy engine in the SOLO was capable of controlling the depth of the LST.  We were not successful at burning the burnwires during this mission.  We determined later that we had not allowed enough time for the burnwires to corrode in the low-oxygen environment (OML) water we were working in.  Also, the acoustic modem did not reliably detect the surface and therefore was not likely to detect the iceberg.  We suspected the presence of the ship and ROV were producing enough acoustic noise to lower the signal/noise ratio. Finally, we determined during our Antarctic cruise that retrieving the LST with the existing recovery line, shown in Figure 7, is very difficult. We intend to add a grapple ring around the funnels at the water line, and a mechanism to release a longer floating line when the ascent weight is dropped. Additional tests are warranted and will be performed later this year.
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Figure 7: Surface recovery of LST 2
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