Deployment of Broadband Seismometer Trawl-Resistant Bottom Mount

Post-Cruise Notes by P. McGill, 12-Feb-02
On 8-Feb-02, from 1300 to 1400 PST, the Western Flyer and the Pt. Lobos/Ventana worked together to deploy the steel Trawl-Resistant Bottom Mount (TRBM) for the Broadband Seismometer project. The deployment location was Smooth Ridge, lat N36 41.403, lon W122 10.003. Although no more deployments of this type are planned for this project, the experience gained will be useful for other projects that plan to deploy similar hardware, e.g. Canyon Dynamics and other MOOS experiments. This is not a formal report, but rather a collection of notes and observations from various people including the ships’ Masters, the ROV pilots, Paul McGill, Steve Etchemendy, and Mark Chaffey.

Cruise Objectives

From an email message I sent out before the cruise:

“The transit is about two and a half hours.  The Lobos will go out, launch Ventana, and we'll work for up to an hour finishing the caisson with the water jet excavator.  We'll back off when the Flyer arrives, wait until the bottom mount gets near the bottom, and then tell the Flyer to lower it when the position's good enough (~15m from the caisson).

If we're still happy with the position, Ventana will fly up and disconnect the lifting harness from the bottom mount, and the Flyer will winch the harness up.  If things are too hairy out there, we'll trigger the acoustic release and bring the wire up without the harness.  Then Ventana will approach, disconnect the harness, and let it float to the surface, where it'll be retrieved.”

In short, we needed to get the TRBM no less than 10 m and no greater than 20 m from the existing hole (caisson) for the seismic sensor.
Hardware
The TRBM is roughly 2 m by 2 m by 1 m high, made from galvanized steel (with certain areas spray painted flat black to cut the glare from the ROV lights), and weighs 2730 lbs. This assembly was heavier than originally planned because 3/4-inch steel plate was used instead of 1/2-inch. The TRBM was designed by Jon Erickson and fabricated by John Ferriera.

Aaron Gregg made a four-point lifting bridle from 800-lb test polypro line. It was attached to the TRBM with Geldard shackles. Two TrackPoint beacons (one for each ship), and a HomerPro beacon (for the ROV) were attached, in addition to a Benthos acoustic release. Initially, a swivel was attached at the lift point, but was removed because the bridle’s height exceeded the @ ft capacity of the Flyer’s A-frame. Additional height might be gained by making the bridle with Spectra line, which stretches much less than polypro. A single @-inch glass Benthos sphere provided flotation for the bridle. This may have been insufficient to bring the bridle to the surface because of the heavy Benthos acoustic release, and two spheres may be necessary.

The Flyer’s winch was loaded with 5000 ft of 3/8-inch galvanized wire rope. Jon Erickson has the specs on this cable.

Weather and Sea Conditions

Obtained by Mark Chaffey from NDBC buoy 46042 (Monterey) for 12 noon February 8th (20hrs UTC):

Wind  Direction: 330

Wind speed (m/s): 8 

Wind gust (m/s): 9

Significant wave height (m): 3.7

Dominant wave period (seconds): 14.3

Swell direction: NW

Swell steepness ratio: 1/9.1

This corresponds well with Darrell Palmer’s estimate of 12-ft swells.

Although the wind was from the North-Northwest, the current at 1000 m was flowing East at ~1/4 knot.

Deployment

The Lobos was positioned East of the deployment site, so Ventana would drift East in case of trouble. After receiving the exact coordinates of the caisson from the Lobos, the Flyer deployed the TRBM. It hung up briefly on the aft deck, but was pushed over the side.

From Mark Chaffey’s notes:

“It was lowered to about 10 meters or so and stopped. The whole assembly was stable. The winch loads varied from about 1000 to 4000 lbs. as the WF heaved on the swell. The TRBM was subsequently lowered at about 20-30 meters/minute to near the bottom at around 1000 meters. The cable dynamic loading appeared to be the worst around 50-300 meters. Peak load excursions cycled between 0 and as much as 6500 lbs. on occasion as the WF heaved. No slack cable or “shock” loading was observed even during 0 tension cycles. As the lowering depth got deeper than about 600 meters the peak dynamic loads on the cable became less although the mean load increased to about 3000lbs. because of cable weight.”

The TRBM came down about 40 m East of the caisson, close to Ventana, and was stopped 10 m above the bottom. This 40 m difference may be due to the offset between the Flyer’s A-frame, GPS antenna, and TrackPoint head. A current-induced angle in the wire of only 2.3 degrees would also cause a 40 m offset at 1000 m. Scanning sonar could not aquire the TRBM until it was quite close, because the target was outside the ensonification cone of the projector. A strong return was seen once the TRBM was low enough.

The heave of the TRBM was estimated to be about 4 m. According to Chaffey’s notes: “Watching the video from Ventana, the TRBM was observed to tilt about 45 degrees as it heaved down on at least one occasion.”  This violent motion kicked up a lot of bottom sediment and greatly reduced visibility. Distance from Ventana to the TRBM was obtained from the HomerPro and the sonar return from the sediment cloud. Another HomerPro beacon near the caisson gave us the distance from Ventana to the caisson. Under guidance from the Lobos, the Flyer moved in 10 m and then 5 m increments until the position was right.
The Flyer let out about 20 m of wire - enough to touch bottom and then lay an additional 10 m on the bottom to the West. The wire sat in coils on the bottom, and showed a few minor hockles on recovery, so the lack of a swivel probably caused it to accumulate a few turns on the way down.

The TRBM landed about 11-12 m East of the caisson, well within acceptable range. The Ventana approached, released the Geldard shackles on the lifting bridle, and then stood off just far enough to watch the bridle clear the TRBM as the Flyer brought the wire up. 

Key Points to Remember
• The height of the lifting bridle must not exceed the height of the A-frame on the Flyer, after allowing for line stretch.

• Bottom currents may not be in the same direction as surface winds and currents.

• Peak winch loads may exceed twice the weight of the payload at shallow depths in these conditions.

• The cumulative error of current drift, and the offsets between the Flyer’s winch, GPS antenna, and sonar head can cause tens of meters of positional error, even when the precise coordinates of the landing zone are known.

