PMEL Mooring Equipment and Operations

PMEL is pleased to have the opportunity to become involved in the deployments of an Indian Ocean moored buoy array though our participation on the R/V Sagar Kanya cruise scheduled for September 2004.  We are optimistic that this collaboration will be successful and hopeful that it will lead to a continued and expanding ocean observing system. PMEL proposes to deploy 3 TAO surface moorings and 1 ADCP subsurface mooring at 1.5ºN latitude, the equator, and 1.5°S latitude, along 80.5°E longitude.  

PMEL will send two senior technicians to participate in the cruise. It is assumed that ship’s personnel will be available to help during deployment operations and during the transfer of our equipment to and from the Sagar Kanya while in port. 

Ship capabilities and equipment required for mooring operations and an outline of deployment procedures are listed below. 

Laboratory Space: Interior lab space is required for instrument testing and setup. A small amount of bench space (~2 m) is necessary for instrument checkout and a satellite-uplink monitoring station used to receive transmissions from the buoy. A cable is run from the laboratory space to an outside antenna in an area that would allow an unobstructed view of our surface mooring during deployment operations. This “line of sight” path to the buoy allows for the reception of Argos transmissions while monitoring the instrumentation.
Deck Space: The mooring hardware will require outside storage on the working deck. About 50 m² of deck space is necessary to store the reels of rope, anchors, buoys, towers, and hardware. Space is also necessary to test our instrumentation before their deployments (Figure 1). We will need to have space to assemble a buoy before operations begin.
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Figure 1.  Surface instruments setup for system checks on the weather deck.
Communications: Email or Fax capability between the ship and PMEL is highly desirable.  Communications between the lab and the ship is essential to confirm good data transmission or notification of instrumentation or hardware malfunction. 
Bathymetry: A depth sounder with 6000 meter range and recording capability is required. An accurate bathymetric survey of the deployment area is necessary and an automated 2-D map generated prior to deployment is desirable.  A reasonably flat target area is required, preferably at least 2 nm square. Depth variations in the drop site should be no more than 80 meters over 2 nm. Deep sea moorings have been deployed along 80.5°E by the University of Kiel, Germany, and by PMEL, so such flat areas do exist.

Deployment Operations: The TAO surface moorings are deep ocean taut-line moorings with a scope (the ratio of mooring length to water depth) of 0.985. There is some flexibility in deployment methods and operations can be tailored to the characteristics of an individual vessel. A discussion with the ship’s officers and scientific party will take place before operations to plan deployment procedures. 

The use of a crane or A-frame, or both, is essential. The buoy will be assembled on the ship prior to deployment and is typically picked up by a crane, swung over the side of the ship, and lowered into the water using a release hook (Figure 2). The line attached to the bottom of the buoy is fair-lead around the stern of the ship and through an A-frame to a capstan. The line is slowly let out with the buoy drifting off the stern while sensors are attached to the mooring line.  Figure 3 shows an alternative method of buoy deployment using an A-frame.
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Figure 2.
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Figure 3.

Ship Equipment Required:

A crane with a lifting capacity of 2950 kg and a reach that extends outboard for use in deployment of the surface buoys. 

A stern A-Frame with a lifting capacity of 6300 kg, a height of 6 m. A width of at least 3 m at it’s base is desirable (Figure 4) 

[image: image9.jpg]


 [image: image10.jpg]



Figure 4.

A capstan with a 0.46 m diameter drum (or larger), a 40 meter/minute line speed, the ability for continuous duty, and the ability to let out the mooring line under tension. (Figure 5)
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Figure 5.
Small boat operations (Figure 6) may be required to repair or replace a sensor or to attach a working line to the buoy in the case of an unplanned recovery. Numerous types of small boats are adequate but should be a minimum of 4.9 m. long and an inflatable type (e.g. ZODIAC).
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Figure 6.
Time on station:  Approximately 8 hours are required for the site survey, deployment operations and data verification.  More time could be needed depending on the extent of the bathymetric survey.  A CTD to at least 1000 m should be performed, preferably after mooring deployment.

Acoustic Release Instrumentation:  After deployment an acoustic hydrophone will be lowered into the water from the ship’s deck to communicate with the acoustic release located above the mooring anchor. We use a Model 8011A EG&G Acoustic Deck Unit and a model 8242 acoustic release.  PMEL will supply the Deck Unit for the cruise.

Shipment: We plan to send 4 surface mooring systems (including one spare system) and 1 subsurface mooring system. A complete and detailed inventory will be available closer to the time of shipping. The spare surface mooring system is sent in the event of damaged or malfunctioning instruments or mooring hardware.  

Our shipment will be divided into two shipping containers, one 40 ft container and one 20 ft container.  The containers should be spotted on the dock next to the ship. A forklift will be necessary to unload the containers.  If the ship’s crane does not have the ability to lift or reach material on the dock, a dockside crane will be needed to transfer the equipment to the ship. Approximately 50 m² of deck space will be necessary to store buoys, reels of wire & nylon rope, hardware and anchors.  The ship’s crane must be able to move stored equipment to the working deck for deployment.  Anchors should be stored near the A-frame as moving them at sea may be difficult.

Mooring Hardware: The surface buoys are a 2.4 meter toroidal buoy, constructed of fiberglass over foam. There are attachment points on the top and bottom of the buoy where metal frames (referred to as towers above the buoy and bridles below) are bolted into place. The towers are constructed of aluminum and the bridles are made of stainless steel. The 1 cm diameter, galvanized-steel mooring wire is jacketed with water tight polypropylene with a nominal outside diameter of 1.3 cm. The 8 strand plaited nylon rope has a diameter of 1.9 cm. Anchors are fabricated from scrap railroad wheels to total 2700 kg each for surface moorings. The railroad wheels are assembled on two shafts which are chained together before deployment. 

The subsurface buoy is a foam sphere with 1.2 m diameter.  The subsurface mooring line is 3/8” diameter Vectran line.  The subsurface anchor is a single stack of railroad wheels which weight 1600 lbs.

The working lines, blocks, reel stands and miscellaneous deck items will be provided by PMEL.

Listed below are weights, measures, and quantities of mooring hardware that will be loaded onto the Sanga Kanya. An accurate inventory will be sent just before the shipment leaves Seattle!

Surface Mooring Hardware:

ITEM




SIZE


WEIGHT    QTY      TOTAL

(M)


     (Kg)

(Kg)

Toroid


2.3 meters diameter, 1 meter high
      318 
4         1272

Tower


Triangle 1.5 m base, 2.3 m high
        61 
4
 244
Bridle


Triangle 1.5 m base, 1 m high
        
        84 
4
 336

Wire Rope Reel
0.71 m diameter, 0.6 m wide

      341
4         1364

Nylon Rope Reel
0.71 m diameter, 0.6 m wide

      120 
4         3840




(8 reels are estimated per mooring)

Anchor


1.01 m diameter x 1.15 m high
    1361
8       10912

(2 per surface mooring)

Lead Weights

0.2 m x 0.14 m x 0.15 m

      150
4
 600

(3 per buoy)

Misc. Hardware
Shipping container varies

      590
2         1180

Subsurface Mooring Hardware:

ITEM




SIZE


WEIGHT    QTY      TOTAL

(M)


     (Kg)

(Kg)

Anchor


1.01 m diameter x 1.5 m high
      
      726
1
726

ADCP Sphere Float
1.25 m diameter


      499
1
499
Vectran Rope Reel
0.71 m diameter, 0.61 m wide
  
      274 
2
548

Instrumentation:

ITEM




SIZE


WEIGHT  QTY       TOTAL


(M)


     (Kg)

(Kg)

Surface Data-Logger

1.51 m x 0.56 m x 0.45 m
       84

6
 504

ADCP



1.61 m x 0.56 m x 0.56 m
     138

1
 138

ADCP Frame


2.35 m x 0.46 m x 0.46 m
       52

1
   52

Acoustic Releases

0.81 m x 0.36 m x 0.25 m
       48

6
 288

Electronic monitoring box
0.91 m x 0.71 m x 0.46 m 
       34

1
   34

Acoustic Deck Unit

0.51 m x 0.71 m x 0.36 m 
       32

2
   64

Seacat



0.91 m x 0.25 m x 0.25 m
       12

1
   12

Sensor Modules

0.46 m x 0.46 m x 0.46 m
       25

6
 150

Misc parts box


0.91 m x 0.71 m x 0.46 m
       34

1
   34

