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ABSTRACT

This report covers the techniques of deploying and re-
covering the moorings used by the Buoy Project at Woods Hole
Oceanographic Institution. A brief description of the moor-
ings and associated hardware is included. Deck equipment is
discussed. Step by step descriptions are given of the pro-
cedures for handling of the mooring gear at sea during
setting and recovery. Documentation and quality control are
also discussed.
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Lf INTRODUCTION

This report is a detailed description of the techniques developed
over the years for deploying and recovering the deep-sea moorings of
the Buoy Project at the Woods Hole Oceanographic Institution. These
techniques are the result of twelve years of evolution. Although the
process of change, of course, will not stop with the preparation of
this document, this report is an attempt to summarize our operations
3 techniques at the time of writing. It is hoped that it will be of use
, to others using deep-sea moorings, of the Woods Hole type or any other ]
? design. 1

Deck operations are described in considerable detail for those
who are not familiar with the standard methods of working at sea. In
addition, a glossary of terms is provided in Appendix II. For those
already familiar with rigging operations at sea, the report should
serve as a general outline of the procedures used by the Buoy Project
at Woods Hole for mooring operations.

These procedures have been developed to meet the problems of set-
ting and recovery of our own moorings and are tailored to our equipment i
and our ships. However, the basic approach is adaptable to other moor- i
ing configurations and for use on different vessels.

Although the general form of our moorings will be outlined, the

| reader interested in a more detailed description should consult other
publications.l Recent design changes are incorporated in the drawings
in this report and discussed in the text.

|
|
|
|
|
E

N

e S e T

yarar
ok

- e~




- SEA SURFACE
T 2t B e S e e
S \:-f.:'ﬁ— e
Ty 2902-raoio, LiGHT, &
RADIO FLOAT
1/2" CHAIN

WIRE (TYP.20m)

: TOP BUOYANCY - 16" OR 17" GLASS
5 SPHERES IN HARDHATS ON CHAIN
@ (TYP 20 SPHERES).

WIRE 20m.
[~ INSTRUMENT

WIRE
[}~ INSTRUMENT

WIRE

: INTERMEDIATE BUOYANCY
P. P .
WIRE 20m. (TYP. 10 SPHERES)

£ INSTRUMENT
WIRE

: INTERMEDIATE BUOYANCY

; (TYP.6 SPHERES).
: WIRE 20 m —~

i INSTRUMENT

WIRE

5 BACKUP RECOVERY BUOYANCY
O (TYP. 15 SPHERES).

| RELEASE
5m. CHAFE CHAIN

J WIRE

SIS A g T e

ANCHOR TAG LINE - NYLON ——~
(TYP.20m) —+—3m. CHAFE CHAIN
ANCHOR (TYP zooo

FIG. 1 INTERMEDIATE MOORING




TR TR

S22 S ARAR

v

e Mg e
—

g-

-~

THE MOORINGS

Mooring Configurations

Moorings used by the Buoy Project fall into three general config-
urations. The intermediate mooring, shown in Figure 1, is a subsurface
mooring with buoyancy sections at several depths. The lowest buoy-
ancy section provides backup recovery in the event of mooring failure.?
The depth of the top of the mooring can vary up to within 200 meters
of the surface or less.

The deep-sea surface mooring is shown in schematic form in
Figure 2. A variety of floats has been used. The weight of the
anchor varies with the expected current profile. A single cluster of
glass spheres near the bottom makes up the backup recovery section.

Some recent design changes have been made in the intermediate
and surface moorings. A twenty-meter wire shot is now placed between
a glass-sphere section and any instrument or release directly below
it to ease handling at launch and recovery. On the surface moorings,
the backup-recovery section is glass spheres in hardhats on chain,
instead of in nets on nylon line as before. This eliminates the need
to test spheres because the mooring will not be endangered if a
sphere implodes on chain.

Bottom moorings, shown in Figure 3, are used to make near-bottom
measurements and for transponder placement and are usually 200 meters
or less in length, They have no backup recovery section and typically
carry only one or two instruments.

Computer Design

Intermediate and bottom moorings are designed using a computer
program. The program is written to be used on the Hewlitt-Packard
computers available on each of the WHOI vessels. A similar computer
is available ashore.

The program, called NOYFB,3 allows the operator to model any con-
figuration of subsurface mooring in a wide range of environmental con-
ditions. Various output formats are available. For the purposes of
initial mooring design, a format is used which lists the depth and tilt
of every component of the mooring in a given current profile. The pro-
gram is very flexible and allows the operator to rapidly test a series
of mooring configurations in a variety of current profiles.

Buoyancy sections and other mooring components must be adjusted
until the mooring design performs within specifications in the maximum
expected current. The essential parameters are instrument depth and
tilt. For each experiment, the scientist specifies a maximum variation
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in the depth of the instruments in profiles varying from no current to
maximum. A typical specification is for a maximum of ten meters varia-
tion in 5,000 meters depth. Instrument tilt must be kept low enough so
that the calibration is not affected, less than ten degrees in the case
of Savonius-rotor current meters.

The program is also used at sea to check last-minute changes due
to bottom depth variations, etc. to insure that they do not jeopardize
the mooring performance.

The program can produce a punched paper tape listing the mooring

configuration and other parameters for easy access later. These tapes
are used for analysis of mooring performance after recovery.

Hardware Interconnections

All interconnections on the moorings, between line terminations,
instrument bales, etc., are made with standard hardware (with the ex-
ception of special clevis links below the radio float and release,
for corrosion isolation). In order to facilitate the launch and re-
covery operations, attention must be paid to the arrangement of these
connections.

All interconnections in a mooring include at least one oval sling
link (or master 1link) large enough so that there is plenty of room left
after connecting two shackles. This sling link is used to relieve
the tension on the wire, line, or instruments during the deployment
and retrieval phases while a third shackle or snap hook is being in-
serted (stopping off). Figure 4 shows several typical hardware con-
nections on moorings. 1In each case a sling link provides a convenient
place to stop off during launch and recovery operations.

Figure 5 shows how the sling link is used to stop off between two
wire shots. Figure 5a shows the arrangement of hardware, under ten-
sion as on a mooring. In Figure 5b, a snap hook on a pennant has been
clipped into the sling link. 1In Figure 5c, the tension has been trans-
ferred to the stopper, and the upper termination is slack for removal,
as in Figure 54.

Sling links should be used at virtually all connection points, in-
cluding both above and below the instruments for use in stopping off.
If two interconnection points are separated by one-half meter or less
the sling link may be omitted, especially if it would add extra un-
wanted length between components, since the stopper can always be
attached a half-meter higher or lower without inconvenience.

Quality Control

All components used in our moorings are standardized. A contin-
uous program of testing is carried on to insure that wire and hardware
meet specifications as to materials, rated breaking strength, and
quality.
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Wire is purchased in bulk and terminated in-house. All termina-
tions are tested to 60% of rated breaking strength on a test rig as
shown in Figure 6. Wire is inspected during the measuring and termin-
ating process for defects in the jacket, etc.

Hardware must be inspected after each recovery, including chain,
shackles and sling links. Any hardware which has lost most of its
galvanizing must be regalvanized or discarded.

Stainless-steel hardware must be inspected before use to make
sure that it is the correct alloy. In some batches of stainless-
steel cotter pins, in particular, mild steel pins will have been in-
cluded. They may be sorted magnetically. Suppliers must be impressed
with the importance of providing the alloy specified.

Wire samples are routinely cut from the ends of recovered wire.
The termination and six to eight feet of wire are saved. A new termi-

nation is put on the cut end and the sample tested for breaking
strength.

MOORING DEPLOYMENT

General Considerations

Most of our deployments are made by the anchor-last method. That
is, the top of the mooring is paid out over the stern with the ship
moving upwind at a speed of two or three knots. The line and other
gear is paid out under moderate tension until the bottom or lower end
of the mooring is reached. Finally, the anchor is attached and allowed
to free-fall to the bottom.

The anchor-last deployment has the advantage of putting the least
strain on the mooring line during most of the deployment. However, in
order to place the mooring at a selected location careful selection of
the starting point, line tension, and ship's speed relative to the
water depth and mooring length are required.

In general it has been found that for a mooring which is of a
length of from eighty to 100% of the water depth (such as near-surface
intermediate moorings and surface moorings) it is usually best to
start a distance of about one and one-half times the water depth down-
wind from the mooring location. Selection of a starting point is, per-
haps, more of an art than a science and involves a knowledge of how the
vessel will be influenced by sea and wind during the launch period.
Because of this, using the same vessel consistently on successive
cruises is an advantage.

i i
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The distance the ship goes during deployment will also be affected
by the mooring configuration. If a mooring contains more components
than usual or pieces of equipment which are likely to be difficult to
assemble on the mooring, thus delaying the payout process, more dis-
tance should be allowed. Conversely, if a mooring has one or more
elements on it which will provide high drag, such as an unusually
large surface float, the ship must proceed at a lower speed for a given
line tension during launch and less distance will be covered. Of
course, if the mooring is to extend through only a fraction of the
water depth it will be launched more quickly and with shorter dis-
tance covered.

Surface currents along the direction of travel will generally
provide a constant set which can be easily allowed for. Allowance
for all the other factors mentioned depends upon judgment gained
only through experience. A savvy ship's bosun or mate can be
extremely helpful on an unfamiliar vessel.

If in doubt as to the distance to be run it is better to err on
the side of a starting point too far away. If the mooring is not
ready to be dropped when the location is reached there is no turning
back without the danger of putting kinks in the mooring. Whereas,
if the mooring is ready but the site has yet not been reached the
mooring string can be simply towed into position.

If it is desired to place the mooring at a particular depth (as
opposed to a particular location regardless of depth) it may be de-
sirable to move the ship along the appropriate depth contour line
rather than upwind. Steaming upwind, of course, provides the best
control over the ship, particularly at the low speeds involved. How-
ever, this advantage may be offset by the difficulty of getting the
mooring at the desired depth as the ship steams across the contour
lines. Similarly, if a strong surface current exists in a direction
different from that of the wind, it may be desirable to move into the
current rather than upwind.

In many cases some compromise will be made between combinations of
wind, current, and depth contours. The direction of the launch run may
be influenced also by the necessity of avoiding moorings already exist-
ing in the immediate area.

Corrections may be made in the direction of the ship as the
launch progresses and environmental conditions change, or previously
unknown factors affect the ship's track, such as a set by the current.
Course changes of up to ninety degrees may be safely made provided that
adequate tension is maintained on the mooring. However, radical
changes may cause problems with the lead of the line aft and it is
preferable to achieve large changes in small stages every several minutes,
if possible, allowing the mooring to come more nearly aft after each
change.
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The ship's speed will vary during the launch process. As more
and more mooring gear is strung out aft, the speed will slowly drop
if it is not adjusted. Tension on the line as it pays out is the
deciding factor. Tension should be maintained at 200 to 300 pounds
to prevent the possibility of kinking or tangling in a slack line.
Too high a tension may cause damage to the wire jacket or to syn-
thetic line. Figure 7 shows a calculated curve of tension versus
ship's speed during launch for a typical intermediate mooring,
along with data from an actual launch."

During periods when the payout of line is halted, such as while
the instruments are being inserted, the ship may have to be slowed
to avoid the build-up of excessive tension. It is important to
anticipate these periods since there is a time delay while the ship
is losing way. For a mooring 5,000 meters long, a typical deployment
with this technique takes about one and one-half hours.

In general, a smooth and successful launch is the product of
careful planning and preparation. Once the launch has started, any
major delay may cause the mooring to be badly positioned and could
result in a mooring failure. Those ship's crew and officers partici-
pating should be thoroughly briefed. All equipment and tools should
be laid out beforehand, including equipment to cope with the occasional
crisis. A checklist may be desirable.

Deck Eguipment

Several items of deck equipment have been built or acquired at
Woods Hole for the setting and recovery of moorings. All of these
pieces of gear are installed aboard ship for a buoy cruise and removed
for servicing between cruises., Although when necessary some types of
permanent ship's gear such as trawl and hydrographic winches and cap-
stans have been used, it has been found that the extra expense and
trouble of using specialized gear is offset by having winches and other
equipment well suited to the job and in known good condition, ready
when needed. It also eliminates the necessity for having an additional
member of the ship's crew available, on those vessels where ship's gear
must be operated by ship's personnel. However, for a small mooring
group having specialized winches may not be possible or desirable due
to the expense.

The launch winch is a simple arrangement of two shafts with heavy-
duty brakes, facing aft. It has no power and is used only to pay out
the mooring line under tension, from reels mounted on either shaft
(Figure 8).

All wire and synthetic~line shots are measured, terminated, and
wound on small aluminum reels in the lab ashore. These reels, shown in
Figure 9, will fit on the shafts of either the launch or recovery winches

- -
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and have a separate section on one side separated from the main part
of the reel by a flange. A wire tagline is passed through a hole in
the core in this separate section and a fitting is swaged on inside
the core to permanently attach it to the reel. The outer end of the
tagline has a swaged eye. To wind a shot on a reel, the end of the
shot is shackled to the tagline and the tagline, fittings, and term-
inations are wound on the core inside of this section before the major
part of the shot is passed through a gap in the flange to the main
section of the drum and wound on. In this way the bulky terminations
are kept separate from the main body of the wire or synthetic line
and damage to the line, wound under tension, is avoided. A sling
link is always used between the tag line of the mooring shot.

Occasionally a number of short shots must be stored. To save reels
several of these may be connected together and wound on one reel. 1In
this case the terminations will be too bulky to all be stored in the
extra section. Terminations and fittings may then be wound on the drum
proper but must be carefully padded by canvas wrappings or layers of
heavy rubber sheeting to prevent damage to the line wound on top of
them.

If two adjoining shots are to be launched without any components
(instruments or buoyancy package) inserted between them, they may be
connected on the reel with the safety anchor shackles used in the final
mooring configuration. The cotter pins should be left out, to avoid
cutting synthetic line or damaging wire jacketing, and installed later
in the launch process after the terminations have come off the reel.

A sling link should be included between the shots.

A roller fairlead is used at the stern to prevent damage to line
and instruments during launch. It consists of a six-foot long roller
six inches in diameter mounted horizontally at the stern. Its shaft
fits in bearings on brackets welded to the edge of the deck. At either
end, port and starboard, is a three-foot high vertical stanchion to pre-
vent the line from moving to the side off the roller. Both roller and
stanchions are covered with a soft material. Figure 10 shows roller
and stanchions in place.

Sheets of plywood are laid on the deck between the launch winch
and the stern roller and are held down with round-head bolts to minimize
projections. This plywood provides a smooth surface for the instruments

‘to slide on. It extends aft to almost touch the surface of the roller

dnd an effort is made in mounting the roller to make the plywood/roller
transition as smooth as possible, with the upper surface of the plywood
and the top of the roller at the same level.

Several types of tiedowns and cleats are used for stoppers. If
adequate permanent cleats are available on the vessel they are used.
If they are not available, two or more portable cleats are used. These
are standard cleats, welded to a plate which is then bolted to the ship's




T9SS®A JO UIS3}S 3B POJUNOK
SUOTYOUR3S pue ISTTOH

0T oanbtd

- SO—— T T ~ —
W 8 :

why
L.
o= it A R evink bgivhinitlctne !.klvtt{«r:.



-

g @

i

19

deck in a convenient spot, using the deck holddowns available on all
of the Institution's vessels. An eye at the after side of the winch
base provides an attachment for a snatch block. A dacron line with
a safety hook on one end is led from a cleat through the snatch
block and aft, to provide a means of stopping off between line shots
(Figure 11).

Available at the start of the launch are two dacron (to minimize
stretch) stopper lines with chain grabs on the ends, with a cleat
assigned to each, for paying out the glass-ball sections of inter-
mediate mocrings. The line through the snatch block may be used for
one of these, with the snap hook temporarily replaced with a chain
grab.

Pre-Deployment Procedures

The first step in preparing for mooring deployment is to find a
spot close to the desired site with an adequately flat bottom, par-
ticularly if the depth is critical. A trade-off may be involved
between position, depth and ease of deployment.

The basic mooring design is done ashore. However, in areas
where the depth is not accurately known beforehand, an adjustable
shot of synthetic line may be designed into an appropriate place in
the mooring (usually below the instruments).

Once a site has been selected and its depth determined, a com-
puter run is made to determine the final length of the adjustable shot.
This shot is then cut and terminated with an eye splice on a thimble.
If the bottom is very flat and the depth was known beforehand, no
adjustment may be necessary. A final working drawing is prepared of
the mooring as it is to be launched.

A schematic diagram of the mooring should be available on deck at
launch. Frequent reference to it will insure that all component items
are inserted into the mooring in proper order. In addition, while a
section is being paid out the diagram can be used to anticipate and
lay out for deployment the next components. If enough personnel are
available, it is important to assign to one person the tasks of keeping
the moored station log sheet and calling out each succeeding component
to be launched (see page 59 for details on Moored Station Log Sheet).

All gear to go on the mooring should be at hand before the deploy-
ment is started. Similarly, all deck gear necessary to the operation
should be readied.

Once preparations are complete the ship proceeds to the starting
position for the launch run.
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General Payout Procedure

The following procedures are used for the deployment of both
surface and intermediate moorings. Specifics for each type are dis-
cussed separately.

Line is paid out from alternate sides of the launch winch. As
the end of a shot is reached the winch is slowed and the terminations
and tagline are allowed to pay slowly off the drum. As the termination
to the tagline comes just off the drum, the snap hook of the main
stopper is snapped into the sling link between the wire shot and the
tagline (Figure l12a). The inboard end of the stopper is made fast to
a cleat and the tagline is paid out until the tension is on the stopper
(Figure 12b). The tagline is then unshackled from the sling link.
The tagline is wound back on the reel and the empty reel removed from
the winch shaft (Figure 12c), and the next full reel put on.

When an instrument is to be inserted, its upper end is then
shackled to the sling link. (Remember - the top of the mooring is
paid out first.) The lower end is shackled to the upper end of the
wire shot on the next full reel (Figure 13a). The slack line is
hauled onto the second reel and the brake locked. The stopper line
is slacked until the tension is on the reel and the stopper hook
is removed (Figure 13b). One person is assigned to handle each
stopper line.

The instrument is paid out slowly over the stern roller and into
the water. Instruments should be tended carefully as they go over
the roller to make sure they do not hang up and cause the line from
the instrument to the winch to go slack. Impacts of instruments
against the deck or stanchion must be avoided.

If two shots have been shackled together on a reel and no instru-
ment is to be inserted the line does not need to be stopped off. The
terminations can be stopped just aft of the winch while the cotter
pins are inserted. Payout is then resumed.

When an instrument is to be inserted between two shots on the
same reel the top shot is stopped off as above and the instrument con-
nected. However, payout resumes with the next shot on the same reel
instead of going to the other reel.

Figure 14 shows the steps in anchor launch. When the lower end
of the mooring is ready to go overboard the anchor release is attached
to the lower end of the last shot (or the lower end of the backup
recovery section, to be described later, see Figure 1l4a). The anchors
are placed at the starboard rail before the ship leaves port. On all
Institution vessels a section of the bulwarks is removable at this
point. On other vessels the anchor may be picked up by the crane
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before the launch begins and slung over the rail on a heavy nylon
strap, to be cut away at the proper moment.

The anchor chafe chain, nylon tag line and release chafe chain
are all shackled together. The lower end is shackled to the anchor
bridle and the string is led around the quarter outside the bulwarks
and brought in through the stern roller. The upper end of the chafe
chain is shackled to the release ring (Figure 14b).

An extra sling link is attached to the sling link separating the
chafe chain and tag line, as shown in detail in Figure 14c. A slip
line is now run from the eye at the base of the winch, through the extra
sling link, and back to the winch where it is wound on an empty reel
with end free on the inside (Figure 14d). The slip line is then hauled
up tight and the brake set on the winch. The stopper line is slacked
off until the full tension is on the slip line (Figure 14e). (On smaller
vessels there may not be space between the winch and roller to stretch
out the chain and release. In this case, it is better to use achafe
chain in two pieces connected with two shackles and a sling link. The
extra sling ring can then be attached at this stage, a suitable distance
below the release. The procedure is then the same. It is unwise to
attach this ring directly at the bottom of the release as there is some
danger of the end fouling in the release mechanism when it is slipped.)

The slip line is now paid slowly off the reel. The release is eased
over the roller while one person tends the anchor tag line tc insure that
it does not foul (Figure 14f). The slip line is paid out until the moor-
ing tension is on the anchor, which has been restrained with a lashing if
necessary. Finally, the end of the slip line is allowed to come off the
reel and the line is hauled back clear of the mooring from the fixed end
(Figure 14g). If the slip line should foul on a cotter pin or some
other part of the mooring, under no circumstances should it be cut free
of the ship. If the remnants of the line foul on the release during
anchor free-fall, they could prevent anchor separation at recovery time.
If fouling occurs and the slip line cannot be pulled free, the anchor tag
line should be put on a winch or capstan and hauled back, the snarl
cleared, and the procedure repeated,

Once the slip line is clear and the anchor tag line taut, the ship
is put into a sharp starboard turn and the speed increased to half ahead
to build up tension momentarily. When the mooring is taut and well clear
of the ship the anchor lashings are cut and the anchor dropped over the

side (Figure 14h).

Intermediate Mooring Deployment

Preparation for deployment of an intermediate mooring consists of
assembling the uppermost buoyancy section on deck, including the radio
float. Two stopper lines with chain grabs are prepared.
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Launch of the buoyancy section is shown in Figure 15. The launch
begins with the ship in position and moving in the desired direction
at about three knots. One chain grab is fastened into the chain of
the buoyancy section about twenty feet from the top. The radio float
is passed over the stern roller and the stopper slacked carefully to
allow the glass spheres to pay out (Figure 15a). Until sufficient
spheres are in the water to provide some drag the spheres will have to
be pushed over the stern.

The stopper is paid out intil the grab reaches the roller. The
second grab is attached near the winch (Figure 15b), and made fast on
its cleat. The first grab is slacked, transferring tension to the
second (Figure 15¢). The first grab may now be removed while the
second is carefully paid out (Figure 15d). When the second grab is at
the roller the process is repeated until the lower end of the section
is reached (Figure 15e, 15f, and 15g). The lower end may then be
attached to the upper end of the wire shot while being held on the
stopper (Figure 15h).

The brake is set on the winch and the last stopper is slacked,
transferring tension onto the winch (Figure 15i). Payout then con-
tinues as described above (Figure 15j).

The procedure is the same for each buoyancy section, including
the backup recovery, as it comes up during the payout. Instruments
are inserted and the release and anchor deployed as described in the
previous section.

Surface Mooring Deployment

In preparation for the launch of a surface mooring, the float is
placed on the starboard side of the fantail and fully rigged. The
chafe chain is attached. The crane hook is attached to the buoy with
a quick-release mechanism. The upper end of the first wire shot is
led around the outside of the rail forward and shackled to the chain,
or to the lower end of the instrument if one is to be inserted just
below the float (Figure 16a).

If there is to be an instrument at the lower end of the chain, it
is useful to use a slip line at each end of it to ease it over the
side, as shown in Figures l1l6a and 1l6b.

With the ship in the start location and moving slowly on the de-
sired course, the slack is taken out of the line leading to the surface
float, which is then lifted out over the side (Figure 16b) and the
quick-release hook tripped to place it in the water (Figure 16c). The
line must now be kept taut by hauling in on the reel as the float moves
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aft alongside the vessel (Figure 16d). Once the float is well aft,
payout of the line can start.

The launch may now proceed routinely, as described in the general
deployment section. As each reel is emptied, payout continues on the
other reel while the empty is removed and a new full reel placed on the
shaft. This process continues until the backup recovery section is
reached.

The launch of the backup recovery section, consisting of glass
spheres in hardhats mounted on chain, is the same as that described
for the buoyancy sections of an intermediate mooring, discussed in
the previous section. The release and anchor are deployed as described
in the general deployment procedures section.

Bottom Mooring Deployment

Bottom moorings, usually relatively short and uncomplicated, are
generally paid out by hand without using the winch. The entire moor-
ing is preassembled on the stern, as in Figure 17a. The anchor may
be either at the stern or at the starboard side, or, if the ship has
no opening at the rail, may be slung over the side on a nylon strap.

All instruments and the release are laid at the roller, upper
end aft. Short shots of line may be faked down carefully just inboard
of the instruments. Longer shots may be put in barrels. If plaited
or braided synthetic line is dropped loosely into a barrel or other
open-topped container and allowed to remain undisturbed until launch,
it will pay out smoothly with no snarls. (Tensions are so low in a
bottom-mooring launch that the line may be stopped for a few seconds
by hand to clear minor kinks.)

With the ship in position and moving slowly upwind the glass
spheres, if used, are simply pushed over the stern. If a syntactic
foam float or glass-sphere '"package" is used, it may be lifted over
the starboard side with the crane, released and allowed to move aft.

‘ In either case tension is taken below the first instrument by a person
| (wearing heavy work gloves) who then controls the payout, keeping

' minimal tension on the line (Figure 17b). As each instrument or the
release comes up, someone else takes the tension of the line below

it and the upper line is dropped over the roller (Figures 17c, 174,
and 17e). Eventually tension is passed to the anchor and the anchor
is pushed over the stern (Figure 17f).

Anchor-First Launches

E : Occasionally it may be necessary to launch a mooring anchor-first.
4 This may be to achieve a precise geographical position, place a mooring
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very precisely relative to one already in place, or to protect a fragile
piece of equipment which might be damaged by the high relative water
speeds of the anchor-last deployment method.

In an anchor-first deployment the mooring is paid out off the re-
covery winch over the starboard side (Figure 18). The line goes over
a block on the A-frame or crane boom. A stopper with a snap hook hangs
next to the block. (See section on recovery for a description of this
equipment.)

The anchor, chafe chain, anchor tag line, and release chafe chain
are all shackled together. The upper end of the assembly is shackled
to the tag line on a reel on the winch and wound on the reel. The winch
is used to pick up the anchor and lower it into the water. During this
part of the operation, very high dynamic loading on the mooring line
can result from drag on the anchor as the ship heaves or rolls. This
is particularly true if the anchor presents a high drag profile in the
vertical. If an anchor with a large horizontal surface area is used it
is desirable to launch it tipped on its side. The Stimson anchor, for
instance, acts like a horizontal flat plate. For an anchor-first
launch, one of the three anchor bridle chains may be cut so that it
will lie vertically. (This, however, will reduce its effective holding
power on the bottom. An alternative is to tilt the anchor up on edge
and restrain it there with a corrosible lashing of magnesium wire which
will allow it to assume its normal position after several hours in the
water.)

Once the anchor is over, the tag line is paid out until the upper
end of the release chafe chain is at the rail outboard of the block.
The snap hook on the stopper is put into the sling ring (Figure 18b)
and the winch tag line slacked to put the tension on the stopper
(Figure 18c). The lower end of the release is shackled to the upper
end of the chain tag (Figure 18d). The lower end of the short wire
shot between release and backup recovery section is shackled tc the
release and the shot wound on the reel (Figure 18e). The winch takes
the tension and the stopper is removed (Figure 18f). This shot can
then be paid out until the upper end is reached and it is stopped off
(Figures 18g and 18h).

Next the backup-recovery section must be deployed. The lower end
of the glass-sphere section is attached to the top of the wire shot
(Figure 181). A tag line (or the next mooring shot) with a chain grab
is secured to the chain a few feet up and the spheres hoisted up until
the tension is taken off the fixed stopper (Figures 18j and 18k). The
winch is lowered until the chain grab is at deck level. A chain grab,
attached to the fixed stopper hook, is then used to take the tension,
as in Figure 18%, and the movable stopper, running to the winch, is
moved further up the chain and the process repeated (Figures 18m and
18n). Finally, the lower end of the next wire shot is shackled to the
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upper end of the chain and paid out. A similar procedure is used for
intermediate buoyancy sections.

When instruments must be inserted the line is paid out and the
fixed stopper hook used to support the mooring by the sling ring
(Figure 19a). The lower end of the instrument is attached to the
wire and the upper end to the next shot (Figure 19b). The tension is
then taken on the new shot (Figure 19¢c) and payout resumes (Figure 19d).
A similar procedure is used at the end of a reel. The mooring is sup-
ported on the fixed stopper while the reels are changed and the lower
end of the first shot on the new reel is led through the block and
shackled to the previous shot. Much of this work requires care since
it is done beyond the rail of the ship.

Payout continues in this manner until the top of the mooring is
reached. If it is a surface mooring the float should be rigged and
ready on deck close by the A-frame. The chafe chains, instrument if
any, and tag line should be attached. When the upper end of the top
shot is reached the float is lifted on the quick-release hook on the
crane and the tag line, or lower end of the instrument, is shackled
to the end (Figure 20a). The winch tag line is then paid out until
the tension is on the crane (Figure 20b). The winch tag line is then
removed (Figure 20c) and the float may be swung out and released
(Figure 20d) .

For surface-mooring anchor-first deployments the anchor will be
on the bottom during the last part of the payout. Thus very high
tensions can develop if the ship is tending to drift.

If the mooring is an intermediate mooring the top buoyancy section
may be paid out until the radio float is reached. The string may be
grabbed with a quick-release hook through a sling ring just below the
radio float and released.

There is no point in setting bottom moorings anchor first, normally.
The entire anchor-last method takes about two minutes so the ship
doesn't move appreciably. In either case most of the position error
will occur while the mooring is falling to the bottom.

It should be noted that deployment by the anchor-first method is
much slower than anchor-last. If the ship cannot maintain position
during this period, the method may be no more accurate in positioning
than the anchor-last technique.

In general, moorings with no compliance, i.e., all-wire moorings
with no synthetic line, should not be launched anchor first. Com-
pliance in the lower part of the mooring is necessary to reduce dynamic
loading on the anchor during the early part of the launch and, in the
case of a surface mooring, to compensate for ship drift between the time
the anchor bottoms and the float is released.
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Post-Deployment Procedures

Immediately after anchor drop the ship is hove to. Normally the
acoustic release is tracked to the bottom and the time of bottoming
noted. (The transponder range is plotted versus time on a graph. Anchor
bottoming appears as a change in the slope of the line. Normally, since
the ship is drifting, the range continues to increase after bottoming.
The event may not be easily detectable without a graph.) A series of
checks are then run on the release and recorded on a separate form.

These checks are discussed in LaRochelle's report on release
operations.s

It is important to monitor the descent of the release. If a fail-
ure of the mooring occurs during the free-fall, it can be detected by
this method. If the descent rate suddenly increases, the mooring has
parted above the release. If the release suddenly starts to rise, the
anchor tag line has parted. (This occurred on two moorings in the MODE
experiment.s)

In the aftermath of a mooring deployment with personnel engaged in
cleaning up or preparing for the next operation, it is easy to forget
that the mooring could still fail, allowing all or part of the mooring
string to come back to the surface where it might not be seen visually,
particularly at night, unless someone was looking for it. Monitoring
the release descent will help to guard against this. In addition, a
radio receiver should be left on for several hours after anchor launch
to insure that the top of the mooring has not separated and resurfaced.

Surface moorings have been known to settle out to within a hundred
meters of the anchor-drop position and in any case will overshoot
slightly before settling out. It is usually desirable to move a few
hundred yards cross-wind after dropping the anchor of a surface mooring
to avoid having the float come too close to the ship.

In recording the position of a bottom or an intermediate mooring
the position of anchor drop is usually used. It has been found, both
by computer modeling and by experiment,7 that the anchor will settle
out at a distance of between 10% and 15% of the water depth from the
anchor-drop position back towards the direction from which the ship was
coming during the payout process. In 6,000 meters of water this error
is usually within the error of navigation.

If more accurate navigation is available, and a more precise moor-
ing position is desired, it may be possible tc maneuver the ship
directly over the acoustic release by means of the transponder in order
to get a fix. This is usually a time-consuming process, however.

The water depth at anchor drop is normally used as the mooring
depth. Here significant errors may result, particularly if the bottom
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is very rough. Again, if a more accurate depth is desired, some time
may be spent maneuvering over the mooring release for a measurement.

For surface moorings, of course, it is possible to move alongside
the float for a fix and depth measurement. Because of the watch circle
of even a very taut mooring, however, the position may still be in
error by up to a kilometer or more in deep water. At the same time,

a visual check can be made for damage to the float and whether the
light is operating.

If an intermediate or bottom mooring has been launched, the moor-
ing design is run through the computer in the exact configuration in
which it was launched, including all last-minute component substitutions
and adjustments. The depth of each instrument with zero current pro-
file is computed and recorded on the station log and a paper tape is
prepared with the component listing for the mooring.

MOORING RECOVERY

General Considerations

Recoveries, which are primarily rigging exercises, are generally
more straightforward than deployments. The first problem, however,
may be to find the mooring. If a surface-mooring float is not found
at the expected location a check should be made for the release in
case the mooring has parted. If there is acoustic contact the bottom
part of the parted mooring can be recovered by firing the release and
allowing the backup recovery flotation to bring it to the surface.?
If the release is not in the expected location the recorded position
may be in error.

A comparison should be made between the recorded depth at iaunch
and the depth at the recovery site, and the original navigation logs
during the launch checked for mistakes. If everything checks, a visual
search may be made around the area in case the mooring dragged some
distance. Radar and radio monitoring (if the float carried a beacon)
may, of course, also help locate it.

In the case of bottom or intermediate moorings, only the acoustic
release is available to ascertain the mooring location. If an area
search “as to be made, the hull-mounted acoustic transducer is in-
valuable, particularly if it is directional. If no contact is made
with the release, as a last resort a firing command may be sent at the
best known mooring location and a visual/radio search made for a sur-
faced mooring on the assumption that the pinger/transponder part of
the release is dead.
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In our operations we commonly get useful transponder ranges of up
to eight kilometers. This will, of course, vary depending on the ship,
sea state, and condition of the release.

Deck Equipment

A gasoline-powered winch (Figure 21) with a single shaft, which
uses the same reels as the launch winch, is used for recovery. The
winch is situated facing the starboard A-frame. It has an eye with a
stopper chain and hook at its base. A large block (Figure 22) is hung
from the A-frame on the starboard side or from the crane boom. An im-
portant feature of this block is the wide sheave which allows suffi-
cient clearance between the cheeks to pass chain and complete termina-
tions (two shackles and a sling ring). (If the block must be hung from
the crane boom, the recovery process becomes a bit more complicated
during periods when the crane must be used to lift floats, etc.) A
stopper, consisting of a length of chain with a snap hook on the end,
hangs next to the block. The hook hangs to about a foot above deck
level. The arrangement of the fixed deck equipment is shown in
Figure 23.

A snap hook mounted on a pole is used to hook onto floats from a
distance over the side of the ship. This is a snap closure hook with
a piece of barstock welded on (Figure 24a). The pole is of titanium
tubing to reduce weight, and has a socket to hold the hook (Figure 24b).
A pennant attached to the hook has a loop at the inboard end for the
crane hook. The hook is snapped into a pickup ring on the float
(Figure 24c) and the pole removed (Figure 24d). The tag line is then
lifted with the crane.

A generous supply of stopper lines and chain-grab hooks is on hand
before recovery starts.

5,8

Deck gear for the acoustic release is described elsewhere.”’

Release of Anchor

Firing of the acoustic anchor release on a surface or intermediate
mooring is usually done with the ship at a distance of about a third of
the water depth or more to avoid the possibility of becoming fouled in
the glass sphere buoyancy sections as they surface.

Before actuating the release a series of checks are run on the
release:® If the release is extremely balky or if it is difficult to
maintain contact with it due to poor acoustic conditions or difficulty
in keeping the ship in the vicinity of the mooring, such as in very high
currents, it may be desirable to omit the release checks and fire the
release as soon as good contact is established.




Figure 21

Hauling Winch
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General Recovery Procedure

Hauling of the mooring string is done over the starboard side.
The stopper hanging alongside the recovery block is used to hold the
string while instruments are removed or reels changed on the winch.

As an instrument or cluster of glass spheres comes up to the
block (Figure 25a) the stopper hook is snapped into the sling ring
below the component (Figure 25b). The winch is then slacked off
until the tension is on the stopper (Figure 25c). The instrument or
sphere cluster is then unshackled from both the upper and lower shots
and removed (Figure 25d). 1If the reel is to be changed on the winch
the tag line from the new reel is led through the block and shackled
into the shot hanging on the stopper. If the shot is to be wound on
top of line already on the reel, the upper shot is simply shackled
into the lower shot, in effect becoming a tag line (Figure 25e). The
tension is then taken on the winch and the stopper removed (Figures 25f
and 25g). Hauling then resumes.

If a termination between two wire shots comes aboard with no in-
struments in between, the termination may be hauled through the trawl
block and stopped off at the stopper on the base of the winch, as
shown in Figure 26. The connection is a little easier to work on
there. If the termination is to be simply wound on the same reel,
there is no need to stop off and disconnect. The cotter pins may be
removed and the hauling resumed.

Since wire rope is not reused, no particular care need be taken
in winding terminations on the reel. Once the termination section
of the reel is full, additional terminations are simply laid on top
of the wire turns and the wire wound on top.

In the case of synthetics, terminations are kept from damaging
the line on the reel by wrapping them with canvas as they go on the
reel. The next few turns of line are then laid carefully on top until
the termination is sufficiently padded that no damage can occur.

Tensions wil usually be relatively low, making hauling easy. How-
ever, if the wind is causing the ship to drift at a high rate, or if
a large component on the mooring is creating very high drag during
hauling, very high tensions can result. Care must be taken when wind-
ing synthetic line under tension. A great deal of energy can be stored
on a reel of stretched line. In some cases this has resulted in the
welds of the flanges breaking. Even if the static tension on the moor-
ing string is low the running tension may get quite high if the mooring
is hauled to<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>