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PRELIMINARY

Ships have run aground in the past and will
do so in the future, regardless of the improved
aids to navigation that have been developed
through the years. In most cases, the average
person is not aware of the stranding unless it
is in his immediate vicinity, and the salvage
work that follows is not of sufficient general in-
terest to merit attention except to those inti-
mately concerned with the ship or the work of
freeing her. Occasionally, however, a ship is
involved in a marine disaster that arouses pub-
lic interest. The U. S. S. @maha, which
stranded in the Caribbean Sea in July 1937,
was stuch a ship. There was the submarine
U. 8. 8. Squalus which sauk in approximately
250 feet of water off Portsmouth, N. H., while
on diving trials in May 1939. The U. S. S.
Lafayette (ex-Normandie) which capsized
alongside her berth in New York Harbor in
February 1942, as a result of a fire, wus another.
There were, of course, others. Such a ship also
was the U. 8. S. Afissouri.

On 17 ‘January 1950 the U. 8. 8. Missouri,
the only battleship in commission in the United
States Navy, was proceeding to sea on a train-
ing cruise from the Naval Operating Base,
Norfolk. She was well londed with fuel, pro-
visions, and ammunition, and in fact was in her
full-lond condition. At about 0825, which éo-
incided very closely with high tide, the Missour:
ran aground off Hampton Roads, Va. Her
speed wus about 12 knots, which resulted in her
traversing shoal water a distance of three ship
lengths (approximately 2,500 feet) from the
main channel. She finally stopped at a point
1.6 miles bearing 266° T from Thimble Shoals
Light, near Old Point Comfort, on a heading
053° T. The Missouri was refloated at 0709 on
1 February, on the morning high tide,

Upon getting underway the Afissours’s drafts
were recorded as 85’%"" forward and 36°9"" aft.
Soundings taken soon ufter grounding were re-
ported to be 29 feet forward and 30 feet aft.

These drafts were believed from the start to be
only approximate. A subsequent study of draft
rendings with the Missouri aground and com-
parison with actual tide readings revealed that
at mean low water the ship was resting on a
gradual slope with drafts as follows:

Fect
Forward _.__ 25.1
Amidships_..__________..__________ 27.0
At e ___ 8387

It was found that actual tides as recorded at
Sewell’s Point agreed very closely with those
existing at the Aissours’s location. At a tide
of 2.6 feet, which was the actual height of water
recorded at Sewell’s Point at time of ground-
ing, her drafts were determined to be as follows :

Feet
Forward _____ - - 29.7
Amidships__________________ 26.6
Aft .- o 31.3

Initial reports had indicated that the actual
height of tide that morning was 3.3 feet, which
was recorded at Fort Monroe, or 0.7 foot above
predicted, and, since the grounded location was
not. far from Fort Monroe, it was thought that
the ship had grounded at an unusually high
water. This fortunately was not the case as
the later study showed the readings at Monroe
to be consistently higher than at Sewell’s Point
or at the Missour's location. In any event, the
ship did ground at high tide.

It was apparent that the ship’s propulsion
plant would be inoperative during salvage oper-
ations due to clogging of injection and discharge
seachests with sand. Power was lost incident to
the grounding except for one emergency Diesel
generator which continued to provide power for
lighting. One main turbo generator was, how-
ever, restored to operation by the ship’s force
the sume day and another during the next day.
Moreover, potable water was available from the
Naval Base as needed and fire and fushing



water from portable 6’ submersible pumps
rigged over the side, as well as from a fleet tug
alongside. Good habitability was, therefore,
quickly attained as well as suflicient power for
other essential needs such as operation of deck
winches which were later used with beach gear.

The approximate load on the ground of 12,000
tons, which was the difference in displacements
before and after grounding as determined by
draft marks, made it very apparent that the
Navy was confronted with a major salvage

operation, one that would require an appreci-
able period of time and would tax the ingenuity,
gkill, and patience of the men involved. The
A izsouri is big. Each inch of her mean draft
lost in the grounding represented a weight of
150 tons that would have to be removed or the
equivalent amount of buoyancy restored to re-
float her. The fact that the ship had grounded
at high water was indeed unfavorable. On the
other hand, her being in a fully loaded condition
was favorable.



II

DEVELOPMENT OF THE SALVAGE PLAN

Commander Cruisers Atlantic Fleet, the Type
Commander, immediately took charge of sal-
vage operations, with the Commander Norfolk
Naval Shipyard as Deputy Commander of Op-
erations, An analysis of the situation indicated
that the Missouri was in no danger of loss or
damage. She was in protected waters and not
exposed to the destructive force of the elements.
The salvage operation was not an off-shore sal-
vage job where speed of action is of paramount
importance. Moreover, the location was in the
aren of the Navy's greatest concentration of
men, equipment, and facilities both afloat and
ashore. Additional special salvage equipment
could be readily provided from other areas to
augment that which was availuble, In fact, if
a ship of the Navy had to go aground, it could
not have chosen a more convenient place. A
consideration of the above factors, among
others, led to the decision that the Navy could
and would salvage the Missouri through its own
efforts.

The lightening of the ship by removal of
weights was an obvious step in the salvage,
The Missouri was in practically her full-load
condition and it was known that such weight
removel would represent the biggest single
factor in refloating her. Had she been in o
lighter conditon of loading when she grounded,
the salvage would, of course, have been consid-
erably more difficult and might even have led to
the necessity of off-loading permanent items of
heavy equipment such as guns. Fortunately
this was not necessary, nor contemplated even in
original planning,

It was realized that when all readily remov-
able weights such as liquids, armmunition, and
stores had been taken off, the ship would be very
close to her light condition, in which there
would be a large trim by the stern. Accord-
ingly, pontoons were considered and the de-
cision made to install them at the stern.
Dredging of an exit channel through the shoal

water directly astern of the M¢ssouri was almost
as obvious a need as the removal of weights,
particularly since it could be done quite readily
and with no interference with other work.
Advantage could also be taken of the presence
of dredges to create a deep trough along each
side of the ship with a view of settling her
somewhat by the squashing out of the sand be-
neath her. Finally, whatever load there still
remained aground after the above work had
been completed would be small enough to pull
off with a combination of beach gear and power-
ful tugs. A check of the stability characteris-
tics of the ship in the conditions of loading
through which she would pass showed her to
be very stable with no remedial action
necessary.

The general salvage plan adopted at the start
of operations was, therefore, to refloat the Mfis-
souri to deep water:

(a) By increasing her buoyancy and decreas-
ing her displacement.

(1) By removal of the maximum fluids, am-
munition, stores, personnel, etc.

(2) By lifting her stern with pontoons.

(3) By dredging and tunneling the sand
from under her and letting her settle further.

(b) By pulling off.

(1) With nine sets of beach gear.

(2) With 2 ARS(D) vessels fitted with spe-
cially powerful beach gear.

{3) With seven or eight pulling tugs.

(4) By using tugs for surging and twisting.

(¢) By dredging an exit channel.

Tides would of course play an important part
in the final refloating of the Missouri. Any-
thing less than that at the time of grounding
would necessitate additional work in one or all
of the principal steps of the general plan. A
greater tide than expected would serve to make
the refloating easier to achieve and more certain.
The general plan was predicated on the avail-
ability of about the same height of tide as ex-



isted at grounding, which would allow a modest
factor of safety to take care of slight devia-
tions. It was natural, therefore, that a target
date of 2 February should be established for the
refloating operation. Not only was the tide ex-
pected to be satisfactory, but there would be
ample time to complete all the preparatory
work that was required.

Since predicted tides were to be satisfuctory
for only several days before dropping to lower
values again, full advantage had to be taken of
the brief period when they were satisfactory.
Not only was the combination of weight re-
moval, gain in buoyancy due to pontoons and
settling, and pulling effort o be sufficient to
provide a suitable reserve, but, if for some rea-
son there was no success in refloating on one duy,
additional menasures would be ready for accom-
plishment prior to the next day’s attempt. This
did not reflect a lack of confidence with the
extent of preparations planned, but rather it
represented sound practice in providing for un-
foreseen contingencies.

The worlk involved would be varied, extensive,
and rugged. A large number of men would be

employed for relatively long hours. Some of
them had previous experience in some phases of
salvage work, but for most this was the first
sulvage operation with which they had personal
contact. The situation was conducive to a
series of nccidents if suitable precautions were
not, tnken and enforced. Safety was, therefore,
to be stressed through education and insured
with adequate and competent supervision.
Salvage work, because of its nature, does not
always adhere to customary factors of safety
or it would not be done. Any deviations, how-
ever, should not be done through ignorance or
lack of knowledge, but with a full understand-
ing of the problems and with appropriate pre-
cantions.

The refloating of the Missouri was desired at
the earliest practicable date. Even more im-
portant, however, was that the ship receive no
ndditional damage as the result of salvage work
which would necessitate subsequent prolonged
repairs at the Naval Shipyard. Thoroughness
was, therefore, to be favored oveér speed in case
of any confliction between them,
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The effort did not represent a total loss, how-
ever, for it proved to be a valuable exercise in
coordinating a large group of vessels which was
to prove useful Iater. One of its lessons was
to fuel the tugs fully before succeeding pulling
attempts in order to get their sterns, and conse-
quently their propellers, well under water.

Dredging —Dredging alongside and defuel-
ing started soon after the ship was grounded.
The purpose of the dredging was to create a
trench along each side to a depth well below
the keel in order to encourage settling by the
gradunl sloughing of the sand under the ship.
Eventually these trenches had a width in excess
of 40 feet and a depth of more than 10 feet be-
low the keel line. The Army Engineer dredge
Comber did most of the work., Though having
tremendous capacity, it could not get closer
than about 10 feet to the hull. For removing
this portion and for working the area under
the counter at the stern, a civilian dredge, the
Washington, was hired on 22 January, It
worked continuously until the Af¢ssouri was re-
floated, except for several days when the seas
were too rough.

The hope of appreciable settling of the ship
did not materinlize even when tunneling with
high pressure water hoses and divers was re-
sorted to in order to assist the caving in of the
sand. From this viewpoint, it might be con-
sidered that the early removal of so much fuel
was inadvisable and that weight, rather than
being removed, should have been added. How-
ever, the wide and flat expanse of the ship
spread the load so that unit pressures were of
a relatively small order anyway. Since the ship
was in full load condition, there were no ready
means of increasing the lond. Moreover, the
removal of forward weights would shift the
center of gravity aft and the pressures there
would not be reduced accordingly, particularly
since the bow began to move with the tide. Also,
time was not an unlimited facter and there was
enough to carry out the general plan only by
constructive progress each day. Tunneling
with high pressure nozzles was useful in start-
ing messenger lines for pontoon chains, but
was entirely inadequate to make any real show-
ing agninst the volume of sand under the ship.
The ground was composed of a medium coarse

sand that packed hard where the pressure was
greatest. Two thousand tons of fuel had been
reinstalled aboard aft as ammunition was re-
moved forward to assist the settling of the stern.
No discernible movement was observed. Suc-
tion was not a problem on this job, particularly
since, after removal of sufficient forward
weights, there was some motion of the bow with
rise and fall of the tide.

There was, of ¢ourse, no question of the need
for an exit channel from the stern of the Mis-
souri to deep water. A channel 150 feet wide
and with . minimum 35-foot depth at low water
was easy work for the Comber. It could be
done with no interference with work alongside
ship, and moreover, it could also be done at
night. The final connecting of the exit channel
with the stern of the Missour: was accomplished
by the commercial dredge which could work
close to the hull.

Weight removal.—The off-loading of liquids,
ammunition, and stores was the greatest single
factor contributing to the salvage of the ship.
The summary of planned weight removals
which followed very closely what was actually
removed was as follows:

Ttem Weipht (tonas)
Bouts and skids_________.____.. 44
Pergonnel .. 1102
Ammunition ... ... 2,200
Dry proviglons_ e 196
Fresh provisions________________ o1
Potablewater_________ __________ 724
Reserve feed water._____________ 373
Fuel oil___ 7.973
Diesel oil 149

Total . ____ . _____ 11, 860

1 Not actunlly removed.

The removal of the first 8,000 tons consisting of
fuel, some liquids, and stores was accomplished
rapidly. The remainder, requiring greater
handling, was off-loaded more slowly. With a
view of gaining some settling of the ship due to
squashing out of sand from under the stern
where the pressure was greatest, 2,000 tons of
fuel were placed back on board aft to increase
that pressure as the forward ammunition was
unloaded. This was later removed, together
with the after ammunition which was left until
last for the same purpose. All off-loading was
completed 30 January.



Extensive ns the weight removal was, it was
made relatively easy by the availability, on
short notice, of Naval Base and Service Force
facilities in the area., Tankers, barges, cranes,
tugs, and other floating equipment rendered
excellent service and had only short distances to
go. Unlike the open sea, the water, though oc-
casionally choppy or rough, did not have the
swells and surf to make weight handling
difficult.

Beach gear—What is beach gear? It is an
item of equipment very familiar to all profes-
stonal salvors but to few others, including many
seafaring men. Its primary use is to pull a
stranded ship back into deep water or to hold it
firmly secured to keep it from broaching or
being driven farther ashore. Many ships have
been refloated through the pulling action avail-
able in several sets of this gear and there is no
doubt that many more in the future will owe
their safety to this equipment.

A set of beach gear, in brief, consists of one
or more anchors, generully of a special type
having excellent holding power, a shot of heavy
chain, and several long lengths of heavy wire
rope all connected together with special shackles
and leading from the water to the stranded ship.
Here, the heavy wire rope is secured with a
carpenter stopper to a set of falls which, de-
pending on its type, serves to multiply the pull
exerted by a winch many times. The standard
Navy set of beach genr, which is almost uni-
versally used by professional salvors also, con-
sists of the following:

8,000-pound Kells anchor—has excellent digging in and
holding properties.

One shot (16 fathoms) of 214 -inch chain—It not only
helps the anchor to hold but adds spring to the line
and guards against sudden pulls on anchor.

250 fathomns of 154-Inch (6 x 37) galvanized plow steel
wire rope made up in 100- and H0-fathom lengths.
The long scope reduces the loss in effective pull due to
the vertical component. Additional lengths may be
used to suit existing conditions.

Fonur plate shackles for connecting wire rope, chain, and
anchors, They are of type that can pass through
chocks er around bitts.

Two carpetiter stoppers—used for grasping wire rope
when heaving or stopping off when fleeting out falls
between pulls, They are one of the most vital com-
ponents of beach gear and operate on the principle
of a sliding wedge which grips tighter as the pull is
increased,

One set of fourfold blocks ruve off with 1,200 feet of
%-inch wire rope.

One fairlead block for 154-inch wire and one for H-inch.

One anchor buoy and retrieving wire.

Suitnble straps and shackles for securing standing and
fairlead blocks.

Bureau of Ships Technical Bulletin No. 5 of
January 1946 indicates that the efficiency of a
set of falls of the type used, if rigged so that
the pull of the winch is on the running block
resulting in a 9-part arrangement, is 85.9 per-
cent. The ship’s deck winches that were used,
as well as the portable salvage winches placed
on board, develop a line pull of 714 fo 8 tons.
Allowing for friction, therefore, and for the
short tons used in rating of winches, a set of
beach gear can develop a pulling force of about
50 long tons, which is almost double what can
be expected from the largest and most powerful
tugs that the Navy has, and more than three
times the pull that can be exerted by the average
seagoing tug of 1,500 horsepower. Not only is
the strain that is applied continuous, but the
beach gear wires are actually stretched and, like
an elastic band, exert a powerful force in this
condition.

Nine sets of this type of gear were installed
on the U. S. S. Missouri, developing a total pull-
ing force of 450 tons. Since they radiated at
certain small angles with the longitudinal axis
of the ship, only the component along this axis
could be considered as effective to motion astern,
There was also a slight loss due to the vertical
inclination of the wires leading from the deck to
the bottom of the water. Taking these into
account, the net pulling force available still
amounted to 400 tons. The type of bottom in
the area was believed to provide good holding
power for anchors. Nevertheless, to obviate
any possibility of embarrassment and delay due
to dragging, all anchors were doubled. This
applied not only to the beach gear, but also to
the Salvager and Windlass. Each of these ves-
sels planted n special 10,000-pound Danforth
anchor loaned by the manufacturer specifically
for this operation, n standard 8,000-pound sal-
vage anchor, and three 6,000-pound anchors.
There is no question that all held firmly un-
der all the conditions of pull.

Two specially designed salvage vessels, the
U. 8. S. Salvager (ARSD-3) and the U. 8. S.
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The excess wire rope not draped was figure
eighted on the fantail. The salvage ship then
came alongside the Missouri and passed the end
of the 154-inch wire rope to the stranded ship
where it was secured in and held by a carpenter
stopper. The salvage vessel now proceeded to-
ward the designated spot where the anchor was
to be dropped, paying out the wire rope until
finally, with the wire stretched taut, the anchor
was let go.

Pontoons.—The pontoons used in assisting to
refloat the Missouri were the standard type
maintained by the Navy in several widely sep-
arated areas. They were specifically designed
for salvage of sunken submarines, and their
last previous use was in the salvage of the
U. S. S. Squalus which sank in May 1939 in
approximately 250 feet of water off Ports-
mouth, N. H, Ten of these pontoons were
towed to Norfolk on two barges from the Bos-
ton Naval Shipyard where they had been stored
and maintained (fig. 3). The pontoons are
structural stee! cylinders 32 feet long and with
an internal diameter of 12 feet. They are di-
vided by transverse bulkheads into three com-
partments and provided with suitable flood,
vent, blow, and sluice valves. The total buoy-
ancy is 80 tons, while the dead weight of each is
40 tons. With both ends flooded and the mid-
dle compartment empty, which is the usual
submerged condition when handling the pon-
toon, it has n negative buoyancy of about 5 tons.
Due to fixed concrete ballast, it is stable on the
surface and will float upright if not restrained.

Froune 3.—Salvage pontoons were towed to scene
on barges,

10

These pontoons can be and often are towed ap-
preciable distances.

As'is usual with pontoons, the most difficult
part of the work, and to which was devoted
most of the time of installation, was the reeving
of the chains under the hull. The customary
practice was followed of running light mes-
senger wires under the after ends of the skegs
by divers and then progressively pulling
through larger wires, small chain, and finally
the heavy 2l4-inch chain to which pontoons
were secured. A submarine rescue ship (ASR)
was positioned on each side of the Missouri to
service the divers as well as reeve the chains,
The messenger wires were worked forward to
the desired location by alternating the pull of
capstans on the rescue ships to provide a back
and forth sawing motion. This was the slow-
est part of the work, since occasionally a wire
rope broke and the job had to be started over
again. Once a messenger for a set of pontoons
had been worked into position, additional mes-
sengers were attached to it and pulled straight
through, again with a sawing motion, until,
finally, the main securing chains were in place.
This work was frequently interrupted by other
necessary or urgent work alongside the ship.

Plates 3 and 4 show the arrangement of pon-
toons at the stern. It will be noted that the
hawsepipes of the pontoons through which the
chains were reeved followed the lead of the
chains and were, therefore, at an angle with the
vertical. Since bottom discharges are in line
with the bottoms of hawsepipes, water could be
blown only to that level, resulting in a slight
loss of buoyancy. There was no difficulty in
reeving the wires and in installing the pair of
pontoons at the bow of the Missowri just prior
to the successful refloating on 1 February.

Eight of the ten pontoons available were used
in the refloating operation. There were also
available in the area, but not used, collapsible
pontoons totaling 250 tons in buoyancy which
were maintained at Bayonne, N. J., for emer-
gency use. These are inverted bags with a
large opening in the bottom and a blow con-
nection at the top. They are made of a nylon
fabric impregnated with neoprene and conse-
quently are light "and easily transported.
Designed primarily for submarine salvage, they
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