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PREFACE

Submarine salvage i1s a rare evolution in the U.S. Navy. For training
purposes, submarine ex-HAKE (AGSS 256) was sunk and recovered in 1969;
thirty years had passed between this operation and the previous sunk
submarine recovery in 1939. Because of this wide time span, and the
fortunate infrequency of submarine salvage operations, the U.S. Navy

does not maintain specially designated submarine salvage teams; personnel
likely to be assigned to submarine salvage operations are those employed
in salvage ships and possessing general marine salvage experience.

This manual is compiled to offer a ready guide and reference for personnel
asgigned to submarine salvage. It compiles information gained by the

U.S. Navy, listing techniques, experiences good and bad, and includes

nine submarine salvage reports offering articulation of theory and guide-
lines into practice. Equipment and methods used by salvors in the past
are ready for use again. New techniques and salvage tools are developed.

Herein is a presentation of the State-of-the-Art 1970; while new methods
in development are briefly presented, no direct guideline for their use
is given. The Submarine Salvage Manual must remain an active reference,
updated and corrected with each new development, tool, and salvage
operation; it shall remain the duty of salvors to make this a living
guideline.

ol

E. B. MITCHE

Captain, U.S. Navy
Supervisor of Salvage
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Information Regarding the Manual and its Use

Information Regarding the Manual and its Use

Scope

The Submarine Salvage Manual presents techniques used in
salving sunken submarines. Comprehensive references are
included on allied subjects. Reports on past submarine
salvage operations are included.

Section Numbers

This manual is divided into eight major sections with sub-
sections; the division is made along subject linesj; the
material is contained, by subjsct, in the appropriate
section or sub-section, Nine letter-designated appendix
sections supplement the text with case studises.

The Table of Contents lists, by subject, all material in
the manual by section.

Page Numbers

The pages are numbered consecutively, starting with page
number 1 at the beginning of each major section.

The section title and number appear at the top of the page.
The section and page number appear at the bottom of the

page.
In the Appendices, the section title and letter appear at

the top of the page. The section letter and pags number
appear at the bottom.

List of Plates and Photographs

All plates and photographs are included in the applicable
sub ject section.

How to Locate Information

Information regarding a general subject can be located by
the use of the Table of Contents.

Information regarding a specific sub ject, or item, can be
located by the use of the Alphabetical Subject Index.
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Lo Introduction

The Salvage Officer confronted with the task of retrieving

a sunken or stranded submarine will need to draw heavily

upon previous submarine salvage operations. Most likely he
will not have had personal experience in this field, and will
therefore need background information which will prepare him
for his particular salvage problem and prov1de a basis for a
modus operandi.

Every submarine salvage operation has different circumstances,
depending upon the size of the submarine, its position,
flooded condition and depth, and the type of bottaom on whlch
it rests. The review of past submarine salvage operations
given in the Appendices to this manual, may assist the

Salvage (0fficer in estimating the requirements for his job

and in anticipating some of the problems that may arise.

There have been approximately twenty three submarine losses af
non-combatant nature in the US NAVY. Of these, ten occurred
in such deep water that salvage could not be attempted. Out
of the remaining eleven, six were in shallow water or under
conditions that made salvage relatively simple; however, of
the other five submarine salvage attempts in deep water, four
were successful,

The first operation was the raising of USS F-4 off Honolulu
harbor in 1915. The submarine had to be brought up from a
depth of 306 feet; to date, the deepest salvage ever com-
pleted. Divers had to work at depths far exceeding the
limits which had been reached in that day. However, in
comparison with later salvage operations, it must be
remembered that F-4 was small, displacing only 400 tons, and
considerably easier to handle than S-51 at 876 tons and
SQUALUS at 1450 tons.

The submarine service was not prepared for such disasters as
F-4., The deepest a diver had gone was 274 feet and little
was known about the effects of decompression sickness or
other physiological aspects of diving. There were no rescue
or salvage vessels fitted out for recovering crews or
submarines.

F-4's salvage force consisted of chartered tugs, two decked-
over scows with improvised windlasses for lifting, and a
diving lighter with a recompression chamber. The method of
bringing the submarine into shallower water was by sweeping
wire cables and chain slings under the hull, lifting with
the scows, and then towing until the submarine grounded.

A second purchase would then be taken on the hoisting cables
and the process repeated.




SUBMARINE F-4 IN DRYDOCK

FOLLOWING SALVAGE.
FIGURE 1-1
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S-4 UNDER TOW ARRIVING AT

THE BOSTON NAVY YARD.
FIGURE 1-2
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The operation was attended by all of the adverse elements
normally associated with underwater salvage; failure of
equipment, accidents, and bad weather conditions slowed the
job considerably. After weeks of 1ifting and towing, the
wreck was finally hauled into shallow water, at which time

a sudden onset of heavy swells carried émay all of the 1lifting
slings and severely damaged the submarine. The action of the
sea had sawed the cables and chain slings nearly through the
hull, making further 1ift by the scows impracticable. It

was feared that the hull would be cut entirely in two, or
that the bow section would sag ocut of the slings and ground
in the harbor. The first submersible pontoons were designed
and built to suit the condition of F-4, and to bring her to
the surface without further damage.

Perhaps the most significant salvage of a submarine was that
of 5-51. Prior to this achievement by the NAVY, an
unsuccessful attempt had been made to salve S-5.

The salvage problems in these two cases were quite similar

as to depth of water, size of the submarine, character of

the bottom, availability of qualified divers, and the
availability of a suitable salvage vessel and other salvage
equipment. S-51 was completely flooded, whereas S-5 had only
one main compartment flooded with 1little if any water in

the other compartments. ©S5-5 was rigged for dive, all
compartments were intact, and all bulkheads secured. 5-51
was rigged for surface, the hull had been opened by collisiaon,
and none of the bulkheads was watertight. Both sites were
expased to the open sea, and although S-51 had somewhat
better protection fraom winds than S-5, this difference in
exposure was not great insofar as its effect on salvags
operations was concerned.

The salvage of S-5 was undertaken with a preconceived notion
that the submersible pontoons, which were available in
sufficient guantity, could not be used in the open sea.

This assumption apparently extended to any form of external
lifting force and led to a salvage plan which included only
self-1ift and required removal of the water from all com=-
partments and large tanks. There were no air salvage
connections, so it was necessary to provide spill pipes and
air connections for the compartments that were to be
dewatered. 1In preparing the compartments for blowing douwn,
explosives, which were used for cutting and for removal aof
hatches, caused damage that eventually led to abandonment of
the salvage attempt. Utilizing hindsight, it seems clear
that the decision to attempt the salvage without any external
1ift was responsible for failure to recover the submarine.
When the salvage began, S5-5 was in the most favorable
condition of any of the five deepwater salvages that the

US NAVY has undertaken. 1In the other four cases, external
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S-51 SUPPORTED BY PONTOONS UNDER TOW

AFTER SUCCESSFUL SALVAGE.

FIGURE 1-3
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lift was included in the salvage plan and greatly reduced
the amount of work required. External lift may have been
the factor that made the difference between success and
failure in these attempts.

The §-51 salvage operation is of great interest because:

1. There was a well-conceived salvage plan.,

. i
2. Problems encountered were diagnosed and
overcaome as they occurred.

3. The salvage plan was adjusted as better
information became available, and as
difficulties were encountered.,

4, An excellent technical report was prepared
caovering all features of the operation, with
particular emphasis on the difficulties.

5., The salvage force was at all times caonfident
of success even though many things seemed to
be going wrong. This confidence is present
in all successful salvage operations, and
even the most discouraging catastrophies do
not affect it. This confidence or determinatiaon
to succeed is the essential part of any salvage
plan.

By contrast, the raising of S-51 proved to be a valuable
experience to the US NAVY. Tunneling under the submarine,
using water jets supplied by a 2-1/2-inch firehose, created
praoblems for the divers. These centered about the handling
of the hose and nozzle when subjected to pressure sufficient
to cut and wash away the soil on the bottom. This brought
about the development of a balanced washing nozzle that
speeded the tunneling required for rigging of slings.

During the winter, when salvage was suspended, a new under-
water cutting torch was developed, as well as a more efficient
underwater light.

for the first time, actual experience was gained in
calculating the sucticn effect of the bottom, and determin-
ing breakout force needed to overcome it. The big 80-ton
pontoans were found to be extremely difficult to control when
placed alongside S5-~51, and again, when they were on the
surface knaocking about in rough seas. This experience,
described in the S-51 salvage report, proved valuable later
when S-4 salvors prepared for their job. The pontoons were
madified to make them easier to handle, based primarily an
the S-51 report.

A little more than eighteen manths after S5-51 was salved, on
17 December 1927, another submarine disaster struck the US
NAVY .
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5-4 sank off Provincetown, Cape Cod, after colliding with a
Coast Guard destroyer. The NAVY decided to salve the
submarine even though the salvors were faced with the prospect
of conducting diving ocperations in midwinter., The rescue
vessel FALCON and many of the divers who had worked on S-51
were on hand for the job, and, consequently, the salvage work
proceeded at a good rate. In the beginning, the divers had
problems with air lines freezing, which caused particles of
ice and snow “to fly about in their helmets. This uwas
corrected by the invention and installation of an air
conditioning plant that heated the divers's air.

In many respects the raising of S-4 was similar to that of
S~-51., Both submarines had been sunk through collisicn which
opened the pressure hull and flooded compartments that could
not be sealed. In both cases tunneling was required to
permit reeving chain slings, and the raising was done by
dewatering compartments and using submersible pontoons.
However, aside from the weather, the S5-4 operation was easisr.
The excellent salvage report of 5-51 and the availability of
the same salvage ships, officers, crew, and divers speeded
the work. The water was shallower and protected from the
open seaj the new washing nozzle cut tunneling time from days
to hoursy the sea floor was soft and porous, and, con-
sequently, the suction effect was negligible when breaking
the wreck free of the bottom. The submersible pontoons were
modified to the condition described in Chapter 5. This is
the only salvage of a US submarine which was so meticulously
planned that nothing sericus seems to have gone wrong. It is
an excellent example of the value of detailed knowledge of
previous salvage operations.

The S5-4 disaster occasioned a serious review by the NAVY of
problems concerning submarine safety and personnel rescue.
There resulted many innovations, mostly in the field of
rescue devices. The tragedy of not being able to rescue
trapped men at the shallow depth of 102 feet spurred the
development of the Momsen escape lung and the McCann rescue
chamber. This latter device was to save thirty three men of
USS SQUALUS, trapped in 240 feet of water. Also, salvage
air caonnections were installed on all compartments, main
ballast tanks, and fuel o0il tanks.,

Other maritime nations were not without their submarine
accidents as 1is illustrated in Table 1-1. At ths time of
the S-4 sinking, Britain listed fourteen submarines sunk,
while France had suffered eight losses. The worst attrition
rate for submarines occurred during a 24-day periocd in

1939, First, USS SQUALUS sank on 23 May; eight days later,
HMS THETIS went down followed by the French submarine
PHENIX.
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Unlike 5-51 and 5-4, SQUALUS was raised in three stages, the
first two of which were accomplished without any attempt to
remove water from the flooded compartments. All lifting
forces were supplied by pontoons, and ballast tanks were
blown through salvage air fittings. For the third and final
lift, water was removed from the main compartments and the
number of pontoons reduced.

The interesting features of this operation were:
1. The salvage was accomplished in three stages.

2. Control pontoons were used to limit the distance
the ship was lifted.

3., No water was removed from the main compartments
while the submarine was in deep water.

4, \When SQUALUS was brought to shallow water (90
feet), and the main air induction valve closed by external
gagging, the compartments were pumped down. To assist the
pumps against a 90~foot head of water, air pressure equal
to the sea pressure was applied to the compartments. In
this way, much work which had been done on the previous
salvage operations to make the compartments tight against
internal pressure was avoided.

5. The salvage plan adopted for SQUALUS was to
minimize divers's time on the bottom in the initial deep
site. O0Of particular interest is the fact that the sub-
marine was rigged with pontoons and actually raised off the
bottom after only 31 man-hours of diving. Although this
attempt failed because of lack of control, the additiaonal
time that would have obviated this deficiency would not
have exceeded one man-hour.

6. 0nly two locations were used for pontoon slings
while the submarine was in deep water. Since the hull of
SQUALUS was clear of the bottom at one of these locations,
it was necessary to provide only one passage for slings
through the mud. For this passage a lance was devised
which was safer and reguired much less work by the diver
than the previous tunneling method.

In the Appendices are two reports of British submarine
salvage operations which reflect a different approach for
recovering a wreck. These reports describe the techniqgues
for 1lifting by a specially designed "1lift ship" which
literally hauls the submarine up from the bottom by cables
at the surface.
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HNS THETIS was salved employing a lift method not previously
used and it required finding a suitable vessel to accomplish
the task.

In almost all cases of submarine salvage, specialized

equipment and material were designed specifically for the jab
A notable exception was the work on S$-4 which was undertaken
very shortly after the salvage of 5-51. Generally, after each
ma jor undertaking, the salvage force was disbanded and the
specialized equipment put in storage. It has been found to

be too costly to maintain a large manned force in anticipation
of a submarine salvage job. In salvage, time is rarely of

the utmost importance; the rescue aspects in such an event
have normally been concluded before the salvage force moves in.

It is difficult to forecast submarine accidents, as it is
with any other disaster. The time between the sinking of S-4
and SQUALUS was twelve years. During World War II, some
fifty two submarines failed to return from patrols; possibly
some small portion of these were due to accidents and not
through enemy action. However, if such wartime accidents did
occur, they must be few in number judging from the evidence
available since the war. 0f the four US NAVY submarine
losses following World War II, it is interesting to note that
all went down in water too deep for salvage. USS COCHINO
sank in 840 feet of water, USS STICKLEBACK was sunk in 9000
feet of water. USS THRESHER was lost in 8400 feet of water,
and USS SCORPION in 10,000 feet of water.

What can be anticipated in water depths for a submarine
salvage operation? The majority of submarine accidents occur
in or near congested water routes to ports. If failure of
equipment is involved, the casualty will usually occur during
the first few hours underway or during the initial trim dive.
These conditions tend to make the locale of a submarine
casualty coincide with the shallower ocean areas.

The limiting depth from which a submarine can be salved can
only be expressed in terms of the latest operational tech-
niques in diving by men, or submersibles, and the operational
availability of a lifting force to be applied to the sub-
marine. Pontoons, lifting slings, or a water-blowing system
must be attached or applied to the submarine in some manner
or combinatien, if it is to be raised. As the depth of the
sunken submarine increases, the feasibility of surface-
supported diving or lifting with cables decreases. At the
present time, divers still must be used to seal up
compartments and to cut tunnels for necessary pontoon slings.
Deep sea diving, supported from a surface salvage vessel,

is the only method there is at this time for performing
underwater work in salvage operations.
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The current experimentation and research in advanced diving
systems employing pressurized habitats, lock-out saturated
diving technigues, submersibles with diver lock-out
capabilities, and the various combinations possible for deep
diving will initiate some radical changes in future oper-
ations. The Salvage (Officer will, of course, employ the
Iatest operational techniques available to him.

The deep sea diver today depends directly on the surface
ship to supply his breathing gas, communications and under-
water tools. He is limited in depth to about 250 feet if
breathing air, or 380 feet if he is on a helium-oxygen
mixture. The new technique of saturation diving using the
Personnel Transfer Capsule is extending diver depths to 600
feet and more. There are other limitations in diving, other
than the physiological ones. Currents, even moderate ones,
can drag a diver off his feet if he is in deep water, with
the long scope of his life line and air hose being affected
by this force. The weather conditions on the surface may
prohibit diving because of the danger of the tending ship
dragging anchor, or ‘the surging of the vessel causing lines
to become fouled. Divers working in deep water will have
their time on the bottom shortened and will have to undergo
extended decompression periods. This will necessitate a
large manning reguirement in order to rotate divers safely
s0 as to keep the operation going and take advantage of good
weather.

A Salvage (Officer can begin to appreciate the involvement of
personnel and time in performing an underwater salvage job

by reviewing the operations discussed in the Appendices.
Apply these experiences to a different salvage problem, such
as one in 350 feet of water with a hard clay and rock bottom.
How long would a diver be able to work with a lance in
washing a tunnel? What are the risks involved when divers
enter compartments to sseal them? What 1s available to
commence such a salvage job under these conditions? The
purpose of this submarine salvage manual is to provide
answers to soms of these questions and to help the Salvage
Officer in estimating his job and planning for the successful
recovery of a submarine.
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TABLE 1-1

ACCIDENTAL SUBMARINE SINKINGS SINCE 1904

Depth Men

Date Country Submarine (Ft) Lost Salved Geographical Location and Cause

March 18, U.K. A-1 42 11 yes Collisiony rammed at periscope depth

1904 by the S5 BERWICK CASTLE off Nab
Lightship, Spithead, England.

June 20, Russia DELFIN * 26 yes Flooded via open hatch while

1904 trimming on the surface off
Kronstadt, Russia, by wash from
passing steamer.

1905 France ANGUILLE * none yes Gasoline explosion.

June 8, UeK . A-8 180 14 yes Flooded via open hatch while making

1905 high speed on surfacej; off Plymouth,
England.

July 6, France FARFADET 100 all yes Flooded via open hatch while diving

1905 of f Bizerte, Tunisia,

Dets 16, oK A-4 * = no Rammed off Plymouth, England.

1905

Aug. 13, France ESTURGEON % none yes Sunk at dock at Saigon.

1906

Oct. 16, France LUTIN 110 13 yes Flooded via leaky hull plates,

1906 after end; lost off Bizerte, Tunisia.

Jan. 11, France ALGERIEN 40 none yes Sunk during absence of crew because

1907 of carelessness in mooring.

April 26, Italy FOCA * 1.3 yes Flooded after internal explosion.

1909

June 12, Russia KAMBALA 03 20 no Rammed by battleship RESTISLAVY

1809 while running on surfacej; cut in

* Unknown

half and sunk.
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TABLE 1-1 (Cont)

Depth Men

Date Country Submarine (Ft) Lost Salved Geographical Location and Cause

July 14, U.K. c-11 ® 13 no Sunk in collision with SS EDDISTONE

1909 of f Dover, England.

April 15, Japan No. 6 * 14 no Flooded via open ventilation valve

1910 during deep dive.

May 26, France PLUVIOSE * 26 * Collided with mail steamer PAS DE

1910 CALAIS in English Channel.

June 1, Russia FOREL * * yes Sunk while'being towed.

1910

Jan. 17, Germany U-3 30 3 yes Flooded while at mooring in Kiel docks.

1911 Men escaped via torpedo tubes.
Lifted by crane.

Feb. 2, U.K. A=3 66 14 yes Rammed by gun boat HAZARD off Isle

1912 of Wight while running submerged.

June 8, France VENDEMI- 350 24 no Broke surface ahead of battleship

1812 AIRE ST, LOUIS during maneuvers off Cape
de la Hague, France.

Ject, 4., U.K. B-2 * 15 no While running on surface at night

1812 of f Dover;y; was rammed and sunk by
liner AMERIKAj; probably cut in two.

1913 Russia MINOGA * none yes 123-ton. Sunk near Libau in the
Baltic Sea. Cause unknown-pulled to
surface 12 hours after sinking.

June 8, UsKo £E-5 *® 3 ® Flooded following internal explosiong

1913 sunk.

Dec. 10, U.K. C-14 * none yes Running on surface in Squadron.

1813 Rammed by lighter and sunk.

* Unknown
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TABLE 1-1 (Cont)

Depth Men
Date Country Submarine (Ft) Lost Salved Geographical Location and Cause
1914 Nether- 0-5 * 1 vyes Sunk at Scheldt Quay, Nether-
lands lands
Jan.l6, U.K. A=7 150 11 no Failed to come to the surface
1814 after submerged run in Whitesand
Bay off Plymouth, England.
July 8, France CALYPSO 500 3 no Collision with submarine CIRCE
1814 while cruising on the surface;
due to jammed rudder.
Sept.l4, Australia AE-1l * all no Failed to return from training
1914 dive.
March 25, U.S. F-4 306 22 yes Flooded; failure of hull plates
1915 during dive off Honolulu.
Aug.8, UeKe E-4 66 all no Collision with the E-41 off
1916 Harwich, England.
Aug.8, UKo E-41 60 none yes Collision with the E-4.
1916
Oct.1l0, Denmark DYKKEREN 28 1 vyes Sunk off Copenhagen after colli-
1816 sion with a Norwegian merchant-
man abaft conning tower.
Jan.29, UKo K-13 55 49  yes- Flooded; boiler room ventilators
1817 and recom- open during test dive in the
missioned Gareloch, Scotland.
as K=22
March 19, Germany UB-25 * 16 vyes Rammed and sunk with DDV-26.
1817

* Unknouwn
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TABLE 1-1 (Cont)

Depth Men ;
Date Country Submarine (Ft) Lost Salved Geographical Locatiaon and Cause
Sept.l4, U.S. D-2 30 none yes Flooded at dockside via "slouw
1917 leaks" into machinery compart-
ment; New London, Conn.
Sept.l7, Germany Uc-45 * *  yes- Foundered in North Sea as result
1917 and re- of material failure.
commis-
sioned
Nov.l1l8, UeKe K=1 x none * Sank in North Sea after colli-
1917 sion with H.M. sub K-4.
Dec.6, Germany Uc-69 * 11 * Sank in English Channel after
1917 collision with U-96.
Dec.7, Germany UB-84 * 19 vyes- Sunk in Baltic Sea following
1817 and re- collision,
commis-
sioned as
training
boat
Dec.l7, U.S. F-1 600 19 no Collision; port side abaft the
1917 main hatchj; off Point Loma,Calif,
Collided with F-3.
1917 Uk H-5 * all no Collisionj rammed by British
merchant vessel, mistaken for a
German submarine,
Jan,31, U.K. K-17 * 42 no Sunk by collision with British
1918 cruiser FEARLESS off Firth of

* Unknown

Forth, Scotland.
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TABLE 1-1 (Cont)

Depth Men
Date Country Submarine (Ft) Lost Salved Geographical Location and Cause
Jan.31, UeKe K-4 * 50 no Sunk by collision with British
1918 SS K-6 off Firth of Forth,
Scotland.

Feb.1l8, Russia IGOR o % * Foundered in the ice off Revel,
1918 Estonia.
March 15, Germany UB-106 * 35 yes- Sunk in Baltic Sea through mate-
1918 and re- rial casualty.

commis-

sioned
April 29, France PRAIRIAL * * * Sunk by collision with merchant-
1918 man off Le Havre, France.
Aug.2, France FLOREAL % ® * Sunk by collision off Saloniki,
1918 Greece.
Sept.b5, Germany uc-91 * *  yes- Sunk by collision with German
1918 and re- steamer ALEXANDER WOERMANN.

commis-

sioned
Oct.21, Germany UB-89 * 7 yes- Sunk by collision with German
1918 surren- cruiser FRANKFURT.,

- dered

after

armistice
July 30, U.S. G-2 80 3 yes Flooded via leaky hatch cover in
1919 heavy seasj; Long Island Sound.

* Unknown

Salved by blowing apart, 1962,
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TABLE 1-1 (Cont)

Depth Men

Date Country Submarine (Ft) Lost Salved Geographical Location and Cause

Mareh 12, U.S5. H-1 50 4 no Grounded during storm near Point

1920 Redondo, Magdalena Bay, Columbia,
Later sank during salvage
operations.

Sept.l, UsiSe 5-5 194 none no During dive, flooded via open

1920 main induction; off the Delaware
Capes. Stern was raised and crew
escaped through hole cut in stern.
Later attempts to salve were a
failure.

Jan.20, UsKe K-5 * 57 no Cause unknownj; 120 miles S.W. of

1921 Scilly Islands while practicing
an attack on the Atlantic Fleet.

Sept.26,; W.S. R-6 &2 2 yes Flooded via tubej; failure of

1921 interlocking mach.j; alongside
her tender, CAMDEN, San Pedro
Harbor, Calif. Raised in 17 days.

Oct. Nether- 0-8 * none yes After section filled with water

1921 lands and sank during her fitting-out
period in the basin at Den Helder,
Netherlands.

Dec.7, BeSa 5-48 67 none yes Flooded via manhole cover from

1921 MBT #5, during trials, Long

* Unknown

Island Sound off Bridgeport,
Conn.; escape was made via
torpedo tube.
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TABLE 1-1 (Cont)

Depth Men

Date Country Submarine (Ft) Lost Salved Geographical Location and Cause

March 23, U.K. H=-42 3000 26 no Collision with destroyer; was

1922 rammed and sunk after. it broke
surface ahead of VERSATILE off
Gibraltar.

July 17, Ue.S. 5-38 102 none yes In Anchorage Bay, Alaskaj; sank

1923 due to accidental flooding of
the motor room; S5-38 settled by
the stern until water came up to
conn. tower plat. aft; further
sinking prevented by air pressure.
Towed into shoal water and
pumped out.

Aug.2l, Japan RO-31 * all vyes Flooded; premature opening of

1923 hatch before securely surfaced
of f Kariga, Hyogoken.

Oet.29, U:%s 0-5 42 3 vyes Collided with United Fruit steam-

1923 er ABANGARES; approx. amidships;
Limon Bay near entrance to
Panama Canal Zone.

Jan.10, U.K. L-24 180 41 no During mimic attack on the

1924 Atlantic Fleet battleships, sur-
faced almost under bow of the
battleship, RESOLUTION, and was
rammed.

March 19, Japan RO~-25 156 all no Collision with cruiser TATSUTA

1924 (ex=-#43) of f Sasebo Harbor, Japan.

* Unknown

UOT30NPOIJU]



6 T=1

TABLE 1-1 (Cont)

Depth Men

Date Country Submarine (Ft) Lost Salved Geographical Location and Cause

Aug.26, Italy SEBASTIANDO 300 all no Collision off Cape Passerao,

1925 VENIERD Sicily, with SS CAPEA while
running submerged. ’

Sept.25, U.S. 5-51 132 33 vyes Collision with S$S CITY OF ROME

1925 of f Block Island. Hit fwd. of
the conn. tower, port side.

Oct.29, Japan R0O-52 48 none yes Flooded via tube during repairs,

1925 (ex-#26) Kure Harbor, Japan, alongside
cruiser YAHAGI.

Nov.l2, UK m-1 % all no Collision with Swedish steamer,

1925 VIDAR, while running submerged
in the North Atlantic.

Aug.9, U.K. H-29 32 6 vyes Flooded at dockside while trim-

1926 ming on the surface with open
hatches.

Dec.17, U.S. 5-4 102 all vyes Collision with USCG destroyer

1927 PAULDING just fwd, amidships,
while off Provincetown, Nass.

Aug.b, Italy F=14 C 31 vyes Collision off Pela in Adriatic

1928 Sea with Italian destroyer
MISSORI,

Oct.3, France ONDINE * 43 no Collision off Vigo, Spain, with

1928 a Greek steamer.

July 8, UeKo H=-47 * 20 no Collision with the British sub-

1929 marine L-~12 in St. George's

* Unknown

Channel off Pembroke, Wales. Two
men on L-12 lost,
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TABLE 1-1 (Cont)

Depth Men
Date Country Submarine (Ft) Lost Salved Geographical lLocation and Cause
May 26, Russia B-3 *  '"heavy" * Cause unknownj; lost during
1931 (ex=RABOCHY) maneuvers in the Gulf of Finland.
June 9, UeKa POSEIDIN 130 21 no Collision with steamer TUTA off
1931 Wei Har Wei, China.
Oct.24, Russia L-55 * all no Sunk by unknown causes in the
1931 (ex-British (50) Gulf of Finland.
L ~55)
Jan.26, UeKo M-2 106 all no Flooded during plane launching
1932 operations off Portland Bill,
England.
Feb.25, UsKo H=42 * all no Sunk by unknown causes off
1932 Gibraltar.
July 7, France PROMETHEE 150 63 no Flooded via failure of hydraulic
1932 - MBT vents off Cherbourg, France.
July 25, Russia B-3 * 55 yes Collision with battleship MARAT
1935 while surfacing in the Baltic Sea.
Nov.20, Germany u-18 * 8 vyes- Sunk by collision with German
1936 and re- torpedo~-retriever T-156 off
commis- Luebeck, Germany.
sioned
Dec.12, Spain unidenti- * 45 no Sunk by internal explosion off
1936 fied Malaga, Spain.
Feb.2, Japan I1-63 i all no Collisions lost in Bungo Channel.
1939

* Unknouwn
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TABLE 1-1 (Cont)

TZ-T

Depth Men

Date Country Submarine (Ft) Lost Salved Geographical Location and Cause

May 23, UeS, SQUALUS 240 26 yes Flooded, mechanical failure of

1939 main engine induction valve
during test dive off Portsmouth,
NoHe

June 1, UsK. THETIS 120 899 vyes Flooded via torpedo tube off

1939 Mersey, Liverpool Bay.

June 16, France PHENIX 390 all no Cause unknownj; lost off Point

1838 Cam Ranh Bay, South Vietnam.

July 24, Russia SHCH=-424 3 ® 0o Sunk by collision with a fishing

1939 trawler in Kola Inlet, Barents
Sea.

Jan.J30, Germany U-15 * * * Sunk by collision with German

1940 destroyer IL TIS off Helgoland,
North Sea.

March 6, Nether- 0-11 30 3 yes Collisiony rammed by Naval tug

1940 lands while on the surface off Helder
Navy Yard, Netherlands.

April 29, U.K. UNITY % 4 = Sunk by collision with steamer

1940 ATLE JARL off South English
coast.

Aug.29, Japan I-67 * * ® Sunk during maneuvers in

1940 Japanese waters.,

Nov. Russia D-1 * * no Sunk by diving accident in

1340 Motovsky Bay, Arctic Coast.

* Unknown
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TABLE 1-1 (Cont)

Depth Men
Date Country Submarine (Ft) Lost Salved Geographical Location and Cause
June 20, U.S. 0-9 440 all no Flooded; crushed hull while ex-
1941 (33) ceeding test depth of 212 ft. off
Isle of Shoals, New England Coast.
July 19, U.K. UMPIRE 65 15 no Collision; rammed forward by
1941 ' A/S trawler P. HENDRICKS.
0et . Germany U-579 * * vyes~ Sunk by collision in Baltic Sea.
1941 recommis-
sioned
Bot,3, Japan I-61 x all vyes Cause unknownj; lost off Kyushu,
1941 Japan.
Nov.l1l, Germany U-580 E 12 * Sunk by collision off Memel, E.
1941 Prussia,
Nov.l5, Germany U-583 * 45 tad Sunk by collision in Danzig Bay,
1941 Baltic Sea.
Jan.24, UsSe 5-26 300 46 no Collision with PC 460 while an
1942 surface; stbd., amidships; 14
miles off Balboa, Canal Zone.
May 2, Poland JASTRZAB ® o * Sunk by collision with British
1942 (ex-Brit- Battleship KING GEORGE V in the
P551) Norwegian Sea.
(ex-US 5-25)
May Russia SHCH-212 * * no Lost near Sevastopol on the Black
1942 Sea due to explosion of gasoline
fumes,
June 21, U.K. P-514 * all no Cause unknownj; reported as
1942 rammed and sunk by HMCS GEORGIAN

* Unknouwn

in West Atlantic Ocean.

U0T39Npoajul

T



£e=1

TABLE 1-1 (Cont)

Depth NMen

Date Country Submarine (Ft) Lost Salved Geographical Location and Cause
July l4, Turkey ATILAY * * * Lost by accident while on trials
1942 of f Kanakkale, Turkey.
Aug.6, Germany U-612 * * yes- Sunk off Warnemuende, Baltic Sea
1842 recom- Coast by material casualty.

missioned

as a train-

ing boat
Sept.2, Germany U-222 * 42 * Sunk by collision off Pillau,
1942 Fast Prussia,
Sept.4, Sweden SJOEBORREN * * yes=- Lost by collision in the Baltic
1942 Tecom- Sea.

missioned
Sept.27, Japan I-33 * *¥  yes- Accidentally foundered at TRUK
1942 recom- Island.

missioned
Nov.4, U.K. X-3 114 3 yes Flooded via leaky sea valve in
1942 Loch Striven.
Nov.l1l2, Germany U-272 % 28 * Lost by collision off Hela
1942 Peninsula, Baltic Sea.
Feb.24, Germany U-649 * &8 * Lost by collision in the Baltic
1943 Sea.
Feb.24, UeKo VANDAL * * ® Sank in the Firth of Forth due
1943 to diving failure.
March 19 Germany U-5 * 21 * Lost in Danzig Bay dus to
1943 diving failure

* Unknown
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TABLE 1-1 (Cont)

Depth Men
Date Country Submarine (Ft) Lost Salved Geographical Location and Cause
may 30, UKo UNTAMED 160 all vyes- Flooded off Campbeltown,
1943 Tecom- Scotland.
missioned
as VITALITY
June 12, U.S. R-12 600 42 no Flooded via forward torpedo tube
1943 during training cruise south of
Florida.
1943 Narway WELLMAN X 186 none no Cause - accident.
July 14, Japan I1-179 % & % Accidental sinking, Inland Sea.
1943
Aug.5, Germany U-34 * 4 * Sunk by collision off Memel,
1943 Fast Prussia.
Aug.l2, Sweden ILLERN * * yes Sunk by collision with a steamer
1943 in the Baltic Sea.
Aug.20, Germany U-670 * 21 * Sunk by collision with target
1943 ship BOLKOBURG in Bay of Danzig,
Baltic Sea.
Sept. Russia m-60 # * no Failed to surface after diving
1943 in the Black Sea.
Sept.20, Germany U-346 * &7 * Accidental sinking in the Baltic
1943 Sea.
Nov.18, Germany u-718 * 43 * Sunk by collision with U-476
1943 q of f Bornholm, Is., Baltic Sea.
Nov.20, Germany U-768 * * * Lost by collision, Baltic Sea.
1943

* Unknown
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TABLE 1-1 (Cont)

Dept Men

Date Country Submarine (Ft) Lost Salved Geographical Location and Cause
Feb.1l4, Germany u~-738 i 9 % Lost by collision with steamer
1944 of f Gdynia,\Baltic Sea.
Feb.18, Germany u=7 ® 26 * Diving failure in Danzig Bay,
1944 Baltic Sea.
1944 Germany U-1013 * 25 * Lost by collision with U-286

past of Ruegen Is., Baltic Sea.
April 8, Germany U-2 * 27 yes Lost by collision with fishing
1944 trawler H. FROESE off Pillau,

Baltic Sea.
May 14, Germany U-1234 % 13 vyes- Lost by collision with a tug off
1844 Tecom= Gdynia, Baltic Sea.

missioned
may 19, Germany U-1015 % 36 * Sunk by collision with U-1014
1944 in Danzig Bay, Baltic Sea.
June 13, Japan I1-33 * * * Lost in Inland Sea by material
1944 casualty,
July 4, U.S. 5-28 8400 50 no Cause unknownj; material casualtys;
1944 lost off Hawaii.
July 22, Germany U-1166 * * raised- Sunk in Eckern F jord, Baltic
1944 scrapped Sea, by torpedo explosion.
July 27, Russia V-1 * % mo Sunk by mistake by British air-
1944 (ex Brit craft in the North Sea.
SUNFISH)

Sept.21, Russia SHCH-402 ® *  mo Sunk by mistake by Soviet air-
1944 craft near Fish Harbor,

* Unknown

Norwegian Coast.
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TABLE 1-1 (Cont)

Depth Men
Date Country Submarine (Ft) Lost Salved Geographical Location and Cause
Sept. Germany U-703 * 54 * Foundered east of Greenland
1944 while attempting recovery of a
weather buoy.
Oct«10; Germany U-2331 * 15 * Sunk off Hela Peninsula, Baltic
1944 Sea, due to material casualty.
Nov.28, Germany U-80 * * # Material casualty, Baltic Sea.
1944
Dec.l1l2, Germany U-416 * 36 * Rammed and sunk by German mine-
1944 sweeper while approaching Pillauy,
£E. Prussia.
Dec.30, Germany u-382 * * * Sunk by collision in Danzig Bay,
1944 Baltic Sea.
Feb.18, Germany U-2344 * 7 * Sunk by collision off
1945 Heligendamm, Baltic Coast.
March 6, U.K. XE-11 204 2 no Collision while running sub-
1945 mergeds Loch Striven.
May 12, France U-2326 * # = Lost by material casualty off
1946 (ex German) Toulon, Francs.
June Spain C~4 ® * * Sunk by collision with the
1946 Spanish Destroyer LEPANTO in
exercises off the Bolearic, Is.
Nov.21, U.K. P-511 * all vyes- Cause unknownj reported as lost
1947 raised- as the result of "perils of the
scrapped sea."

* Unknown
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TABLE 1-1 (Cont)

Depth Men

Date Country Submarine (Ft) Lost Salved Geographical Location and Cause
Aug.26, U.S. COCHINO 840 one no Flooded following hydrogen ex-
1949 civi- plosionsy in the Barents Sea,

lian 100 miles north of Hammerfest,

tech- Norway. USS TUSK assisted in

nician rescue and lost six of her crew.
Jan.l2, U.K. TRUCULENT 66 61 yes Collision with Swedish tenker
1950 DIVINA; 55 miles east of London,

Thames Estuary.
April 17, U.K. AFFRAY 198 75 no Flooded due to failure of snorkel
1951 mast weldment; English Channel.
Sept.24, Ffrance LA SIBYLLE 3000 70 no Flooded in unknown manner, near
1952 Toulon, France.
April 4, Turkey DUMLUPINAR 228 all no Collided with Swedish NABOLAND,
1953 (ex=USS struck near the bow; in
BLOWER= Dardanelles.
S5 325)
June 16, U.K. SIDON 36 13 yes Flooded, internal casualty in
1955 Portland Harbor, England.
May 30, UeSe STICKLE- 5000 none no Collision during maneuvers with
1958 BACK destroyer, 19 miles S.W. of
Pearl Harbor.

1938 Chile 0'BRIEN 30 none no Slow flooding overnight while

* Unknouwn

moored; near Naval Base,
Talcahuano, Chile.
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TABLE 1-1 (Cont)

Depth Men
Date Country Submarine (Ft) Lost Salved Geographical lLocation and Cause
April 10, U.S. THRESHER 8400 129 no Cause unknouwni off New England
1963 Coast.
Oct. Russia PUCHINA * ® yes Sunk in collision with merchant-
1963 ship Kola Gulf, Barents Sea.
Sept.l5, UWest HAI 145 19 yes Flooded during North Sea Gale.
1966 Germany
Jan. 26 Israel DAKAR * 69 no East Mediterranean
1968
Jan. 27 France MINERVE *® 52 no Western NMediterranean
1968
May 27 U.S SCORPION 12000 99 no Atlantic, South-West of the
1968 Azores
May 15 w8« GUITARRO 385 0 yes Mare Island Naval Shipyard,
1969 Vallejo, California; flooded.
March 2 France EURYDICE * 45 no Mediterranean
1970
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Diving Systems 2,

2 Diving Systems
2w 1w Introductian

One of the important camponents in the salvage of sunken
submarines is the diving system. Through the diving system,
the Salvage 0fficer has access to the wreck site for
observation and actual work to be performed (see Figure 2-1).
The diving system includes the vessel from which the diver
operates, and the diver support devices such as diving
stages, lifting booms, underwater tools, tunneling equipment
and any underwater observation equipment such as television,
photography or observation chambers. In almost all cases,
the pivotal role in this system is that of the diverj; his
performance capability may be the limiting factor in the
operations.

D a2y Diving Physioloqgy

While the diver may be seriously handicapped in the
performance of his work by the physical aspects of the sea,
because of extreme cold or being buffeted about by wave
action, the effect of the inhaled gases imposes certain subtle
and less obvious limitations. These latter effects are
related to the depth of the dive and the length of time the
diver is exposed to elevated pressure. As the diver descends,
the gas mixture he breathes must be in pressure equilibrium
with the pressure surrounding his body.

The vast majority of diving performed in the past century
and a half has been done with the diver breathing air. Air
is a mixture of gases, chiefly nitrogen (approximately 79
percent), and oxygen (approximately 21 percent). The first
and inescapable limitation is imposed on the diver as a
result of the absorption of nitrogen in his body in solution
in the tissues. The rate at which nitrogen enters his body
is related to the depth, while the amount is related in a
particular way to the amount of time he is exposed to
elevated nitrogen pressure. The amount of gas entering the
body is greatest at first, and gradually tapers off as time
passes in the manner of a hyperbolic curve. (Figure 2-2 is
an illustrative example of such curves.)

It must be kept clearly in mind that the nitrogen in the
body in this circumstance is in solution and not in the form
of gas pockets. After a sufficient time has elapsed, the
diver's body will have taken up gas until very little more
is entering.
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Diving Systems 2.

The diver's body is .then approaching a state of equilibrium
with the air he is breathing. For practical purposes in
diving operations, it is considered that 12 hours are required
for the diver's body to reach approximate equilibrium. It
could then be said that his body is saturated with nitraogen
for that depth. While this situation does not occur when
diving is conducted from a surface vessel, because of time
limitations, it does occur when operations are conducted from
a submerged habitat or pressurized chamber. It makes no
difference, however, as long as the pressure on the diver is
unchanging. If pressure is increased, more nitrogen will
enter the diver's body. If the diver is placed in a chamber
which is maintained at the bottom pressure, the amount of
nitrogen will be unchanged. But when the pressure is reduced,
the additional gas which has entered the diver's body must
leave, and this imposes the limitations of decompression.

The pressure can be reduced anly at a speed which will ensure
that the nitrogen has ample opportunity to leave the diver's
body without forming bubbles.

Decompression is accomplished according to a definitely
developed plan which can be varied only at the risk af
increased danger to the diver. The rate of reducing the
pressure (ascent) is faster in the first stage of decom-
pression than it is in the later stages (as the diver
approaches the pressure at the surface). If the decompres-
sion process is not observed correctly, or "shortcuts" are
taken, it must be understood that it is at the diver's peril.
The most obvious and common casualty is that accompanying
too little decompression time, encouraging the faormation of
bubbles in the diver's blood stream since the gas is not
being adequately eliminated. This manifests itself as
decaompression sickness which is essentially an interference
of bloaod flow due to the obstruction of a vessel by the
bubble or bubbles that have been formed.

There is another problem of diving related to the narcotic
effect of nitrogen under elevated pressures which can make
the diver intoxicated and render him ineffective. Under
certain conditions, pure oxygen can cause convulsions, and
if breathed too long, can cause irritation of the lungs

and a condition that resembles pneumonia. Diving below 200
feet involves a decision as to whether it should be under-
taken using air as a breathing medium, or should be made
using helium=oxygen as the breathing gas.
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2o Diving Eguipment

There are several kinds of diving egquipment in use by the US
NAVYj; these are discussed in detail in the US NAVY Diving
Manual (NAVSHIPS 250-538). The techniques of diving can be
broken-down into two general classifications:

1., Surface-supplied diving which includes
the use of deep-sea diving outfits and
lightweight rig.

2. Self-contained underwater breathing apparatus
(SCUBA).

The deep-sea diving outfit consists of a watertight canvas
suit, helmet, weighted shoes, and weight belt (Figure 2-3).
The diver breathes compressed air or a mixed gas supplied by
the salvage or diving ship through an air hose. This has, for
many years, been the primary diving method for performing
heavy work underwater. The diver is in communication with the
Salvage Officer, on the surface, and can thus report obser-
vations or receive instructions.

The lightweight, surface-supplied diving apparatus is also
made up in a heavy canvas suit (Figure 2-4). The air is
breathed through a full-face mask strapped to the head of
the diver. In the lightweight rig, the diver is freer in
his movements, but seldom has voice telephone communications
with the surface; a definite handicap in salvage operations.
A surface-supplied diver, whether in deep-sea dress, or in

a lightweight rig, is especially vulnerable to fouling his
air hose and lifeline on projections of the wreck. The
diver must constantly be aware of his position, and where
his air-line might become entangled.

Supervisory personnel must keep in mind that loss of
communications with a diver may, but not necessarily so,
mean he is having difficulties. Efforts must be made
immediately to reestablish communications by auxiliary
means, including sending down the stand~by diver to assist
if needed.

In self-contained diving, there are three types of equip-
ment which have been developed primarily for military,
tactical missions. However, the special characteristics of
these systems might find an application in salvage work.,.

The demand type (open circuit) breathing apparatus is the
simplest type and the one most freguently used. The diver
carries large cylinders of compressed air on his back and
breathes through a mouthpiece (Figures 2-5 and 2-6).
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FIGURE 2-6
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The high pressure air is reduced at the demand regulator
and the diver receives his air supply automatically.

The clased circuit units use pure axygen as the breathing
medium. The diver breathes and exhales the oxygen into a
bag that has a canister caontaining a carbon dioxide absor-
bent. The advantage of this unit is in freedom from bubbles
and noise, and the lightweight compactness of the apparatus.
The big disadvantage is the severe limitation of safe depth
of use imposed by the possibility of oxygen poisoning.

The closed circuit equipment has ~ther disadvantages which
indicate that aonly personnel who have been thoroughly
indoctrinated in their use should be permitted to employ
them.

The semi-closed circuit apparatus was developed to conserve
gas by rebreathing a gas mixture (nitrogen-oxygen or helium-
oxygen) that is proportional to the depth. The system is
similar to the closed circuit SCUBA, but a continuous flow
of gas ensures that excessive, as well as a lack of, oxygen
in the inert gas is not breathed. The diver rebreathes the
ma jor part of the gas, but a certain amount is continually
exhausted from the system. Considerably longer dives can be
made at greater depths with the semi-closed circuit equip-
ment than with the demand type unit,

A new concept of diving has evolved in which gas saturatian
of the diver is maintained at the pressure at which work is
to be accomplished. This technique involves the use of a
helium=-oxygen gas mixture as a breathing medium to permit
deeper penetrations without the deb:ilitating effects of
nitrogen narcosis. Instead of terminating the diver's

work for the purpose of decompression, he is allowed to
become gas-saturated for continued bottom time. Normally,
This would require many hours of decompression if the diver
is to be brought back to atmospheric pressure for sus-
tenance and rest. Saturation diving removes the rotational
decompression cycle of divers by furnishing hyperbaric living
quarters where they are provided with sleeping, eating and
hygienic facilities.

Several caommercial diving companies are actively providing
equipment and diver services, utilizing the saturated

diving concept; two of them are: 0Ocean Systems, Inc.
gAdvanced Diving System IV), and the Westinghouse Corporation
Cachelot Diving System). Since most of the systems now
commanly in use are fundamentally alike, the Advanced

Diving Systems (ADS IV) is described for familiarization.
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The ADS IV consists of two basic components: the living
quarters, referred to as the Deck Decompression Chamber (pbc),
and the Personnel Transfer Capsule (PTC). The PTC is a
spherical chamber that mates with the DDC and can be
pressurized for transferring the divers to the work site an
the bottom.

The personnel transfer capsule is a single, 6000-pound,
pressure-proof, helium-tight, spherical compartment can-
structed of carbon steel on a support frame. The support
frame is designed to provide easy entry to and exit from the
PTC for the divers when it rests on the bottom. The internal
diameter of the sphere is 64 inches and the shell thickness
is one-half inch.

The PTC contains life support and atmosphere monitaoring
equipment. Life support equipment consists of carbon
dioxide scrubbers and a metabolic oxygen makeup system;
modified analyzers comprise the monitoring system.

There is a single bottaom access trunk, 27 inches laong and
24,5 inches wide, with a double hatch arrangement. The
outer hatch seats with external pressure and is designed to
swing clear of the flange yoke during mating. The inner
hatch seats with internal pressure and allows the divers to
pressurize the chamber upon reaching the work site, exit,
and then return to the surface under pressure.

Viewports and external lighting provide 360-degree visibility
from the PTC. The PTC is ballasted to 1000 pounds negative
buoyancy in operation. Because it is essential to diver
safety that the unballasted PTC have inherent pasitive
buoyancy, the ballast is releasable by the divers to ensure
their ability to surface in emergencies.

Flectric power, communication, and television control are
supplied to the PTC through a composite cable. Gas is
surface supplied by a separats hose to the PTC. All lifting
is accaomplished through use of a separate strength cable.
The communications system incorporates a three-wire design
to allow the diver, the PTC occupant, and topside control
to be on the same circuit concurrently. The PTC is also
equipped with two neutrally buoyant helmets which are made
of fiberglass and have a special wide viewing port and a
diver's communication system incorporated into their basic
design,

The outer lock of the larger DDC chamber is primarily used
as an entrance lock providing pressured entry to or egress
from the mated PTC or deck.,




Diving Systems 2

The lock 1is large enough to permit decompression after
medical personnel have entered if the diver needs decom-
pression treatment. It is approximately 88 inches long and
has a diameter of 60 inches,

The inner lock is a living chamber providing life support

for two divers during decompression from dives up to 600

feet in depth. The inner lock, approximately 104 inches

long and 60 inches in diameter, is identical in size to the
secaond single lock living chamber, Interior arrangements

of the living chamhers are based on human engineering studies
previously conducted during the design of chambers for
commercial and US NAVY use. Each DDC living chamber is
provided with heating and air conditioning, a communications
system, and life support equipment.

The arrangement of ths DDC provides for eight hatches.
There is the PTC to outer lock hatch for diver access to the
DDCs this hatch seats with outer lock pressure to permit
needed personnel entrance to the inner lock in emergencies.
Three hatches faorm the outer lock: one to the inner lock
living chamber and two auxiliary hatches for an additional
living chamber and for the occasions when the PTC is mated
horizontally. All hatches seat with outer lock pressure to
permit transfer under pressure of PTC occupants to living
chambers while the other is at a lower absoclute pressure.
In each of the two living chambers there are two hatches
that seat with chamber pressure to provide pressure-tight
containment throughout decompression of the DDC occupants.

A weather-proof control console permits centralized topside
control of both diving and decompression phases. Gas
control, communications, power, and television monitoring
are included.

The gas supply for both PTC and DDC consists of 10 gas
supply modules consisting of six "T" cylinders each.

Gas is fed to the control console and then to the DDC and
PTC through flexible high pressure hoses equipped with
quick-disconnect fittings.
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Current diving practices in the US NAVY limit diving depth
according to the following schedule (from: US NAVY Diving
Manual): ‘

Depth in Feet Type of Diving System
25 Oxygen rtebreathing SCUBA.
60 Normal working limit for open-
circuit compressed air SCUBA.
130 Lightweight diving equipment (air)
and maximum limit for open-circuit
SCUBA.
150 All divers below qualification of
First Class and Master.
250 Surface-supplied deep-sea rig
(air).
380 Helium-oxygen deep-sea outfit.
450 PTC/DDC advanced diving systems.

New diving techniques are being developed that will greatly
extend these limits and may be operational when the Salvage
Of ficer is preparing for a specific job., To date, various
excursion dives have been performed to great depths; the
advanced diving system, utilizing a personnel transfer
capsule (PTC) and a deck decompression chamber (DDC), has
supported working divers to nearly 500 feet.

2.4, Operations

There are other factors that will have a bearing on houw

deep divers should be employed. Weather and sea state
conditions could be such that deep diving would be nearly
impossible. If the salvage site is in an unprotected, open
sea area with strong currents, divers may only be used for
observation. Entering a wreck or working around locosse
wreckage could prove extremely dangerous. In rough seas or
large ground swells, the tending ship for a diver will be
rolling and surging about at her moorings. This could cause
the air hose and lifeline to draw taut at one moment and at
the next allow slack that could become looped on an obstruc-
tion of the wreck. If there is a bottom current in the work
area of two knots or more, the diver will only be particu-
larly effective since his energies will be directed toward
staying in position and preventing his lines from fouling.
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The US NAVY Diving Manual requires that all diving operations
be carefully supervised by qualified personnel designated by
the Commanding Officer. The responsibility of this
designated Diving Officer will be to ensure that proper
procedures and safety precautions are met.

Diving operations must be conducted from an appropriately
outfitted vessel. The characteristics of the vessel must be
set by the requirements of the diving task. Whether it is a
small barge (YDT) in shallow water, as shown in Figures 2-7
and 2-8, or a diving ship (Figure 2-9), the adequacy of the
moorings is a very important consideration. Security against
dragging is of paramount importance when diving operations
are in progress. It is not always possible to bring divers
immediately to the surface even though they could be
decompressed in the ship's recompression chamber. There
could be a situation in which one or more divers were inside
a wreck and it would take several minutes for them to get
clear before being hauled to the surface.

A salvage vessel engaged in diving in deep or exposed areas
of rough water cannot rely entirely upon the moor to hold
position. A tug (ATF, ATA, YTB) should be assigned to the
salvage task force. The tug can carry out a variety of jobs,
one of which would be to keep the diving ship in position

if heavy weather threatened to drag the moorings while divers
were down. The assisting tug is essential to the salvage
effort, It will also be able to help in planting the
moorings, and if necessary, adjust them afterwards. The

tug can be used to bring out barges carrying the cable and
heavy anchors used in deep water moors or to tow the sub-
mersible pontoons to the salvage site. Next to the salvage
vessel itself, the tug is one of the most useful ships the
Salvage (Officer has,

25, Surface Support Ships

The salvage force will have other ships assigned, depending
upon the plan of operation. If the salvage plan calls for
sealing up compartments in preparation for dewatering,
machine shop facilities will be required to fabricate
patches, salvage fittings, or other material germane to the
task., If such extensive salvage work has to be performed at
a distance from a naval shipyard or other suitable industrial
plant, a suitably equipped repair ship, tender, or repair
barge should be included in the salvage force.

2-14
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Other ships and craft may be required for special missions:
for example, picket boats to keep shipping away from the
area; high speed launches to ferry personnel to and from
shore; and work barges for rigging and for use as a work
platform for foaming operations.

The types of vessels with which a Salvage 0fficer will be
involved will be the ASR, ARS, YMLC, ATS, and the 1lift ship
or barge.,

2.5.1, Submarine Rescue Ship (ASR)

0f the two classes of submarine rescue vessels, the
CHANTICLEER class is the largest, displacing 2300 tons,
full load. The ships in this class are quite seaworthy for
open sea, deep water diving., The ASR's principal mission
is submarine rescue and deep diving support.

These ships can place 4- and 6-point moors using 4000-pound
Danforth anchors and 3/4-inch dielock anchor chain. The
mooring lines from the buoys to the ship use 7-inch nylon.
The ASR's carry enough ground tackle to place a 6-point moor
in about 1000 feet of water.

Figure 2-9 is a line diagram of the ASR class of ship
showing the arrangement of winches, booms and deck space for
diving operations. The general characteristics of this ship
are as follows:

Length overall 251-1/2 feet

Beam overall 42 feet

Full load displacement 2,300 tons

Full load draft at deep-

est point 17 feet
Speed (cruising 10 knots
maximum 14 knots

Range 9,600 miles

Boom capacities two 25-foot booms rated at
10,000 1bs
two 32-foot booms rated at
5,000 1lbs

one 6l-foot ll-inch boom
rated at 25,000 lbs
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Additional features and facilities on board the ASR include:

1. One McCann submarine rescue chamber.

2. Two double lock recompression chambers
(200 psi operating pressure).

3. HeOp diving equipment to sustain divers
to 380-foot depths.

4. 110 cylinders (22,000 cubic feet) mixed
gas (HeOp, 16 to 20% oxygen).

5. 40 cylinders (8,000 cubic feet) of oxygen for
decompression or bends treatments.

6. FEight fathoms 1-1/2-inch dielock and 108
shots of 3/4-inch dielock chain.

T Four 4000-1b Danforth LWT anchors.

8. Four mooring buoys (spuds) 21 feet by 46-1/4-inch
diameter.

2.5.2. Ocean Rescue and Salvage Ship (ARS)

The ARS is similar to the submarine rescue ship (ASR), and
is sometimes confused with it. The mission of the ARS is
one of salvage, and it can be used as an operational control
center by the Salvage 0Officer. There are presently thirteen
ARS ocean salvage ships in commission in the NAVYj they are
of two classes, ARS 6, and ARS 38. The ESCAPE(ARS 6 class)
characteristics are:

Length overall 213-1/2 feet
Beam overall 43 feet
Draft, deepest point at
full load 16 feet
Displacement, full load 2,000 tons
Speed (cruising 11 knots
maximum 15 knots
Range 8,000 miles

The general specialized equipment and facilities of the ARS
ships included the following:

1, Lifting capabilities:

ARS 6 class) two booms, 8- and 10-ton capacity.
ARS 38 class) two booms, 10~ and 20-ton capacity.
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Two main bow l1ift stations, port and starboard, each rated
at 75 tons (total 150 tons); two auxiliary bow lift stations,
port and starboard, each rated at 50 tons.

2. Boats. Tuwo 35-foot salvage work boats.

3. Diver support. One double recompression chamber;
two diving stations aft for air diving only.

4. Salvage equipment. 0One automatic towing machine
rated at 40,000 pounds with 2100 feet of 2-inch wire;
two fixed fire pumps which will deliver 1000 GPM eachj; four
portable fire pumps. In addition, there are generators,
compressors, welding machines, pumps, sight sets of beach
gear, and extensive rigging for mooring the ship.

26563 Lifting Barges (YMLC)

Two former ARSD lifting ships were converted to non self-
propelled l1ifting barges. The hulls are converted LSH
landing craft with over-the-throat bow 1ift stations and

two bow horns. (Figure 2-11 shows the general arrangement of
the deck area and the elevation profile.) The general
specifications of the YNMLC are:

Length overall 225 feet
Beam overall 35 feet
Displacement 1,280 tons

The 1ift characteristics of the YMLC barge are as follows:

l. Bow lift horns each have two pairs of 1lift
sheaves with 60 tons 1lift on each pendant. The 1ift

capacity of each pendant on the over-the-throat station is 150
tons.

2. The hull girder 1i1s designed for six 1lift stations
on both sides. Each station has a 1ift capacity of 100
tons.,

3. A lift of 300 tons can be made by deballasting
and changing the draft by 5.6 feet. The tons per inch
immersion is approximately 4.5 tons.
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Other equipment on the 1ift barge includes a diving locker
and diving compressors (two 100 psi at 50 CFM). The salvage
air system has two compressors (100 psi at 100 CFM and one
250 psi at 250 CFM). The salvage pumps used for deballasting
have a capacity of 1500 GPN.

Z:5adls - Dcean Salvage Tug (ATS)

The ATS is the largest and most modern salvage ship in the
US NAVY; it is better equipped for salvage and ocean towing
than the previocusly described ARS. To assist the salvage
task force the ATS has two workshops outfitted for handling
sheetmetal, carpentry, pipe fitting, cutting and welding.
The diving capability includes deep-sea air and mixed gas
systems. The ATS can handle deep diving saturated diver
systems; this greatly increases the diving capability and
on-the-bottom work time of divers.

Two bow lift stations can make lifts up to 150 tons (see
Figure 2-12). The general characteristics of the ATS are:

Length overall 282 feet B8 inches
Beam overall 50 feet
Displacement, 2,929 tons
full load
Draft, 14 feet 6 inches
full load
Range, (cruising) 13 knots - 10,000 miles

Salvage Facilities

l. Two Bow Lift Stations. The forward, or auxiliary
bow rollers will each 1ift 30 tons. The after or main bow
rollers will each lift a dynamic load of 75 tons, or a static
lift of 150 tons. Trimming of the hull for tidal l1lifts can
be effected by the use of the ballast tanks fore and aft.

2. Automatic Towing Machine. An automatic towing
machine has two primary towing drums each carrying 3000 feet
of 2-1/4-inch diameter towing cable, and capable of develop-
ing line pulls from 30,000 pounds at 120 feet per minute to
200,000 pounds at 20 feet per minute with both drive units
engaged to one drum. The auxiliary drum shall be capable
of developing a line pull of 30,000 pounds at 150 feet per
minute with a maximum line speed of 400 feet per minute.

The auxiliary drum carries 5000 feet of l-inch towing cable.
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3., Compressed Air Systems. The compressed air systems
for diver support and salvage work total 122, 10-cubic-foot
air flasks rated at 5000 psig. The oxygen/helium mixed gas
bank has 29, l1l0-cubic-foot storage flasks at 3000 psig.

There are three high pressure flask banks for storing various
mixtures during oxygen-helium diving operations. Tuwo high-
pressure (5000 psig) air compressors supply the salvage,
divers's air, and mixed gas air banks.

2.6, Underwater Tools and Methods of Employment

The work to be performed by divers at salvage sites will
range from purely observation missions to such complicated
tasks as clearing wreckage, installing patches, and rigging
hoses, cables or chain slings. Work to be done on the
bottom, by a diver, must be well planned and supported in
order to minimize bottom time and effort of the diver.
Items such as patches, pipe fittings, or rigging should be
made up with a diver's limitations,and the problems of
working at depth,in mind. The governing philosophy when
planning underwater work should always be one of trying to
eliminate the diver entirely, and if this is not possible,
to reduce his work to the minimum level.

The basic work tasks to be performed by a diver can be
described in four general classifications: cutting, join-
ing, lifting, tunneling and materials application. Before
discussing tools and methods of accomplishing these tasks,
a review of the diver's environment is worth considering.

A diver rigged in a deep-sea outfit is restricted in his
movements and the amount of exertion he can apply to an
object. The weight of the heavy diving outfit is supported
in the water by the amount of air that is maintained in the
suit. A diver properly trimmed and on a reasonably level
platform can make direct lifts, but to move an object at
shoulder or helmet level laterally is quite difficult.

Such movement causes the diver to be thrown off balance or
causes him to swing his body out of position. What would
be a relatively simple effort on the surface becomes much
more difficult underwater. Tasks such as hauling lengths
of cables across a deck or positioning a salvage hatch can
be made easier with the assistance of the salvage vessel.
As an example, a 50-foot length of 1l-inch diameter steel
cable weighs nearly 100 lbs. To haul it into position, a
line from the salvage ship, reeved through a snatch block
secured to a fixture on the wreck, could be pulled by the
ship's winch. However, before the surface ship accomplishes
such work, the divers must often be brought to the surface.
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Another example of minimizing physical effaort is in the
method of cutting. Underwater cutting is generally done by
oxygen-arc torches, or for larger objects, explosive shaped
charges, detonating cord, and velocity cable cutters can be
used.

Attachment, too, must be made guickly and securely.

Explosive velocity tools which can fire studs or pins through
steel are used rather than having the diver bolt on fittings.

2.60.1. Tools for Cutting

Conventional tools such as hacksaws, bolt cutters, and
chisels can be used as the occasion demands. There are
also some specialized tools that are used for underwater
cutting. For clearing away light rigging, such as radio
antennas, use can be made of a hook (Figure 2-13) which is
connected by a line to the winch of the salvage vessel.
Additionally, velocity pouwer tool attachments for cutting
are available (see Paragraph 2.6.2.).

For cutting through steel plates or burning holes, the
oxygen-arc electrode is the most frequently used method.
While the oxygen-hydrogen torch is still carried by diving
ships, its use 1s very rare,

26525 Tools for Joining

Welding

Underwater welding can be performed using the oxygen-arc
electrode method. NAVYSHIPS publication 250-692-9, "Under-
water Cutting and Welding," describes in detail the
techniques for using the specially designed electrode hold-
ers, or for making up a holder from shipboard materials.
Good, strong welds are very difficult to exscute underwater.
Before any confidence is placed in the load-bearing ability
of an underwater weld, the skill of the welder should be
tested, and, as feasible, the weld itself should be tested
by continuously increasing the force upon it until finally
the total load is imposed.

Velocity Power Tools

Velocity power tools are used for cutting steel cables,
punching holes, mounting padeyes, and installing hollow studs
for use as air connections. These tools use an explosive
charge as the source of power to fire units into steel plates.
The name, velocity power, is derived from the fact that the
cutter or stud is retained in the barrel by either a shear

pin or friction catch until the full force of the explosion
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is reached. The holding unit then releases the projectile
which travels down the barrel at tremendous velocity. These
units can accomplish a great amount of work independent of
the surrounding atmosphere. The following examples of
velocity power tools are used by NAVY salvage forces:

1. Cable cutters are readily available for cutting
1/16-inch to 1-1/2-inch diameter steel wire rope. Special
cable cutters can be provided for wire rope up to 3-1/2
inches in diameter. (Figures 2-14 through 2-16 illustrate
these tools.)

2., The lightweight power driver, Mine Safety Appli-
ance Co. Model NUD-38, {(Figures 2-17 and 2-18) can be used
for pinning light patches or installing small padeyes.

The maximum depth in which the lightweight driver
can be used is 300 feet. The strength of the solid studs
(Figure 2-19) used with the lightweight driver, NUD-38,
when installed in structural steel plate, i.e., tensil
strengths 50,000 to 60,000 psi, is as follows:

Plate thickness Average pull-out strength
1/4 inch 3,000 lbs
3/8 inch 3,500 lbs
1/2 inch 4,000 lbs

3. The NMine Safety Appliance Co. Model D driver
(Figures 2-20 and 2-21) is designed for use in depths up to
1000 feet and employs larger, solid or hollow stud com-
panents.

The stud is fired from a sealed barrel that
contains the expanding gases and reduces explosive shock in
the water. The NModel D has a wide range of stud components
(Figure 2-22), including both a hollow stud and a hole punch
for plate up to 1/2-inch in thickness. The strength of
driven solid studs in structural steel plate of approximately
50,000 psi yield strength is as follows:

Plate thickness Average pull-out strength
3/8 inch 8,000 1lbs
1/2 inch 14,000 lbs
5/8 inch 16,000 1lbs
3/4 inch 19,000 1lbs
7/8 inch 22,000 1bs
1l inch 26,000 1lbs
1-1/8 inch 29,000 1lbs
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4. Special prefabricated, velocity-powered padeyes
for use underwater have been developed by Naval QOrdnance
Laboratory, White 0Oak, Maryland, and manufactured by the
Mine Safety Appliance Co. These will greatly facilitate
salvage operations. These padeyes (Figure 2-23) will have
magnets to hold the component in place, thus reducing the
time required for installation.

2:648, Lifting

Lifting of heavy objects on a salvage job is usually

done by the winch and booms of the salvage vessel. If a
diver 1is assisting in such work, it is necessary to bring
him to the surface or ensure that he is well clear before
beginning a 1ift from the surface. Where short distances
of vertical movement are needed, a chain fall can be used
if there is a support from which to suspend it. Extremely
heavy objects to be moved only a few inches can be raised
by hydraulic jacks. The NAVY uses jacks that have a 60-ton
lift capacity for a distance of 18 inches. There are,
however, commercial jacks of 80 and 100 tons 1lift in
existence.

2.6 sl Tunneling Tools

When 1ifting cables or slings cannot be swept under a
submarine, it is necessary to dig a tunnel. Usually, water
pressure applied through a fire hose to a nozzle will
suffice. In the case of USS S5-51 salvage (Appendix C),
tunnels had to be washed through hard clay and mud. The
divers experienced considerable difficulty in handling the
nozzle reaction or back pressure. To counteract the
reaction force of this pressure, the nozzle was modified by
drilling five small holes about the base radius of the
nozzle. These small jets were angled back so that the thrust
of the jets would balance the nozzle reaction and the debris
cut out by the nozzle would be washed out of the tunnel

(see Figures 2-24 and 2-25).

Chapter 7 describes the tunneling lance that was used for
salvage of USS SQUALUS. In that instance, the depth of

the wreck in the mud was such as to require a very deep
tunnel of about 12 feet. The danger of tunnel collapse
while a diver was working in it was unacceptable. There-
fore, a lance was devised which was made up in pipe sections
and curved to follow the shape of the hull.
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700615 0 Cement Gun

Another tool that may be required by the Salvage (0fficer will
be the cement gun. In some cases of sealing up compartments
in preparation for dewatering, it is not possible to apply

a patch or close the opening because of its inaccessibility
to the diver or the hull contour. To plug up such apenings,
cement is used, as in the salvage of USS $-51 when the hull
ventilation valve could not be sealed. (Figures 2-26 and
2-27 illustrate a type of cement gun that can be employed
underwater.) Chapter 6 describes the technigue of injecting
cement into fittings and recommsends the mixture to be used.

266505 Special Fittings

In every salvage aperation the need for special fittings
which are not available frequently arises. These fittings,
therefore, must be designed to suit the immediate problem,
bearing in mind the need for minimizing work by divers.

It is improbable that closure of an irregular opening, such
as holes caused by collisions, would be undertaken on the
bottom. However, it may be necessary to design fittings to
close smaller openings such as a sea chest or pipe penetra-
tion. Thse most common cpenings that a submarine Salvage

Of ficer may encounter of this nature will be hatches and
air induction lines. Two techniques which have been used
in salvagse work are described in the following paragraphs.

2.6.7, Salvage Hatch Cover

This is a metal plate large enough to cover the hatch and
designed to hold at least 15 psi internal pressure. A
flexible spill pipe 2-1/2 inches in diameter and of suffi-
cient length to reach the lowest point in the compartment is
mounted in the plate. The spill pipe is fitted with a
strainer and check and stop valves. 0n the external side of
the salvage hatch is a fitting for connecting to a salvage
air hose. Before securing the hatch with hook bolts or
strongbacks, it is placed near the hatch to be sealed.

A diver is then sent inside the compartment to position the
spill pipe as louw as possible.

The compartment may then be blown down, provided all other
openings have been made tight against internal pressure.
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2.6.8. Cofferdams

Cofferdams have been used on several occasionsj; in particular
on submarines sunk in shallow water. This fitting is merely
an extension above the surface of the water to afford a

means of pumping the space dry. O0f course, the opening,
through which the compartment flooded, must first be closed

up.

Another technigue employing the cofferdam involves sealing

an irregular opening, such as an air induction valve fitting,
which cannot be gagged shut. In such a case, a caofferdam
designed and constructed in advance could be used as a
retainer for cement fill and would more properly be

described as a patch.




Mooring 3.

& Mooring
el Introduction

The purpose of this chapter is two-fold: first, it is
intended to acquaint the prospective Salvage (0fficer with

the essentials of the theory of mooring so that he may

better understand the forces and phenomena involved.
Secondly, it is to equip the Salvage 0fficer with rudimentary
tools that may help him evaluate the effect of changing any
element of a predesigned moor.

The design of a moor is a complex problem and should be
handled by those well versed in the art of mooring design.
In the NAVY, this function is fulfilled by the Naval Ship
Systems Command. In most salvage cases which require moors
of greater capability thamn those provided by the standard
ASR moor, sufficient time will be available for a detailed
moor design by that group. '

The Salvage 0fficer may very well find that he has in-
herited a moor from the rescue phase. In that case, it
undoubtedly will be a standard ASR moor. It is hoped that
this chapter will provide a sufficient understanding of moors
in general, and the ASR moor in particular, so that the
Salvage 0fficer may make temporary adjustments to the moor

to meet the salvage requirements, if the situation so
dictates.

In dealing with the problems of mooring, the following
sub jects will be treated:

Forces acting upon a moored ship.
- Dynamic moors.,.

- Static moors.

- Anchor and bottom phenomena.

- (Catenariss and mooring rigs,

Simple catenaries
Compound catenariss.

- The standard ASR moor.

- Available mooring eguipment.
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3wl Forces Acting Upon a Moored Ship

The forces acting upon a moored ship are attributes of
three phenomena:

- Wind
- Wave

- Current

Do ik e Wind Forces

Wind forces actually have a threse-fold effect in that they
not only apply a force to that portion of the ship which
rises above the waterline, but they also create waves and
can create surface current. To estimate the force that

the wind imparts on a moored ship, due strictly to the wind
velocity alone, model tests are run at the Naval Ship
Research and Development Center for each ship type. 1In
"extrapolating the wind forces from the scale model to full
size, the following formulation is used:

2
Dy = (kg)(Ap)(wg) (Equation 3-1)
where:
D, = drag due to wind velocity
kg = dimensional coefficient for drag of a

given ship with a beam aspect

Ap = the projected profile area of the ship
above the waterline (ft2)

Wg = the maximum wind velocity encountered in
the moor (kts)

The values of kg generally vary between 0.003 and 0.0042.
A value of kg of 0.004 is recommended for estimating the
force on any given ship type if a more refined coefficient
is not available.(l)

NOTE: Superscript numbers in parentheses refer
to entries in the list of References.

Surface water currents due to natural wind may be estimated,
recognizing that data exists which indicates the surface
current may be 1.5 to 3.0 percent of the sustained wind
velocity and is more or less uniform for the draft of a
conventional ship.
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3.2.2. Wave Forces

Wave forces acting upon a moored ship are fluctuating in
nature and stem from three characteristics of the wave;
these characteristics are:

1. Heave of the ship as it is buoyed up
by an on-coming wave.

2. The sloped surface of the wave which, as the
wave approaches, causes the ship to attempt
to slide douwn the sloped face of the wave
(Figure 3-1).

3. Increased velocity of the water due to
orbital motion as the wave crest passes.

The wave forces are periodic in nature and the "ship-
mooring leg - anchor" system reacts very much as a weight
on a spring. In this analogy the ship corresponds to the
weight, and the spring is represented by the catenary in
the mooring leg. The problem of analyzing the transitory
force on the mooring leg when it is disturbed by the wave
force is complex, and any solution is peculiar to a given
situation only. 0Obviously, the possible situations that
may exist are infinite. For this reason, moors are usually
designed neglecting the wave forces, and a sufficient safety
factor is utilized to make the moor adequate under most
situations. The important thing for the Salvage Officer to
note is that a moor which is adequate for a steady state
wind or current condition, may drag or part under specific
wave conditions that may accompany the wind and/or current.

Bend s Current

The current acting upon the ship produces forces due to

skin friction. The basic formulas for wind and for current
are similar, but since the specific gravity of water is

many times that of air, the forces induced by even slow ocean
currents may exceed those produced by extremely high winds.

An additional complicating factor is that currents do not
normally coincide with wind direction. Mooring equations,
normally utilized, assume that the moor lies in ons vertical
plane, If the wind drag on the ship does not coincide with
the current, the drag caused by the ocean current on the
mooring leg will probably cause it to move out of a single
plane; the problem will become a three-dimensional analysis
of the catenary. Feuw analysts are equipped to cope with
this problem, and any mooring problem involving a signifi-
cant current should be referred to the Naval Ship Systems
Command.
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As has previously been noted, current forces may exceed
wind forces, and any choice that must be made betuween
heading into the wind or heading into the current should
be decided in favor of the current.

A very crude formula for estimating the drag imposed by a
current upon a given ship is:

0.3 AU% = beam aspect (Equation 3-2)

[
0
|

Do = 0.016 AVS = bouw aspect

Dc = drag of current (lbs)

A = wetted surface of ship battom (ft?)
Vg = velocity of current (kts) (see Reference 2.)
BuDe Dvynamic Moors

Dynamic moors are being utilized for deep water problems
in increasing numbers. Two examples are CUSS I, used in

a prototype drilling operation which was to be the prelude
to MOHOLE, and a support ship for the CURV vehicle which
is under the operational control of NOTS, Pasadena.

The dynamic moor consists of propulsion devices that will
permit propulsive forces to be applied to the ship in any
direction so as to hold the ship stationary against the
forces of wind and sea. In addition, a dynamic moor re=-
guires some kind of sensing device which will accurately
locate the ship with respect to the desired position on the
bottom. The dynamic moor is a relatively expensive solution
to the mooring problem, and, therefore, from a cost
effectiveness viewpoint, is not attractive for mooring
problems of 1,000 feet or less. Should salvage mooring
requirements exceed 1,000 feet, the dynamic moor may become
more attractive and at some future date replace the static
moor. 0One problem which must be avoided, should salvage
operations utilize a dynamic moor, is the entanglement aof
salvage lines in the propulsive devices of the dynamic
mooring system. (3)

J.els Static Moor

Since the static moor is the only moor currently of
interest to the Salvage 0fficer, it will be treated in
greater detail than was the dynamic moor.
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The static moor consists of saome attachment to the ocean
bottom, usually an anchorj; a mooring leg consisting of one
or more chains or wiresj; and, finally, a buoy or the ship
itself. Multi-leg moors usually terminate in surface
buoys and the ship makes fast these buoys.

3.4,.,1, Anchors

In temporary moors, such as those encountered in salvage,

anchors are usually used. These anchors are available in

several sizes and shapes. Those most commonly encountered
in salvage work are described in Table 3-1.

The ability of an anchor to hold to the ccean bottom depends
on a number of factors:

1. Fluke shape.

2. Fluke angle with respect to the shank.
3. Type of ocean bottom.
4

. Angle of pull exerted on the shank
measured in the vertical plane.

5. Distance anchor i1s dragged over the bottom
to permit it to dig in.

The important parameter in the shape of the fluke is the
moment of the fluke area about the trunion. The greater

the fluke moment, the greater is the anchor's holding power.
Since a family of anchors, such as the LWT or the Eells,

all have basically the same shape and proportion, the
holding power of a given anchor in each of these types is
approximately proportional to the anchor weight for any
given bottom or direction of pull.

The holding pouwer of an anchor may be estimated using the
formula:

H k (anchor wt) (Equation 3-3)

where:

H = anchor holding power (lbs.)

=~
11

a constant peculiar to an anchor family
and the ocean bottom involved (see Table 3-2)

The maximum angle which the fluke makes with the shank
affects the holding power of an anchor on any given bottom.




TABLE 3-1

TABLE OF ANCHORS

Maximum
Holding Power
Type Weight (sand) Remarks

LWwT 4,000 1b 75,000 1b Used in standard ASR WNMoor

LWT 6,000 1b 106,000 1b 4 each on ATS and ARS ship
"Wedge Block" types

LWT 10,000 1b 175,000 1b In Emergency Ship Salvage

"Wedge Block™" Pools

LUT 25,000 1b 430,000 1b In Emergency Ship Salvage

"Wedge Block™" Pools

Fells 8,000 1b 80,000 1b 4 each in ATS and ARS ship

type

Butzooy



TABLE 3-2

ANCHOR TYPES AND HOLDING POWER

Ocean Bottom

Anchor Type k for mud k for sand k for coral
Navy Standard 3.50 1b/1b 7 1b/1b 3.0 1b/1b
LWT (Model A.l, 2.5 1b/1b 18.5 1b/1b 7.0 1b/1b

Full Fluke)

Eells 1.5 1b/1b 10 1b/1b 5.0 1b/1b

NOTE: This Table is based on NAVY data obtained in tests
at Little Creek and Yorktown, Virginia, and at

Key West, Florida, in October and November

1956.

Bbutaooly
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The aoptimum fluke angle is not the same for all bottoms,
and experiments have indicated that for a mud bottom the
maximum holding power is attained when the fluke angle is
approximately 50°, whereas on a sand bottom the aptimum
angle appears to be about 30°, (Figure 3-2 illustrates the
effect of fluke angle on the two bottoms.) It is this
variance in the fluke angle that has led to the development
of the LWT "Wedge Block" anchor which may be adjusted to a
maximum angle of either 30° or 50°, depending upon whether
the holding ground is to be sand or mud.

The maximum holding power of an anchor is developed when
the pull exerted is parallel to the ocean bottom. If the
anchor end of the mooring leg rises so that the angle of
pull begins to assume finite values, the flukes of the
anchor tend to break out of the bottaom. Another way of
visualizing the same problem is to realize that pull at
positive angles raises the shank and is effectively reducing
the angle that the flukes make with respect to the ocean
bottom, thus the holding power decreases. (Figure 3-3
illustrates the effect of the angle of pull on the holding
power of an anchaor.)

An anchor does not immediately develop its full holding
capability; it must be pulled over the bottom for a dis-
tance before it develops. The distance involved varies
from approximately 40 to 100 feet, depending upon the
ocean bottom, anchor size, and other factors. (Figure 3-4
illustrates the effect of anchor drag upon holding power.)
The essential point for the Salvage 0Officer is that in
laying a moor, the mooring leg should be subjected to a
strain so that the anchor can begin to dig itself in and
develaop holding power.

Anchors are usually sized to accommodate the drag forces
imposed by the ship on the moor. The anchor should develaop
a minimum holding power that is at least equal to the
maximum drag force which the ship will place upon the moor,
and which occurs under the most adverse condition in which
the ship will be required to stay on station., If these
forces are greater tham the holding pouwer of the anchor,
two or more mooring legs may be required in the general
direction from which the most adverse wind or current con-
ditiaons are anticipated.

3.4.2. Catenaries

Simple Catenaries

The curve described by any line having finite weight and
subjected to tension is known as a catenary.
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The mathematical equation of a catenary is well defined and
is encountered in engineering problems in many fields. A
simple moor involving an anchor, a single mooring line, and
either a ship or a buoy at the surface may be described
using the following equations: (5)

¥ = H/w (sec 8, - sec 8 (Equation 3-4)

o)
5 = H/w (tan 8, - tan QO) (Equation 3-5)
8
tan (W/4 + ——%)
X = H/w 1n - (Equation 3-6)
tan (-ﬂ'/[1L + —%)
(see Figure 3-5)
where:
S = scope of mooring leg (ft)
Y = vertical projection of mooring leg (ft)
X = horizontal projection of mooring leg (ft)
H = holding power (lbs)
W = WT/FT in sea water of mooring leg (lbs/ft)
8y = angle of tangent to mooring leg with respect

to horizontal (at the buoy)

8, = angle of tangent to mooring leg (at the anchor)
with respect to horizontal. (5)

ln = the natural logarithm (i.e., to the base e).
Figure 3-5 illustrates a simple catenary and the nomen-
clature involved in the equations. As indicated in the
previous discussion, in order for the anchor to develop its
maximum holding power, the angle which the catenary makes
with the bottom at the anchor (QO) should be 0 degrees. In

shallow waters this can be obtained using reasonable scopes
of chain or line.

An example of a solution for a simple catenary problem
involving the terms listed above is:

given:

water depth = 650 ft
scope = 27 shots, 3/4-inch chain
bottom slope and angle of pull (8,)= O°
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Example 3-1. Find Holding Power

(sec 8, - sec QO)

Yy .
s (tan 8, - tan 8_) (Equation 3-7)
o
T :
H = /tan 8, (Equation 3-8)
solutiaon:
Y _ depth _ 650 ft

S scope 27 shots x 90 Tt/ .

Y _ 650

S 2430

enter Figure 3-6 with 0.268 and find that
a]

8, = 30" on B_ = 0 line
b 0

B lbs _
Up = 27 shots x 478 /Shot (sea water) = 12,900 1lbs

enter Figure 3-7 using

WT = 12,900 and Qb = 30

Connect these points with a straight line and extend the
line to the holding power scale.

read

H = 22,300 lbs

Compound Catenaries

As water depth increases, the length of the scope of chain
required to let the anchor develop its full holding power
becomes great. This condition tends to make the mooring
designer think in terms of adding weights at the lower end
of the mooring line in order to modify the catenary and
make it tengent to the ocean bottom at the anchor, permitting
shorter mooring legs to be used. Using clumps or chains
of different weights for various segments of the mooring
leg transforms the simple catenary problem into one
involving a compound catenary. The basic equations which
describe a compound catenary are the same as equations

3-4 through 3-8.
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These equations, however, must be applied to each segment of
the mooring leg. For example, if a mooring leg is assembled
using 27 shots (2430 feet) of 3/4-inch chain and one shat

(90 feet) of 2~1/4-inch chain, then each aof these tuwo
segments must be treated as a simple catenary. The tuo
catenaries may be related to each other by imposing two
caonditions:

Condition I:

If equation 3-4 is solved for both segments, then the sum of
the results is equal to the depth of the water in which the
moor is placed (see Figure 3-8).

& ﬁi (sec 8, - sec 8_) (Equation 3-9)

H .
Y, = m; (sec 8, - sec Ql) (Equation 3-10)
depth = Y_ + Y, (Equation 3-11)

Condition II:

The angles at the ends of the catenary segments may be
related by the follouwing equation:

tan QO - must be assumed. It is usually assumed to
be zero. Therefore, QO = 0, and the catenary
is tangent to a horizontal ocean bottom.

S_Ww
a a .

tan 8) = —— + tan 8, (Equation 3-12)
S w

_ "b'b
tan 92 ==t tan Ql
therefore,

S, w S_Ww
b~ b a a :

tan 8, = — + —g— + tan 6, (Equation 3-13)

Because of the nature of the eguations, they cannaot be
simplified into a direct solution of holding power. It
becomes a matter of assuming various values of holding
power and solving for the depth of water associated with
this holding pouwer.
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A plot of holding power versus depth may then be made and
the desired solution of holding power for the given depth
may be located on that curve. Figure 3-9 is a plaot of
depth versus holding power for a standard ASR moor using
27 shots of 3/4-inch chain (curve B). A second plot is
given of holding power versus depth for a moor consisting
of 27 shots of 3/4-inch chain with a 90-foot section of
2-1/4-inch chain added (curve B).

To illustrate the manner in which the points are calculated
in order to determine the curve of holding power versus
depth, the following example is a calculation of one point
in curve A of Figure 3-9.

Example 3-2

given:
5 =90 ft
a
W, = 43.1 lbs/ft in water (49.6 lbs in air)
5, = 2430 ft
W, = 5.31 lbs/ft in water (6.11 lbs in air)
assume:
g = 0°
@]

therefore:

sec B8_ = 1,0000, tan QD = 0.0000

H = 30,000 lbs

S_W
_“a’a _ 3879 + 0 = 0.1293 (from eq.
tan Ql = = + tan QO = EETEEE 3-12)
g, = 7° 22°
from Trigonometric Tables

sec Ql = 1.0083

S, W S_W
tan O. = b b L a2 4o g - 3879 - 12903 . D

2 H H 0 H
(from eqg. 3-13)

16782
t B, = =—m——— = ,53584
an =2 7 37,000
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8, = 297 13"
from Trigonaometric Tables
sec Q2 = 1,1458
Y = 8 (sec 8, - sec B8 _) (from e 3-9)
a u 1 0 G
a
30,000
= —2— (1,0083 - 1.0000) = 5.78 ft
Ya 43,1 ( )
round off Ya t8 6Ll FE
H
Yy = EE (sec 8, - sec Ql) (from eq. 3-10)
30,000 .
Y = —*—— (1,1458 - 1,0083
b 5.5 ( )
By = Z7¢ Ft
water depth = Y_ + VY_ (from eq. 3-11)
water depth = 777 + 6 ft

water depth 783 ft

1

Returning for a moment to Figure 3-9, it should be noted
that curve B was calculated using the method set forth in
Example 3-1. Curve A was calculated using the method of
Example 3-2. These two examples were chosen to permit a
direct comparison of the holding power of a standard ASR
moor at any given depth to the holding power which could be
developed by simply adding one 90-foot shot of 2-1/4-inch
chain between the standard ASR moor leg and the anchor.

The previous sections of this chapter have dealt with

some of the factors affecting holding power, but it may be
well to reiterate at this time that the holding power cal-
culated using eguations 3-3 through 3-13 merely represents
that horizontal force which would create a catenary under
static conditions described by those formulas.

Any number of conditions may prevent the moor from behaving
as predicted by catenary calculations. These conditions
include the following:
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1. An anchor of inadequate holding power for bottom
conditions actually encountered is employed.

2. Dynamic forces imposed by wind, wave, or current
impose excessive transient forces on the anchor or tend to
cause it to break out.

3. Current conditions are such that the catenary is
not two dimensional as assumed by Equat:ons 3-3 through
3-13, but is actually a three-dimensional curve,

Having listed some of the factors which will influence

the actual behavior of the moor, it is well to restate the
aim of this chapter which is not to make the reader a moor-
ing designer, but to equip the Salvage 0Officer with
rudimentary tools that may help him evaluate the effect of
changing any element of a pre-designed moor.

SeDe The ASR Moor

The ASR moor consists of a 4,000-pound LWT anchor and the
required scope of 3/4-inch dielaock chain. Each ASR is
provided with 108 shots so that in a four-leg moor, an
ASR could deploy 27 shots of chain on each leg. The ASR
moor is generally laid out in a circle whose diameter
depends upon the depth of water in which the mooT is to
be deployed. FEach leg is generally dropped at points
caorresponding to 0 degrees, 90 degrees, 180 degrees, and
270 degrees about the circle parameter. (Refer to the NUWP
search and rescue series faor information concerning the
laying of a moor.)

3:64 Mooring Equipment

To supplement mooring equipment available on a salvagse
ship, the Salvage Officer can request the use of emergency
equipment stockpiled and available on a loan basis from
the many Emergency Ship Salvage Pools (ESSP), and Material
Bases.

NOTE : A list of Emergency Ship Salvage Pools and
Material Bases is presented in Table 3-3.
All materials stored in the above mentioned
pools are listed in allocwance and inventory
control lists every six months. These
inventory lists are available to the Salvage
Officery; he should request them when he is
contemplating a loan of equipment.
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The following equipment is generally available in the
emergency pools and can be obtained to supplement the
salvage equipment an the site:

Item Description

Anchor 8,000 1lb. Eells

Anchor 6,000 1b. LUT

Chain 2-1/4-inch

Wire rope 1-5/8-inch x 600 feet (& x 300 feet)
Wire raope 5/8—inch x 1200 feet

Salvage pools can supply much additional equipment which
may be necessary for the moor.




Mooring A

TABLE 3-3

LOCATION OF EMERGENCY SHIP SALVAGE POOLS AND MATERIAL BASES

Salvage Material Pools:

NSD Newport Annex, Bayonne, New Jersey, USA
U.S5. Naval Supply Center, Oakland, California, USA

U.S. Naval Supply Center, Pearl Harbor, Hawaii, USA

U.S5. Naval Supply Depot, Guam, Mariana Islands

U.S. Naval Supply Depot, Subic Bay, Republic of the-
Philippines

U.S. Naval Supply Depot, Guantanamo Bay, Cuba

UsS. Naval Station, Rodman, Canal Zone

U.S. Naval Station, San Juan, Puerto Rico

Salvage Material Bases (Fleet controlled):

Camp Darby, Livorno, Italy

U.S. Naval Ship Repair Facility, Yokosuka, Japan

Fleet Activities (SRD), Sasebo, Japan

U.S5. Naval Support Activity, Danang, Republic of Vietnam

Philadelphia Naval Shipyard, Philadelphia, Pennsylvania, USA

Long Beach Naval Shipyard, Long Beach, California, USA

San Francisco Bay Naval Shipyard, Hunters Point Division,-
San Francisco, California, USA

Puget Sound Naval Shipyard, Bremerton, Washington, USA

Boston Naval Shipyard, Boston, Massachusetts, USA

Charleston Naval Shipyard, Charleston, South Carolina, USA

Destroyer Submarine Base, Norfolk, Virginia, USA

U.S. Naval Station, Adak, Alaska, USA

Submarine Salvage Material Pools (Pontoons and associated

equipment):

Boston Naval Shipyard, Boston, Massachusetts, USA
Charleston Naval Shipyard, Charleston, South Carolina, USA
Pearl Harbor Naval Shipyard, Pearl Harbor, Hawail

Naval Base, San Diego, Califaornia, USA

Special Salvage Material Pools:

(Load Measuring Instruments) Naval Ship Research and Develop-
ment Center, Carderock, Maryland, USA

(Underwater Gas Generators) Naval Ordnance Test Station, -
China Lake, California, USA

(Foam-in-Salvage) San fFrancisco, California, USA
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4., Determination of a Lift

4,1, Historical Review

Appendices A through I disclose the diversity of 1lift
requirements in the salvage operations of the last fifty
years.,

4.1,1, F-4 (1915)

As reported in Appendix A, this lift was 260 dead-weight
tons. The hull was fully flooded as shown in the figure
preceding the Appendices.

4.1.2, s-5 (1920)

8-5 surface displacement was 875 tons. Since the 1ift was
unsuccessful, the amount of buoyancy remaining, upon com-
pletion of the rescue operation, was never determined.
Appendix B gives more details on the salvage of 5-5.

4.1.3, 5-51 (1925)

This completely flooded hull was an 800-ton 1ift and since
the hull had sunk 5 feet deep in clay (Appendix C), a

25 percent margin was added for breakout, It was antici-
pated that 350 "tons of 1ift would be obtained by blowing
tanks and compartments, and the balance of 1ift would be
provided by eight 80-ton pontoons. Nine and oneg-half
months later, many new lifting schemes had been devised.
Hard work in sealing compartments and tanks resulted in
gaining more than 350 tonsj however, it was still necessary
to provide eight 80-ton pontoons and two 60-ton pontoons.

The major factor in the decision to increase the pontoon
lift force available was the uncertainty as to the movement
of the center of gravity of the submarine and its contents
as 1t assumed various angles during the 1ift.

4.1.4, S-4 (1927

Salvage of S~4 (described in Appendix D) was accomplished
satisfactorily after correct calculation of lift require-
ments, Divers entering the compartments verified that they
wers completely flooded. Hence, the weight to be lifted and
its center of gravity were accurately known. Six 80-~ton
pontoons were successfully used to augment self-1ift, and
good control was maintained (see Appendix D). Experiencs
gained in the successful 1ift of 5-51 was put to good use.
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4.1.5. USS SQUALUS (1939) —

LCDR F.A. Tusler's report, a source of material for Appendix
E, shows that the control requirements were initially under-
estimated. The submarine's weight and its center of gravity
at the completion of the rescue operation were assumed to

be fairly accurate based upon reports from the survivors.
First calculations showed the need for seven pontoons: five
B0-ton pontoons at the stern and two BO-ton pontoons at the
bow with all main ballast tanks and fuel o0il tanks blown
empty with a very small margin. The first attempt to lift
was made on 13 July 1938, and, as results proved, there

were too few control pontoons (see Paragraph 5.2.3.).

Again, valuable experience was gained, i.e., an adequate
margin of control lift must be allowed for unknown condi-
tions. Since the 1ift on 13 July fully illustrates the

need for an adequate margin of lift control, a detailed
discussion follows.

The external 1ift on 13 July used all of the 1ift which

was available. Providing a greater margin of control

would have required a delay in the operation until addi-
tional lifting wire could be manufactured. Calculations

of the moments of the weight to be lifted and of the lifting
forces indicated that one control pontoon at the bow would
be sufficient. The loss of buoyancy when the pontoon
reached the surface would slightly more than compensate for ~
the gain in buoyancy of the main ballast tanks, i.e., the
tanks would gain in buoyancy as the depth decreased and the
ship leveled off. The calculations were accomplished using
the following assumptions:

l. The stern was to be lifted first, and

2. The bow was assumed to leave the bottom at the
instant the forwardmost ballast tank was blown to the level
at which the air in the tank would expel the remaining water;
the water was expelled by expanding air to the volume of the
tank as the submarine ross to ride on the control pontoon.
This was the most unfavorable condition, since it created
the greatest excess buoyancy as the submarine was lifted.

Even though the predicted momentum of the ship might cause
it to rise above the desired level, it was expected that
partial reflooding of the main ballast tanks, as the ship
toock an up angle, would cause her to settle back in the
forward slings with the forward control pontoon supporting
some of the submarine's weight.

When the l1ift was made, the stern lifted as'planned. The
forward main ballast tanks were blown and the bow lifted,
but failed to stop, until it penetrated the surface.
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The submarine assumed an "up angle" of some 45 tao 50 degress
throwing the major portion of the 1ift upon the after slings,
parting one of them. The bow sling slipped loose and
SQUALUS settled back to the bottom stern first. (See Figure
E-1 in Appendix E.)

Later analysis of this first lift attempt revealed that the
initial assumption of the location of the submarine's center
of gravity was in error. Though correct at the time of the
rescue operations, it did not represent the facts at the
time of the first 1ift.

After salvage had been accomplished, it was discovered that
a 1/4-inch gage line from Na. 3 ballast tank had been
burned through during the discharge of the after electrical
storage battery. This was caused by a short circuit due

to the water. As a result, air leaked from the tank into
the flooded compartments and water was blown from these
compartments through the induction line after the stern

had been lifted and while the ship had a large down anglse.
The air bubble in these interconnected compartments became
fairly large and traveled to the after torpedo room. Then,
as the bow lifted, the bubble migrated forward which gen-
erated unforesesen excess buoyancy forward. This incident
illustrates how a minor item of missing information on the
condition of the ship can significantly affect the success
of the salvage operation.

A successful 1ift from 240 feet was made on 12 August,
19339, using ten pontoons: three 1ift pontoons (Paragraph
5.2.3.), three control pontoons at the stern, and one lift
pontoon with three control pontoons at the bow. A 1lift
from 160 feet was also successful on 17 August using one
less 1ift pontoon at the stern. During the last 1lift from
a depth of 92 feet, a list resulted from static instability,
causing air to spill from the main ballast tanks. As a
result, SQUALUS, having already reached the surface, sank
back to the bottom. A second attempt on the same day was
successful, after the blowing sequence was modified to
gensure that the bow pontoons would continue to be loaded,
and provide static stability for the ship after they
reached the surface.

4.1.6, THETIS (1939

This salvage operation was conducted utilizing a merchant
ship which had been specifically modified for the lifting
phase. The operation took place in an area where the
scope of tide was in excess of 20 feet. Utilizing the
lift ship and tides, THETIS was lifted in four stages as
the tide flooded and was grounded at high tide to prepars
for the next lift.
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the total deadweight of THETIS was about 1000 tons.
(Appendix F describes the lift methods used.)

4.1.7. TRUCULENT (1950)

This salvage operation was conducted utilizing two large
1lift ships each having 600 tons 1ift capacity. The dead-
weight 1ift requirement was reduced from 950 tons to

800 tons by blowing dry the main ballast tanks. (Appendix
G describes this salvage operation.)

4.1.8. German Submarine, HAI (1966)

On 15 September 1966, the German submarine HAI sank in

the North Sea in 145 feet of water. Within a few days the
hull was raised by MAGNUS III, a new sea-going crane
possessing improved sea-keeping qualities. The salvage
operation was hampered by 7-foot waves on the first day,
but a 57-foot 1ift and a 130-mile tow to Helgoland at a
speed of two knots was completed by 21 September. The
lift regquirement was estimated to be 210 tons. This
compares to HAI's surface displacement of 250 tons.

4.2, Determining Deadweight and Eentgr of gravitg

The first step in making a salvage plan is to determine the
weight to be lifted as well as its center of gravity.

When operating at sea, a submarine is kept in diving trim,

that is, near neutral buoyancy when the main ballast tanks

are flooded. Therefore, the weight to be lifted is:

l. The weight of the water that has entered the
main compartments,

2. The water and oil tanks that are vented to the
main compartment, or whose boundaries are not
able to withstand the pressure in the adjacent
compartments.

4,2.1. Computing the Lift Requirements

The 1ift requirements consist of these weights plus suffi-
cient 1ift to initially break the submarine free from any
bottom mud suction (breakout force) to which it may be

sub jected. An additional 1lift capability must be provided
to control the submarine's attitude after it has broken
free of the bottom, and to allow for the uncertainties
that surround the submarine's actual state of flooding at
the time of lift. (See Paragraph 4.1.5. SQUALUS.)
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4,2.2. Gathering of Pertinent Data

The survivors of the crew may be able to furnish information
concerning the amount of flooding and the status of bulk-
heads and external closures. The crews of 5-3 and SQUALUS
were able to give the Salvage 0Officer much of the required
information, However, if such firsthand information cannot
be obtained concerning the extent of flooded compartments,
the compartment air salvage fittings may be used as described
in the following paragraphs.

4,2.3. Use of Air Salvage Fittings

All U.S., submarines are provided with two air salvage
fittings in each compartment: one leading to a point high
in the compartment; the other to a low point. The high
air salvage line is suitable for:

l. Supplying water and liquid food to entrapped
personnel,

2. For supplying or exhausting air from the
compartment.

The low salvage line may be used for supplying air or
removing water from the compartment by pumping or blowing.
A strainer protects this line against blockage by debris.

A hose from the salvage ship to the high salvage fitting

on the submarine can reveal the extent of water in a com-
partment and the condition of the bulkhead closures. For
example, by blowing air for a short time through the hose
to clear it of water, and then securing the air, the
pressure at the terminal of the salvage connection inside
the ship may be determined via the manifold pressure gage.
The first indication that the compartment is open to the
sea is when the pressure in the compartment is the same as
sea pressure at that depth. This may be further checked by
attempting to vent down the compartment, If the pressure
cannot be changed materially, then the compartment is cer-
tainly open to the sea. Accurate pressure readings in this
manner must be through a hose that has had all water blown
from it.

To determine whether or not the bulkheads are tight, com-
pare the pressure in various watertight compartments and
attempt to change the pressure in one compariment at a
time., If they are not tight, rates of pressure change may
give some clue as to whether there are large openings or
only small leaks.
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When changing the pressure in compartments, keep the
pressure down to about 2/3 of the bulkhead design pressure,
since these bulkheads are designed to permit a considerable
amount of permanent distortion before failure. Connecting

a differential pressure gage across the high and low salvage
lines at the salvage manifold (Figure 4-1) and blowing the
hoses clear of water will usually determine the height of
the water above the end of the low salvage connection.

It should be noted that this method is applicable only at
depths shallow enough to permit the hose to be subjected to
the external pressure differential of water at depth, and
one atmosphere inside the hose without collapsing.

It is also possible to determine whether or not the compart-
ment is open to the sea. An accurate reading of the water
level may be obtained by knowing:

1. The height and longitudinal and transverse
positions of the low salvage connection.

2. The attitude of the ship.

3. The pressure differential.

The position of the salvage connection can be determined
from the building or planning yard, or from a sister ship
built at the same yard. The attitude of the ship can be
determined by sending down open-ended air hoses to knouwn
points on the ship, blowing them clear of water, and
observing the differential pressure. If possible, the
differential pressure gage should be one with a full-scale
reading of about 25 psi.

The volume of air as well as the amount of compartment water
which is naot open to the sea can be calculated with some-
what less accuracy by admitting air to the compartment from
an air bank of known volume. This can be accomplished by
using a hose attached to the high salvage connection and
observing the pressures in the compartment and air bank
before and after transferring the air. By delaying the
second pressure observations for several hours until the
air bank and compartment temperatures have returned to the
ambient temperature, the accuracy of the observation will
be improved. If several compartments are connected to each
other, only the total volume of water in all the inter-
connected compartments can be determined using the above
method,

It should be noted that internal pressure cannot be con=-
tained since hull closures such as hatches and air induction
and exhaust valves are not able to maintain an internal
pressure in excess aof sea pressure in the submarins.
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However, by building up the internal pressure to somewhat
below that of sea pressure at the depth of the compartment,
the water can be pumped out through the low salvage connec-
tion by means of a pump on the salvage vessel.

4.3, Types of Lift

The types of 1lift available from which the Salvage 0Officer
can develop his plan include:
1. Surface Lift (see Chapter 7)
a. Lift ship (ARS, ATS)
b. Non-self-propelled barges (YMLC)
¢. Floating cranes

2, Pontoons
a. Rigid (see Chapter 5)
(1) Lift
(2) Control
b. Collapsible (see Chapter 7)

3. Self-Lift (see Chapter 6)
a, Main ballast tanks
b. Fuel tanks (on diesel-driven submarines)

c. Reduction of lsvel of water in main
compartments

d. VYariable ballast tanks

The advantages and limitations of the three types of surface
lift are discussed in Chapter 7. Chapter 5 describes the
operation of rigid pontoons. Experience gained in the
Chesapeake Bay salvage of U-1105, as reported in Reference 6,
reveals a degree of unreliability in the collapsible pon-
toons of the late 1940's and 1950's. These rubber fabric
pontoons appear to have been vulnerable to punctures and

to seams bursting when used in the vicinity of heavy salvage
equipment and wrecks.

4.4, Developing the Lift Plan

As previously mentioned, an operational submariqe %s

normally kept in diving trim, and as a result, is in neutral
buoyancy when the main ballast tanks are flooded. There-
fore, the weight to be lifted is the weight of all the water
that has entered the main compartments, and those water and
0il tanks whose interior boundaries are not able to withstand
the pressure in adjacent compartments.

4-8
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To these weights must be added the forces required to break
the submarine free of the suction effect of the bottom with
a margin suitable for the existing conditions.

The steps leading to a firm 1ift plan are:

1. Determine, as accurately as possible, the water
level in each compartment. Consider means of securing dry
compartments against slow flooding, such as mechanically
clamping openings or reducing the pressure differential by
pressurizing compartments with compressed air. If this
latter method is used, the Salvage Officer must ensure that
the differential pressure across watertight bulkheads does
not exceed 2/3 of the bulkhead design pressure. He must
also be aware of the possibility of loosing a major closure
device since submarine closures seat with sea pressure.

Air pressure, coupled with a sudden change in submarine depth,

will produce a differential pressure opposite to that for
which closures are designed.

2. Calculate the weight and center of gravity of the
water in each compartment.

3. Estimate breakout force and its center of gravity.
Consider this as a weight to be lifted.

4, Establish margims and their centers of gravity for
steps 2 and 3. These margins, when added to the weights and
breakout force, will give the largest 1ift that can reason-
ably be expected. The amount of the margins depends on:

a, The Salvage Officer's level of confidence
in the data which formed the basis of the
calculations.

b. His knowlsdge of the bottom conditions.

S. Decide which end will be lifted first and the
height of the 1ift. This decision may be affected by the
slope of the keel in way of the slings, or by the ease of
guarding against slippage of the slings in one or the other
direction, If any free surface is present in the ship or
its tanks, it must be compensated for by the 1ift control
devices used.

6. Decide the probable position of the bottom reaction
point at the end to be lifted last.

7. Calculate moments of weights and breakout force
(allowing for uncertainties which exist) about this bottom
reaction point.
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The sum of these weights and moments must be within the 1ift
capability of the 1ift system.

8, Estimate the weight of water that can be removed
from each ballast tank, its center of gravity, and its moment
about the bottom reaction point.

9, Subtract these tank and compartment buoyancies, and
their moments from the total weight to be lifted and its
moment. The result is the smallest amount of external lift
that must be provided and its moment.

10, Decide on possible methods of attaching increments
of external 1lift, points of attachment, and the maximum
amount of 1ift that can be applied to each attachment.

11, Using the method of trial and error, assign lifting
forces to the attachment points and calculate their moments
about the pivot point. Add the increments of external 1lift
and their moments, starting at the end to be lifted first,
until the lifting moments are greater than the moment ob-
tained in step 9. When this amount of 1ift force is applied,
the first end should rise. The lift system at this time
will be supporting the raised end of the submarine and will
be less than the maximum 1ift force prior to breakout by at
lsast the amount of breakout force which was required.

12, Assuming that the first end has been raised the
desired distance by the action of step 1ll, recalculate the
weights and centers of gravity of the water in the compart-
ments and tanks about the bottom reaction point. Summarize
the weights and moments without any breakout force.

CAUTION: It is not possible to ascertain exactly how much
applied moment 1s needed to break out and lift the
end to be raised first. It is therefore wise to
assume that the tank, or compartment supplying
the largest increment of buoyancy, has been blown
down to that point at which the air in the tank
is sufficient to expel all remaining water by
expansion as the submarine is lifted. As
previously noted, this will define the maximum
amount of compensation for excess buoyancy.

To ensure that no greater excess buoyancy is
created, dewater tanks and compartments one at
a time.

13. Establish 1lift control requirements. Compensation
for excess buoyancy is accomplished by reducing the 1lifting
force. If the lift control mechanism is by means of pon-
toons, the reduction in 1lift force is achieved by providing
an adequate number of control pontoons.

4-10
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When these reach the surface, their buoyancy will be reduced
by the amount needed to establish equilibrium. A consider-
able l1ift force should still be required of the control
pontoons even after the first end reaches equilibrium, If
the 1ift force reguirement for the control pontoons
approaches zero, the ship will probably continue to rise

out of control.

l4. Next, consider the end remaining on the bottom.
Using the weights obtained in step 12, calculate the moments
of those weights about the point at which the surface con-
trol pontoons are attached to the submarine.

15. Apply increments of buoyancy in succession, starting
from the lower end, until the lifting force moment is equal
to the weight moment, plus any allowance for uncertainty.

By this time, the lower end should rise.

16. Assuming that the end to be raised last has reached
the desired depth, recalculate the weights and moment of the
water in the ship and in the tanks. As in step 12, assume
that the lower end of the submarine left the bottom at the
most unfavorable time and that excess buoyancy will be
created as the ship rises. The lift force must be decreased
with control pontoons as in step 13. At this time, the
applied 1ift will equal the negative buoyancy of the sub-
marine. When either end of the submarine is raised, the
control pontoons at that end must always be required to
provide some finite 1ift force after equilibrium is
established. If the lift force requirements for the control
pontoons diminish to zero, attitude control of the submarine
will be lost as in the 13 July 1939 1ift of SQUALUS.

(see Appendix E.)

If 1ift ships are available, they must be used for control-
ling the lift of each end. In such a case, the lifting takes
place more slowly and the l1ift applied by the surface lift
ships must be such that a condition of equilibrium exists at
all times, especially at the time of breakout when there

may be a sudden and large reduction in the amount of lift
required.

Satisfactory solutions in the foregoing steps constitute
the preliminary l1ift plan. In this discussion, it has been
assumed that the ship will be lifted by an amount less than
the depth of the water, as the control is more critical in
this case.,.

4-11
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4.5, Self-Lift vs. External Lift

In deciding between self-1ift and external 1lift, the

Salvage Officer is guided by the size and number of external
lifting devices available, the amount of work and time
required to attach them, and the amount of work and time
required to create self-1ift, Generally, large amounts of
self-1ift can be created by dewatering the main ballast
tanks and they are often easily obtained.

Often the submarine will be deficient in transverse static
stability. This may not be apparent before the submarine
arrives at the surface because an external 1ift applied by
an increment of buoyancy, which is attached to the submarine
above its center of gravity, will improve static stability.
On 13 September 1939, SQUALUS was raised to the surface on
two occasions. During the first lift, the second (bow)

end to be raised arrived at the surface, and the expansion
of air and free surface effects made the bow so light that
no lift was required from the bow pontoons.

The ship, even with the stern pontoons at the surface, was
unstable and heeled over sufficiently to spill air from the
main ballast tanks and allow them to reflood until the stern
sank. The bow was then lowered to the bottom by venting

the ballast tanks., The submarine was rolled upright by
partially blowing the ballast tanks on the low side and was
raised again, this time successfully with no heeling.

No change was made in the SQUALUS 1lift scheme for this last
1ift except to alter the sequence in which the tanks wers
blown. This time the tanks were blown in a sequence such
that the bow would leave the bottom when one tank was
almost completely empty and the buoyancy gained during the
ascent would be minimized. The bow pontoons were thus
fairly well loaded after they reached the surface, and

in this condition, would contribute to the static stability
of the ship by an amount which made the ship remain upright
after she reached the surface.

This instance also illustrates the fact that whenever an
entire submarine, or even just one end, is lifted from the
bottom, knowledge of the lifting forces and moments greatly
improves the knowledge of the weight and center of gravity
of the water in the ship. The submarine can be effectively
weighed by observing the draft of pontoons on the surface
and calculating their actual 1ift at the time.

Since a submarine on the bottom has no waterplane, the
longitudinal TGN cannot be greater than the vertical distance
between the center of gravity and the center of buoyancy.

4-12
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This figure is reduced by the effect of any free surface in
the compartments or tanks; thus, the longitudinal GM may
safely be considered either insignificant or negative. The
attitude of the ship is therefore controlled by the balance
between the lifting forces and the weight of the ship and
their moments. As the ship is being raised, expansion of
the entrapped air bubble in compartments open to thse sea
may blow water from the compartments and cause a reduction
in the weight to be l1lifted. The moment of the reduction
will depend on the depth of the water and on the distance
the ship is lifted.

If a free surface exists in any tank or compartment,

there will be a change in the center of gravity of the water
in way of the free surface. This change will depend not on
the depth, but on the angle through which the ship rotates
and the length of the space possessing the free surface.

It may be large if bulkhead doors are open and the free
surface extends over more than one compartment.

In this chapter, the effect of the expansion of an entrapped
air bubble and the effect of a free surface were estimated
in steps 12 and 16 of section 4.4. The calculation of
weights and moments made in those steps must take into
account the changes in weights and maoments which have been
discussed in this sectiaon.

4.6, Calculating the Flooded Weight

In calculating the weight of water in any compartment, it
is necessary to apply a permeability factor to the gross
volume of the compartment. This factor will differ for
each compartment of each class of submarine. The floodablse
volume of each compartment may be obtained from the ship-
yard that prepared the working plans of the ship.

For a survey of the situation, and to arrive at a tentative
plan of salvage, permeability factors of 0.85 for machinery
spaces and 0.92 for living spaces are sufficisently accurate,
but for a final salvage plan, the actual factors should be
cbtained and used.
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4.7, Bottom Breakout Force

The deadweight of the submarine must be overcome with lift-
ing forces - buoyant or mechanical - to lift the sunken
submarine from the bottom; often, additional force is
required to break the bottom mud suction. Salvors have
sncountered bottom suction forces in operations of years
past; some insight into this force can be obtained by revisu
of available reports.

The available literature does not address itself to the
specific problem of freeing objects from the ocean bottom;
mention of the problem is, however, made, but no numerical
gvaluation of the force is indicated. Following is a brief
review of several salvage operations with apparent bottom
suction (breakout) considerations:

sUDRA SVERIGE

The SODRA SVERIGE, a cargo-passenger steamship with an B00-
ton displacement, sank in the Baltic Sea in 1895 in a depth
of 185 feet. The ship came to rest at a sharp angle from
the vertical and during the course of a year sank about

10 feet into the clay bottom. Calculations indicated that
the ship had a submerged weight of 600 tons and that a force
of 960 tons would be sufficient to break it loose from the
bottom. Sixteen wooden pontoons, each having a lifting force
of 60 tons, were attached to the ship and pumped out. This
was sufficient to righten the ship and raise it off the
bottom.

LIBERTE

The French battleship LIBERfE, with an 8,000-ton displace-
ment, sank in the harbor at Toulon in 1911. The salvage
effort extended over a period of 14 years. During the long
period of submergence, the wreck settled into the mud and
Crapaud (1925) reports that "a considerable part of the task
of the salvors consisted in breaking this contact and freeing
the hulk so that it could be lifted and towed away." No
information was given to permit an estimation of the breakout
force.

5-51

The $-51 was a 1,230-ton submarine which sank in 1925
approximately 14 miles east of Block Island. The depth at
the site was 132 feet and the submerged weight was estimated
to be 1,000 tons. The boat came to rest on a clay bottom
with an ll-degree port list.

4-14
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Ellsberg (1927) estimated that the breakout force was about
8,000 tons, "a force so large we could never hope to over-
come it by direct 1lift." His plan, which was executed
successfully, was to "break the suction by letting water in
between hull and clay in two ways - first, by rolling the
boat to starboard, and second, by lifting her one end (stern)
first,"

s-4
The S-4 was an B830-ton submarine which sank in 1927 in 102
feet of water off Provincetown. It was initially and
intermittently buried in a very permeable mud to a depth of

7 or 8 feet. The S-4, whose submerged weight amounted to

722 tons, was raised by lifting the stern first. Saunders
(1929) states that "the bottom had an upper layer of very
soft slit or mud not more than one foot deep. Underneath
this, the bottom was more soft than hard, of a decidedly

sand character, mixed with minute shells. The texture of

the bottom was sufficiently coarse to permit the passage of
water through it...yet sufficiently firm to hold its position
when excavating tunnels underneath the vessel. Due to the
permeable characteristic of the bottom, it is estimated that
the so-called 'suction effect' on the S-4 was practically
nil.” As a matter of fact, there are no indications that
breakout was a problem.

USS SQUALUS

The salvage of the USS SQUALUS is perhaps the most widely
reported and documented of all submarine salvage operations.
The USS SQUALUS, which sank in 1939 about 5 miles south of the
Isles of Shoals off Portsmouth Harbor, was a 1,450-dis-
placement boat having a submerged weight of 1,100 tons.

The boat came to rest with a lO0-degree-up angle in 240 feet
of water on a mud bottom in which the stern was buried up

to the superstructure deck. The entire operation consisted
of five separate attempted lifts, three of which were from

a mud bottom. Only the first 1ift is pertinment to this
report. No estimate of the breakout force is reported;
however, in a review of the events describing the unsuccess-
ful lift of 13 July, Tusler (1940) indicates that the
"unknown amount of mud suction tending to hold the bow

down" was one of the main factors contributing to the
failure. Previous to the attempted 1lift, Tusler states that
"the bow had sunk dewn an unknown amount into the soft mud
of the bottom, but due to the shape of the bow, it was
thought that the mud suction would be relatively insignificant.”
In any event during esach attempted 1ift, the USS SQUALUS

was raised by lifting one end first.
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USS. LAFAYETTE (ex SS NORMANDIE)

The SS NORMANDIE was a 65,000-ton passenger vessel which
sank in 49 feet of water adjacent to Pier 88, New York City
Harbor. The submerged weight was estimated to be 50,000
tons. The vessel came to rest lying on one side in an
organic river mud which was about 25 feet thick and which
was underlain by a gray organic silty clay having a com~
pressive strength of from 0.3 to 0.6 ton/ft2. (This
operation is of interest since it appears to have been the
first time the principles of soil mechanics were considered
in a salvage operation of this type).

It was anticipated that breaking contact between the ship's
hull and the mud would be a serious problem. Accordingly,
in addition to pumping out some 15,000 tons of mud which
had entered the hull through the cargo doors and portholes,
numerous porthole patches were fitted with pipes through
which water and compressed air could be jetted to disinte-
grate the mud. The flotation of the vessel was preceded

by a rotation or turning operation. Masters (1954) notes
that during the rotation operation, the air and water jets
were set to work, although the vessel did not stick as
expected,

PHOENIXES

The PHOENIXES were 200-foot-long floating caisons of rein-
forced concrete which were to be sunk in a line off the
Normandy beaches to provide a breakwatsr during the

European invasion, Each unit was 60 feet wide, 60 feet high,
and displaced 6,000 tons. They were divided into water-
tight compartments and fitted with valves for controllable
flooding. Approximately 100 of these PHOENIXES were
purposely sunk in staging areas off the south coast of
England prior to invasion., The first attempt to refloat

a PHOENIX by pumping failed. It was determined that the

mud bottom suction was holding the PHOENIX down. The
traditional method of breaking this contact is to apply
buoyancy to one end and to use the ship as a lever. In

this manner the contact is broken along the bottom, eventu-
ally freeing the vessel from the mud. However, in the case
of the PHOENIXES there was not enough time to allow this
system to work, because the rising tides would submerge the
pump platforms before the lever action could be made
effective., A second alternative is to jet air or water
underneath the sunken vessel to partially reduce the contact
and lessen the holding force. In the case of the PHOENIXES,
compressed air was employed (all pumps were being used to
empty the flooded compartments) to reduce the holding force
to allow the excess buoyancy to float the PHOENIXES.
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In addition to the case histories cited above, there arse
many other records of maritime salvage operations in which
a ship has been raised from a mud bottom under very unfavor-
able circumstances. The background provided herein is not
intended to be an all-inclusive treatment of salvage.

Only those cases in which the breakout force was alluded to
in the published literature were selected. It is worthy of
note, however, that the published record (Bowman, 1964) of
the salvage of the entire German High Seas Fleet, which was
scuttled at Scapa Flow, does not mention that breakout was
a problem. Further, the U.S. NAUY's experience with the
ex~German submarine 1105 did not disclose the breakout
problem, although the tests were carried out with the sub-
marine eventually lying on a mud bottom.

NOTE : A comprehensive study on bottom breakout
forces has been conducted by the Naval Civil
Engineering Laboratory, Port Hueneme,
California. The Technical Report R-591 of
June 1968, titled "Ocean Bottom Breakout
Forces" is the source of much material
presented here. The R-591 report should
be consulted for additional information.

Theoretical Considerations of Bottom
4.7.1, Breakout Forces

Classical theory of soil mechanics and foundation engineer-
ing assumes that stress conditions alone determine the state
of failure of a material, irrespective of the load duration
and stress history of the specific soil/module situation.
Field experimentation, theoretical analysis, and empirical
data indicate that time is a necessary and real function
deserving due consideration in the definitive breakout
equationy the load duration, as applied to the breakout
problem, is a major factor.

In the classical theories, one or two of such material
parameters as yield stress, Young's modulus, or Poisson's
ratio are sufficient to describe the behavior of an isotrop-
ic material; such simplifications are inadequate to predict
breakout behavior,

Highly complex theories are rarely applicable in soil
engineering problemsj the advent of modern computers does
not alter this premise. Theoretical calculation of soil
engineering problems, and specifically those of breakout
forces, is complexed by factors of unknown patterns of
nonhomageneity of soils in the particular application and
the inability of mathematical models to deal with unknown
parameters.
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4.7.2.

Mathematical Definition of Bottom Breakout Forces

Beginning with a very simple formulation of the mechanics
of bottom brsakout, the following equation may be expresssad:
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shear strength

horizontal projection of the contact area

constant which is a function of object size, object
shape, time duration of applied force, rate force

is applied, so0il sensitivity, and the elapsed time
which the object has been in place after the initial
disturbance. Soil sensitivity may be defined as

the ratio of cohesion of undisturbed soil to

cohesion of disturbed soil at constant water content.

may write

F
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CA
log gﬁ = log k (Equation 2)

Letting € and k take on slightly differsnt meanings,

we may write

£

=5 = Qe Rit-1ty) (Equation 3)

effective average cohesion along the failure surface
at the instant of breakout

constant

slope of the "failure line" when log (F/C A) is
plotted versus time, t

time allowed for breakout, or alternatively the
elapsed time during which the breakout force is
applied

reference time in minutes




Determination of a Lift 4,

The constants § and R are functions of the load duration or
strain rate. In Equation 3, when t = o, the force required
for breakout is a minimum. Conversely, as t is allowed to
approach zero, that is, as the time allowed for breakout
becomes increasingly short, the force requirement reaches

a maximum constant value.

The quantity C requires some comment since it is also a time-
dependent function which is related to the so0il sensitivity.
It may be estimated by an equation of 