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FOREWORD

The specific case studies presented in this volume are illustrative of the broad spectrum of
harbor salvage operations. Initially distributed to the Fleet in 1973 as The U.S. Navy Ship
Salvage Manual Volume IIT Harbor Clearance Operations (NAVSHIPS 0994-000-3030),
these case studies remain relevant today. Therefore, although NAVSHIPS 0994-000-3030
is being superseded, the case studies in their entirety are being reissued in this document.

Lessons learned from just one of these case studies may make your day. Keep them handy
for ready reference.

Director of Ocean Engineering
Supervisor of Salvage and Diving, USN
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INFORMATION REGARDING THE MANUAL

SCOPE :

The HARBOR CLEARANCE OPERATIONS MANUAL presents, in case study format, the artform
used for clearing harbors and navigable waterways. Of 15 chapters, nine are devoted to single ship
salvage cases, five to massive multi-ship operations, and one to unique individuai cases.

SECTION NUMBERS
This manual is divided into 15 major chapters; each chapter is further divided into sections. Divisions
are based on subheadings in the chapter and each chapter subdivision carries the chapter number.

The Table of Contents lists all material in the manual by Section Number.

PAGE NUMBERS
All pages are numbered consecutively; page numbers appear at the bottom of each page.

The chapter title and number appear at the top of every page.

LIST OF FIGURES
All drawings and. photographs are listed in the List of Figures sequentially according to their position
in the chapter. All figures carry the chapter number, sequence-in-chapter number, and a subject title.

LIST OF TABLES
All tables are listed by number and title in the List of Tables.

HOW TO LOCATE INFORMATION
Information regarding a specific harbor clearance operation can be located by the use of the Table of
Contents.

Information regarding a specific subject, or item, can be located by the use of the Alphabetical
Subject Index,
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INTRODUCTION

INTRODUCTION

The blockage of a harbor or navigable waterway can seriously disrupt waterborne commerce; similar
navigational restrictions can severely limit the movement of U.S. Navy ships. Damaging tactical or
economic effects will result if harbor clearance is not effectively undertaken. Concurrently, harbor
clearance is generally time critical and it is especially important to clear obstructed harbors and

seaways in time of war.

This volume presents numerous harbor clearance operations, as case studies, to afford the salvor
guidelines for operations and logistic support requirements. The success of harbor clearance is varied,
and generally a function of the salvor’s determination and resources.

Several harbor clearance operations conducted by the U.S. Navy are worthy of recollection. When,
during World War 11, the French port of Cherbourg was captured, it was ruined, blocked, and
booby-trapped. The work of Commodore Wiltiam A. Sullivan, USN, and his U.S. Navy salvage experts
in quickly reopening this port, in great measure made it possible for the Allied forces to receive the
supplies they needed for rapid movement through France into Germany. The availability of this port
ahead of schedule undoubtedly shortened the course of the war,

Perhaps the finest and most extensive example of the value of salvage and harbor clearance occurred
in Pearl Harbor in the months immediately following the 7 December 1941 attack. The core of the
U.S. Pacific battle force was shattered. AR/ZONA was burning and torn in two, OKLAHOMA had
capsized; WEST VIRGINIA had sunk; CALIFORNIA was sinking; UTAH was sunk; and every other
battleship was damaged. Sunk also were the destroyer SHAW and the drydock (YFD-2} in which she
was lying. Also lost were the destroyers DOWNES, the minelayer OGLALA, and the target ship
UTAH. The berths and drydocks of the Naval Shipyard and operating base at Peari Harbor were badly
blocked, though the main channel was still open.

The light cruisers HELENA, HONOLULU, and RALEIGH; the seaplane tender CURTISS, the
destroyer CASSIN, and the repair ship VESTAL were damaged but not sunk.

Prompt surveys conveyed pessimistic views; great doubt existed as to whether the ships could be
salved or returned to service. As Captain H.N. Wallin, USN, later stated in his salvage report:
“One great lesson learned is that the real damage in such cases usually turns out to be
relatively much less than estimated by the casual eye. The eye seems to take note of things
that are wrong—emphasizing the superficial evidence—and is prone to pass by the many things
still intact which may be found only after careful inspection. Also, in time of calamity or great
adversity the human mind is impressed more by the desperateness of a situation, rather than
by its hopefulness.”

Motivated by this attitude, and greatly aided by the shop facilities at Pearl Harbor, Captain Wallin
directed a highly successful salvage operation. The cleaning of the docks and berths and the salving
and return to duty of many of the sunken ships made a major contribution to the Navy's rapid
recovery and eventual victory in the Pacific.
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After Manila was recaptured, it was imperative for the execution of the then projected invasion of
Japan, that the harbor was to be cieared as soon as possible; this vast harbor was to be a principle base
for operations to the north. Accomplishments of the U.S. Navy harbor clearance forces at Casablanca,
Palermo, Naples, Cherbourg and Le Havre were to be repeated in Manila Harbor.

Hundreds of ships had been scuttled in the bay, and were blocking the harbor; Japanese forces, prior
to and during their retreat, has successfully denied the immediate use of the harhor to the Allies. U.S.
Navy salvage forces, working with the aid of two battalions of Seabees, several Salvage Ships and
minecraft, and a special brigade of the Army Engineers, moved so rapidly that within three weeks,
Manila’s inner harbor was handling 50,000 deadweight tons of shipping a week, In less than two
months the inner harbor and channels had been cleared of 350 sunken ships and craft. This work was
the result of a complete absence of lost motion. When the clearance crews could not lift or destroy a
wreck, they would have divers seal it up, fill it with air, float it on a bubble and, after it surfaced, tow
it to the outer harbor where it could be beached and left to be dealt with later.

At the beginning of the war, pressing requirements for trained salvage personnel caused the U.S. Navy
to turn a disaster to good advantage. After the USS LAFAYETTE, formerly the French passenger
liner NORMANDIE, took fire, capsized and sank next to Pier 88, New York Harbor, a salvage school
was set up to train both divers and salvage officers. During the war, the Navy Salvage School trained
2500 salvage officers and enlisted satvage divers. Graduates of this school were involved in every major
invasion in Europe and the Pacific. The equipment and ships salved or reclaimed by these men had a
value of more than $2 billion; and their tactical contribution through rapid clearance of sunken or
stranded ships from harbors and other areas of attack or supply was beyond estimation in terms of
dollars.

As an outgrowth of this great expansion and training period gained during the war, and the pre-war
experience with having no standby salvage capability, the Navy retained a significant salvage force
after the war.

Some notable instances in which this force has been employed were in connection with the grounding
of the USS MISSOURI, the clearing of Korean harbors after the Korean War, harbor clearance in
Guam after typhoons Karen and Olive, the refloating of the USS FRANK KNOX. and the many
operations conducted by Harbor Clearance Unit-One in Southeast Asia.

The Navy's salvage forces were faced with the most extensive harbor clearance operation since World
War !l when, in November 1962, the Marianas Islands were struck by two violent typhoons. During
the harbor clearance operations conducted in Apra Harbor, Guam, 16 ships and barges were refloated.
Vital to the success was the availability of Navy salvage vessels and the nearby industrial support of
the Ship Repair Facility, Guam.

Harbor clearance often requires the removal of a single ship and this does not have the great demands
of massive, multi-ship operations; the solitary ship can just as effectively block a navigable waterway
or pier, as massive sinkings. As related in Chapter Nine, the rapid refloating of the USNS CARD in
1964, after it had been sabotaged and sunk alongside its mooring in Saigon, RVN, illustrated the
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excellent harbor clearance capability of the U.S. Pacific Fleet. The CARD refloating operation, carried
out by means of patching and pumping, was the largest of its type carried out by the U.S. Navy since
World War II.

These are but the highlights of harbor clearance operations as they have been faced by the U.S. Navy;
‘similar operations will be required so long as men follow the sea in ships.
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1.  TODARO
1.1. BRIEF

The French were faced with the monumental task of clearing their harbors, rivers, and shorelines after
World War H. This included more than 3,200 wrecks of all sizes, representing over 1.6 million
displacement tons. Of this, 3,152 wrecks were sunk in major ports, and in most instances the ships had
been voluntarily sunk with multiple damage inflicted. Despite a shortage of equipment, materials,
funds and the limited number of special organizations and personnel available, much of the clearance
was accomplished in two years. The case of the salvage of the TODARO is one example of a
particularly difficult refloating operation encountered by the French harbor salvage groups. -

1.2. DESCRIPTION OF THE SHIP

The TODARO was a steam-powered tanker, vintage 1913, with one alternating engine and two
cylindrical boilers, possessing the following characteristics:

Length 402 feet
Beam b3 feet
Molded depth 29 feet
Gross Tonnage 5,612 tons
Deadweight 7,500 tons

The ship was constructed with a watertight longitudinal bulkhead, summer tanks topside, and seven
pairs of main tanks inboard. These tanks were of the longitudinal type with bottom, walls, deck and
bulkheads sup_ported by longitudinal bands; each tank had two web frames to support the bands.

Unloaded, the ship weighed 3,270 tons: 2,636 tons for the steel hull; 390 tons for the appointments,
wood piping, and pumps; and 345 tons for the engines and boilers, auxiliary engines, decking, and
accessory equipment.

1.3. HOW THE SHIP SANK

The tanker TODARQ was scuttled in Bordeau Harbor, France, at pierside.

1.4. CONDITION OF THE WRECK

The ship was lying on its side in 26 feet, below the low water level, on a sand and shingle bottom. The
forward part of the keel was 12 feet from the pier, and the heel of the stern post was 53 feet from the
pier. This position prevented righting the wreck by rolling it along the harbor floor,
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The ship had been scuttled by charges placed at the bottom of starboard tanks 4, 5, 6, and 7 and in
the engineroom, as shown in Fig. 1, No. 1. The tank holes varied from one to two feet, afthough the
engineroom fracture was larger.

At low water, the water level reached the symmetry plane of the ship which was heavily silted. The
starboard tanks, hold, and engine compartments were still submerged and filled with silt varying in
depth from 12 to 18 feet. The port tanks had shipped only about three feet of silt.

In addition, a certain amount of silt had accumulated along the outside of the hull, amounting to a
height of almost ten feet above the starboard beam and covering a considerable portion of the ships
length. It was necessary to remove this silt before pivoting the wreck,

1.5. THE SALVAGE PLAN
The salvage plan consisted of the following steps:

inside silt removal;

closing of holes and the removal of the castle;

outside silt removal;

installation of pumps, compressors, and a deck tackle arrangement designed to move the forward
section outward and away from the pier by means of horizontal pivoting of the wreck around the
aft section;

horizontal pivoting of the wreck;

f. installation of devices for righting the wreck through partial lightening and rolling on the bottom,
" "and continuation of silt removal from inside the ship and between the pier and the ship;

righting the ship; and

completion of silt removal followed by return of buoyancy and refloating.

apoe

[
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1.6. HORIZONTAL PIVOTING

The removal of some 4,800 cubic yards of interior silt plus clearing outside silt was accomplished by
means of liquifying the silt and pumping it away. Holes in the tank were closed with sheet steel boxes
designed to provide a tight seal, and the submerged portions of the castle were removed by means of
light linear explosive charges.

To assure that the pivoting motion would achieve its end of moving the forward section from the pier,
55-ton concrete blocks were positioned in the river, each block being backed by two bridles to which
were attached two additional 20-ton concrete blocks. To this seaward anchor the TODARO’s topmast
was attached by means of a belt of steel cables connected to BO-ton pulley-blocks. These deck tackle
blocks were held out of the water by floats, and the tackle ran back to the capstans of the two LCTs
moored both by their anchors and by attachment to the concrete blocks.
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To calculate. the effort needed for the pivoting it was necessary to know the supporting force of the
wreck on the aft bottom, the supporting surface, and the friction coefficient of the bottom. The latter
factor was determined by a combination of experience and experiment. The experiment consisted of
sliding & steel sled of known weight in a basin possessing a bottom like that in which the ship was
embedded. The coefficient was found to be 0.52.

To lighten the ship and float its forward section, pumps were instalied on barges alongside rather than
on the pier, thus reducing the suction height of the pumps. Compressors were used to create an
overpressure in the pumped compartments, thereby facilitating the work of the pumps and preventing
the crushing of the deck or of the axial bulkhead under hydrostatic pressure.

1.7. THE PUMPING PROGRAM
The pumping program used on the TODAROQ was as follows:

the peak was emptied to the maximum extent;

forward hold dewatered to a maximum extent by two 400-ton per hour pumps;

the forward water ballast was left full to aid in the transverse equilibrium of the wreck;

tanks 1-5, port, were emptied by air up to about nine feet below the outside water level;

tanks 6 and 7, port, were also emptied by air to a level six feet below the outside water level;

tanks 1-5, starboard, were emptied of about 12 feet of water with pumps and compressors; and

the starboard summer tanks were emptied by pumping; the port summer tanks were left full of
water,

e 4+~ 00 Do

A prime consideration in this pumping program was to assure that no.part of the structure experienced
excessive pressures, Since the tanks of tankers are tested with an overpressure of 7.9 feet of water
above the deck, this provided a margin of safety that permitted maximum pressure on decks and
iongitudinal and transverse bulkheads of 1.1 pounds per square inch with the stress in the stringers and
strakes reaching the limit of elasticity. Therefore, during all phases of silt removal and pumping, it was
necessary to avoid placing any part of the structure under a pressure exceeding that of 15 feet of
water. Had this figure been exceeded, there was grave danger of bursting a compartment.

Removal of silt from the starboard tanks could only be accomplished by divers, who penetrated
through the deck panels or through openings cut into the longitudinal bulkhead. These openings were
later closed for the refloating phase.

Horizontal pivoting was achieved without difficulty and according to plan on 22 June 1946. The
forward section of the ship was moved so that its keel was parallel to and about 45 feet from the pier.
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1.8. RIGHTING THE WRECK

Two large gantrys were placed on the port side to the right of the poop deck. As shown in Fig. 1, No.
2, each of them was constructed of two strong beams 35 feet long with a square cross section of about
20 by 20 inches, and were designed to pivot at their base. These gantrys, inclined at 35 degrees to the
vertical, were linked to the poop deck beam by a system of two inch steel cables and pulleys arranged
to distribute the strain uniformly. A 150-ton three-fold deck tackle was attached to the upper end of
each of the two masts of each gantry, making a total of four deck tackles. These were moored to
concrete blocks anchored in the pier. Each of the tackle falls of the four deck tackles was then
connected to the block of one 25-ton two-fold deck tackle, and the fall of this latter deck tackle was
finally reeled up on the drum of a five to six ton electric winch. See Fig. 1, No. 3 for arrangement,

The gantrys were placed on the after part of the ship because righting was to commence immediately
after the pivoting was accomplished. Had the gantrys been placed in the middle, as would seem logical,
the traction of the lifting cables would have prevented the horizontal pivoting of the hull around the
aft section.

Davit-equipped barges were also positioned at the forward section of the wreck in order to push the
bow.

All of these arrangements were tested by a 1:100 mockup, and the forces to be generated for the
righting were determined to be 53,888 foot-tons (short) for the rolling couple, and 44,080 foot-tons
for the righting couple. To compensate for the difference of 9,808 tons between the rolling and
righting couples, it was necessary to introduce additional lifting capacity. This included three lifting
barges totaling 2,972 tons and four masts of the two gantrys for the remaining amount, 6,836 tons.
This was calculated to be 68 tons per mast. To provide a margin of safety, it was decided to use the
barges to overcome the hottom suction only, and to rely on the gantrys for the entire effort. The
actual load per mast would be 98 tons, but they were designed for 165 tons to provide for
contingencies,

The planned righting commenced immediately after the pivoting. The four electric winches were
started and the vessel began to turn, rolling on its starboard side. However, it appeared that the weight
of the silt still remaining had been underestimated. The winches began working hard, and at a critical
moment, with the tide running out, the motor of one winch failed. The only recourse was to place the
ship back on the bottom as quickly as possible, Unfortunately the emergency hand crank on the
damaged winch was nat working properly, so the paying out of the deck tackle could not keep pace
with the dropping tide. The corresponding 165-ton deck tackle became overloaded, took increasing
strain and began to vibrate and shake. The gantry to which it was connected began to burn and the fire
gradually spread to the second crane.

After the failure of this first try, the effort needed wasrecalculated. It was obvious that the amount of
silt remaining in the castle and summer tanks had been underestimated by some 1,102 tons. In
addition, an extra 2,534 tons of load were produced by the impossibility of emptying tanks 3 and 4
caused by the escape of air at the patches; 220 additional tons were produced by not filling the port
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tanks at the necessary time. As a result the shearing couple was increased by 3,857 tons, to a total of
13,665 tons, requiring a load of 137 tons on each of the four masts and the two gantrys. While this
was still below the theoretical limit of 165 tons, there was not a sufficient margin of safety. To
provide this margin the following measures were taken:

a. the shearing couple was reduced by remova! of silt to the right of the castle and in the summer
tanks;

b. patches in tanks 3 and 4 were tightened;

¢. the righting couple was increased through reinforcement of gantrys to bring the pull per mast up 10
132 tons, totaling 13,224 tons;

d. adding six A-shaped brackets 18 feet high, capable of handling 5,500 tons; and

e. use on the pier of a counterweight to aid in the righting operation at high tide.

Deck tackle was connected to three six-ton mechanical winches from each of the brackets, and
winches and deck tackle holding ropes were in turn anchored on a steel net hammered into the pier.

The counterweight posed a problem, After it had performed its function it might interfere with the
last stage of the righting operation by coming between the bilge and the pier as the ship was righted.
This problem was solved by constructing the 500-ton counterweight from an easily crushed wooden
crate filled with sand.

The cranes were repaired and reinforced by external counterbraces while further silt was removed and
the patches reinforced. A new portion of the castle was removed and on 27 July 1946 the second
righting effort commenced. The righting was a success, with the sand box cou nterbalance being broken
up as expected.

1.9. REFLOATING

After further silt removal and pumping on 21 August the ship rose ten degrees on the starboard side
with over 2% feet of freeboard on the port side; the deck beam of the starboard deck was stilt level
with the water. As the tide went out, the ship settled on the bottom. During the night a 15-ton
floating crane was able to move the pumps to better positions. Divers plugged some additional holes,
and the ship’s draft was reduced to about 25 feet with a slight list to starboard. One hour before high
water, six tugs, four in front and two aft, towed the TODARO away.

1.10. EQUIPMENT USED
The following equipment was employed in this operation:
— 2 barges carrying refloating equipment

— 2 LCTs and two dredging scows to pull the forward tackle for the horizontal pivoting
— 4 electric winches
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— 6 mechanical winches

5 600-ton per hour pumps, 2 400-ton per hour pumps, 1 250-ton per hour pump, totaling more
than 4,000 tons per hour pumping capacity

— B rotating compressors

2 welding groups

There were 70 men, including four divers, involved in this operation, which took 11 months to
successfully complete.
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2.  MAILLE BREZE )

2.1. BRIEF

The French destroyer MAILLE BRE:ZI:: caught fire and sank at her mooring as a result of the
accidental explosion of a torpedo warhead on board. Because. of the growing concern over the
possibility of oil pollution and the threat of her unstable ammunition reserves, salvage operations
commenced using a tidal lift method with two pairs of lift craft. Four lifts were successfully
completed to move her to shallow water for patching and refloating. -

2.2. DESCRIPTION OF THE SHIP

The MAILLE BREZE was a destroyer with raised forward deck and twin-screw steam turbine
propulsion, possessing the following characteristics:

Length overall 424 feet
Breadth {moulded) ‘ 39 feet
Depth {moulded) 24.9 feet

Displacement (at time of sinking} 3,600 tons

2,3. HOW THE SHIP SANK

On 30 April 1940, the French destroyer MAILLE BREZE caught fire and sank at her moorings off
Greenock near Glasgow, Scotland, on the southern section of the Firth of Clyde. The fire and
subsequent sinking was the result of the accidental expiosion of a torpedo warhead starboard side and
inboard of the foredeck break near No. 1 boiler room.

24. CONDITION OF THE WRECK

Early in 1953 it was decided to remove the wreck as concern was growing over the possibility of oil
pollution from the 500 tons of fuel oil thought to have been aboard when the ship sank. There was
also a threat from the remaining ammunition which may have been unstable,

Pretiminary examinations revealed the main damage to the ship had occurred at frames 41-43 in the
way of the forward boiler room. Main deck plating and structure in this area was completely ruptured
by the explosion for about 23 feet of the ship’s length, from the starboard deck edge to a point just
beyond the center line. This damage extended ten feet down the ship’s side to the rubbing band where
the hole was nine feet across. Below this main damage a crack extended vertically for about 18 inches.
The superstructure in the area of the forebridge was heavily damaged and it seemed likely the main
deck under the forecastle would also have been affected; this was subsequently confirmed after

1"
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removal of the forecastle deck. No other damage was apparent, and in the light of the information
available at that stage there seemed to be a reasonable chance of lifting the ship intact.

in June of 1953 two salvage ships and teamsremoved the loose wreckage and much of the accumulated
silt. Earty in July the first sweep wire was tunneled under the stern post and worked forward under the
keel to frame 22, 145 feet from the stern. There a pilot wire was pulled through and left in this
position; attempts to sweep the wire any further than frame 22 were unsuccessful. During the latter
part of July and early August only one salvage ship was available, and so the work centered on a
tunnel driven under the wreck at frame 55, some 82 feet from the stern, with the intention of
sweeping the wire aft. However, large sandstone boulders were encountered and progress was impeded.
When the second salvage ship returned attempts were made to work this wire aft, in the hope that all
the remaining wires between frames 65 and 22 could be positioned in this manner, This proved to be
impractical and the alternative of tunneling for each wire was reverted to. (See Fig. 2, No. 1.}

2.5, METHOD OF SALVAGE CHOSEN

Several methods of removing the wreck were examined. The main concern was whether the ship could
be lifted intact or if it would be necessary to cut her into two or more sections. If she were cut into
sections each section could be handied by one pair of lift craft with littie risk of mishap. However, the
operation would have been more time consuming, there was a risk of oil being lost when the ship was
sectioned, and the disposal of the separate sections would have been difficult, especially as the fore
end would have been unstable and unless supported in some way could not have been beached upright.
Several schemes invalving pontoons and compressed air in conjunction with lift craft placed athwart
the wreck were considered, but the plan finally chosen was a four ship lift; a tidal lift by means of four
lift craft aided by salvage pontoons. Two 750-ton capacity, and two 1200-ton capacity lift craft were
used, as shown in Fig. 2, No. 2 and Fig. 2, No. 3.

2.6. THE SALVAGE PLAN
The salvage plan was devised as follows:

a. Preparations of drawings and scale models based on calculations from available data,
b. Driving 18 tunnels under the wreck at 20 foot intervals, working aft from frame 52.
c. Passing two 1% inch diameter steel wire rope messengers through each tunnel, to be made fast at

deck level.
d. Clearance of rubbish and silt and removal of the forward superstructure, funnels, forecastle deck,

capstans, propellers and side shell plating above the main deck.
. Removal of as much ammunition as possible.
f  Location of suitable intermediate grounding positions and determination of a final beaching site
by hydrographic survey.
g. Reeving 18 pairs of three inch diameter lift wires under the wreck with the aid of the 1%z inch
diameter messenger wires.
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'DIVER TUNNELING UNDER THE SHIP.‘
FIG. 2 NO. 1
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— 500' OF 4" CIRCUMFERENCE WIRE ROPE
720° OF 6" CIRCUMFERENCE WIRE ROPE & 180" OF 2" CiIRCUMFERENCE

op0’ OF 4%" CIRCUMFERENCE WIRE ROPE
210" OF 4%" CIRCUMFERENCE WIRE ROPE

LR e i ]
It

1

7 TON

}’ ol
: .‘ 6 TON 3TON

3TON 6TON
e..—_‘..—-—- ‘
D B Ay

STERN ANCHORS 6 TON

78 AP,

MOORING LEGS FOR L IFT CRAFT POSITIONING.,
FIG. 2 NO.3

15



MAILLE BREZE 2.

h. Securing parbuckling wires to the remains of the gun pedestals, to the base of the torpedo races

and to the propeller shafts,

i. Positioning two pairs of lift craft over the wreck and then lifting and towing as many times as
necessary to arrive at the selected beaching site.

j. Patching and pumping in order to refloat the ship for the tow into a shipyard for scrapping.

2.7. MAJOR PROBLEMS

The main risks involved in the method of salving chosen were the difficulty of coordinating the lifts of
the two pairs of lift craft to ensure even distribution of weight; the possibility of damage from
straining the wreck; and the danger of the lift wires cutting the shell plating and releasing fuel oil.

The first lift was to be the most crucial as a survey showed that the wreck had settled into the sea bed
eight feet six inches. With a mean spring tide range of about ten feet there was little margin on the
tidal lift to bring her out of the hole onto the surrounding level.

2.8. EQUIPMENT USED

Four lift craft were used; two of 1200 tons lifting capacity each, LC 10 and LC 11, and two of 7560
tons capacity, LC 23 and LC 24. In addition four 80-ton pontoons were used. Since the submerged
lifting. weight was about 3000 tons the available lifting capacity provided the minimum required 25%
mardih of safety. A fifth lift craft, LC 8, was used as a spacing fender between the other two pairs of
craft. Three salvage craft, the SUCCOUR, BARILLA and BARGLOW were also employed, as well as

tugs.

2.9. PARBUCKLING EFFORT

It was obviously desirable to get MAILLE BREZE on an even keel before lifting her, if only to reduce
the depth of water over the low starboard side and get the lift craft into a better position for the initial
lift. The salvors planned to try to parbuckle the ship before trying to roll her on the lift wires when
making the fift.

Four parbuckling wires had been secured to the remains of the gun pedestals, base of the torpedo races
and one of the stern shafts; however, with the exception of the foremost gun pedestals, none of the
securing positions were considered 1o be strong enough, so an additional turn was taken around the
wreck in preference to spending valuable time fabricating the heavy clench plates and fitting these
with the necessary doublers, underwater.

The first attempt to parbuckle the ship with the starboard lift craft was made at 1000, 1 August, with
no success. Some 1,150 tons of buoyancy effort had been applied on a rising tide and careful
measurements showed the list had decreased by only three degrees, from 17% degrees. It seemed
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MAILLE BREZE 2.

probable that the only effect of this effort had been to take in the slack and tighten up the turns of
the parbuckling wires around the wreck. Another attempt was planned for 2 August, during daylight
at low water. Although the buoyancy effort of the lift craft was increased by some 200 tons on a
rising tide, no appreciable righting movement could be obtained on this attempt either. At high water,
1546, it was evident that the tidal lift could not be applied successfully with the arrangement of the
wires adopted. Careful measurements of the depth of the water over the high and low sides of
MAILLE BREZE were taken by sounding with a chain. They were corrected from tide chart readings
and compared with the water depth over the ground. The results showed only one degree had been
gained over the previous day’s results. The divers reported no change in the position of the ship except
that the foremost parbuckling wire had cut in at the deck edge near the flare of the starboard bow.
This was not unexpected, but in conjunction with the fact that on both attempts there had
undoubtedly been movement of the ship, it was decided to try a maximum effort lift on the night tide
of 3 Awugust. It was hoped to get a parbuckling action as in the original plan, in conjunction with a
straight lift. Previous experience and history supported this decision, though not with so fme lined or
deeply embedded a ship.

On 3 August final preparations were made for the lift., Parbuckling wires were passed onto 1.C 8 and
LCs 24 and 10 and secured there. Four additional nine inch lifting wires were passed singly under the
wreck to give extra support at midlength, near the boiler room and engineroom, and the ends were
passed to LC 8, thus taking full advantage of her position and the buoyancy available. This was more
than enough to replace the two salvage pontoons which were originally assigned to the task, {See Fig.
2, No. 4.)

2.10. THE FIRST LIFT

Low water, 1.6 feet, was at 2138 on 3 August; high water, 11.5 feet was at 0413 on 4 August. The
range was 9.9 feet and duration, 6 hours 35 minutes.

At 2000 all was ready. The lift craft were positioned so that the calculated center of buoyancy of the
jift was slightly forward of the center of gravity of the wreck as a whole; the intention was that the
forward end should leave the bottom first, thereby breaking any suction remaining after the tunneling,
and the wreck should be carried on the initial lift with a slight trim by the stern.

SUCCOUR now lay astern with her heavy 100-ton purchases connected to a nine inch circumference
steel wire rope strap under the stern of MAILLE BREZE, to act as a “trimming ship”; BARGLOW was
outside LCs 10 and 24 giving steam to LC 8 and additional air to LCs 10 and 11. All lift craft were
then flooded down to get the maximum buoyancy from their tanks when pumped out, and the slack
of the wires was steadily taken in as the tide continued to fall.

Pinning down commenced at 2010. At 2055, all ships were reported pinned down and the breast lines
were slacked further with the discharge of water continuing. This was done carefully, trying to
synchronize the heavy life craft and their bigger main pumps with the smaiter {ift craft pumps. All 4,200
tons of ballast were discharged by 0225 and it was apparent that MAJLLE BREZE was afloat, though
probably still in her hale,
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MAILLE BREZE 2,

Tide gauge readings were passed every 15 minutes which was extremely helpful because tide poles and
hand signals no longer needed to be used.

By 0235 the tide had made seven feet six inches and assuming that it was running as predicted another
2.4 feet could be expected. Soundings were taken across MAILLE BREZE on the forecastle and
quarterdeck and at 0300, one hour 13 minutes before high water, there were ten feet over the forward
end of the wreck and 20 feet aft. The soundings were fairly evenly spaced from deck edge to deck
edge and it was clear MAILLE BREZE was almost out of her hole, with little list, but a slight trim by
the stern. This trim could be corrected before beaching the ship in shallow water at a later stage.
SUCCOUR was ordered to put an increased strain on her 100-ton bow purchase and at 0330 she hove
down to the limit of the spread of her wires in order to decrease the trim.

At 0400 BARILLA took up station ahead with her anchors down, and using main engines,
commenced heaving the wreck and lift craft to the northeast. Movement was at first slow but it was
obvious MAILLE BREZE was out of the hole for almost her entire length. The heavy unit inched
slowly ahead. All moorings not required were paid away, buoyed and finally slipped, and by 0445 the
wreck had moved approximately 200 feet to the northeast, well clear of her old bed. (See F|g 2, No.
5 for Position A)

By this time the tide had begun to fall and low water was expected at 0951. The unit was held in
posmon and all Ilf't craft commenced flooding down at 0508 in preparation for the next tide. The
MAILLE BREZE was now in 35 feet of water, M.L.W,,and sitting almost upright. As the lift craft
increased their draft by flooding down, and the tide fell, the slack of 18 pairs and four single nine inch
circumference wires was taken in.

2.11. THE SECOND LIFT

Lo.w water, 1.4 feet, was at 0951 and high water, 9.8 feet at 1658 on 4 August. The range was 8.4 feet
and the duration seven hours seven minutes,

Owing to a series of minor setbacks LCs 23 and 24 were not pinned down completely until 1115, one
hour 24 minutes after low water. However, there was a good reserve of buoyancy with which a tide
range of only 8.4 feet permitted a lift from the tanks as well as the tide. The seabed shelved very
slightly upwards for 2,000-3,000 feet ahead. The lift was uneventful and two tugs were in attendance
when the unit moved off at 1600. At 1630 the unit was brought up in 31 feet L.W., and at 1700 the
lift craft were flooded down to unpin. They had made a distance of 2,350 feet to a position some
6,000 feet from the northwest corner of Princes Pier, Greenock. {See Fig. 2, No. 6 for Position B.)

This tide was five inches below prediction and with the approaching neap tides a few days away, a
decision was made to wait for the spring tides of 14 August for the next lift. The new grounding
position had soft sand mixed with shingle and the wreck buried herself about five feet into the sea bed
after she was unpinned. However, her massive bilge keels tended to keep her upright when she sank
into the sand bottom. The tides were slacking off and would be insufficient to lift MAILLE BREZE
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MAILLE BREZE 2,

into appreciably shallower water. The present objective had been gained; to get-her out of the hole and
well on her way towards beaching ten to fourteen days prior to the top of the spring tides of 17 and
18 August. There was no danger of the wreck sinking further, and she was still in the cradle of nine
inch lift wires. The lift craft were suitably positioned for breaking suction at any stage of the lift; the
center of buoyancy of the lift craft was forward of the estimated center of gravity of the wreck and
consequently she had to come out of the sea bed forward end first. It was important that the trim by
the stern should not be greater than the height of the tide predicted, otherwise the ship's stern would

not come clear of the bottom.

Bow and quarter breast moorings, each consisting of a three-ton anchor, a shot of chain, cable and 120
fathoms of 4% inch circumference FSWR were laid out from the unit. The stern anchors of LCs 23
and 24 which had been slipped after coming out of the hole, were relaid. A heavy anchor was laid
ahead and the LC 8 was disengaged and put to her, moorings by BARGLOW to await the next move,
Moorings were set up reasonably taut and the unit lay in wait until 13 August.

Meanwhile divers inspected the wreck and found her atmost upright with a list of one or two degrees
to starboard. There was no sign of damage to the shell plating or deck edge and no push-in effects had
been discovered of the nine inch wires at the bilge keel. The beaching ground was resurveyed and the
rate of tidal streams rechecked by observation and experiment.

The final beaching site had to be very carefully selected as at that point in the operations it was
intended to withdraw most of the nine inch lift wires, pump out the wreck, unload ammunition and
bunker oil, and bring the ship to a convenient draft for towing to the shipbreaker’s yard. The ground
below the layer of silt must not be too soft; there must not be excessive sinkage because of the need
for adequate freeboard between half ebb and half flood for pumping and patching. It must be
sufficiently soft to keep the ship upright when aground considering her fine tines.

After careful consideration it was decided to use LC 8 as a spacing ship again. The next move was
planned for 14 August when it was decided to take MAILLE BREZE into 26 feet of water (M.L.W.)
with a predicted range of only nine feet. The moulded depth of the wreck was 25 feet and there were
a number of vertical projections which divers had not been able to burn off flush with the upper deck.
By removing everything portable on LC 8 and trimming tank No. 1 forward, a draft of six feet six
inches forward and seven feet aft could be expected. These figures gave a clearance between LC 8's
keel and the MAILLE BREZE deck of three feet, and one foot to 15 inches over the projections,
providing that; :

a. the tide came up to rgrediction,
b. the MAILLE BREZE was not taken into less than 26 feet of water, and
c. LC 8 was disengaged and clear of the ship before the first ebb.

If she were not, then it was certain that she would be bilged on the projections as the tide fell away,
about 35 to 45 minutes after low water. The resources of personnel and equipment, however, were
considered adequate to deal with the situation.
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MAILLE BREZE 2,

By the afternoon of 11 August LC 8 had been suitably lightened and ballasted, and on 13 August the
approach to the bank was again resurveyed and an anchor put down to mark the edge of the bank
immediately north and south of the anchor.

2.12. THE THIRD LIFT

Low water, 0.4 feet, was at 0627 and high water, 9.4 feet at 1312 on 14 August. The range was nine
feet and the duration six hours and 45 minutes.

The weather conditions were very good, and the sea was flat. Work commenced at 0500 and soundings
were taken over the wreck and checked with the rate of fall of the tide. The [ift craft were pinned
down at 0715 and commenced discharging water ballast immediately,

The unit was arranged exactly as before, with SUCCOUR at the right and aft to act as a trimming ship,
but BARRINGTON was made fast alongside LC 23 port side and BARGLOW berthed on LC 24
starboard side. The two tugs took position on LC 10and LC 11 respectively, ahead of 23 and 24. The
tide had made six feet nine inches by 1030, and MAILLE BREZF had cleared the silt and was leaving
the sea bed with one foot of water over her after deck at 0835. By 1100 the operation was proceeding
extremely well and an Echo Sounding Cutter was sent ahead towards the area laid down on the 13th.
The Cutter was requested to show a large red flag when a depth of 27 feet M.L.W. was reached.

The unit moved off at 1100, tugs and *'Bar’’ class vessels alongside to act as a twin-screw ship. Speed
of advance was controlled to allow the tide to rise during progress toward the flag. At 1200 the course
was altered slightly to starboard until the unit came abeam and ten feet off the Echo Sounding Cutter.

The tide had now risen eight feet nine inches and a halt was made to allow time to disengage LC 8
before the tide started to fall. SUCCOUR was anchored by the stern with the last of the flood slightly
on the port quarter, and the tugs maintained the position while the lift craft flooded down and LC 8
rendered her wires by slacking back the clamps. The flexible steam hose from BARGLOW which
provided LC 8 with power for her pumps and capstans was disengaged, and her lift wires were passed
to LCs 10and 11.

BARGLOW and BARRINGTON now cast off from alongside LC 23 and 24, anchoring by the stern
with bows onto 23 and 24, and passed their main winch wires to these ships, setting them taut,
BARILLA who had been following up the main unit lay off to perform a simitar service for LC 10.
Once LC 8 was clear SUCCOUR was to hold LC 11 off the wreck in a similar fashion,

The first three ships could hold the lift craft off the wreck as their tanks flooded and the tide fell
away, by heaving on their stern anchors, they could ease the grip of the lift craft on LC 8 as she was
hoved astern by SUCCQUR, After several unsuccessful attempts attributable te the fouling of one of
LLC 8’s fenders with a lift wire, she was finally pulled away by SUCCOUR. The wreck grounded 1.34
miles from the northwest corner of Princes Pier in 36 feet of water, M.L.W. (See Fig. 2, No. 7 for
Pasition C.) Allowing that she would again sink about four feet into the soft sand sea bed, there
should have been six feet of water over her upper deck at low water.
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MAILLE BREZE 2,

This meant that when LC 10 and 11 were flooded down to a draft of 12 feet six mches pinning down
on the next tide, there should be at least six feet six inches of MAILLE BREZE’ side to act as a
bearing surface to keep the craft from pulling over the wreck and thus ensure the maximum lift from
the wires at low water. This way no fender was necessary.

Preparations were now pushed forward for a final 1ift over the bank on 18 August on the top of the
spring tides. The lift just completed had brought the wreck 2,200 feet nearer the objective and a total
distance of 4,800 feet had been covered between the spring tides, It had been decided that in view of
the hull form of the MAILLE BRE‘ZI::, as few lifts as possible should be employed in order to subject
the wires to a minimum amount of work. A move was attempted therefore only when the tides or
weather promised to make a gain toward the beach. It could not be assumed that the top of the
springs would synchronize with good weather and nothing could be left to chance, The aim was to get
right up under the bank as soon as possible. Once there, the bank would be negotiated between spring
tides, and so although the bank was only 1,400 feet away, the fourth lift was planned for the morning
of 17 August, to be followed by the final move the evening of that day or the morning of 18 August.

Because the after end of MAILLE BREZE was well tapered, there was every prospect of LCs 23 and
24 pulling over the wreck unless they were kept apart when taking the weight and in doing so, losing
several feet of lift. BARGLOW and SUCCOUR were both too deep in draft to be used as a spacing
ship, but four pontoons of cylindrical construction 33 feet inlength and 13 feet in diameter were
available and would serve the purpose,

All four lift craft were first positioned 20 feet further astern on MAILLE BREZE to bring the center
of buoyancy of the lift closer to the center of gravity of the wreck and so decrease the trim by the
stern to allow her to float comfortably over the bank. The lift craft were accordingly moved the 20
feet astern and the necessary adjustments made to the position of the wires on the pinpoints.

While the work of repositioning the four lift craft was in progress, some 16 timber pads were
constructed. These pads were of sufficient length to cover the diameter of the cylindrical pontoons at
each end, and broad enough to give a good bearing surface over the frames of LC 23 and 24 when they
were imposed between these ships. It was intended to hang these pads over each lift craft side having
first bought the timber to just negative buoyancy by fastening fire-bars to them. This was to avoid
reeving bottom lines under the craft and hauling the pads down into position. In practice it was easy
to reeve the bottom lines, notwithstanding the number of lifting wires, messengers, and other wires
that the lift craft were already handling, and this latter method was adopted, The pontoons were
towed out to the unit on 16 August and positioned during the evening. The night of 17-18 August was
devoted to crossing the three fathom line and making the final beaching position. Two lifts would be
required to reach the objective and it would be necessary to “pin down'’ on both the morning and
evening tides,

2.13. FOURTH LIFT
Low water of the morning tide was at 0823 and high water at 1521, with a range of 10.4 feet. The

evening tide low water came at 2037 on 17 August, with high water at 0334 on 18 August; a range of
11 feet.
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Once again the weather was fair with little wind and no sea. All lift craft were flooded down by 0700
and the task of removing all slack from the nine inch wires began. Final adjustments to the pontoons
between LC 24 and 23 were made and soundings taken over the wreck’s after end. BARGLOW was
positioned on the port side of the unit overlapping LCs 23 and 11, and SUCCOUR on the starboard
side overiapping LCs 10 and 24 in a like manner. At 0815 the tide was four inches short of prediction
and was falling slightly. It began to make at 0850 but was still two inches short of predicted low
water, and with such a tide a good lift was expected.

Pinning down commenced at 0840 and by 0945 the wires on all four lift craft were secured. The water
ballast discharge, some 3,700 tons, was completed at 1145 and at noon it was apparent MAILLE
BREZE was again off the bottom for the whole of her length. A report from the tide gauge indicated
that the water had risen six feet eight inches at noon and that the tide was likely to reach the
predicted height of 10.4 feet by high water. The lift was going well and the conditions were ideal. At
1200 the tugs SPITFIRE and TYPHOON berthed on LC 10 and 11 just ahead of BARGLOW and
SUCCOUR and at 1350 the unit moved off again with the salvage ships and tugs controlling the line of
advance.

The unit slowly worked around approximately 50 degrees to starboard, and gradually increased to full
speed, making straight for the area lying between two buoys laid the previous day. The flood was
slightly on the starboard quarter and the speed was reduced by half when there was sufficient way in
the unit,

Engines were kept going at half ahead until the wreck grounded and were stopped periodically to
allow the tide to make the last few inches. Between 1430 and 1500 the tide rose another four inches
and an advance of 50 and 100 feet resulted, but little more could be expected. (See Fig. 2, No. 8 for
Position D.) The tide was ten feet six inches, two inches above prediction, and orders were given to
flood down and unpin in readiness for the next lift during low water at 2037.

BARRINGTON and BARILLA, were laid off to the northwest and closed to within hailing distance.
Two anchors with backers had been laid out on the bank ahead of the unit a few days previously, and
the BARILLA recovered the wires and passed them to LC 10 and 11 to hold them up against the
strength of the ebb. The breast mooring was also laid out on the port side of LC 11. BARRINGTON,
with stern anchors down, passed her main winch wires to LC 23 on the port quarter and SUCCOUR
was positioned to assist in holding the unit against the flood tide when coming afloat.

Soundings were taken ahead and astern of MAILLE BREZE and over her decks. These were reduced
to low water from a tide gauge reading at 1645 of eight feet six inches, and showed that the bank had
a declivity of two feet six inches in 430 feet of water. With depths of 21 feet at the stern and 18 feet
six inches at the stem, the wreck had sunk only about three feet six inches into the mud.

The spacing pontoons had been removed immediately after the wreck grounded, as there was now
ample depth of the ship’s side for the lift craft to bear against on pinning down for the final lift.
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By 1915 preparations were complete and orders were passed to pin down at 1930. At 2030, seven
minutes before predicted low water, the tide gauge reading was plus seven inches to datum and at
2105 pinning down was complete. The discharge of ballast water started immediately and the tide rose

fast.

At 2330 the wing tanks in all the lift craft were practically dry and MAILLE BREZE was off the
ground for the whole of her length. The head gear was tightened up on L.C 10 and 11; SUCCOUR on
the lee side was put to slow ahead to keep the unit up to the wind. This proved effective and at 2345
BARGLOW started to come ahead on her engines thus keeping the wreck nudged up to the bank and
slightly to windward of the beaching position.

At 0030 the tide had risen six feet nine inches and shortly after a!l shlps were stopped and the slack in
the moorings was taken in. The time had come to carry MAILLE BREZE over the bank; after this, the
tide would rise more slowly each hour and with careful timing the beaching position could be reached
and flooding down commenced at least an hour before high water. The order to discharge the 1,270
tons of water ballast was given at 0041 and all ships were put half ahead once more. BARILLA and
SUCCOUR eased away their stern moorings and LC 10 and 11 hove away steadily on their head
anchors. Soundings were taken at 0056 and showed depths of 19 feet, six inches aft and 16 feet, six
inches amidships, M.L. W.

MAILLE BREZE moved slowly ahead and at 0125 the port breast lines were leading well abaft the
beam. At this time a report from L.C 10 and 11 warned the unit was too far to windward. The lift craft
were at maximum buoyancy and the wreck was more than half way over the bank. BARGLOW was
therefore ordered to increase speed while the two ships on the lee side eased down until the unit had
worked from windward to the correct line of approach. From this point the engines were used only as
necessary to maintain position while moving steadily ahead.

At 0149 the sounding at half length of MAILLE BREZE was 22 feet and at 01566, within a few feet of
the intended position, flooding down of the center tanks was commenced. This process usually took
40 minutes, but in order to expedite matters the flooding of the wing tanks was also begun. Taken in
conjunction with the rise of the tide for the last hour, this was too fast for LCs 23 and 24, and
flooding of only the center tanks was resumed temporarily. At 0230 when the soundings gave depths,
reduced to M.L.W, of 12 feet forward, 14 feet amidships and 17 feet aft, flooding of all tanks together
was possible again, and the MAILLF BREZE was allowed to come to rest before the predicted high
water. {See Fig. 2, No. 9 for Positions A through E},

MAILLE BREZE was now lying fore and aft with the main strength of the flood and ebb tides. She
was sunk about five feet in the sand and shingle, and at low water had a freeboard at springs of four
feet aft and nine feet at the stern,

2,14, REFLOATING

When the operation was planned the large lift craft were to be kept alongside the wreck until she was
ready to be towed to the shipyard. The next few days were spent clearing water from the main
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MAILLE BREZE 2,

compartments with the ‘aid of the liftcraft and SUCCOUR, Six inch flexible suctions were rigged from
the LCs to No. 1 and No. 2 enginerooms and No. 2 boiler room, which were then pumped down. At
the same time, men with high pressure jets washed down siit, mud and shingle from the turbine
casings, boilers and auxiliary machinery. A portion of this debris was carried away in suspension by
the suctlon but the heavier material found its way down into the engineroom plates and bilges.

During the lightening of the ship the removal of depth charges presented a problem. They were carried
in enclosed chutes below the upper deck on each quarter; there was only a small access door at the
loading end. The quickest and easiest method of getting to them was to burn a strip of deck plating
out for the full length of the chute, thus exposing all the depth charges, which would then be lifted
out singly by hand. It had to be done when there was a little tidal water over the deck to dampen the
sparks and cool the plate edges as the deck plating was burned away. The salvors were often burning
within inches of the charges, 16 in all. '

Two eight-inch. and three six-inch pumps were placed onboard the wreck to deal with No, 1 boiler
room, the after accommodation, forward and after magazines, wardroom and other compartments. A
number of four-inch Johnson and Snorer pumps from SUCCOUR were used as backup and to drain
the lower compartments.

After this was accomplished the unbreached compartments could be pumped out to bring the ship
afloat; additional buoyancy could then be gained by installing a patch over much of the damage.

Sufficient buoyancy was recovered in the forward and after ends of the ship to justify bringing her
afloat on her main compartments, No. 1 engineroom, and No. 2 boiler and enginerooms.

By bringing the ship afloat she could be hove ahead some 250 feet into shallower water thereby
enabling a light shield of 3/16 inch plate to be placed over the lower portion of the damage in No. 1
boiler room. By extending this some six feet above the low water mark, sufficient time could be
gained for the pumps to have effect against the rising tide, and thus secure additional buoyancy to
bring MAILLE BREZE to a reasonable draft for the tow to the salvage yard

This was done on the afternoon of 1 September and patching the lower end of the damage and the
posntlomng of an additional eight-inch pump in this compartment commenced before dark,

Her draft on coming afloat was 20 feet six inches forward, and 21 feet eight inches aft.

By jettisoning mud, patching and pumping, and the removal of ammunition, together with the
recovery of buoyancy in the forward boiler room, the wreck was in good trim and draft for towing.
Drafts were 14 feet nine inches forward, and 15 feet six inches aft. At this point there was little to be
gained by removing the mud and silt below the engine bed plates or in the lower compartments for
there was no need for a further reduction of draft.

On 15 September 1954, the ship was handed over for delivery to the salvage yard.




EMPRESS OF CANADA 3.

3. EMPRESS OF CANADA

3.1. BRIEF

Fire broke out aboard the passenger liner EMPRESS OF CANADA while docked at Liverpool
undergoing repairs. Attempts to contain the fire failed and the ship steadily listed until she sank at the
dock. As she was blocking one of the most vailuable berths in the harbor she had to be removed.
Extensive preparations were made to right and refloat her, which combined internal and external,
mechanical and static forces. The entire operation, though successful, tocok almost two years,

3.2. DESCRIPTION OF THE SHIP

The dimensions of the ship were 581.9 feet long, 75.25 feet wide, and 24.0 feet deep, with a gross
tonnage of 20,021 tons. From the floating drafts her displacement immediately prior to the fire was
18,680 tons, and after subtracting the amounts of water, fuel, etc., this figure substantially agreed
with the stated light ship displacement of 15,662 tons,

3.3,  HOW THE SHIP SANK

On the afternoon of Sunday, 25 January, 1953, the 5.5. EMPRESS OF CANADA (Fig. 3, No. 1) was
lying in No. 1 Branch Gladstone Dock when an outbreak of fire was discovered in the passenger
accommodation, B deck. She had moved from a graving dock two days previously but her repairs were
still in progress and about 290 workmen were on board.

The fire was discovered on board at 1610, The alarm was telephoned to the fire brigade at 1617, but
at the official inquiry it transpired that smoke had been seen coming from portholes in B deck at
between 1525 and 1530, 40-45 minutes before any alarm was given. The fire brigade arrived two
minutes after the alarm at 1619 and by that time the fire had obtained a firm hold and was spreading
aft and upward with such rapidity that all that could be done was to attempt to “box’ it. The number
of fire pumps was eventually increased to thirty, supplemented by hoses from the Mersey Docks and
Harbor Board’s vessel SALVOR,

The Board’s officials arrived shortly after 1700 and immediately investigated the stability of the ship.
The officer of the day managed to recover the tank statement from the ship’s office which gave
amounts of fuel, water, and stores on board, and the estimated metacentric height {(G.M.). There was
no cargo. Although access to the ship's data and plans was not possible, fortunately a sister ship — the
EMPRESS OF FRANCE — was lying in the next berth. Using the plans and data of the EMPRESS OF
FRANCE, the G.M. obtained with the stated amounts of fuel, etc., for the EMPRESS OF CANADA
agreed with the G.M. of 3.5 feet calculated the previous day by the chief officer of the latter vessel.
This check showed that it was reasonable to use the EMPRESS OF FRANCE's data for further
calculations.
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Estimates were made of the amount of water entering the vessel through the fire hoses and the areas
where it was being applied, the quantity of water that would drain to a lower level by way of
staircases, etc., and the loss of weight due to combustion of wood paneling and fittings. On this basis it
was calculated that when the vessel reached a list of 17-18 degrees the G.M. would be less than six
inches, as the bulk of the water would be in the upper decks; there would be no righting moment left
at a list of 22 1/2 degrees. An examination of the plans showed that with a list of 17 degrees, the
portholes on D deck would be below water level, but as all these were fixed ports of 1%-inch glass and
no repairs were in progress below C deck, no leakage was anticipated.

Consideration was given to moving the vessel but there were not sufficient tugs available to tow her
with safety, and the possibility of blocking the only entrance to the North system of docks had to be
weighed.

At the commencement of the-fire the draft of the vessel was 18 feet 2 inches forward and 25 feet 2
inches aft; 21 feet 8 inches. mean. The depth of water in the berth was 48-49 feet and this level could
not be lowered as the tide was rising. This precluded any hope of successfully grounding the ship by
flooding. It was therefore decided to continue to fight the fire until the list reached 17 degrees, and
then to suspend fire fighting until the list reduced by the burning out of top weight and the reduction
in weight of water by drainage and evaporation,

As the bridge was in the fire area, a pendulum' was rigged and a scale marked on the after end of the
deckhouse on A deck aft to enable the list to be measured. A number of holes were cut with
oxyacetylene torches in the shell plating at the level of B deck to drain that deck.

The list steadily increased, and at 2035 hours it reached 17 1/2 degrees. The firemen inside the ship
were withdrawn and fire fighting was confined to cooling the upper deck where surplus water would
run overboard and to protecting the shed alongside which the vessel was lying.

Meanwhile, detailed plans of the vessel had been obtained from the Canadian Pacific Company’s head
office and these were examined by their naval architect to see if it was possible to improve the list by
counterflooding.

A pipe tunnel ran on the center-line from the boiler room forward through No. 2 and No. 3 holds to a
height of six feet above the hold overhead. From the plans it appeared practicable to flood the
starboard side of No. 3 hold, but after a short time it was found that most of this water was draining
to the port side through a cross-over pipe under the tunnel which was not shown on any of the plans.
The pumping was stopped.

The ship continued to increase her list and draft aft. At 2345 hours the list was 21 degrees and the
draft 18 feet 10 inches forward and 25 feet 10 inches aft. About 0100 hours the masts and funnels
came into contact with the dock shed and she finally sank on her side at 0138 hours on 26 January
(Fig. 3, No. 2). At the official inquiry, which was held before the vessel was salved, the probable cause
of the steady increase of list was attributable to the ingress of water through ports in D and C decks
broken by the heat and through the galley refuse chutes in C deck. When the vessel was righted
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however, it was found that the port oii fuel filling door on D deck level was open, providing an
aperture three feet by 2 feet 3 inches which would be submerged at a list of 15 degrees and this was
undoubtedly the major factor in the loss of the vessel. There was no reason for the door to be open
and the fact that it was open was unknown to anyone in authority. Also, as the door was below the
level of the quay, it could not be seen when operations were in progress. It is not normal practice for
such doors to be opened except when bunkering is in progress, and the starboard door through which
the vessel had bunkered the previous day was properly closed and watertight.

The vessel sank on her port side, her masts and funnel resting on the quay and shed, lying at an angle
of 89 degrees to the vertical. The bed of the dock consisted of sandstone overlaid with two to four
feet of soft mud; the original excavation of the rock was at a level of 22 feet below low water of
equinoctial spring tides. She was lying at an angle of 2.3 degrees to the face of the quay; the bow was
about 35 feet farther from the quay than the stem.,

3.4. METHOD OF SALVAGE

The EMPRESS OF CANADA was launched in 1928 and, in view of her age and the damage she had
sustained, it was probable that she would be a constructive total loss when salved. She was blocking a
valuable berth but it was also important in planning her removal to cause as little interference as
possible with the remainder of berths in the dock. The two alternatives were to cut her up where she
lay or to right and refloat her.

The level of the dock water could only be lowered on rare occasions, if the remaining eleven
deep-water berths were to continue in use, The greater part of the cutting would have had to be done
by divers, and even if the restrictions on the use of the dock were accepted, a third of the hull would
always be submerged. Previous experience in the removal of the remains of a small war casualty in the
docks suggested that a period of three to four years would be occupied in this method because of the
difficulties caused by lack of visibility underwater. The cost of building a dam around the vessel, to
enable her to be cut up dry, and the subsequent removal of the dam was prohibitive.

It was therefore decided to right the vessel and then refloat her. Preliminary calculations allowing for
the removal of a large part of the superstructure showed that a total righting moment of about
350,000 foot-tons would be required initially, decreasing as she turned and becoming zero at about 45
degrees. Detailed planning to provide this force proceeded,

Meanwhife work proceeded on the removal of the masts, funnels, bridge, deckhouses, lifeboats, davits
and cargo winches, each item being listed and weighed after removal. Owing to losses caused by
locking operations, the level of the dock water fluctuated over a range of ten feet, occasionally being
as low as 40 feet. Over 50 per cent of this material had to be cut away under water by divers working
under conditions of very low visibility, The low visibility was due to particles of clay, organic matter,
etc., suspended in the water, and although conditions in the enclosed docks were somewhat better
than in the river, because the heavier particles have time to settle out between tides, visibility was still
restricted to a few inches.
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NOTE: Experiments with a number of different types of underwater lighting have been carried out for
many years but even a lamp with a high-intensity mercury-vapour light source was of little use more
than 10-15 feet below the surface. :

The vessel had on board at the time of the casualty over 1,250 tons of diesel and boiler fuel oil. The
leakage from air vents, etc., from the various tanks produced a serious fire risk, and added
considerably to the difficulties-of diving; the effects of the oil rendered a diving dress useless in less
than a week. The removal of the oil from the surface of the water was made more difficult by its
admixture with floating debris, and after numerous experiments, the only satisfactory way was to
remove it with large hand scoops. To reduce the contamination of the diver's dresses, a pipe was led
from an air compressor with the open end secured to the diver’s ladder about five feet below the
surface of the water. The resulting turbulence created an oil-free area on the surface of about 10-15
feet diameter. ‘

The straight side of the vesse! extended for a jength of 230 feet amidships. Allowing for a certain
amount of cushioning by the mud overlaying the rock, a pressure of about 65 tons per square foot
would develop as the vessel rolled on her bilge. A detailed examination of the scantlings showed that
the strength of the structure in this area would be sufficient to prevent collapse of the bilge.

A detailed examination was also made of the interior of the vessel and the dock was run down at low
water to enable as much of this survey as possible to be done dry. Even so, over one-third of the
survey had to be done by divers. To assist the divers, a sectional model to a scale of 1/8 inch to 1 foot
was made. This model was constructed so that each deck could be lifted off. All steel bulkheads,
doors, etc., were built up in plywood, but wood bulkheads, fittings, and machinery were shown in
plan only on each deck. The plan was marked up as the survey proceeded. The model proved of great
value in the survey and in the subsequent work of isolating various compartments.

3.5. SOURCES OF RIGHTING MOMENT

The righting moment was obtained from a combination of four forces, one mechanical and three
static, as follows:

1. sixteen shore purchases each nominally 100 tons, pulling on wires led over tripods erected
on the starboard side;

2. eleven salvage pontoons submerged along the port deck edge;
3, six salvage pontoons partly filled with water as counterweights along the starboard bilge;
4. internal buoyancy in eight compartments in the hull.

The south quay of No. 1 Branch dock had a three-story concrete shed, the upper floors carried on
concrete pillars, the sides consisting mainly of large sliding doors. On the quayside of the shed was a
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40-foot wide apron with rail and crane tracks, and behind the shed, a service road 77 feet wide. A large
railway siding was south of the road. To enable this berth to remain in use as long as possible, the
anchorage for the purchases and seating for the winches was situated in the rail sidings about 150 feet
south of the shed. The positions of the tripods on the wreck and the anchorage of the purchases were
arranged so that the lead of the hauling wires was at right-angles to the wreck and clear of the shed
pillars, With the large door area, only one reinforced concrete panel had to be removed from the
roadside wall of the shed. The arrangement of the winches, wires, etc., is shown in Fig. 3, No. 3.

3.6. ANCHORAGE BLOCKS

Three reinforced concrete blocks were constructed to anchor the purchases and provide seating for the
sixteen steam winches, carrying four, eleven, and one winch, respectively.

The first block measured 23 feet 3 inches by 68 feet, weighing 936 tons; the second 23 feet 3 inches
by 176 feet, weighing 2,420 tons; and the third 23 feet 3 inches by 16 feet, weighing 220 tons.

In the design, a pull of 1,920 tons, or 120 tons on each purchase, was allowed. The blocks were
roughly wedge-shaped in section (Fig. 3, No. 4}, They were 12 feet deep at the rear end, six feet deep
in front, with a two-foot base step 16 feet from the front. The center of gravity was 1 foot 6 inches
off center towards the rear. The maximum ground pressure when atrest was 0.869 ton per square foot
at the rear edge, and under full load it was 0.941 ton per square foot at the front edge. The tendency
was for the block to slide about a slip circle of approximately 54 feet in radius, giving a factor of
safety of only 1.17, taking the shear of the soi! at 0.1 ton per square foot. This factor of safety could
not be increased economically by deepening the blocks, so a sheet-steel piling 30 feet longwas driven in
front of the blocks throughout; the top of the piling was secured by heavy bolts at the top of the
blocks.

The concrete blacks were constructed of eight to one mix, and laid in sections, the joints having shear
locks throughout. Each joint was suitably reinforced with old steel rails. The first lifts were laid six
feet six inches deep forming the sloping bases.

To position the winches, openings 9 feet by 6 feet 6 inches by 2 feet 3 inches deep were left on the
top of the blocks (Fig. 3, No. 5). Two old steel rails were then temporarily fixed over each opening
and leveled. The winches were lowered on to these supports with the holding-down bolts suspended
into the openings. Concrete was then laid and leveled-off two inches from the top face and the
winches were removed, leaving the bolts concreted into position. Hardwood pads were fitted and
feveled, and the winches bedded into position.

Trenches were then excavated to provide a passage for the anchorage pendants to the tunnels in the
block sloping from the roadway level to a depth of five feet at the block (Fig. 3, No. 6). Each purchase
was anchored by a nine-inch wire pendant and shackled to the rear block of the purchase. The pendant
was led through a tunnel cast in the block and secured by a six-inch diameter carbon-steel toggle pin
bearing against two steel girders cast in the rear face. An inspection passage for the rear toggle pins was
provided at the rear face, with the earth retained by light sheet-piling.
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Over 1,000 yards of railway track had to be lifted to clear the site before excavation commenced. The
surface level of the concrete blocks was arranged so that the railway tracks could be relaid across the
top of them when the site was reinstated.

3.7. WINCHES AND STEAM SUPPLY

The heaving power was provided by sixteen steam winches of nominal 12-ton pull, loaned by the
Admiralty, Royal Navy. Each winch possessed cylinders 10 1/2 inches in diameter by a 12-inch
stroke. Although the size of the main drums was not ideal, the delivery period of specially built steam
or electric driven winches was so long that the restriction on the amount of purchase wire that the
main barrels would accommodate had to be accepted.

The main steam supply was from six of the Board’s dredging craft moored on the south quay, capable
of supplying 120,000 pounds of steam per hour, at 180 pounds per square inch (Fig. 3, No. 7). It was
desirable to use these vessels for as short a period as possible. Therefore, to provide steam for all the
preliminary testing and rigging of the gear, three portable oil-fired water-tube boilers, supplying 5,000
pounds of steam per hour were positioned near the anchorage blocks in a temporary shelter. These
boilers also supplemented the steam supply from the ships during the main operation.

The steam from the oil-fired boilers of the moored vessels was led through three-inch bore flexible
copper pipes to two 12-inch bore headers placed horizontally on the quay. Each header was fitted
with twelve three-inch stop valves to receive the flexible pipes {Fig. 3, No. 8).

An eight-inch pipe rose from each header to the apron of the first floor of the shed, where they joined
into a ten-inch bore main pipe. To leave the road clear for traffic, the ten-inch pipe was laid across the
first floor of the shed. It was carried over the roadway on the south side of a temporary steel bridge. It
then dropped to about six feet above ground leve! and was faid with a slight gradient to the rear of the
blocks, where it was connected to a steam receiver of 380 cubic feet of capacity. The supply from the
portable boilers was connected to the same receiver (Fig. 3, No. 9). At the mid-length of the receiver
the steam passed through a ten-inch control valve to the sixteen winches.

When heaving, the stop valves at the winches were fully opened and the steam supply was controtled
from the main valve at the receiver to ensure that the pull of all the winches was as far as possible
balanced.

The headers, steam pipes, and receivers were lagged with two-inch magnesia sections, canvas-covered,
and finally covered with 3/8-inch “Bitulac’”’ composition. Bradford-type steam traps and hand drains
were fitted at various points in the system,

The three-inch exhaust pipes from each winch were led into a common exhaust line laid along the
north face of the blocks (Fig. 3, No. 10). To keep the steam clear of the operating area, these pipes
exhausted to air at a distance of 250 feet from the most westerly winch, This pipe was of eight-inch
bore at the eastern end and, at the fifth winch, increased to ten-inch bore, finally increasing to 12-inch
bore to the outlet. :
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3.8. PURCHASES AND HAULING WIRE

Each purchase was comprised of a pair of six sheave blocks rove with 3%-inch circumference steel-wire
rope. The rear block was shackled to a nine-inch steel-wire pendant 100 feet in length, passing through
the tunnel in the concrete anchorage and secured with a six-inch diameter toggle pin at the rear face.

The outer or moving block was shackled to a nine-inch wire pendant, 60 feet long, which in turn was
shackled to the main wire {Fig. 3, No. 11). The travel of the moving block was [imited to about 75
feet; this was governed by the maximum amount of 3%-inch wire which the barrels of the winches
could accommodate. A travel of 75 feet would produce an alteration in the angle of heel of the wreck
of about 45 degrees.

Since at this list the wreck would still require power to move her towards the upright position, the
60-foot pendants enabled the purchases to be fleeted out and reshackled to the main wire, as
necessary, during the operations.

The hauling part of the purchase wire ran from the outer block to the winch barrel: the other end was
shackled to the same block using a “Talurit’” alloy cIafnp to secure the wire around the thimble. The
use of this type of clamp instead of a conventiona! splice permitted the blocks to be brought much
closer together at the end of their travel.

The main nine-inch wires were led across the dock over the heads of the tripods and secured at the
base of the vertical leg of the tripods. The nine-inch wires were of 6 x 61 construction with a breaking
strain of 267.3 tons, similar to the wire used for lifting operations with pontoons. The 3%-inch
diameter wires were of 6 x 37 construction with a breaking strain of 43.5 tons.

The ground over which the purchase blocks traveled was carefully swept, and steel plates were laid
where necessary to obviate the risk of grit and stones being picked up by the moving wires.

Short lengths of old rail were secured at right angles to the moving blocks to prevent any tendency to
twist under load.

The distance from the heads of the tripods to the rear face of the concrete anchorage varied from 708
to 735 feet. The total length of nine-inch wire was about 11,000 feet, and 24,000 feet of 3%-inch
diameter wire were required for the purchases.

3.9. TRIPODS
Sixteen tripods were constructed on the starboard shell plating, four single and six double. Their

positions were governed by the positions of the pillars in the south shed and by the condition of the
ship’s structure {Fig. 3, No. 12).
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The positions of the tripods were as follows:
single tripods — frames 47, 85, 123, 139.
- double tripods — frames 61-63, 69-71, 77-79, 92-94, 99-101, and 130-132.

The vertical leg of No. 1 tripod was at A deck, with the remainder at the promenade deck. The tripods
were fabricated from 28-32 tons per square inch weldable mild-steel plates and sections.

The vertical leg consisted of two 8-inch x 3%-inch x 5/8-inch angles welded to the back of a 12-inch x
4inch x 4-inch x 0.40/0.60-inch channel forming an 8-inch deep trough for the wire. Each back leg
was made from two similar channels back to back, with a 12-inch separation connected at intervals by
12-inch x 12-inch x 5/8-inch plates. The curved bearing plate at the head was rolled from 1-inch plate
and the Tegs were braced with 6-inch x 4-inch x 5/8-inch angles.

The lower ends of the vertical legs extended 6 feet 6 inches below the shell over the face of the deck.
They were welded to three vertical plates one inch thick, which were in turn welded to the deck
extending fore-and-aft over five deck beams (Fig. 3, No. 13). The base of the single tripods consisted
of two fabricated girders in the form of a “V" extending over four decks and seven frames, the rear
legs connected to the base at the third deck.

Each base girder consisted of two 15-inch deep plates, 3/4 inch thick, 12 inches apart. The plates were
continuously welded to the shell plating with a 4-inch x 3/4 inch strip welded to the upper edge to
form a flange; heavy tripping brackets were fitted at each deck. To ensure that the lower edge was in
continuous contact with the shell plating, a pattern had to be made for each plate, and the plate cut to
allow for landings and the distortion caused by the fire (Fig. 3, No. 14). The double tripods had two
similar base members fitted parallel to the frames extending over four decks with similar girders at
right-angles, extending fore-and-aft over nine frames at the line of the third deck.

The nine-inch wires were led over the curved bearing plate at the apices of the tripods down between
the girders of the vertical legs. The ends of these wires were secured by six-inch diameter toggle pins
fitted in the side plates at the bases of the legs, and through the thimbles spliced in the ends of the
wires {Fig. 3, No. 15). The pins were held in place by keeper plates.

The main parts of the tripods were fabricated ashore, placed in position by floating crane and welded
in place. Fig. 3, No. 16 shows a completed single tripod. After completion each structure was tested
by reeving a temporary nine-inch wire from the anchorage over the bearing plate and down over the
bilge where it was made fast to a pontoon, The pontoon was then partially flooded to produce a load
on the wire equivalent to a horizontal pull of 150 tons at the head of the structure and deflections
were checked. The maximum depression at the heel of the rear legs was 3/8 inch. {See Fig. 3, No. 17}.
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3.10. BUOYANCY PONTOONS

Eleven Admiralty salvage pontoons, A.S.P.’s, were secured at the port side of the deck close to the
dock bottom, providing an upward buoyancy force of 880 tons. These pontoons are cylindrical in
shape, each 33 feet long by 13 feet diameter, subdivided by internal bulkheads and fitted with
connections for blowing and venting. When fully submerged and blown they have a buoyancy of 80
tons each. To take the securing wire or chains, they are fitted with a tube passing through the diameter
about 8 feet 6 inches from each end.

Five pontoons, two forward and three aft, were secured by wires passing around the hull from the port
deck edge, under the bottom, and up to the starboard side.

With the six pontoons in way of the boat deck it was not possible to pass the securing wires around
the hull. Therefore, they were secured by the bight of each wire being led through a heavy shackle in a
six-inch wire strap around the base of a Welin boat davit on the port side. The wire was then led up the
face of the deck to the starboard side.

The wires were seven inches in circumference, 6 x 81 construction, with a breaking strain of 161.2
tons. The six-inch wire strap was of 6 x 37 construction with a breaking strain of 130.3 tons.

Each pontoon was held by two 7-inch wires. The end of each wire was secured to the pontoon by a
toggle bar through the eye in the wire resting across the mouth of the chain pipe, passing down
through the pipe and thence under the wreck; or through the six-inch strap and made fast with a
carpenters stopper bearing against a specially constructed tabernacle welded to the shell plating (Fig.
3, No. 18).

Each pair of pontoons was blown or vented from a control panel on the quayside through one-inch
diameter flexible hoses, two per pontoon.

3.11. COUNTERWEIGHTS

Six A.S.P.'s were suspended on the starboard bilge (Fig. 3, No. 19}.- They were partially filled with
water to bring them to the weight of 115 tons each, a total of 690 tons, and positioned and ballasted
so that they would float clear when the vessel reached an angle of 50 degrees to the vertical.

Each pontoon was suspended by two 7-inch wire pendants (Fig. 3, No. 20}, cut and spliced to exact
lengths. The outer ends of the wires were shackled to short lengths of chain passing through the hawse
pipes of the pontoons. The inner ends were secured by six-inch pins in special tabernacles, welded to
the shell plating where they would be above water when the vessel righted.
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3.12. INTERNAL BUOYANCY

In the original planning it had been intended to obtain the internal buoyancy by building internal
bulkheads and pumping out the requisite amount of water. Following the divers’ survey and a close
examination of the condition of the decks above water, and taking into account the number of
watertight bulkheads to be constructed, and the amount of shoring of the decks that would have to be
done underwater, it was decided to attain the required buoyancy by the use of compressed air. This
would reduce the amount of underwater work; most of the necessary tasks required, to make the.
spaces airtight, were above water.

Eight separate compartments were made airtight as follows {(Fig. 3, No. 21).
No. 1, No. 1 hatch trunk, between deck and hold {frames 168-184),
No. 2, No. 2 hatch trunk, between deck and hold (frames 149-168).

No. 3, forward crew accommodation spaces in B, C, and D decks and the deck house
on A deck.

No. 4, passenger accommodation space on A, B, and C decks between frames 68 and
139,

No. 5, after promenade deck and A deck house (frames 1-23).

No. 6, No. 6 hatch trunk, between deck and hol_d (frames 31-48).

No. 7, No. 7 hatch trunk, betweén deck and hold and the steering-geaf' compartment.
No. 8, after passenger a;:commodation space on B, C, and D decks (frames 1-36).

With the water expelled to the centerline of the ship, a total buoyancy of 4,700 tons would be
obtained from these compartments at an air pressure of 6 pounds per square inch. This buoyancy in
conjunction with the other forces, provided a total righting moment only about five per cent in excess
of the original estimated required moment. In view of this small margin all spaces were made tight to a
tevel about nine feet below the centerline. This provided an extra 3,900 tons of buoyancy at a pressure
of 10 pounds per square inch.

A further advantage gained by the use of compressed air was that as the wreck altered its angle to the
vertical, air would spill and the compartments reflood in the later stages of the operation, thus
preventing the presence of excessive buoyancy when the vesse] was righted.

Compressed air was admitted to the compartments through valves bolted to the starboard side. Release
valves and individua! gauges were fitted for each compartment. The gauges were arranged so that they
could be read from the central control position.
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A large amount of work was involved in making these compartments airtight, particularly in the
sections involving accommodation. For these sections, it was necessary 10 strengthen the boundary
bulkheads, locate and seal all service piping, ventilation ducts, etc., and strengthen the deck pillars as
the decks were designed for external and not internal pressure.

The upper deck was steel originally planked with three-inch teak, practically all of which had been
burnt on the starboard side. it was necessary to cut out many thousands of the bolts which had held
the deck planking, and to plug the holes.

All openings, portholes, doors, scuppers, etc. in the starboard side were closed with welded plates
throughout, whether needed for the air compartments or not, in order to reduce the work needed to
seal the hull before the final refloating.

3.13. COMPRESSED AIR SUPPLY

In addition to the compressed air required for the pontoons and the eight compartments, compressed
air was used to minimize the suction between the mud and the ship's port side in the initial movement,

To introduce this air, the divers shot a number of “Temple Cox" air bolts through the port shell
plating from inside the ship at D and E deck levels, each bolt being individually supplied by a 3/4-inch
hose from the quay. In addition, a number of open-ended 3/4-inch air hoses were placed by diver
between the shell plating and the bottom. This was achieved by attaching the open end of the hose to
a semi-flexible sectional drain rod, which was pushed from the deck edge under the ship to the
required distance by a diver sitting on the dock bottom,

To supply the compressed air, a five-inch bore pipe was laid on the first-floor apron of the dock shed,
with 2%-inch connections to the pontoon control panels. Individual connections operated from apron
level to the eight buoyancy compartments and connections were made to the anti-suction fittings (Fig.
3, No. 22).

The compressed air main was supplied from a battery of 14 portable compressors in the shed.
Additional connections were made at the west end to the compressors on the two salvage vessels in
case a larger supply was required if undue leakage occurred.

All air pipes from the quay to the wreck were of sufficient length to allow the wreck to right without
breaking the air supply. The excess pipe was coiled on the quay and secured with light twine stops.

3.14. CALCULATIONS

A fully detailed schedule of all items of weight removed was prepared and the position of each item
relative to the vertical and longitudinal center of gravity was measured from the plans. Similar
schedules were prepared for amounts of wood bulikheads, paneling, furnishings, etc., burnt, and stores
burnt or removed. These schedules covered several hundred items.
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Schedules were also prepared for weights added by the construction of the tripods, and shoring and
stiffening of bulkheads, amounting to 350 tons of steel. The tripods accounting for 270 tons of this

total.

Allowances were made for mud settled inside the ship based on divers’ measurements in various spaces,
and for trapped water. Allowances were made for the reduction in weight of structure and fittings
below water level in the capsized position.

The summary of these figures is given in Table 3, No. 1. The accepted values were:

Weight of wreck 14,500 tons
Center of gravity above keel = 33, feet
Longitudinal center of gravity 21.1 feet abaft center

The wreck lay at an angle of 89 degrees to the vertical, and the turning point was assumed to be
initially at the point on the shell where the flat side joined the curved bilge plate. The lever about the
turning point in this condition was 22.7 feet, giving an initial upsetting moment of 329,150 foot-tons.
(See Table 3, No. 2). '

The upsetting moment and the righting moment from each of the righting sources was calculated for
each ten degrees up to 40 degrees from the vertical. When the vessel had a righting moment of 97,150
foot-tons, the upsetting moment would become zero at 50 degrees. The results of the calculations are
shown in Table 3, No. 3 and plotted in a graph in Fig. 3, No. 23.

It was appreciated that as the wreck rolled on her bilge the soft mud overlaying the rock would be
squeezed in front of the curved plating. This mud had an average depth of five feet and it would have
been possible to dredge it away, but it was decided to leave it as a cushion to retard the movement
caused by the ship’s own weight from about 45 degrees inclination onwards. This would minimize the
risk of damage to the bottom shell plating which would have complicated the subsequent refloating
operations.

The center of the tripod pull was 14.5 feet abaft the longitudinal center of the ship, and therefore 6.6
feet forward of the longitudinal center of gravity, thus giving a moment tending to twist the wreck
horizontally. The pressure on the port shell plating in contact with the ground was estimated to be 0.8
ton per square foot which appeared to be a reasonable ground pressure to resist twisting or sliding on
the initial pull. As an additional precaution, three wires four inches in circumference were secured at
each end of the vessel about 180 feet each side of the center length at the deck level on the starboard
shell plating. These wires were then passed around the hull under the ship. They were secured to
bollards on the quay side.

The south quay was occupied on 10 February 1954, and the rigging of the wires across the dock
commenced. The weight pontoons were previously placed in position by floating crane. Fig. 3, No. 24
shows the lead of wires and positions of pontoons.
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All work on the wreck, including the testing of the air compartments and the placing of the buoyancy
pontoons, was completed by the end of February.

The buoyancy pontoons were sunk into position, secured, and blown to full buoyancy to test the
fastenings and stretch the wires. They were then vented and the securing wires were retightened and
finally secured. All winches were tested under steam for an extended run, and bearings adjusted where

required.

The six vessels supplying steam were brought into position 48 hours in advance of the operation, and
all piping and connections tested under pressure.

The main control position was situated on the first floor of the shed on the north quay and connected
by temporary telephones with subsidiary operational positions. The telephones were supplemented
with portable high frequency radio equipment. From this position all the tripod wires could be sighted
and the gauges on the air compartments read with binoculars.

A large pendulum with a scale graduated in degrees was erected on the starboard side forward of No. 1
tripod and observed from the east quay. From this point readings were telephoned to the central
control {Fig. 3, No. 25).

To ensure simultaneous action by the individual winch operators, a revolving order board was erected
on the south side of the south shed, in a position clearly visible from all the winches. Orders such as
“Brakes off"” were painted in letters two feet high and operated on telephoned instructions from the
officer-in-charge at the main stop-valve.

The operation was timed for 1230 hours on 6 March 1954, By 0800 hours all air compartments were
blown to 6 pounds per square inch and the pontoons blown to full buoyancy., The winches were
declutched, and the main drums held on the brakes and run light to ensure that they were properly
warmed through and all water was cleared from the steam lines (Fig'. 3, No. 26).

Operating personnel were closed up at their various positions and checked. Emergency parties of
fitters, burners, etc., with their equipment were sited at suitable points and the fire brigade and first
aid detachments were in attendance. '

The order to start heaving was given at 1235 hours. The wreck commenced to turn as soon as the wires
tightened. She continued to turn steadily (Fig. 3, No. 27}, reaching an angle of 45 degrees in 14
minutes at 1249 hours. At this time heaving on the wreck had to be stopped because the purchase
blocks had come together. '

No. 7 purchase was overhauled, the nine-inch pendant unshackled and the outer hlock connected to
the main wire. Heaving with this one wire recommenced at 1315 hours. The wreck started to roll
again, with a pull of about 80 tons, finally coming to rest at nine degrees from the vertical at 1347
hours (Fig. 3, No. 28).
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The six buoyancy pontoons amidships had now been lifted out of the water, and as their weight was
opposing the righting force, they were released. The pontoons weighed 42.5 tons each.

The vessel was resting on the bank of mud squeezed towards her starboard side, and this amount of list
was considered large for the refloating apparatus. As soon as the hauling wires were removed a grab
dredger removed the mud from alongside the starboard bilge. Two pontoons were then moored under
the tripods, and each was secured by four S-inch wires to the tripod heads. By flooding the tanks of
the pontoons a weight of 800 tons was applied and the list reduced to 5% degrees, A pontoon is shown
in position under the tripods in Fig. 3, No. 29.

3.16 REFLOATING

" The refloating problem was to bring the ship afloat in a stable condition and at a draft and trim
convenient for drydocking. The level of the bottom towards the center of the dock is 23 feet below
datum, and the level of the keel resting on the mud was 21 feet below datum, the datum being the
mean level of equinoctial spring tides. The calculated draft of the ship after removal of mud and debris
in the upper decks and with all tanks full was 21 feet 9 inches.

The range of a spring tide falling to datum level at fow water would be 31 feet; the elapsed time from
low water to high water, only 5% hours. Over the low water period the level of water in the dock
would be at or below 21 feet 9 inches for only one hour hecause there was no means of retarding the
entry of the rising tide. It was not paossible to pump out the ship and ensure the removal of all loose
water in the time available, and there would have been a serious risk of the ship capsizing again.

The method adopted was to ballast the ship to a refloating draft of about 44 feet. This would give a
period of six to seven days during neap tides when the dock water-level could be maintained at that
height. Ample time would be gained for correcting list and trim before drydocking, without the risk of
capsizing, as the ship need not be more than one foot clear of the dock bottom.

A weight of 298,000 tons of ballast would be required in the ship to bring her to the required draft.
Solid ballast would have had to be discharged before the vessel could be drydocked. This would have
been a long and costly operation, but by ballasting with water these difficulties would be removed.

The plan adopted was to keep the lower holds and E deck flooded to the lower side of D deck (Fig. 3,
No. 30), with the engineroom and boiler room flooded at the same level. By keeping the water level
two feet above D deck in the hatch trunks and sealing off the whole of D deck, the calculated
metacentric height was eight feet, giving a reasonable margin for eventualities. The only large area of
free surface was in the engine and boiler spaces.

With the water level in the ship up to D deck, the weight of water would be 24,900 tons, giving a mean
draft of 41 feet 8 inches and a trim of 9 feet 6 inches by the head. This unbalance was due to the sheer
of D deck, the main deck. The height of this deck above the water level was 28 feet 3 inches
amidships, 37 feet 6 inches at the forward end of No. 1 hold, and 32 feet 3 inches at the after end of
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the after hold. To correct the trim and to counteract the anticipated list to port, 2,000 tons of washed
gravel were to be placed in B and C decks on the starboard side aft to give a draft of about 43 feet 6
inches on an even keel.

The first operation was to seal all the openings, portholes, doors, scuppers, etc., on the port side, as all
openings on D deck and a large number on C deck would be submerged at a draft of 43 feet 6 inches.
To reduce the amount of diving work, the dock was run down to low water level for two tides, and
blanks were welded over 184 portholes, Two shell doors in C deck and the oil fuel filling door in D
deck were also welded.

The dock water level was liable to fluctuate in normal operation by as much as ten feet, and a fall of
ten feet would cause an additional 11,000 tons of water to be retained in the ship. To permit rapid
equalizing of the interior and exterior waterlevels, eleven 14-inch sluice valves were fitted in C deck
controlled by rod gearing extending up to A deck.

The amount of mud and debris was considerable, and over 3,000 tons were discharged by hand into
barges for dumping at sea. This work was rendered more difficult by the presence of quantities of oil.

The upper decks to B deck were above water level for the greater part of the time but work on the
lower decks, including the sealing of D deck, had to be done compartment by compartment to avoid
the wreck becoming too buoyant. Fig. 3, No. 31, Fig. 3, No. 32 and Fig. 3, No. 33 give an idea of
conditions inside the vessel.

D deck was the main deck for classification purposes and was therefore a watertight deck. The spaces
in the deck at the ship’s side around the frames had been sealed with cement chocks, and a large
number were broken and loose as a result of the fire. This deck would have to withstand a water
pressure from the underside of up to 4-5 pounds per square inch. Since it was essential that there
should be no leakage into D deck, it was necessary to weld fitted plates around each frame after
clearing the loose concrete. This work had been completed along the starboard deck edge while the
ship was on her side, but the whole of the welding on the port side had to be done in sections by
pumping out the compartment, cleaning, and welding. <

The tripods were left in position and four empty pontoons were placed on the tripods for the initial
refloating attempt. The width of the entrance to the Gladstone graving dock was sufficient to enable
the ship to enter with the tripods in position.

A pendulum 18 feet in length, terminating in a heavy plumb-bob with a pointer, was placed in what
had been one of the public rooms on the promenade deck amidships. The deck was marked out so that
list and trim could be read directly. This central control position was linked by temporary telephones
to the various pumping stations.

The initial trial was made on 23 June but it was found that there was an excess of weight to starboard.
The pontoons were lifted off, the tripod legs burnt through, and the tripods removed.
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On 27 June, seventeen months after she sank, the ship was refloated with a list of two degrees to port
and trimmed two feet by the stern. With the removal of 200 tons of the shingle ballast, and
adjustment of water levels, she was brought to an even keel on a draft of 42 feet 1 inch with a list of
one degree to port,

In the early hours of 1 July she was towed to the graving dock and landed on the blocks (Fig. 3, No.
34}. Her displacment in this condition was 40,250 tons. To avoid excessive pressure on the keel and
bilge blocks, the water in the graving dock was pumped down to 27 feet over the blocks and then
lowered concurrently with the water being pumped out of the holds and engine and boiler rooms.

The examination of the hull showed that the only damage caused in the righting had been to the port
bilge keel; 60 feet of the keel had been torn off and the remainder bent back flat against the shell
plating. The vessel was sold to shipbrokers, and after removal of the propellers and various other work
to prepare her for towage overseas, she left the port on 1 September, 1954 (Fig. 3, No. 35).
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4, USNS MISSION SAN FRANCISCO

4.1. BRIEF

The USNS MISSION SAN FRANCISCO sank, partially blocking a major North American waterway,
the Delaware River: if not removed quickly the wreck would have caused economic disaster for the
industries dependent on the waterway commerce. The wreck was successfully removed after several
major setbacks, in a lengthy operation involiving the use of explosives to cut her down into manageable
sections, easily retrieved and transported from the wreck site.

4.2, DESCRIPTION OF THE SHIP

The USNS MISSION SAN FRANCISCO {T-A0-123) was a T-2 class, turbo-electric powered tanker.
The ship’s characteristics were:

Displacement 5,738 tons {light)
Displacement 22,300 tons (full load)
Dimensions:

Length - B23.5 feet (0a)

Beam 68 feet

Depth 30.8 feet (max.)

4.3, HOW THE SHIP SANK

The MISSION SAN FRANCISCO and the SS ELNA II collided mid-channel in the Delaware River
shortly after midnight of 7 March 1957, four miles below the Delaware Memorial Bridge. The weather
was soupy, visibility was poor and MISSION SAN FRANCISCO was light, but not completely free of
gas. The point of collision occurred at the tanker’s bridge structure, starboard side, and was followed
by violent explosions in the cargo tanks forward and aft.

After the collision the tanker was carried across the channel where her bow grounded in shallow water
outside the west edge of the channel. She sank in 45 feet of water, channe! depth, resting across the
channel at a B0 degree angle. In this position the wreck blocked 375 feet of the 800 foot channel.

4.4. CONDITION OF THE WRECK

Because of the apparent magnitude of the job and the difficulties involved, Merritt-Chapman and Scott
were contracted for the salvage work. The salvage vessel CURB arrived on 19 March 1957, and an
examination by divers and salvage personnel ensued.
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The bow section was flooded, however the stern section, housing the machinery spaces, was still-
buoyant. The forward engineroom bulkhead; at frame 46, held against the sea with only minor

leakage.

The after cargo pump room, frames 46-47, had burned out and was open to the sea, and the starboard
bunker fuel tank was open to the sea below the waterline. This tank had burned and caused severe
warping in plates and frames as far aft as its after extremity, frame 33. A severe fire had also occurred
in the forward starboard end of the engineroom as a result of the starboard fuel tank burning out. All
the main transformers and switchboards located in the area were burned out, but otherwise there was
no major damage to machinery. The water eventually rose to a point approximately three-quarters up
the main motor and covered all lower level pumps. The main propulsion generator, two ship service
generators, and miscellaneous other machinery in the engineroom were not damaged. Except for
bricks fallen out of the boilers, there was essentially no damage in the fireroom. The port bunker fuel
tank did not burn or explode but was holed near the bottom. It was eventually used to control
buoyancy by applying air pressure to it via the tank’s top fittings. Fire had also burned out most of
the crew staterooms on the main deck, and a few on the 01 deck. The worst damage from heat
buckling was forward all the way athwartship, at frame 46, and on the starboard side aft to
approximately frame 25, over the engineroom’s electrical equipment which had burned.

Considerable wreckage had settled in the channel from the explosion. While early salvage operations
were conducted on the MISSION SAN FRANCISCO, the U.S. Army Corps of Engineers conducted
cleanup operations in the eastern half of the channel, which was soon open to traffic.

The SS ELNA II did not sink as a result of the collision, but drifted clear, grounded west of the
channel downstream, and was subsequently floated free and towed away.

45. CLEARANCE METHODS

Initial efforts were concerned with the salvage of equipment from the bow section, dewatering, and
making the stern section watertight. The heavy lift derrick, MONARCH, was used to bring up cargo
and transfer salvage equipment. On 1 April MONARCH unsuccessfully attempted to hoist the bridge
structure off the wreck.

By mid-April, divers' examinations established that the bow section could not be salved as a unit.
The dewatered stern section rose and fell with the tide, apparently still connected to the remainder of
the ship by plating or the keel beam, A stability study was made of the stern section and it was
decided to cut it free and float it. The plan was to cut the steel plates by using a heavy chain sling and
two cranes on either side of the wreck, working saw-like, up and down. Two-hundred tons of pig iron
were placed in the bilge of the forward section of the engineroom, and cribbed in as low and as far
forward as possible. ‘

On 27 May, just after the ballast was placed and prior to the completion of the cutting sling, the
problem was uniquely solved. At 2300, in soupy weather, the SS COSMIC, inbound up the Delaware,
struck the stern section of the MISSION SAN FRANCISCO.
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The stern.broke free and floated upriver, grounding west of the channel directly off Newcastle,
Delaware. .Fortunately, the collision occurred after the ballast had been placed.

After the second collision, the salvage operation was simplified to two sub-operations; maintenance for
eventual sale of the stern section, and salvage of the remainder of the ship in order to clear the
channel.

4.6. SALVAGE OF THE STERN SECTION

Only minor damage occurred to the stern section in the second collision. Damage included holes in the
skin of the ship, high and aft in the after peak tank; torn and holed plates aft on the steering
engineroom; rudder palm blots sheered and the rudder hanging and wedged against a blade of the
propeller, which as a consequence was bent.

The holes in the after peak tank were quickly patched with concrete, and an athwartship steel
bulkhead was constructed in the steering engineroom aft of the rudder post. No work was necessary
- on the rudder. A diver's inspection of the stern section near the break revealed no downward
projections. Examination of the forward portion of the stern section disclosed that there was an apron
of bottom plating about 50 feet forward of frame 46 on the post side. This apron was an irregular
diagonal, tending aft and to starboard, and terminating just forward of frame 46 on the starboard side
plating. After the collision, the stern section was retrieved by the CURB. The section, heavy by its
“how", was towed to Philadelphia Naval Shipyard. To obtain maximum control of the list and trim
for towing, a cofferdam was built on the starboard deep fuel tank, and a six-inch electric submersible
salvage pump was semi-permanently installed. Air lines were rigged and maintained in the port deep
tank. A portable generator, portable air compressor, and a volume tank were installed and kept on
board.

By pumping the starboard deep tank, and putting air on the port deep tank, the stern section could be
easily controlled. On an even keel the stern’s draft was 29.5 feet. The tow was completed 1 June 1957.

4.7. CHANNEL CLEARANCE

On 19 April the salvors began to recover scrap from the river bottom. The pieces of wreckage thrown
clear by the explosions had to be removed so two-way traffic could be re-established. To accomplish
this digging and pickup work, the derrick COMMERCE was rigged with a 17-ton three-section orange
peel bucket.

On 7 July the actual salvage operations were begun. Using a four anchor moor the derrick barge was
placed over the forward end of the wreck and began the search and pickup on the wreckage. The
orange peel bucket, with a span when opened of 16 feet, was lowered to the bottom, closed and
hoisted, bringing steel and/or mud with it to the surface. No diving was attempted because of the
heavy tidal current, short periods of slack water, zero visibility, and the dangerous scraps of steel on
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the river bottom. All searching was blind, accomplished either by sounding, dragging or random search
with the bucket. The salved steel was lowered onto the derrick deck and subsequently transferred to
Navy YCs. Pieces retrieved in this manner ranged from a few pounds to 30 tons,

In order to cut the steel hulk on the bottom, blasting charges were made by tying dynamite sticks,
90% gelatine, to a manila line and snaking the charge over the hulk, again working blind from a small
boat on the surface. Later in the operation these charges were replaced by Navy demolition explosives.

Initially individual charges of only 180 pounds were used because of the close proximity of the
Delaware Memorial Bridge and the smokestacks from arefinery, both less than five miles away. After
inspection these structures showed no signs of effect from the explosives. The original accident
explosion caused a tremendous shock, which though felt for many miles, apparently did no damage to
the bridge and surrounding installations; this factor supported the use of heavy explosives on the job.
The charges were eventually raised to 400 pounds of dynamite each. When the Navy demolition
charges were substituted, 500 pounds of dynamite equivalent were used,

On 24 September the Army Engineers conducted a detailed echo sounding and prepared a chart to
permit the analysis of the effectiveness of the work as far as it had progressed.

Maving started from tank No. 9 area and working forward, the derrick reached tanks No. 4 and 5 when
the work was halted for the winter period on 24 December 1957.

48. NEWPLANS

No salvage work was possible during the winter months, so during this time consideration was given to
the various means of removing the bow section, which was relatively intact and somewhat west and
outside the edge of the channel,

Floating the bow was not feasible because of the list, accumulation of silt, and attachment of the
bottom plates and structure aft.

Since the bow section was still intact, it could be employed to the salvors’ advantage in another
approach. Using the divers inside and on the deck to strategically place large explosive cutting charges,
would be more efficient and quicker than the random search method and snake charges used
previously. A detailed study of the ship’s bow structure was made from plans, and a cutting plan was
prepared and presented to the contractor on 27 March.

The plan called for the use of two large charges, placed inside the hulk by divers, to cut the bow
horizontally at the second deck level and vertically at the forward pump room. The steel sections
could then be lifted out. Before the plan could be agreed upon, a diver examination of the bow had to
be made to check its feasibility. The major deterrent was the strong tidal current over the wreck and
the impracticality of conducting diving operations for periods longer than an hour at slack water.
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On 10 and 12 April the examination was made. The bow had a port list of about 25 degrees with the
port side deck edge 28 feet underwater; the starboard side at the after end of the forecastle head deck
was at surface during low water. The cargo hatch was closed and the depth from the port side deck
edge to the mud line was 29 feet. The tidal current was so strong that diving was extremely
hazardous and entry into the hull was not attempted.

On 16 April it was decided that the extensive diving necessary to place the required charges could not
be done safely unless a cofferdam-like trunk were fitted to the cargo hatch in order to get inside the

wreck. In view of the bow’s list, which produced structural problems,and the current, this was not
considered a-good plan. As long as the bow remained reasonably intact, the divers would be used to
place and sandbag the deck charges. T o

A series of crisscrossing charges on the forecastle deck, and a large charge on the forecastle bulkhead,
main deck junction, were planned. Larger charges than were used the previous year, about 500 pounds
dynamite equivalent, were agreed upon. The possibility of transmission of the shocks to the nearby
Delaware Memorial Bridge or the refinery was a problem, so the bridge test borings were checked. The
test borings were made to about 180 feet, with random 250 foot bores; no rock was reported. As a
result, charges as large as 1000 pounds TNT equivalent were considered safe in regard to shock
hazards, and this was later confirmed by actual charge detonation.

In planning any phase of the salvage operation it was important to know as much about the wreck's
position as possible. The Army Corps of Engineers devised an effective method of doing this. First
they set up target ranges ashore; then laid the wreck area out as a grid chart. By this means, and the
use of a sextant angle, the derrick was effectively spotted over the wreck area high spots. As a result
the work was substantially hastened, and it is recommended that this method be adopted in similar
clearance tasks in the future,

49. OPERATIONS

On 21 April 1958, work on the removal of the bow’s stern section recommenced; using two divers
working from a launch. For each cutting charge divers placed a manila line along the intended cut line,
secured the line with partially filled sandbags and then laid the explosive charge, made up as a snake
line, and sandbagged it down, Except for two exploratory dives all work entailed the use of two divers
on the bottom; one laying the charge or sandbags and the other passing gear from the downline, A
total of 38 dives were made during 21 April to 9 May, working a seven day week. A total of ten
cutting charges were laid; nine of them were deck charges and varied in weight from 270 to 523
pounds, mixed C-4 and tetrytol. The tenth charge was 840 pounds tetrytol at the deck and bulkhead
on the after end of the forecastle.

Foul weather prevented the derrick, COMMERCE, from commencing. work until 9 May. As the
channel was open to navigation 200 feet west of the centerline, the derrick had to moor to the west of
the wreck, coming over the bow in an easterly direction. The diver-placed charges proved very
effective, and the derrick was able to retrieve large pieces of the bow. The work of sounding, placing
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charges from the surface, and picking up the pieces of steel progressed rapidly and by 4 June the bow .
had been cleared. On 9 and 10 September, sweeps were made over the wreck area which indicated the
job was complete. A tota! of 738 long tons of scrap were recovered.

4.10. DEMOLITION METHODS

in general, cutting-charges.were made up in snakes of varying lengths up to 80 feet by marrying the
TNT or C-4 blocks to a manila line and using a primacord trunk line, The blocks were butted
end-to-end; and-in"those instances where both™ TNT ‘and C-4 were used, the two types were aiternated.
The Mk-14, 55-pound blocks were used as pounding charges on particularly obstinate high spots and

on the bow. In"a few -instances full ‘cases of C-4 were Used as pounding charges.” Asupply“of Mk-8""
explosive hoses was available, but none was used as they were too stiff to drape over the jagged
wreckage.

A total of 86 charges were placed during the period of 24 April to 4 September. Five misfires were
experienced, attributable to “blowouts” on the primacord and in one instance to a cap misfire. In all
cases the charges were either refired, or a second overlapping charge was placed, and the first fired
sympathetically,

Table 4, No. 1 provides a breakdown of the explosives expended.
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b, VASA
5.1 BRIEF

On her maiden voyage in 1628, the Swedish man-of-war VASA capsized and sank in Stockholm
Harbor. She was built top heavy with little apparent regard to her stability. Three hundred and
thirty-three years later with the aid of modern salvage technology and techniques, she was relocated,
raised and preserved. The lifting process and dewatering was complicated by the concurrent
archeological excavations of the ship. This included the preservation of her wooden hull and all
salvable artifacts, and the imposition of a time table as a result of the tremendous public interest
aroused by the discovery and salvage operations. As the oldest identifiable ship ever salved she has
proven to be invaluable as a source of information on the maritime history of that period.

5.2. DESCRIPTION OF THE SHIP

The VASA was a 64-gun Swedish man-of-war, built in 1628. She was carvel-built of black oak with
sides 13 inches thick. She was about 200 feet long, 38 feet in breadth and displaced 1300 tons. To give
an idea of her bulk, the VASA’s foremast had been 80 feet long and 30 inches in diameter at deck
level. When fully rigged she would have carried approximately 13,000 square feet of sail. She was
designed for 437 crew members; three officers, 12 petty officers, 12 artisans, 90 seamen, 20 gunners
and 300 soldiers. She was lavishly decorated with wooden carvings and figureheads, and ornately
painted; a ship fit for a king. (See reconstructed drawing of VASA, Fig. 5, No. 1.}

5.3. HOW THE SHIP SANK

In the spring of 1628 the King of Sweden’s latest and grandest war fleet addition, the man-of-war NY
WASSAN as she was originally known, lay at moor awaiting her maiden voyage,

She was very large by the standards of her time and very ornately decorated. Many dignitaries, both
civilian and military, had been invited aboard with their families, and along with the crew were to
enjoy this first brief cruise. ¥.ASA left her berth just below the royal palace. After being warped up
against the light southwesterly wind until she was south enough to have a clear course through the
inlet to Stockholm, the topsails and mizzen were stretched. She moved ahead under sail and the
two-gun parting salute was fired as the light wind pushed her very slowly. She had traveled about a
half mile when she caught a stronger gust of wind, and those on shore saw her heel over sharply. The
VASA righted herself and cast loose the topsail sheets. Another gust of wind sent her heeling over
again. The list increased further and further until water started rushing into her gun ports. With flags
flying and sails set, she went to the bottom of the harbor in some 17% fathoms of water, taking b0 of
her crew with her.
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54. EARLY SALVAGE METHODS

A court of inquiry was set up immediately but was unable to come to any conclusions as to why the
ship sank, except that she had seemed by most accounts to be top heavy and her design hinted at
initial instability.

The loss of the VASA was critical from an economic as well as a militaristic standpoint for the Swedes,
and the King was anxious to recover the ship somehow. News of the catastrophe traveled fast and
within three days an English salvor was granted a salvage patent, the first in the history of Sweden. His
reports indicated that she was lying in about 108 feet of water, without a list. The efforts of this first
salvage team were concentrated on trying to raise her using grapnels and hooks attached by lines to
windlasses, which would drag her up; the attempts were unsuccessful. In every case the cables broke,
or sufficient power was not available.

Attempts continued with varying degrees of failure for the next 36 years, mostly by profiteers who
were after her marketable cargo and fittings.

In 1663 a new salvage expert appeared on the scene, Andreas Peckell and his partner Albrecht \'lon,
Treileben, They were especially interested in VASA’s guns which were of value, though they had not
abandoned altogether the hope of raising her. The plan was to salvage the guns first, and then try to
remove the ballast, which they thought would lighten her enough so that the rest of the task of raising
her would be easy. To get at the second layer of guns they had to tear off the main deck beams, which
they surprisingly were able to accomplish. They were aided by a new invention, the diving bell. The
bell was made of lead, about four feet high and shaped somewhat like a church bell. A diver stood on a
platform about 1% feet down under the bell. He breathed the air which had become entrapped in the
topmost portion of the bell as it submerged and the water and pressure equalized. In addition to this
supply there was a special air supply in a barrel which had a piece of piping leading to the inside of the
bell. {See Fig. 5, No. 2.) In this manner the diver could stay down for 20-25 minutes. There were no
lights and the water in the harbor was so muddy the work was done in almost total darkness. The diver
had only the protection of leather clothing in the icy water. His movements were restricted by the
awkward position and lack of space, as was the kind and number of instruments he could use in the
bell. Despite all this, Treileben and PeckeH and their crew were able to recover over 50 guns which
were sold all over Europe. In 1665 their venture ended, all serious work stopped on VASA, and she
was forgotten until 1920,

5.5. RENEWED INTEREST

In 1920 a Swedish historian published some records he had found concerning the VASA and her fate;
they attracted little attention, However, the report was read by Anders Franzén, a marine archeologist,
and it drew his attention. He had worked for the Museum of Maritime History for many years,
locating and investigating wrecks of interest in the Baltic sea. The Baltic Sea was the scene of much
maritime commerce and many sea battles in European history and is full of wrecks. Its brackish water
is the only place in the world that will not support marine borers, especially the shipworm, Teredo
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navalis, to which so much damage to old wooden ships has been attributed. Franzen studied historical
documents and old maritime reports trying to discover a lead to where the VASA4 was sunk, as
knowledge of her position had been lost in the many years she had been forgotten. For four years he
researched and made special charts and maps, trying to pinpoint her exact location. In 19586, by a
process of elimination, he had finally narrowed down the area to a large hump on the bottom, just
outside a well-used dock in Stockholm Harbor. After several dragging attempts in this area, he
managed with a special core sampler to bring up a small plug of blackened oak from the spot. It was
" not very conclusive evidence, but it was enough to warrant further testing and investigation. Divers
were sent down to the hump and discovered VASA lying almost covered with some 300 years of mud

and harbor refuse.
At this time, 1957, the following was known about the VASA:

1. VASA was built of black oak and in all probability the more important parts of her hull were still
intact.

2. She was a royal ship and had sunk on her maiden voyage in 1628 with all her equipment.
3. She had gone down very quickly, quite undamaged.

4. She was on an even keel in firm clay.

5. She seemed to have been well preserved by layers of mud.

6. She had never been exposed to the deteriorating effects of ice pressure, swell, vegetable or animal
iife, short wave light rays or free oxygen.

7. She had been armed with 48 24-pound guns of bronze, which would not corrode,

8. She lay close to the naval dockyard, whose considerable resources could be used on her
independently of wind and weather. '

9. She could be identified with absolute certainty.

10. In all probability she was the oldest ship found so far in such good condition, that could be dated
and identified. She would prove invaluable, if she could be raised, for gathering information about
the maritime history of that period.

5.6. PRELIMINARY INVESTIGATIONS
A special VASA committee was set up in February 1957 in order to examine the technical and

financial aspects of salving the ship. No one had, at that time, even the vaguest assurance that the task
was possible. First VASA had to be examined and measured, as there was no information available on
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the ship at all. The examination proved to be difficult. The depth of water over the VASA’s keel was
just over 118 feet, 94 to 98 feet of water on the port side and 100 to 104 feet of water on the
starboard side. The bottom of the harbor was firm clay covered with a layer of mud and slime six to
ten feet deep. There was debris and garbage in the area from the harbor business. Visibility was very
poor as no light could penetrate the muddy waters below 16-22 feet; every time a diver moved, great
clouds of mud were stirred up. Divers were limited to one half hour’s work underwater at a time. No
one during the salvage saw V4S54 in her entirety until she was drydocked in 1961.

As all operations underwater had to be carried out blind, a true picture of the ship was impaossible. It
was evident that some means of measurement and observation was needed, This was done by divers
afixing markers on the wreck; plastic cords were used to mark the hull off in meters from the bow to
the stern along both rails. The process of marking and measuring took one whole month.

The next step was to examine all of VASA’s beams. The success of raising the ship rested on the
strength and solidity of the original cak beams. The beams also had to be marked to ensure each was
examined and accounted for; this was done by painting very large numbers on them, The gun ports
were counted next; divers found 12 on either battery and two ports in the lower battery stern. The
salvors had intended to examine the interior of the ship also, however, large quantities of mud and
debris had to be pumped off the main decks in order to do this. They found the interior so choked
with mud that an inspection was impossible. It was August before all these tasks could be
accomplished, and the committee then published the first known facts and tentative sketches of the
VASA. According to their calculations she was about 162 feet long; the largest deck beams were 26
feet between rail posts, the sides bulged an additional six feet, and the rail thickness added even more;
she totaled 39 feet in breadth at her widest part. On the basis of these measurements her displacement
was estimated at some 1,300 tons. ‘ '

From diver investigations it was known that ¥ASA was in good condition, but she had been put
together with iron bindings and hinges as well as wooden nails, The iron had long since disintegrated
and it was not known the number or location of the areas which had these iron fastenings, so the salvors
could not guess how much their loss had affected ¥ASA’s strength.

The questions still to be answered before a salvage attempt could be conceived were numerous. Would
VASA stand up to the strain of being lifted? Would the lift wires squeeze her hull in or cut her to
pieces. Would she come free of the clay she was embedded in? Would it be better to disassemble her
and reassemble her after she had been brought up?

Opinions and information were gathered from all quarters. The Institute of Timber Research made
tests proving that the oak would still withstand considerable strain to horizontal pressure as it should
only have lost 40% of its original strength; its ability to withstand vertical pressure was reduced to a
quarter of what it was when new. After interpreting and coordinating all information, the committee
recommended trying to raise the V454 as she lay.
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"5.7. SALVAGE METHODS

The next step was to determine a method of salvage, Suggestions ranged from using large synthetic
rubber inflatable balloons in the hull, to the conventional method of using pontoons and caissons.

The balloon method would have been very simple but calculations showed the hull would not
withstand the force of the pressure exerted from within, This plan was discarded.

The nextconsideration was to use either sunken pontoons and lift wires, or caissons. Three principle
variations were possible. The ship could be raised by large air cylinders, filled with water, then sunk
alongside the wreck, and fastened with wires and chains. Compressed air would be used to deballast the
cylinders which would rise to the surface and bring the ship up with them. |t was a one stage operation
with little control over anything which went on under the surface.

Another alternative was to use big lift pontoons. The pontoons would be ballasted down to water
level, and lift wires passed under the wreck and fastened around the pontoons so that the pull would
be distributed evenly along the wreck’s hull. Then the water would be pumped out of the pontoons
and that force would lift the ship. The whole rig, pontoons and submerged wreck, would be towed to
shallower water and the process repeated as often as necessary to move the hull into the desired depth
and position. '

The third variation of the lift method was to use hoisting gear or screw jacks to do the actual lifting.
Pontoons would be fitted with stands for the screw jacks, and have wells in the center through which
the chains would run. The chains would be shackled to attachments on wires and made taut with
powerful screw blocks. The ship would then be pumped up in one stage.

Whatever method was used, the ship had 1o be put down on the bottom when nearing the surface to
remove the pontoons. Each of the methods had disadvantages but the successive lift method using lift
wires drawn under the hull through tunnels was decided upon because it gave more rcom for control
of the hull, even though it would be difficult to find a clear safe bottom area in which to set the hull
down after each successive lift. There was a question still to be resolved with the method chosen as to
whether the first lift would clear the wreck from the hole into which she had dug herself. However,
each of the other two methods had the distinct drawback of leaving considerable overhang of the stern
and bow, and it was not known whether the hull could withstand this unsupported pressure; it could
very eastly have broken off.

5.8. TUNNELING EFFORTS

While the techniques and methods were being discussed, work on the wreck continued. Toward the
end of August 1959 an experimental tunnel was begun under VASA. Work was continually
interrupted by ship traffic as the wreck lay outside of Stockholm's largest drydock. Each time a ship
came or went the work had to be stopped and all craft cleared out of the way. In the tunneling
operation the mud had 1o be pumped off before the clay could be tackled. Many loose objects were
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unearthed and had to be carefully removed before the tunneling could continue. Divers tunneled into
mid-December when work had to be stopped for the winter, The tunnel had only advanced as far as
the keel, but the progress was sufficient to convince the salvors that the task of raising the VASA was
at least technically possible.

In mid-April work resumed on the tunnel. One man worked on either side of the ship, tunneling
toward the middle in carefully calculated paths to insure the tunnel’s connection in the middle. They
worked in total darkness with Zetterstrom nozzles and evacuation pumps, much like vacuum cleaners.
The pressure nozzles drilled out the mud and clay, and the evacuating pumps sucked it from the
tunnel through rubber hoses. Since they worked at depths over 100 feet, they had to wear
cumbersome deep sea diving rigs as a protection against the cold. They were forced to lay prone in the
tunnels with 700 tons of ship directly above them. (See Fig. 5, No. 3.}

Six narrow tunnels from one side of the ship to the other had to be made in this manner, each
approximately 80 feet long; a total of nearly 500 feet of tunnel. The lift wires would then be passed
under the keel of the wreck, through the tunnels, and attached to the pontoons, one on either side of
the ship. (Fig. 5, No 4.) Work again stopped on 16 December 1958 for the winter, By this time some
1000 descents by divers had been made since the spring of 1957. The third spring tunneling efforts
continued,

The uniqueness of this salvage operation should be discussed as it illuminates the extent of the job
undertaken. Normally a salvage team works from diagrams, charts and reports which give them enough
information to accurately judge the ship’s characteristics and peculiarities and to know how to
approach the salvage operation. Nothing was known about VASA except for what partial historical
documents revealed and the information the divers were able to contribute from their observations in
the murky water. It was impossible to examine VASA from the inside because she could not be
entered. No plans were made when she was built, and the rough estimates of her dimensions were
barely adequate. She could not be lightened very much as her stone ballast was inaccessible. No guess
could be made as to where her center of gravity was located, or even her exact weight, Everything taken
into consideration, the unknown factors tended to restrict the salvors’ efforts in that they had to make
the most conservative estimates and take the safest possible choice in every instance of the operation
at a sacrifice to time and cost, -

5.9. THELIFT

On 13 August 1959 units of the salvage fleet,.all of which had been donated, began to arrive. The
Royal Swedish Navy supplied divers, for on-the job training, for the operation, and the Neptun Salvage
Company donated the equipment and salvage craft. ODEN and FRIGG, two large pontoons with a
combined lift capacity of 2,400 tons, were to be used for the |ift. The lift wires which had been
positioned earlier, were to be taken up one by one and fixed to the pontoons to ensure even
distribution along the length of the ship. The two inch diameter |ift cables were 390 feet long, and had
the capacity to withstand a strain of as many tons. {See Fig. 5, No. 5.)
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The first lift began on 20 August. Divers made one last underwater check. The pumps began to ballast. -
down the pontoons and for an hour nothing happened. Then the port pontoon listed slightly and the -
two pontoons had to be moved closer together, In four hours the pontoons had been ballasted to a
sufficient potential lift capacity of 700 tons, roughly the weight of the FASA. A half hour later the
pumping was stopped. The pontoons should now have been able to lift her. Bubbles had started to
break the surface which was an indication that water was seeping between the wreck and the clay
bottom. Suddenly the ground lines slackened and the floats bobbed. A diver was sent down to check
and reported that ¥ASA had lifted 18-20 inches off the bottorn, Eight hours after the pumping began
the ship was out of the hole. She was moved athwart the hole and towed for 100 yards until she
touched bottom and was gently set down. This process of lifting and moving went on for 28 days and
VASA was transported 600 yards, During this time she had been turned around so that she traveled
stern first; her stern drew considerably less draft than her bow which had grounded often in moving
and dug into the soft bottom. On 16 September the first stage had been successfully completed.
VASA had come through in fine condition with only superficial scratches from the lift wires, and a
few broken bulwark posts. The next stage was given the go-ahead in view of the success thus far, but
all work had to be stopped in December for the winter months.

In May 1960 the final preparations were started. Of the many things still to be done, one was to clear
the upper battery deck which had caught 29 anchors in the course of 300 years. The anchors had
damaged the top structures to some extent; the sterncastle was gone and the afterport was demolished.
VASA also had to be made watertight and that involved building a new after-peak section the size of a
small barn, and attaching it to the ship. The hull had to be strengthened and this was done by passing
iron rods, shackled in threes, through the opposite gun ports where they were secured to the hull.
Four of these sets of rods were used along the length of the hull. The gun ports had to be closed and
made watertight. The thousands of holes left by the decomposed iron pins and bolts had to be located
and filled. These preparations continued into the winter of that year when work was again stopped. By
this time, urging from public interest and enthusiasm in the salvage operations made it necessary to
establish a time table projecting that the Y454 would be raised the week of 20-27 April 1961.

By March 1961 all the holes, some 6,000, had been patched. The most expedient plan seemed to be to
raise VASA quickly so that pumping and archeological investigation could be begun while she was still
in her wire cradle, instead of waiting until she drydocked. In order to raise her more quickly, the lift
pendants had to be moved to the side of the pontoons, enabling them to lift the ship in one operation;
she would have to be lifted up through the well between the two halves of the pontoon this way.
ODEN and FRIGG were filled and sunk over the wreck. The two inch diameter wires from the
previous lifts were attached to the pontoons. As the water was pumped out VASA was raised about 13
feet. A diver's inspection showed that sometime since the last lifting operation VASA had slipped her
wires approximately 30 feet so that the stern rested unsupported. The only possible solution was to
set her down again and have divers dredge around the stern until a new set of wires could be passed
under her. This was done with some difficulty and as an extra precaution, rubber pontoons, each
having a lift capacity of 20 tons, were fitted around the stern for more support.

At this time a bottom inspection was made to determine if V4S5S4 had been holed or sustained bottom
damage otherwise. The bottom passed inspection; the planks were very hard and the only damage was
minor scratches from the wires.
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Because hydraulic jacks were going to be used for the next lift, the old two inch wires had to be
replaced by thicker 2-3/4 inch wires coupled to jack lift chains. Work on this and the hull patching
continued,

24 Apri! was the date set for the final lift. Coupling 2-3/4 inch wires to the jack’s chains proved easy
and on 14 April, 14 manual jacks were manned, two men to each jack. Inch. by inch the VASA was
drawn up. She was down to 400 tons weight after divers had removed a lot of heavy objects from her,
including one gun, some tons of stone, several cubic yards of mud and a number of pieces of
watersoaked oak. The lift was successful and that evening VASA lay securely on the jacks with her
upper portion cnly a few feet under water.

On the day of the final lift preparations were begun at 0500. At 0900 the jacks began to haul her up,
and a few minutes later the first piece of black 17th century oak broke surface. For the duration of
the lift VASA came up at the rate of 18 inches per hour.

5.10. PUMPING PHASE

The next morning VASA and the two pontoons were towed to shallower water by two tugs. In this
location she was 13 feet off the bottom in 32 feet of water with her afterpart just touching at 39 feet.
Before the archeologists and pumping could begin, she had to be raised an additional 18 inches. As
soon as this was accomplished with the hydraulic jacks, the pumping began with transportable pumps
that had a capacity of ten tons per minute. The pumping operation was a delicate job and called for
extreme care and precision. The pumping had to be synchronized with the rate the ship rose on the
jacks: the water level inside the ship could never be aliowed to rise higher than the level outside, or
the sides would be exposed to abnormal strain from the pressure within the ship. The iron
strengthening rods would be some prevention, but having progressed this far, the salvors could not
take any risks. The pontoons had to be continually trimmed as VASA rose and her water weight
decreased, to ensure that she had plenty of support from the lift wires. Two pumping shafts had been
prepared, one forward and one aft, and into these the Flygt pumps were lowered. As preparations got
under way some 4,500 gallons of water a minute poured out of the ship. While pumping was
progressing divers were plugging small leaks and cracks in the hull. While doing this the divers
discovered an open gun port, dislodged by the lift wires, which was letting water into the ship faster
than it could be pumped out. By evening this was fixed, the holes were patched and the pumps started
to gain on the water, The next day the pumps gained more of an advantage and the ship began to rise
slowly. At the same time the archeologists were unloading the cargo and all removable artifacts. Each
piece had to be logged, photographed, cross-referenced and cleaned, and then transported carefully to
waiting preservative baths until they could be thoroughly examined and treated. Everything inside the
Shlp was clogged with mud and slime, sometimes many feet thick. The mud had to be washed out and
screened so as not to lose anything of value. The work was painstakingly slow especially since a
deadline had been set, and even the archeologists’ work had to be synchronized to the pumping and
raising. To complicate the situation, as the ship rose each new piece that becarme exposed had to be
kept wet so that the wood would not dry out too fast in the summer air and warp or split. Those areas
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which could not be kept sprinkled had to be wrapped in plastic and watered down occasionally. So
much more was involved in the salving of this old ship than most salvage jobs, that it is a wonder it was
ever completed. ‘

5.11. DRYDOCKING

The final step was to move VASA into a drydock where she would rest on a special pontoon made for
her; this pontoon would serve as her permanent bed and as the floor for the proposed VASA museum.
A bed of gravel was prepared in the large drydock for the pontoon and as soon as it was completed it
was moved into the drydock. The drydock was then flooded in readiness for FASA. However, VASA-
in her present condition was not light enough to clear the threshold of the drydock. The clearance was
31 feet, but there was an extra 13 feet to negotiate to get onto the special pontoon. VASA could not
draw more than 18 feet of water if she was going to make it onto her pontoon.

There was much more mud and slime to be removed than was anticipated so a special dredging pump
had to be brought in for the job. The pump was a model originally designed for clearing choked up
lakes, and it was able to suck eight tons of mud per minute from the ship.

The ship was lightened through pumping and cargo removal until she was able to float on her own, but
she was stil! too deep to clear the pontoon. The mud was only one factor which held her down; her
own wooden hull was waterlogged from the time at the bottom and from the water baths she had to
have to keep her from dryingout. Th is extra weight made it impossible for pumping alone to turn the
trick.

A solution was found that entailed docking her in two processes. She was first to be docked on the
drydock floor astern of the special pontoon, where she would be cleaned out until she was light
enough to be moved up on her pontoon.

Before she could be towed into drydock on 4 May her slight list was corrected using ten tons of ballast
in the starboard upper battery deck. Next she had to be turned around so that she pointed bow first
into the dock. Then at two knots she started for the drydock. Just outside, the pontoons had to be
released as they could not accompany her. This was tricky since a wire could foul on her anywhere
while the pontoons were being cut loose, and another gun port cover could be dislodged and send her
quickly to the bottom despite pumping efforts. However, she glided into the drydock with only minor
difficulties, and was safe for the moment,

Once in drydock it was easy to see why she had sunk 300 years before: the waterline was only four
feet below the lower gun ports; tall rigging and enormous superstructure made her top heavy; heavy
armament and weighty carving and ornamentation placed high, also unbalanced her. The remains of her
stern section ended almost 55 feet above her keel, and the rudder was more than 32 feet high and
probably weighed some three tons. She was very top heavy, not at all stable and quite cumbersome.

Once in drydock the excavations were continued and even though progress was made, it was evident
AS4 was not going to reac