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23 C. V. SEA WITCH-55 ESS50 BRUSSELS
COLLISION AND FIRE
NEW YORK HARBOR
& JUNE 1973

ACTION BY THE NATIONAL TRANSEORTATION SAFETY BEOARD

Thiz casualty was investigated by a U.5. Coast Guard Marine
Board of Investigation, which convened at New York City, N. ¥., on
3 June 1973, A representative of the Mational Transportation Safety
Board observed part of the proceedings. The Nationzl Transportation
Safety Board has considered only those facts in the investigative record
which are pertinent to the Safety Board's statutory responsibility to
determine the cause or probable cause of the casualty and to malke
recommendations,

SYNOPSIS

On 2 June 1973, the 85 C. V., SEA WITCH lost steering control
in Mew York harbor. The ship moved out of the channel and struck
and penetrated the anchored Belgian tankship 35 ES50 BRUSSELS,
which was loaded with crude oil. The 31,000 barrels of oil releasod
from three ruptured tanks ignited and the resulting fire enpulfed both
ships,

The master and two crewmembers died aboard the SEA WITCH.
The master and ten crewmembers of the ES50 BRUSSELS died after
abandoning ship, one crewmember died aboard ship, and one crew-
member is missing. Some nearby beaches were polluted, and damage
to the ships and cargo amounted to about $23 million,

The Mational Transportation Safety Board determines that the
probable cause was a mechanical failure in the steering system of
the SEA WITCH and the lack of adequate and timely action by the crew
te control their ship after the failure occurred. The cause of the loss
of steeving was the deficient design of the system which did not provide
"two separate and independent steering control systems" as reguired
by 46 CFR 58,25, The cause of the fire, pollution, and deaths after the
collision was that the typically designed bow of the SEA WITCIH pene-
trated the hull of the ESSO BRUSSELS instead of absorbing the crash
ENETEY.




ANALYSIS

This analysis is to be read in conjunction with the facts re-
ported in the Marine Board investigative report.

Steering Gear Reliability

To insure that steering capability will not be lost, 46 CFR
58, 25-50 requires that an alternate steering station on the after
weather deck be provided, and that "components of the alternative
steering control system shall be completely separate and independ-
ent of the pilothouse steering contrel system. " Further, 46 CFR
58.25-55 requires that as a substitute for the alternate steering
staticn, 'two separate and independent steering control systems
shall be provided for controlling the steering gear from the pilot-
house. "

The Coast Guard approved the SEA WITCH steering gear
installation as complying with this latter option. However, the two
control systems on the 3EA WITCH were separate and independent
only up to the two rotary hydraulic power units in the steering gear ‘
room. The outputs from these two units were connected by a roller
chain. From that point on, the control was 2 single channel system through
the shaiting, the connecting universals, and the differential unit.
The failure which precipitated this accident occurred in that portion
of the steering system, so the failure could not be bypassed from
the pilothouse.

In it review and approval of the SEA WITCH drawings, the
Coast Guard did not fulfill the intent of the regulation by insuring
that the contrel systems were completely "separate and independent”
up to the power units, Although the Coast Guard oificer who approved
the drawings for this steering gear testified that this represented the
most commonly approved installation, the Marine Board of Investi-
gation questicned this practice. But the Commandant's Action asserts
that the single system of linkage aft of the rotary hydraulic power
units ""meets the intent of duplicity of steering gear contrel.”

The Safety Board questions the logic of this interpretation,
The Board believes that a change in this interpretation would result
in a significant improvement in the reliability of such steering gear
installaticons which have already demonstrated their wealknesses,
The Commandant's Action rejected a change in the interpretation,




but stated that "research is being started into possible reguirements
which may include zdditional reliability factors in steering systems, ™
While such research might be desirable, this should not preclude or
delay a more rational interpretation of the existing repulation,

Responsibility for the reliability of vital machinery aboard
ship is shared by the ship operators and by the Coast Guard, In ad-
dition, the American Bureau of Shipping gathers information on the
condition of such machinery during their pericdic inspections. The
Coast Guard checks annually that the rudder can be turned to its
maximum angle port and starboard from either control station and
that the rudder angle indicator is correctly aligned. But these efforts
do not provide enough information about the reliability of the steering
equiprment.

The previcus steering failures which occurred on the SEA
WITCH and its sister ships are evidence of the low reliability of this
steering system's design, These failures were not reported to the
Coast Guard because the repair cost did not meet the minirmum
$1,500-cost eriterion eatablished by the Coast Guard. Also, the
ship owmers did neot consider 33 USC 361, which requires reporting
of material damage affecting the seaworthiness or efficiency of a
vessel, applicable, particularly when the failures cceurred in the
open ocean. But a report on the loss of steerage from failure of
any component within the system provides more important informea-
tion than does an annual operational test of the rudder.

It is irnportant te know the failure rate for this steering
system. Since most steering gear failures currently are not re-
ported to the Coast Guard, its data bank will imply a rmuch higher
reliability for those installations than actually exists. The current
criteria for reporting casualties need to be revised to require the
explicit reporting of any steering gear failure which affects or
threatens control.

SEA WITCH''s Trackline

When the SEA WITCH was about l-i- miles from the Verrazano
Bridge, the pilot changed course left from 167° True to 158° True,
Since steerage was lost when the rudder was at 12° right, it is
probable that the helmsman applied this right rudder to check the
ship's left swing at the end of the course change, at which time the
key slipped out of the keyway and disconnected the control linkage,



When the helmaman found that he had no rudder control, he called
this te the attention of the third mate, who went to the steering stand
and confirmed that something was wrong with the steering controls.
The third mate then walked to the starboard door, called to the
master and the pilot on the bridge wing, and told them of the loss of
steerage.

The Safety Board determined the probable trackline of the
SEA WITCH following the loss of steering contrel, {(See Figure 1.)
This trackline is based on the best available evidence including the
estimated impact speed, the angle of collision, the effect of stopping
and backing the engine, and the ship's latitude when the course was
changed to 158% True. The plausability of various poszsible track-
lines varies with the time interval that the SEA WITCH had no
directional control. The most reasonable trackline constructed
showed a duration of no directional control for 3% minutes. This
would mean that steering control was lost at minute 382,

Althouph the ESSO BRUSSELS was a long ship, because of its
location and alignment in the channel, it subtended a2 small angle
when viewed irom the SEA WITCH during most of this 33-minute
period. In fact, it subtended an arc that grew only frem 5% to 112
from minute 383 to minute 40; therefore, the ship appeared as a
small object until about minute 40 when the subtended angle and,
consequently, the ship's apparent size began to increase rapidly,
The engine of the SEA WITCH was stopped at this time.,

The relative bearing of the E550 BRUSSELS! bridge remained
constant about 197 off the starboard bow almost until minute 41, Al-
though any constant relative bearing less than 90° on a stationary
object will result in a spiral path that closes in on that cbject, the
pilot and master on the bridge of the SEA WITCH probably believed
that as long as the ship's bow did not peint any cleser to the tank-
ship, the situation was not serious. It was not until a few seconds
before minute 41 that the SEA WITCH's centerline croased the tank-
ship's stern, At minute 41, when the SEA WITCH was about l-;- ship
lengths from the tankship, the pilot backed the SEA WITCH's engine.

Ewidently, during about the first 1§ minutes after the loss of
steering control, the indications of an impending collision developed
slowly; when the indications began to develop rapidly, there was in-
sufficient separation between the shipa to avoid the collision.
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When steering control is lost in confined water, the usual
indications of impending collision are of little value since they may
arrive too late. It is important under such circumstances that
action be taken immediately to minimize a ship's speed, even if no
danger is apparent.

Effarts to Restore Steering Control

Steering systems on ships are designed in anticipation of
certain types of failures, and appropriate alarms and counter-
measures are provided. The helmsaman on the SEA WITCH detectad
2 steering malfunction not because of any alarm or change in the
indicator lights on the steering stand, but because he could not bring
the ship to the desired heading, Mo one on the bridge had any clues
about the malfunction to help them restore steering control in a hurry
or to suggest whether the malfunction was correctable on the bridge,

Although they had ne clues about the steering malfunction,
they did have two procedures for emergency operation apecified by
the steering contrel equipment's manufacturer. The first procedure
iz to switch from the active to the alternate control circuits, The
second procedure is to switch from the hand steering followup mode
to the lever nonfollowup mode, One switch is involved in the first
emergency procedure and two switches in the second. Both proce-
dures can be completed in about 10 seconds.

The master of the SEA WITCH completed both emergency
procedures, The alternate steering gear motor was placed in oper-
aticn, and both emergency procedures probably were repeated with
the alternate motor. This could have been accomplished in about
another 15 seconds. However, the master reportedly continued to
work at the steering control stand, apparently unaware that the
switching of controls could not bypass the fault or that if the fault
was in the bridge components, more time would be required to
locate and repair it than was available, The master spent 2 minutes
in this effort, despite several previous steering failures on the ship
in which control could not be restored from the bridge.

The master's precccupation with the bridge's steering control
equipment probably had two important effects. First, from his
position behind the steering stand, he could not chserve the vessel's
moevement through the harbor, As a2 resuit, he could not perform




his primary duty of monitoring the ship's movement out of the
channel, and as the person most knowledgeable about the ship's
maneuvering characteristics, he could not make timely engine
orders to reduce the risk of collision. Second, the pilot, who had
little knowledge of the workings of the steering gear, probably ex-
pected that the master's efiorts to restore steering control would
succeed. So the pilot could have delayed the order to stop the
engine. The pilot subsequently stated that watil he stopped the
engine, he was '... waiting for that rudder to catch, to break the
Swing. "

Emergency Steering

The emergency steering station in the steering gear room on
the SEA WITCH provided the means to disconnect immediately all
control circuits from the bridge and to steer directly in response to
orders rewmyved from the bridge. However, this station was normally
not manned, and there was no amergency signal and procedure for
manning it, If the station had been manned and put into operation,
either control would have been restored immediately or it would have
brecotme obhvious that switching circuits would not correct the sifuation.
In either case, steering actions could have commensed immediately.

The manning of the emerpgency steering station is of no benefit
when a ship's service generator fails, because most shipe do not have
an smergency generatar of sufficient capacity to power the steering
gear motor. The need for this emergency capability is particularly
critical when both the main propulsion power and the ship's service
electrical power are lost, as previcusly happened to the SEA WITCH
in New York harbor, They are then unable to reduce their stopping
distance by backing; their anchors’ usefulness is reduced; and they
cannot steer to avoid collisions or proundings. A stesring gear system
with alternate power from the emergency generator and a requirement
for manning the emergency steering station in the harbor would pro-
vide a ship directional control until its speed drops sufficiently to
reduce its damage capabilities.

Harbor Speed Selection

One of the most crucial fasters which determing the chances

of collision for a ship moving through a harbor is speed. However,
the risk of collision because of & loss of steering control generally
is not considered when z ship's harbor speed is chosen.




If a ship looses steering control, there are two ways it can
awvoid collisions: A turning maneuver or a full-backing (stopping)

maneuver. The speed of a ship determines which of these maneuvers
will be more effective.

At lower speeds, a ship's stopping distance is leas than its
advance distance from a hard-over rudder turn. If such lower speeds
in harbors are accepted, pilots will know that, in case of steering
loss, their most effective maneuver will be to back [ull and that
restoration of steering control probably will not offer any advantage.
In this case, the risk of collision is no greater than is the risk with
an operable steering systern.

There is a minimum speed necessary for adequate control of
a ship; this speed varies for each ship depending on envirommental
conditions and on the ship's loading, When ships travel below this
minirnurn epeed, tugs can be used to provide adequate contraol,

When ships proceed at full speed through a harbor, a turning
maneuver i3 more effective than a stopping maneuver. This is be-
cause at full speed, a ship's stopping distance is greater than its
advance distance in a hard turn. Ewen if the object in the path of the
oncoming ship is at less tnan the advance distance, a hard-over rudder
turn could steer the ship off track enough to avoid a collision. Con-
sequently, most pilots have a strong preference for steering maneu-
vers rather than for stopping maneuvers in a potential collision
situation. Pilots also have a preference for steering maneuvers if
steering control has been lost, but they anticipate its immediate
restoration, This causes a delay in stopping the ship.

Eeliance on the Anchor

Even though higher speeds reduce the effectiveness of the
stopping maneuver, customarily a ship's anchor is manned whenever
the ship moves through a harbor. However, the value of placing two
or three men at the anchor station is questionable when stopping
maneuvers are secondary to turning maneuvers. Since the anchor
kas limited effectiveness until the ship has been slowed and may be
dangerous if it is dropped above such speeds, the use of the anchor
can reduce the ship's stopping distance by only a small percentage
af the distance traveled with backing power alone. Backing the
ship's engine a few seconds earlier will be more effective than will
a later backing of the enpine combined with dropping the anchor.




It is impeossible to calculate the last moment in which the
addition of the anchor to full backing would make the difference
between collision or no collision, Therefore, it is difficult to
justify the dependence placed on the anchor, because its effects
are difficult to predict at the beginning of the emergency and be-
cause there is a reascnable chance that the anchor will noet run,
Further, since anchoring can be done only near the end of the
avoidance maneuver, there is neither time nor distance to try any-
thing else if it does not work.

Bow Design

The SEA WITCH penetrated about 40 {feet into the hull of the
ES50 BRUSSELS while suffering only about 20 feet of damage to its
own bow, If the bow of the SEA WITCH had not penetrated the hull
of the ESS0 BRUSSELS, there would have been no fire, pellution,
or loss of life.

A number of technical studies have been made to find ways to
improve the collision resistance of tankship hull structures. A
struck tankship absorbs a small amount of elastic and hydrodynamic
energy between contact and hull rupture, Although the absorption of
these two cannot be altered, it might be possible to increase the
absorption of plastic energy, but the redesign affort would hawve to be
extensive, because it would affect both sides of the hull almost for the
entire length of the ahip.

Traditional design and construction of bows hag resulted in a
rigid bow with axizal strength exceeding normal operating reguire-
ments. Howewer, collisions could be reduced in severity if the
capability of ships' bows to inflict damage to other vessels were re-
duced. This could be done by reducing the bow's axial strength with-
out  interfering with the strength of the rest of the ship's hull or the
ship's cargo-carrying capability,

An analysis was performed to determine the strength of the
structures involved in this collision and to determine how the bow
could be redesigned to produce a nonpenetrating bow., This analysis
was performed for the Safety Board by Inc., a
firm specializing in marine systems’ analysis and design. This
firrn has considerable experience in performing studies on the col-
lision registance of shipa,.




Calculations of the axial strength of the SEA WITCH's how
showed that it could exert 2 load of 5, 000 tons at various stages of
crushing before the bow collapses further. This load iz about 2, 8
times the maximum side resistance generated by a typical tankship
of this size 1/ when its side shell ruptures. A nonpenetrating bow
for the SEA WITCH, therefore, would requitre a reduction in its
crippling strength of more than 2.5 times, A feasibility analysis
was made te determine if this could be achieved, given the following
practical requirements:

a. The crushing of the bow should not progress beyond
the collision bulkhead or beyond 1/20 of the ship's
length from the stem. This would have protected the
SEA WITCH from flooding and would have prevented
damage to its carga,

b. To prevent rupture of the struck tankship, the maximum
impact force of the SEA WITCH's bow must be less than
the maximum potential resitance of the struck tank-
ship's side ghell. Both of these forces vary with the
location of initial impact, the changing imprint of the
contact area, and the structural design.

2. The hydrodynamic characteriatics of the bow ahould
remain essentially unchanged,

d. The strength of the bow structure to mest all other
operational requirernents should not be degraded.

George C, Sharp, Inc,, considered two collision situations:
First, a <ollision impact between the struck shipfs web frames, and
second, a collision impact centered on a web frame,.

By successive desipn changes with intermediate caloculations
to determine crippling strength at various bow crushing intervals,
the firm demonstrated that it was feasible to design a nonpenetrating
bow. They determined that the following design characteristics
would permit a nonpenetrating bow:

1/ Because detailed structural drawings of the E530 BRUSSELS
were not available, caleulations were made on a tankship of
similar length and sapacity, which is representative of vessels
of this size.
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a., The atem plate scantlings should not exceed those of
the side shell,

bB:  The sterm plate's radius should be enlarged to about
18 inches. This would not increase the ship's resista
ance if the waterline entrance angles are retained,

c.  All flats in the peak should be eliminated where possible.
Floors can replace flats as shell supporting members,
floor separation can be increased, and intermediate
frames can be added.

d. Decks and flats can be prebuckled, This reduces the
pestbuckling crushing force to zbout &0 percent of the
critical buckling force. Doepressions can be drained
inte scuppers and bridged over by grating.

2, Breast hooks should be minimized and should not hack
up the radiused portion of the stem plate.

[. The bulhous bow should project as little as possible and
be ring-astiffened rather than girder-supported.

g. The heavy shell plating under the hawse pipe bolsters,
which protect against the abrasive action of the anchors,
must be eliminated. It can be replaced by half-round
fendera cut from pipe and placed vertically.

(See Figure 2 for an isometric view of the original SEa WITCH's
bow desipn and Figure 3 for the design of the nonpenetrating bow.
To increase clarity, some of the redesigned f2atures, such as the
increased stem radius and the prebuckled decks, are not shown in
Figure 3,}

In order to lirmit bow crushing to 1/20 of the ship's length,
it was necessary to determine the limiting striking velocity which
would allow the bow te absork all of the ship's kinetic energy within
that distance, For the SEA WITCH in the fully loaded condition, the
limiting striking velocity was determined to be about b, § knots, The
SEA WITCH atruck the ESS0 BRUSSELS at about 5 knots. If the
SEA WITCH had had this nonpenetrating bow, it would have lacked

11
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the axial strength to penetrate the side of the ES30 BRUSSELS, and
the bow could have absorbed the energy without damage to the SEA
WITCH's collision bulkhead,

This means that if the bow had been desighed only for the
necessary axial strength, the penetration, consequent fatalities,
and property loss would not have accurred. The SEA WITCH bow
design was typical; nevertheless, its unnecessary strength contri-
buted to the accident's gseverity and could be corrected by engineer-
ing design and development,

The design features which produce a nonpenetrating bow do
not appear to create any opeérational difficulties. The plating panels
at the bow are proportioned in size so that the stresses from slamming
are not increased. The lateral stifinesa of the how is not reduced and
may even be increased because of the prebuckling of the decks and
flats. The bending moment and shear streas values at the collision
bulkhead are low, 3o even affer the reduciion in scantlings, the shear
stresses in the side shell remain low, Assuming the SEA WITCH
were equipped with the nonpenetrating bow, if it shipped 7 feet of
Ereen seasd on its bow and this dynamic lead was added to ik static
load, the shear stress in the side shell would remain moderate. The
peak hydrodynamic pressure on the bow, whether at 16 knots against
steep 25-ioot waves or hove to in V0-foot waves, is insufficient to
cause crushing of the redesigned bow, Howewver, any head-on striking
of piers would cause the ship to sustain much more damage than it
does with its present bow. But since ship operators are responsible
both for damage to the pler and to the ship, the damage costs borne
by the ship interests probably will not increase significantly. The
replacement of a bow is preferable to the catastrophic losses from
fire and pollution that are possible with the standard bow.

This atudy was extended to determine the feasibility of producing
a similar nonpenetrating bow for 2 tankship about the size of the ES30
BRUSSELS. This task was casier becanse the bows of most tankships
have less rake and larger radii, The study showed that auch a bow was
feasible for the ES30 BRUSSELS, but more engineering testing and
development will be required, Many of the caleulations will need to be
ascertained or confirmed by hydrodynamiec and structural medel tests.

The effectiveness of nonpenetrating bows in collisions will

depend on long term development and on the widespread implementa-
tion of these bows.

14




FPosataccident Plans

The Safety Board concurs with the planned Coast Guard actions
concerning the change to combination fire nozeles with shutoff capabil-
ity at the nozzle, the review of the suitability of hand cranked lifaboat
engines, the research into general container safety requirements, and
the review of methods to prevent the propagation of smoke through ship-
board spaces. The Safety Board also concurs with the Coast Guard
actions for improwing the Intergovernmental Maritime Consultative
Organtzation {(IMCC) standard for lifeboat disengaging apparatus and
with the relocation of the emergency eguipment, including the cxvagen
breathing apparatus.

Although the Coast Guard's planned research into possible re-
guirements to improve steering gear reliability might be highly
desirable, known improvements which can produce immediate benefits
should not be deferred, Asasuring that there are truly "two separate
and independent steering control systema. .. for controlling the steer-
ing pear from the pilothouse! is one such improvement.

In: three previous major casualty repal'ta.g"'l the Safety Board
has recommended to the Coast Guard that it require each life preserver
to be equipped with a battery-powered light. The Marine Board of In-
vestigation in thiz casualty has repeated the recommendation. The
pruogress on implementation has been exceedingly slow.

In March 1972, the Safety Board recommended E"f that the Coast
Guard, the U. 5. Army Corps of Engineers, and the QOffice of

2/ Mational Transportation Safety Board, "35 PANOQUEANIC FAITH
Foundering with Less of Life North Pacific Qcean, 9 October 1967,
I July 1969; National Transportation Safety Board, "F/V FENWICHK
ISLAND Capsizing in Atlantic Ocean, December 7, 1968,
18 February 1970; National Transpeortation Safety Board, "M/V
THERESA F. Capsizing in Guli of Mexico on 9 Jamuary 1969,
31 March 1971,

3/ Mational Transportation Safety Board, "Analysis of the Safety of

Tranaportation of Hazardous Materials on the Navigable Waters
of the United States, " NTSB-MSS-72-2, 22 May 1972,
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Emergency Freparedness jointly prepare emergency contingency
plans to respond to catastrophic accidents involving hazardous
matarials for those waterways which carry large guantities of
these materiala, The Coast Guard reply of November ¥, 1972,
concurred with this recommendation. Since a formalized plan
wad described in the Safety Beoard recommendation, this recom-
mendation, which has now been repeated by the Marine Board of
Investigation, should have been acted upon, Further, the Com-
mandant's current response concerning the use of confarences,
seminars, and critiques for this purpose is not responsive to the
original Safaty Board recemmendation.

The collision between the SEA WITCH and the ESS50
BRUSSELS demonstrated a lack of coordination and communication
among the many diverse rescue and firefighting units, particularly
during the early critical hours of this disaster. Although the Coast
CGuard reportedly has prepared an emergency contingency plan in
the event of a liquefied natural gas {LNG) or liquefied petroleum gas

LEPC) zhip accident, there is no similar plan for a major petroleum
tankship accident.

The Safety Board has pointed out the need for a multitrack
voice recorder with a time reference track that will provide infor-
mation on helm orders and other audible communications in the
investigation of a ghip accident, i"' The Marine Board of Investi-
gation also has recognized thia need with one of its recommendations.
The Commandant's Action disagrees with the need for such equip-
ment on the basis that few vessel casualties kill evervone immediately
concerned or all those persons who are witnesses to the accident.
However, the Action does acknowledge that 'the tragic loss of the
master and the officer on the bridge of the 55 C, V. 3EA WITCH at
the time of the collision, seriously hampers any attempt fo accurately
reconstruct the events and conversations which preceded the collision. '
This statement of the Commandant supports the nead for such equip-
ment, There is a need for such equipment not only because of the
loss of vital witnesses, but also because the knowledge and recollec-
tion of facts by witnesses 18 often poor,

4/ Mational Transportation Safety Board, "S55 AFRICAN NEPTUNE:
Collision with the Sidney Lanier Bridge at Brunswick, Georgla
on T Movember 1672 with Loss of Life, " USCG/NTSE-MAR-T4-4,
July 22, 1974.
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PROBABLE CAUSE

The National Transportation Safety Board determines that
the probable cause was a mechanical failure in the steering system
of the SEA WITCH and the lack of adequate and timely action by the
crew to control their ship after the failure occurred. The cause of
the loss of steering was the deficient design of the system which did
not provide "two separate and independent steering control systems”
as required by 46 CFER 58,25, The cause of the fire, pollution, and
deaths after the collision was that the typically designed bow of the
SEA WITCH penetrated the hull of the ESSO BRUSSELS instead of
abaorbing the crash energy.

R ECOMMENDATIONS

As a result of ita analysis of this accident, the MNational
Transportation Safety Board made 10 recommendations to the
Cormmandant, U. 5. Ceoast Guard. (See Appendix.)
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BY THE NATIOWAL TRANSPORTATION SAFETY BOARD

Acti Chairman

Hember

y Hembers, filed the following concurring and

dissenti ng statemant.

December 17, 1973
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I (crbers, concurring and dissenting:

In eur opinion, the cauvse of the accident is more accurately and
clearly stated by the Commandant and the Marine Board of Investigation,
and it should have been affirmed by the Board with the following exception:

The loss of steering could have been averted if the Coast Guard had
not approved a steering system which did not meet the reguirements of
4t CIFER 58, 28 for two separate and independent steering control aystems.

Further, we do not agree, based on this record, that the design of the
SEA WITCH's bow should be cited as a causal factor of the fire, pollution,
and deaths following the collision. The fackors which contributed to the
foregoing were (1) failure of the Master and Filot to take timely action to
stop the vessel; (2) failure of the Master to utilize the emergency steering
procedures; (3] the speed of the SEA WITCH, approximately 15.5 knots
gvaer the bottom just prior to impact; and (4} the inability te drop the port
anchor, The design of the SEA WITCH's bow had absolutely no bearing on
the cause of this accident,

It tnay be that if the SEA WITCH's bow had been of a different design
with less axial strength, the severity of the impact may have been less;
however, thiz is pure speculation of a highly controversial subject, and not
supported by the facts of this investigation. There are no facts to support
the contention that the design of the bow was deficient, inadequate, or a
hazard. The Board, in our opinion, when determining the cause of a4 marine
accident which it did not investigate, must confine its findings and determina-
tion of cause upon the record compiled by the Coast Guard. If that record
is inadequate or deficient, then the Board should order the Coast Guard to
reopen the record for the receipt of new and additional evidence which could
then be evaluated not only by the Coast Guard but by the Parties to the
Investigation.

In this case, the Board has gone cutside the record and employed a
private conaultant to evaluate a causal factor. Such procedure is irregular
and beyond the Board's statutory authority in this instance. The employment
of a consultant was authorized by 2 3-2 vote of the Board. [Mdeddarms and
Haley dissenting. |

If indeed the design of the SEA WITCH's how was a causal factor, the
Board should have ordered the Coast Guard to recpen the investigation and
explore and evaluate whether the axial strength of the SEA WITCH's bow
exceeded the normal eperating reguirements. If this procedure had boen
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followed, the Board would have been able to intelligently weigh all of the
factors with respect to bow design. The Board has placed itself in the
position of accepting the opinion of one expert -- an opinioen which has not
been tested since it was not part of the record of the investigation; the views
of other marine design experts have not been considered: and the Coast
Guard, responsible for the investigation, has not been given the cpportunity
to evaluate all of the evidence,

Despite the foregoing, the proper procedure to be followed in this
case -=- if the Board believed that a redesign of ships' bows was required
in the interest of marine safety -- would have been for the Board to have
made a separate and independent recommendation to the Coast Guard and
submitied the report of the consultant in support of the recommendation that
further research and analysis of this matter should be conducted.




NATIONAL TRANSPORTATION SAFETY BOARD
WASHINGTON, D.C.

APPENMDIX
Forwarded to:
Admiral Owen W, Siler SAFETY RECOHMENDATION(5}
Commandank
U.5. Coast Guard M=7E=1 thru 10

Washington, D.C. 20590

O e i S G s S e i e

In 2 June 1973, the outbound 55 C.V. 5EA WITCH lost steering control in
Mew York harbor and struck the anchored tankship 55 ESS50 BRUSSELS. The enau-
ing fire caused 16 deaths, one injury, amd extensive property damage. In
addition, nearby beaches were polluted.

The iavestigation of the collision showed that & mechanical failure had
occurred in the steering coptrol system, Federal regulatiom 46 CFR 5B.25-35
Tequires that two separate and independent steering control systems shall be
provided for controlling the steering gear from the pilothouse when the alter-
native steering means i1s not located on the after weather deck. The Coast
Guatd approved fhe steering system on the 58A WITCH even though it had two
separate aod independent comtrol systems only up to the [wo rotary hydraulic
power units in the steeripng gear room. From that point on; the control was a
Single channel system. It was in this section that the failure occcurred.

Although this mechanical failure in the steering control system could not
be bypassed from the bridge, rhe emergency steering station in the steering
gear room could have provided immediate and full steering control. Howewver,
vassels entering or leaving the harbor normally do not man this station.

Also, cthese vessels do not have established drills or alarms te prepare for
the manning of the emergency steering station on short notice.

Wumerous mechanical failures on the SEA WITCH's steeripg system were not
reporced co the Coast Guard, This is because the Coasc Guard does not require
failures to be reported when the repair costs are beleow 51,500, Also, a fail-
ure is not reported if it does not result im a '"near sccidenc" and its repalr
is considered routine, because the falilure iz not regarded a3 having affecced
the seaworthiness of the ship. However, the reliabilicy of a steering system
can be measured best by how often it fails, and this cannot be determined if
pome failures are wnreported, Wichouwe these repores, faulty systems canmot
be identified and correcred.
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Even a reliable steering system is useless when the ship's power is losct.
Like other vital systems zbpard ship, the steering system should be supplied
automitically from the emergency generator when normal power is lost,

Except for =zome instruction book procedures provided by the manufacturer
of 4 portion of che steering gear, the crew of the SEA WITCH had no established
emergency procedures to gulde them when steering contrel was los:t. The mascer
applied these instruction bock precedures without sueeess. There were other
medns walch could have been applied concurrently to bring the ship under con=
tral, but they were not specified emergency procedures. If these other means
had begun as scon as steering control wes lost, the collision might heve been
pravented,

after ateering control was lost, the danger of collision did not becoms
evident iemediately. When it did become evident, the ship was going too
fast to prevent the collision. Reliance on the anchor to prevent collision
in such s situstien 1% wnjustified because the ancher may not drop, may drag
excessively, or the anchor gear may fail from the stresses due to the high
gpeed,

I1f the bow of the S5EA WITCH had not penstrated the hull of the ESSO
BRUSZELS, there would have been no fire, pollution, or loss of life. Convens-
tional Bows such as that of the SEA WITCH are dangerous because of their
unnecessary amial strength, which exceeds normal operating requirements. An
analysis, performed for the E?fety Board by & firm specializing in merine
systems’ analwysis and designl » Showed thac a ship's bow can be designed so
that if it collides with another ship at a reasonable speed, it will not
penetrate the other hull and it will not damage itself bevond che collision
bulkhead. This would provide collision protection agaimst any mechanical or
human fatlure. In addition to the safety benefits, tankship operators prob-
ably will realize economic benefits if such a bow design is adopted widely,
because the defensive design required for the tankships could Be reduced,

This accident and past accidents demonstrate that it is difficult to
reconstruct accurately the sequence of events which lead to a casualt .
There is a need for automatic recorvding devices which will preserve wvital
navigational information abocard cceangoing vessels, Such devices may also
improve safety by performing the routine logging taska which scmetimes
distract the deck cificers.

The Harine Doard of Ionvestigation made Ewo recommendaticons which the
Zafety Board had fssued previcusly to the Ceast Guard. Although the Coast
Guard recegnizes the need for these improvements, the Safety Beard's initcial
tecommendations have been only partially inplemented. For example, the Coast
Guard has made little progress to require each life preservar to be equipped
with a battery=powsered light., The Marine 3card of Investigation repeated

this recommendation.

1/ Conceptual Design of a Non-Penetrating Ship's Bow
by Ceorge G. Sharp, Inc.
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The second recommendation made by the Marine Board of Investigation which
the Safety Board previously issued to the Coast Guard dealt with the need to
prepare emergency contingency plans Co rtespond Lo catastrophic accidents inp-
volving hazardous maceriazls for those waterways which carry large gquancities
of these materials, The Cosat Guard concurred with this recommendation in
Hovember 1972, However, the Commandant's current response concernlng che use
of conferences, seminars, and cribiques for chis purpose in lleuw of am organ-
ized written plan with commitments by the parcicipants 1z noC rvesponsive £a
the eriginal Safety Bozrd recommendation.

Therefore, the Hational Transportation Safety Beoard recommends that the
0,5, Ceast Guard:

1.

2.

3.

8.

Bevise its interpretation of 46 CFR 58.25-55, which requires

gaparare and independent atesving controls, to prevent the use
of a single conctrol path vp co the steering power units as was
done on the 3EA WITCH. (M-76-1) (Class II, Priority Followup)

Establish a requirement for oceangeing vessels in designated
restricted waters such a2 Wew York harbor te have the emergency
steering station manned. Thiz also should apply te foreign
vegaels, (M-76-2) fClass II, Priority Followup)

Require all steering failures abeard U.5. cceangolng wvessels

to be reported to the Coast Guard. Such failures aboard foreign
vessela elso should be reported if the failure occurs inm U, 5.
waters, (M=T6-3) tClasa II, Priority Followup)

Bequire that the emergency generater on future U.3. vessels pro-
vide power to the steering gear upon loss of a ship's normal
glectric power. (M-76-&) (Class 1T, Frioricy Followup)

Require all 0,5, oceangoing vessels Lo establish written
emergency procedures and alarms for loss of steering control.
Emergency drills for loss of steering control should be required
and logged. (M=7H=5] {Class 1I, Priloricy Followup}

Include, as part of its speed limit stipulacionas for large
vassels transiting Mew York harber, a requirement that any vessel
which loses steering control shall immediately stop or slow, and
apehor as soon as it is safe to do ap, {(M=T76-6) (Class 1T,
Priocricy Followup)

Initiate research to develep a technical guide for the design of
nenpenetrating ships® bows, The scope of proteccion sought as

to vassal types and collision speeds should be determined by

rigk analysis, but should not be less than chat which would
protect typical modern tankers in collisions wich similar vessels
at a speed of & knots., (M=76=-7}  ({Class IIT, Long-Term Followup)
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8. PBRequire tha installation of an automatic recording davice to
preserve vital mavigationdl informatiom abpard occeangoing
tankships and contdinerships. (M~76=-8) (Class III, Long-Term
Follaowup)

9. Expedire implementatiom of the Safety Board's 1972 recommendation
to prepate emergency contingepncy plans te respond to catastreophic
accidents involving hazardous materials for those waterways which
carry large quantities of these materials. The contingency plan
for Mew York h.tvbor should be given priority. (M-76=9%) {Claaa II,
Prioricy Followup)

10, Expedite implementation of the Safety Board's recommendations to
require each Life preserver to be equipped with a battery-powered
light. (M-76-10) {Class II, Priority Followup)

REED, Chairman, THAYER, and BURGESS, Members, concurred in the above
gafety recommendacions. McADAMS and HALEY, Members, concurred and dissented,

24




DEPARTMENT OF TRANSPORTATION
MAILIMNG AD0ORARSS
UNITED STATES COAST GUARD 47 coasr cusndG-iVI-3/a3)

A0 SEVENTH STREET 5W,
WASHINGTON, D/ 20560
PHGME

£943/C, V. $EA WITCH
ES50 BRUSSELS
4-3Bd

1% AUG 1575

Commandant's Actlon

o

The Marine Board of Investigation conmvened to investigate
clreumatances survounding the collision between the

85 C. V. 5EA WITCH and 55 ESS50 BRUSSEL: (Balpium) in New
York Harbor on 2 Jume 1973 with lose of life

The record of the Marine Board of Investigation convensd to investigate
subject casualty has been reviewed; and the record, including the Findings
af Fact, Conclusiong and Recommendations, is approved subject co the follow-
ing comments.

REMARKS

1., Concurring with the Marine Bocard of Investigation, the cause of the
cagualty wazs the loss of stesring control aboard the 55 ¢, V. SEA WITCH.
The cause of the loss of stesring control was the failure of the control
shafc universal coupling comnection to the differential mechaniszm of the
sreeving pear.

2. Contributing to the cause of the loss of steering control were:

3., The repair o the coupling connection te the differential in
which a medification was performed and a Woodruff key replaced with 2
gsguare key without providing a means to gecure the key in position.

b. The medificetion of the coupling conmection te the conmtrol shaft
at the rotary hvdraulic power unit end of the assembly by the imstallation
af a set screw. This posicive restraint thwarted the original design which
allowed axial motion through a feather key arrangement at cthis connection.
Abnormal stresses were chus placed on control shaft and differentiel com-
ponents and probably caused locgening, wear and the ewentual failure of the
differepntial coupling connection.
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3. A factor contributing to the collision and the severity of the casualty
wag the failure of the master and the pilot to take timely action to stop
the wesgel,

4. Also considered contributory to this casualty was the failure on the
part of the owners of the vessel to report repetitive steering gear fail-
ures to the Coast Guard and the action on the part of the owners in carry-
ing out unsuthorized repairvs and modificatlions to machinery critical to
the seawsrthiness of the vessel. The matter of the apparent violations

of law and regulations will be referred to the appropriate Officer in
Charge, Marine Inspection for disposicion.

J«  An emergency steering procedure whereby the steering engine room is
mannad while the vessel 13 transiting congested waters may have prevented
the collisom. The failure of the control shaft coupling did nor impair

the operation of the trick wheel in contrelling the rudder. An advance
potice of proposed rulemaking was publizhed in the Federal Register dated
28 June 1374 advising that the Coast Guard was considering adding require-
mentd Lo the ports and waterways safety regulations, The proposed require-
ments included a provision for the manning of the primary steering machinery
space while the vessel is operating within the confines of harbors and
hazardous waterways. Public response to the notice is currently being
evaluated.

steel 15 being examined. Materisls such as bronze, brass and aluminum
that are currently uwsed in various control and containment portions of
tank vessel construction are being examined by means of full scale tests
and alse system safety analyais. A& survey of forefgn requirements in this
regard is being undertaken.

&. The problem of materials with a thermal resistance less than that of ‘

7. The relative ease with which the fire breached the center shell of

both houses of che ESSD BREUSSELS has been repovced o che IMOD Subcocmmittee
on Fire Protection, A file report was presented which detailed the problems
encountered with cembustible interior divisioms. Az indicated in the conclu-—
gien IMCO Resolution Hes, ACZ2L3) VII and its replacement Hos. A(271) VIII
wouwld prohibit che use of combustible divisions. A similar proposal is
under considerztion which would reguire zimilar comstruction standards for
carge vessels., Waile this propossl dees not contain the full reguirements
of the resolution for tank wessels, it iz a significant step forward for

the internacional community. Heretofore SOLAS 60 vequired relatively

little structural fire protection for carge vessels., .5, regulations

are significantly more stringent than those currently ip effect inkter-
nationallwy.

8. In an effort to improve communication during sesreh and rescue opera=
tions. the Federal Comsunications Commission on 19 Mowvember 1974 issued a
Report and Order which made Channel & (156.3M& available to vessels,
aircraft and the Coast Guard {or on-scene SAR communications. Channel &
ig an intership =safety channel and it is mandatory that all U.5. vesszels
which are eqguipped for VHE-FM communications other than Bridge-to=Bridge
be equipped co ocperate on this channel.
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9, The herole action of the mapy individwals and vessel units thar were
engaged in the rescue of survivers or fire flghting has been given special
recognition by the Coast Guard. An awards ceremony was held in few York
on 7 Movember 1974.

ACTTON COKCERNING THE RECOMMENDATIONS

1. ERecommendation: That cthe control sheft arrangement on vessels in ser=
vice fitted with similar steering gear be aspecifically examined to ensure
thar ehe conditions which were the primary cause of this casualty do mot
exize,

Action: U. 5, vessels having similar steering gear were identified and
the owners were notified on 13 June 1973 of the posaibility of defects in
the contrel.shaft assembly. Also, on the same date, all Coast fuard Marime
Inspection Units were notified by ALDIST 16l. The Americen Bureau of Shipping
was notlfled apd the information was also published in Wotice to Mariners
releases,  Subsequently, the steering gear of all the vessels was examined
by Coast Guard marine inspection personnel.

2. ERecommendation: That the Commandant initiate a review of current
approved design and construction standards of steering gear control systems
to determine if the single system of linkage aft of the rotary hydraulie
power units in the steering engine room, as was installed sboard the

85 C. V. 3EA WITCH, meets the intent of duplicity of steering gear control.

Action: The steering gear system as installed abeard the 58 C. V. SEA
WITCH meets the requirements of duplicity as required by 46 CFR 53.25-23.
However, the importance of steering gear reliability 1s recognized and
research is being started into possible requirements which may include addi-
tionaly reliatility factors in steering systems.

3. Becommendation: That the Commandant amend applieable regulations to
require that approved combination fire hese nozzles providing straight
stream, high velocity fog and shut off capability be installed at all
fire stations.

Action: Concur, Action has been initiated to amend the regulations to
require combination solid stream and water spray fire hose nozzles at 211
fire hose stations.
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4. BRecoemendation: That in view of the inability to start the 55 ESS0
BRUSSELS lifeboat engine the Commandant review the requirements and the
sultability of lifeboat engines that ocnly have hand crank starting capa=
bility.

Action: Concur. The matter of the mesns of starting lifeboat engines
iz under study and warious methods and test results are being evaluated.

5. ERecommendation: That a survey of the cargo, locascion of containers,
nazardous cargo and other contafiner or cargo characteristics on board the
58 C. V. SEA WITCH be conducted to document the condition of the containers
and cargo after the fire. The infermation obtalned can be used to check
the adequacy of existing container conatruction atandards, sufficiemcy of
container identification, carge identification and possible need for addi-
tional shipboard fire protecticon standards inm wview of the rapid spread of
fire through the containers during the fire.

Action: All containers on deck and within the holds were surveved and
a systematlc documentation of thelr location and contents and the condiction
of the containers and their contents was made. Research into general con-
tainer safecy requirements Iz currently being conducted under a Coast Guard
comtract. Container fire cests are being conducted at che U. 5. Coast
Guard Five and Safety Test Facilicy, Mobile, Alabama.

6. Recommendation: That speed control of wvessels transiting the main
channel of Wew York Harbor be initiated. A requirement fer vessel to
proceed at a apeed gufficient for safe navigation and vet to provide a
margin of safety, to maneuver or take corrective action to prevent or
reduce the offects of a casvalty in the event of difficulty warrants
urgent consideration. Thizs la partieuwlsarly urpent since vassels using
New York Harbor must pass through or sdjacent to anchorages where larpe
bulk carriers are anchored and at times off=loading hzzardous materials
into batges alongside.

Action: Coast Guasrd Captain of the Port, Wew York has forwarded
recommendations to Coast Cuard Headquarters concerning speed limits in
Mew York Harbor. The matter is being considered. Also under review
are proposed changes to the repulations concerning the anchorages in
Ehe area.

7. PBeccmmendation: That further study be conducted to develop methods
whereby the spread of smoke within the iaterier of burning vessels could
be prevented. Ventilatlon svatems should be degigned to provide manual
of avtomatic means Eo not only prevent the spread of fire but alse the
spread of zmoke.

Action: The applicable regularions (46 CFR 92.15-10{a)) do require a
means to close off all wents and ventilaters. The U. 5. Coast Guard is
monitoring a U. 5. Havy study being conducted at the Navy Research Labora-
tory concerning the propagaticon of smoke through shipboard spaces. One
mathod under comsideration ia the establishment of zones in which the
atmosphere is maintained at an elevated pressure thereby excluding smoke.
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8. Hecosmendation: That the applicable regulations for all vessels in
ccean and coastwise service be amended te require that each life preserver
be equipped with a water proof bactery powered light and that retroreflac-
tive material be required on all iife preaservers.

Action: The Coast Cuard has purchased a quantity of several types of
lights and has made arrangements with a steamship company operating om
routes in various climate zones for a test program. The lights are being
placed on life preservers on several ships and will be checked periodically
to decermine serviceabilicy.

The Maritime Safety Committee of the Intergovermmental Maritime Consul=
cative Organization (IMCO} has proposed s recommendstion that governments
should encourage owners of all vessels to fit retroreflective material an
lifezaving applicances and to reporé on any experiences. The Coast Guard
has advised the manufacturers of approved lifesaving esquipmenc that they
may use retroreflective material ¢n the equipment. The Coast Guard has
conducted tests wsing persons in water wearing life prescrvers fitted wich
retroreflective tape. These test observations, reports by other governments,
and experiences in the use of other metheds of improving detectability are
being evalusted.

9. Recommerdation: That the Commandant infitfate efforcs threugh the Inter-
national Converntion for the fafety of Life at Sea to reguire that all 1ife-
boats for vessels in ocean or coastwise service be equipped with mechanical
disengaging apparztus which will simultaneowsly release beth boat Falls From
the boat when under tenaion,

dction: Chapter ITI of the International Convention for the Safety of
Life at Sea, 1960, is being considered for complete vevision by the Sub-
committee on Lifesaving Appliances of IMCO and the matter of disengaging
apparatus for Lifeboats willl be cne of the areas under censideration.
Mechanical disengaging apparatus for lifeboats 1s vequired for U.5. vessels.

10. BRecommendation: The stowage location of the oxygen breathing apparatus
and emergency equipment should be carefully considered., Emergency egquipment
should be stawed above weather decks in the interior of the forward and
after superstructures where they may not be izolated by collision, fire,

or szoke and will be accessible from several avenues,

Action: An amendment to the Incernational Convention for the Safety
of Life at Sea, 1960, requiring fiveman's cutfits which include oxygen
breathing apparatus and other emergency equipment to be astowed convenient
for use in widely separated accessible locations has been mede. This wes
supported by the United Ztates. Draft vegulations have been prepared and
are being considered within the regulatory rule making procedure,

11. FEecommendation: That the Discrict Commander with officials representing
local, federal governmental and mavine commerce rveview the adequacy of
concingensy plans Lo effectively coordinate all rescurces to minimize

effeccs of large catastrophies that may cecur in Hew York Harbor.
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Aetion: Concur. The use of conferences, seminars and eritiques for
this purpese 15 described in Section 08153 of che Ceast Guard Addendum ko
tha Mational Search and Eescue Manual (CG-308).

L2, Becommendation: That the Commandant should consider the feasibility

of a requirement for merchant vessels for a recording device, similar to
ehar inatalled on commercial aireraft, that will preserve vital informatiom
subsequent to fire or submerzence.

Action: The primary purpose of a flight recorder iz te reconstruct
events in the case of a non-surviver crash. Unlike the aircrafr aceident,
very saldom are there wvessel casualties that kill everyone immedistely
concerned ot those persons that are witnesses to the aceident.

It iz agreed that in certain incidents a record of courses and speed
changes and certain other cperational funetions would provide facks which
would azsist in determining the cause of the caswvalty, However, the nusber
of incidents where such information would lead to improved vessal safety
is not considered sufficient to justify the cost of providing and maintain-
ing the equipment necessary to vecord and protect the informatiom.

13. Recommendation: That further investigation under the Suspension and

Bevacation Pro fttfated in the case of Chief Mate, Max B. Stirm,
Licensa Mo, In that he failed to have the port anchor
clear for lecting zo. F |

Action: This matter has been forwarded to the appropriate Officer in
Charge, Marine Inspection for disposition.

14, Becommepdation: That a copy of this veport be forwarded by the Com-
mandant to the state pilot commission for further actlon on thedr pare
against the state license of Pilot John T, Cahdll, in accordasnce with che
agreement with the American Fllot's Assoclation, since the 55 C. V. SEA
WITCH was sailing under registry at the time of the casualty and the pilot
was serving under the authority of his state license.

Actiens: A copy of the report will be forwarded to the state pilot
commizsion for their information. It should be noted that the Coast Guard
agreement with the American Pilota' Association has been abrogated.

It must be borne in mind that the trsgic loss of the master and the
officer on the bridge of the 55 C. V. S5EA WITCH at the time of the colli-
sion seriously hampers an¥ attempt to accurately reconstruct the events
and cenversations which preceded the collision.

On the basis aof che facts as known, it would appesr that the pilot’s
agtions in response to the sudden emerpgency i.e. his blowing of whistle
gignals (danger), and his orders directimg the engine full astern and to
drop the anchor were proper amsd all that would be expected of a pilot in
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that situation. The apparent tardiness of the action to order the engine
reversed iz extremely regrettable. Howewer, it iz considered that this
wag an errer in judgement rather than a matter of negligence.,

(0. W. SILER
Admiral, U. 8. Coast Guard
Commandant
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From:
To:

Subj 1

DEPARTMENT OF TRANSPORTATION S
UNITED STATES COAST GUARD ¢ F cossTouARD [R-F/54)

P AEVENTH STREET
WARBHIMETON, DO 20530

FHoWE 202 426-1 126

5243/55 C.¥. SEA WITCH/
533 E550 BRUSSELS Marine
Board of Investigation
X Jdanuary 1974

Harine Board of investigation

Commandant (G-#V1-3/83)

55 C.VW, SEA WITCH QuN. 316197, 55 ES50 BRUSSELS of Belgian Ragistry;
collision ang fire 2 June 1973 in Hew York Harbor with loss af |ifs

FIMDINGS OF FACT

. Gn 2 June 1973, at about 0042 EDST, the outbownd American Cargs Zhip
53 CLY. ZEA WITCH experianced a loss of stearing control, weersd out of
the channel, and collided with the laden and anchored Balgian Tankship
55 £330 BRUSSELS ot Fedaral Anchorage 24, Stapleton, Staten Island, New

York (CAGS Chart 5411).
the bow of the S5 S.¥. SES WITCH.

The collision caused wmajor structural damage to
The rupture of throse cargo fanks con-

taining Nigerian crude <l on the 55 ESS0 BRUSSELS resulted in an intense
fire that totally engulfed the two ships for abouft one hour., The Master
and two orew members on the 55 C.W. 5EA WITCH died on board during the

gfrarmath following The czllision.

The Chief Engineer of the 55 C.V. SEA

AITCH received severe burns to his hands, arms and face resulting in his

being fncapacitated for 8 period in excass of 72 hours.

The Mastar of

the 55 E350 BRUSSELS and ten crew membars died as a rasult of drowning
or surn related injuries after abandoning ship, one crew membar died on
board and one orew memdar ramains missing.

7. Description of Vessels |nwolved:
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Uparator: Dwnar Cwner
Mastar: John L. PATERSON Constant DERT
I E7-9830 Siat
Uppar Montclair, Matans Latem
MNew Jarsey Twee Dreven,
Belgium
vaertificate of Inspection:
Last Inspecticon: Biennial Anpiaa
Date; 153 January (973 3 April 1973
Flace of |ssus: Mew York, New York Antwerp, Belgium
Pocument: wertificate of Registry  Letter of Registry
Permanant Mumber 30 Mo, Z.K. £5
Mew Tork, Mew York Antwerp, Belgium
IS5 uad: 21 Septembar 968 aeptembar 967
Oraft:
Farward: G AL ] Mean:  350oov
Mt s 'aat

3. Personncl;
EA WITCH - Known ooad:

Mo Wiltliam K. LALIBERTE
Wiper =481 105

Menchester, Mew Hampshire O3103

sister -

Mamn Marko LOVSIN, License
Third Mafe

55N
fddress
PFlainfield, Hew Jersey D/FOGDH

Licensa [

M ames Johm L. PATERSON

Upper Montclair, Hew Jersey OVD4E
MG inkrcwn

B. 33 C.VW. ZEA WITCH = Injured in excess of 72 hours:

N

chief Englineer

Mame

S5H:
fAddress
mtown, Pannsyivania  FEI00
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C. 5% ESS0 BRUSSELS = Erown dead:

Mame @ Laa BEELAERT
Fifth Engineer
Address:
Lade, Belgium
Hzwmes 4 Constont Robert DERT
Master
ACOrass
Wi Lraven, Dalolum
Mame - Manwsl LEIS CAMLE

AE - Wlper

Address:

g Laruna, =oaln

Mamea: Frencisoco MART IR
Address:
Marme Bertil &laim Mariea OTTO
Steward
Addracs -
AaTwarp, Belgiuom
Mame: Francisoo OUBIMA PORTAS
Pusiprimart
Address :
SnTevedra,; Ha N
Fame Alols Maria Lodewl jk PEETERS
Boatswain
Sddress:
g1 um
NETE Gisala AUBERT INAY-ROME

Ctewnrdass

Lamoura, France

tHame Fane Jean Victor ROME
First Steward

Addrass !

4000 Liege, Belgium
Marma s Laidi Ben Lachmi TAJ!

Faurth Enginesr -
Addrass:




Mame : Francisco VILLAVERDE SEREZ
Steward
Address: I

Fontavedra, Spain

Mame & Jacoch Johannes Pleter Wl LLEMSEN

AR = Wipar
Address:
ntwerp, Selalum

d. 55 E550 BRUSSELS - Missing:

—
Al = Wiper r

Hama:

Addrass:

Minho, Portugal

4. Weathar Dats:

The waather prevailing at the time, date and location of the casualty
was as fol lows:

wWind Direction: Wastarly

Wind Farce: & Emgts

Air Temperafture: I.E,-.'E-'::'F':I

Saa Water Temperature: &l.57F.

Baromatar: 29,947

Nisibility: Over 13 Milas

-aa Helght: Calm

Current: 2,4=2.6 Knots (Ebking)d

2. A3 C.W, SEA WITCH Outbound Vovage and Collision:

The 35 C.V, SEA WITCH departed Howland Hook Confalner Terminal on
Staten Island at 232%, | June and proceeded to sea ercund the northern
end of STaten |lsland by way of Kill Van Bull., The vessal was undar the
contral of a Docking Pilot with twe Moran Company fugs in attendance
until the wvessal reached a point near Mesw Brighten, Staten I1sland, where
the Harbor Pllot, Captain John T. Cahill, relieved the Docking Filot.
Ihe engine was placed on slow ahead, Z0 RPM at 3023 o slow The vessel
and parmit the Dockimg Fllot to disembark onto one of the assisting tugs.
The vessel's speed was Increased to half ahead at 0025 and the Harbor
Pilot ordered a course of 109 True coming out of Kill YVan Rull on Con-
stable Hook range,

the normal maneuvaering speeds vsed during harbor transit were 20
ARV s low, 40 BPM half, and &0 5PM full spesd ahesad. The astern speeds
were 270, 43 and 35 BPM. Calculations uwsing the piteh of the vessel'sz



propeller indicate that tha vessal will attain a speed of advance of
approximately 4.7 knots at slow spesd, 9 knots for half speed and 13.4
knots for full speed,

In addition to tha Filot, Captain Cehlll, the Master, John Paterson;
Third Mate Marko Lovsin: Helmsman, Able Seaman ; and

Jack Cadet —Hure en tha bridga of The . oefh WITCH.

The fo'c'sla and anchor windlass were manned by Chief Mate Max 5%irn,

Boatswaln “ and Lockout I 7'h:c cort anchor
paw | was down and  Jammed against a link of the anchor chain and unable to

be raisad. The riding pawl on the starboard anchor was down resting
agalnst the chain and was able to be raised. Both anchors were fltted
wiTh chain afoppers which passad through the largs anchor shackles, The
freadom of the anchor pawls was not checked after undocking, however, the
stoppar chains were loosensd with the pelican hopks angaged so that they
could be =aslly released. Beoth anchors were housed in the hawse pipe.
Curing the in port pericd prior to salling, a defective windlass bearing
had bean replaced by shoreside mechanics.

In the enging room of the 55 C.¥V. ZEA WITCH on decarture from Staten
island the regular watch was supplementad alternately by the Chiaf Engi-
negr or The First Aszsistant at the operating console. Routine tests of
steering equlprent, steering controls and communicaticns systems ware
conductad prier to departura. All machinary was operational except the
bow Thruster and the pilothouse engine room control system, Control of
the main é@ngina was baing sccomplishad by conventicnal engine crder tela-
graph &3 had bedn the practice in recent months.

At Q0EY the vessel's spezd was Increassed +o harbor fuéi and four to
fFlve minutes later the vassal's course was changed to 1677 True to fransit
the channal towards the Yerrazano-Narrows Bridge. Buoy 22 {LL 15353) was
pessed T00 To B3 feet off to port at about 0036, Four vessels were ob-
sarved cn the starboard hand in 3tapleton Federal Anchorages 23 and 24,
The 53 ES50 BRUSSELS was The last wessel and was anchored n2arsst fo the
Varrazano=Marrows Bridge. One Tug and tow oroceeding ocufbound was passed
on the starboard hand, The Filot ordered a course change to The left to
1587 True and at zbout 00374 the Helmsman reported fo the Captain, that
the ship was not steering. The vessel startad drifting very slightly fo
the right and the Pilot crdered hard left rudder. The Master immediately
oroceeded to the helm, werifled the |oss of steering; and was heard To
axclaim "that damn steering gear again." He transferred from the star-
board to port steering system which had mo affect on restoring
stesring control. The stesring power alarm on the bridge had not sounded.
The wvessel| was still on full ahead as the right swing accelerated. The
S5 CLY. SEA WITCH passed sbout 50 feet ahead of the Tug BARBARA MORAM
with the barge 0.0. Mo, 1| in tow alongside &8s the wessel cut out of the
channel at a point about one half mile distart from the anchored 3% ERR0
BRUSSELS, The Pilot commanced blowing & saries of short rapid Blasts on
the whistle and then lockad the whistle 4o sound continuously. The bow
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of The 535 C.V. 3EA WITCH first appeared to be heading astarn of the 535
E350 BRUSSELS and as the heading of the 55 C.V. SEA WITCH lined up with
the stern of the 55 ES50 BRUSSELS at sbout 0041 the Filot ordered tha
engine full astern, the port anchor let go and the general alarm rang

but the swing continued rapidly to the right and fhe vessel headed toward
the middack between the forward and after houses of the 55 ESS0 BRUSSELS.
The Chlef Mate and the Boatswain attempted fo let go the port anchor but
wara unsuccessful due Yo the jammed pawl and then on thair own initiative
immadiately released the starboard anchor., They were abie to raise the
starboard pawl, release the chaln stopper and windlass brake but the star-
scard anchor did not run and affer impact the anchor was found lying on the
dack of The 55 ESS0 BRUSSELS.

Ouring the cutbound transit the 35 C.v. SEA WITCH was monitoring
Channel I3 on the bridge and the Radic Operator was monltoring Channal
& in the radic room. The Pilot of tha 5.5. C.V. SEA WITCH exchanged
passing information with an overtaken tew while en route from 5t. Gaorge
to the Marrows on his portable radic set on Channel [3, Momants before
the coflision the Pilot of the Tug RODERICK McALLISTER overheard radio
communications on Channel 13 white In a position off 53t. George, Staten
[=land, to the effect "all vessels keep =lsar of the SEA WITCH she's
bost har steering." The Captain of the Tug JAME McALLESTER heard on
Channel 10 "“two ships are about to have a eoliislon in the Narrows."

He then jmmediataly shifted to Channel 13 at which time he haard Mayday,
Mayday, the Contalner Yessel 3EA WITCH has lost steering and is going to
have a collision. The Filot of the 55 C.V., SEA WITCH testlfied that he

did not originate these communications or have knowledge of these commu-
nications being sant.

whan the vassal was about Z00 feet away from the 5% ESS50 BRUSZELS, the
Filof advised the Master to clear the bridge and get the Mate off the bow.
The =ntime bridge watch ran down the ladder to the next deck below The
bridge when the impact of the coliision was falt.

AT about 0039 The Chief Enginear while proceading to his statercom
heard The shig's whistle and gansral alarm and immediately ran bacx to
the angineg room, Upon arcival, he saw that the engine room was answer-
ing an astern hell which was logoed Ia the englne room bell ook gt DO41.
The shaft FPM indicator was observed by the Chief Engineer at 35 to 40
FRM astern and increasing. Shertly thersafter the Chief Englineer felt
The impact of the collision. The engine room started to fill ug with
sroke and he sacured The englne room wentilaticon supply and exhaust
fans and returned to the operating conscle. About a minute later the
Chiaf Enginaar received a falaphona call from Captain Patarson wha In-
quirad asz To the status of the main plant and he advised the Captain that
the engine was sTill at full astern., The Master aordered the angine full
anead and after answaring this enging ordar, The Chief Enginessr tTela-
phoned Captain Paterson fhat the engine ropm had to be abandoned because
of the smoke rapidly fiiling the space, The Master then ordered full
aatern, which was accomplishaed and the remaining engineering parsonnegl
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gbandcned the erngine room and joined the remaindar of the crew in and

about the after deckhouse. Prior fo asbandoning the angine room, Assis-
tant Engineer, Gosorge Melxner, started the forward pump room auxiilary

flre pump from tha remote operating controls at the main engine control
conscle.  The smoke was rapidly being dreawn inte the engine room by the
negative pressura created by the beilers’ forea draft fan intakes. The
main plant on automatic control was st111 backing and was lost about elght
or nine minutes after the collision. The amargency generator automatically
cdt In, providing electric power for emergancy |ighting and power for the
gmergency fire pump. This generator ran for two days affer the collision.

The entire fo'c'sle and bridge watch ran aft on the port side of the
ship with the fire on the surface of the water following rapidly behind
them, Other personnel whe were berthed In the forward deckhouse were
owakened by the ship's whistle and general alarm and alsc ran aft along
the same route. Within minutes flire snd smoke engulfed the ship, lgniting
containers, exterior paint and combustibla material, The alr was i 1lad
wWith fire draft blown debris. A portice of the crew congregated on the
port affer quarter of the wesse! in an attempt to avoid the fire and smoke,
but were subsequently forced to teke shelter inside the after house.

Tne bow of the 55 C.¥. SEA WITCH made contact with the sTarbgard side
of the anchored 55 ES50 BRUSSELS at an ancle of approximately 60° +o +the
starboard bow. The area of impact was In way of number 7 and 8 starboard
cargo tanks. The lowsr portion of the 55 C.V. SEA WITCH bow penetratad
the hull of the 55 E350 BRUSSELS, and that portion of +he S35 C.Y. SEA
WITCH bow abowe the main deck of the 35 ESS0 BRUSSELS overrode the deck
severing numbar 8 starboard tank top and the starboard king post. The
wessals ramained locked together until approximately 0630 when they were
separated by The Tug GRACE McALLISTER.

Upon impact both vessels locked fogether began to drlft toward tha
Marrows in the 2.5 knot strong eob current. Both wessels were being
restrainad by the port anchor of the 55 ES50 BRUSSELS which was only
pertially holding in the current conditlons which existed. Ol from
the ruptured tanks on the 535 ESS0 BRUSSELS spread on the surface of the
water aided by the tide, slight wind and the astern propeller wash of
the 35 C.V. SEA WITCH. The oil caught fire on Initial Impact and the
migh flames engul fed both vessels within minutes of the ool lision.
Flamas from the burning vessels which driffted under the Verrazange-
Marrows Bridge in approximately midchanne!| extended up into the lowar
levels of the bridea., Vehicular traffic crossing the bridge at the
time of the incident was stopped, and there is no evidence of any per=
sons of vehicles peing damaged by the flames. A closed circult traffic
survai | lance camera and <able, a remote fempearature sensor and transmit-
ter, two lamp post lumlnalres were damaged and some scorching and dis=
coloration of the undarside of the roadwsy did result from Tthe incident.
The vessels continued to drift with the 55 E550 BRUSSELS' anchor sTill
ranging farward wuntil thay grounded in Gravesend Bay with Congy !sland
vight CLL [290) bearing 327 True at a distance of 16860 vards.,




6. %5 C. V. SEA WITCH Aftermath and Survival:

The Chief Engineer and a few crew members, after baing advised by
the Haster in the after superstructure, that they had collided with a
canker, went forward on the port side in an attempt to assess the situ-
atian. The group went athwartships between rows of contalners and when
they were close to the starboard side, a flare=up occurred during which
time the Chief Engineer, who was In the lead, suffered severe burns to
beth arms, hands and his Face. These men after returning to the after
deckhouse also assisted in Fire Fighting and survival efforts.

The anly fire Fighting equipment utilized was the 1% inch interior
hoses equipped with straight bore nozzles, These hoses were used to
direct streams of water to cool exterior doors and to gain a supply of
fresh afr by sweeping adjacent areas of the weather deck to drive the
fire and smoke away From the partially opened doors. They were con-
sidered, by the crew, o be Ineffective Tn providing a protective screen
of water. The exterior fire hose stations equipped with 2% inch hoses
were all inaceessible due to the heat and flames and were not able to
be used. The flre main lost pressure and became ineffective about ten
minutas prior to the crew abapdoning ship.

Tha Boatswain and several crew members who were on the after deck
went below to the carpenter shop to break out and distribute additional
life preservers and take shelter. When the smoke below deck became
densze, and wpon realizirmg that there was only one means of escape from
the space, they went up to the weather deck and took refuge wWith the
remainder af the crew in the after deckhovte. The Chief Mate cautionad
the crew to remain with the ship and not jump overboard; however, seven
crew members who were wearing life preservers jumped overboard from the
boat deck and wpper deck and were subsequently rescued.

Some members of the crew went below to the main deck starboard side
passage which connected the fore and aft part of the vessel. Upon open-
ing the partition door to the passageway Flames and smoke were sighted.
The emergency gear lockers which contained oxygen breathing apparatus
and spare recharges were located aft in the starboard main deck passage
and farward in the part maln deck passage. Both lockers were Inacces-
sible because of the smoke and Flames. A few crew members used water
soaked clothing and towels to filter smoke from the air to 2ssist in
breathing as they moved about in the passageways. Lighting provided by
normal ar emergency power was virtually ineffective fer illumination or
te indicate exit corridors because of dense smoke. An explosion cccurred
in the wieinity of the stairway in the after athwartships passageway of
the upper deck. The force of the explosion was sufficient to knock down
several crew members who were in the wicinity of the stairway on both the
boat deck and upper deck. The explosion at first thought to be caused by
exploding nitregen cylinders located in the vielnity was probably caused
by the sudden stress deformation of bulkhead paneling surrounding the
stairway. Shortly after the explosion, a crew member, William Laliberte,
was ocbsarved lying on the port side of the athwartships passageway on
the boat deck.
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All personnel on board were sssembled in the after house, During
some pericds porticns of the crew were able to go on tho weather decks,
During the initial stages soma of the crew gathered on the port side of
the boat deck and when the flames and hest bacame intense they retreated
info the deckhouse. The smoke and heat within the Interior of +the deck-
house worsened as flme passed and the crew eventually congregated on the
upper dack as the main deck, boat deck and eabin deck became untenable.
The Master was observed to collapse cutside of the after deckhouse on the
pert side of the upper deck and immediate examination detected no sign
of life. Whan rescue craft wers chserved through the weather doors crew
members used flashlights to attract their attenticn and just prier fo
rescue af about 0145 the Firebaat FIREFICHTER whi e extinguishing flames
on the 55 C.V. SEA WITCH was able to clear a path through fthe smoke and
fire which pemmitted them to affect rescue of the 3| persens on board.

7. Hescue Evolution:

The conflagraticn enveloped both vessels within moments of the col |-
ston. Flames wern first cbservad in the area of the impact and the flames
spraad on the water at a rapid rate affecting immediately the starboard
side of the 3% C.¥., SEA WITCH and the starboard side of the 5% ES50
BRUSSELS.

Rescue craft consisting of commercial tuas, New York City Fireboats,
Mew York City Police Launches, the U.5. Army Corps of Engineers Patrol-
boat, Coast Guard floating units, snd thres Coast Guard hellcopters
ruzhed to the scene upon receiving notification on radle telephone
Channel 13 (bridge fto brldge), Channsl |6 (disaster and calling, inter-
ship and ship to share) or commercial freguencies used between tugs and
dispatchars. The police launches used separate FM communicaticns, and
the Mew York City Fireboats utilized Channel 13 and five special muni-
cipal frequeacies. On Scene communications befween ships were, In the
main, condusted on Channel 1%, The commuenications on Channsl 13 wers
heavi ly burdened by conversaticnal traffic between tugs mansuvering to
pick up survivors or o position themselves for fire fighting and pass-
ing of genaral information relative to maneuvering in the area of the
disaster. Some voice traffic exchanging marine bridge to bridge infor-
mation betwsen vessels In other parts of the harbor was heard, Radiec
comnunications on Channel 13 during the dizaster wers not controllad.

The rescua afforts by wessels in the vicinity although not totally
coordinagted were affective in The saving of many survivors. The strong
outgeing current caused debris, survivers and vighims +o driff aut of
the Merrows foward the Gravesand Bay area. The dark night background
pravented easy location of survivers in the wataer. AlThough the 1ife
preservers worn by survivors ware of international erange <olor some
ware discolored by ol and difficult To see even with the wse of scarch-
lightz, Life preservers from both vessels were not fitted with lights
or retroreflective material. The |life prasarvers worn by crow sfembers
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af both vessels were fitted with whistles but 1§ used they ware not heard
by rescus vessels. Crew members mainly attracted attention by yelling and
flailing thair arms and all survivers except ong wera wearing |ife pre-
servers when rescued. Many of the victims were wearing life preservers
when thair bodises were recovered. Whether all of the daceased recovered
from the woter wore life oreservers cannot be determined.

Most crew members who attempted to Swim from both wvessels were rescued
outside the perimetar of the fire which initially extanded about 200 vyards
around both vessels. One cresw member was saved by a Hew York City Folice
Fatralman whe enterad the water to effect rescus at the fire perimeter be-
tween patches of burning ofl., Several crew members wera saved at the fire
perimeter by tugs whose bow fenders scorchad as they mansuvered in the
wiciaity.

ODistant observers and many rescue boats which first arrived on scane
wara not aware that two vessels wera locked together until a considerable
pericd of time had passed. The Fireboat FIREFIGHTER, first fo arrive on
the scene, attempted fo quanch the fFlames of both vessels which were afire
from stem to stern.  All the deck containers on fhe 33 C.V. 5EA WITCH
appaared to ke on fire and The scund of many minor type explesions wers
heard, As the Fireboat FIREFIGHTER sprayed The flames on the starboard
side and came around the port quarter of the 55 C.V. SEA WITCH, a deck-
hand reported seeing a flashing |ight on the stern. The Fireboat FIRE-
FIGHTER approached the stern of The 35 C.V. SEA WITCH and the bow was
hald in position by maneuvering the engipes.

Abeut an hour affer the collision the crew of the firebast raized two
ladders to the upper deck rall and thirty membsrs of the crew and the
Filot descended to the fircboat. A few crew membars |owered therselwves
oy means of a fire hose secured to the deck rail. Before the Chiaef Hate
departad the vessel he lowered Captain Paterson's body to the waiting
firebcat, The firsboat with the survivors left the side of the 35 C.V.

SEA WITCH after the last person on the upper dack came aboard. Unknown

to the rosculng firsboad, Mr. i the Electrician, remained

in the eamargency genorator room at his assigned fire station, He was
rescued about an hour later by the Tug BRIAN McALLISTER, whaose perscnnel
sightad him through the emergency generator room port hole, Three of the
fug's crew members boarded the wvessel by ladder up to The boat deck, broxe
out the port hole glass, and asslsted Mr. B szt

& total of 38 perscns from the 55 C.V. SEA WITCH and 26 persons from
the 55 ESS0 BRUSSELS was rescued, Tha Mew York City Firsboat FIREFIGHTER
saved thirty one persons and the tug BRIAN MCALLISTER saved one person
from on board the 55 C.V. SEA WITCH. The Tug GRACE McALLISTER saved eleven
narsons and the Tug TEXACO FIRE CHIEF saved seven persons. The U, Z. Army
Corps of Englneers Patrol Hoat SENTRY, the Mew York Cify Pelice Launch Ho.
| and Mo. 8, the Tug DOROTHY McALLISTER, the Tug JAME McALLISTER, the Tug
RODERICK McALLISTER, the Tug LESTER J. SILLEN and the M/B MIMROD, M. J.
71208 sarticipated and saved nine persons from the water.

41




Survivors wers taken @ither to the Guarantine Station Pier on Staten
fsland or the 89th Street Pler, Brooklyn, N. Y., where thay were taken to
local hospitals for observation and treatment and most were relsasad
shartly after baing axamined.

Upen recalving first falaephone notification of the casualty, the
Captain of the Port Duty Officer, Governors lzland, Mew York, dispatched
2 40 foot patrol boat fo the scene which arrived at about 0120, Other
units, including Coast Guard harbor tugs were alerted and dispatched,

The Acting Czptaln of the Port was notitied end procseded to the site af
the casuvalty assuming on scene commander duties upon arrival sbout 0140,
About U215 a safety broadcast was made by the Captaln of the Fort closing
tha maln channel to fraffic. AT about 0400 a representative of Amarican
Export Lines, Inc., delivered cargo manifests to the on scane commander
wha, after reviewing the dangerous cergo manifests, determined that the
=3 GV, SEA WITCH did not contain any extremely hazardous materials but
did have a large quantity of fiammable cargo on board. The Maw York City
Fire Chief on scene was advised and later a decision was reached with the
tire department otfficials that no attempt to separate the vessels should
be made before dawn, The vessals were separated at about 0630 and the
targs tank firs on the 55 ESSC BRUSSELS in wey of the collision damage
was easl |y extingulished, but the fire in the deckhouses confinued to
burn. The main channal was opened to one way traffic about 0700 under
supervision of patrelling Coast Guard Cutters. A Coast Guard securi Ty
Zong wWas subsequently set up arcund both vessels which ware aground in
Gravesend Bay while fire fichting efforts continuad.

Tha 35 C.¥., SEA WITCH developed & port list before the vessels wWare
separated. The starboard anchor of the 53 C.V. 3EA WITCH was Iving on
the deck of the 55 ESS0 BRUSSELS and slipped Into the water as the ves-
sels wers separated, The 35 C.V. SEA WITCH was towed stern first toward
Gravesend Bay until the starboard anchor became tauf. The anchor chain
was savered and the 55 C.V. 5EA WITCH was beached. An anchor from the
=3 ER50 BRUSEELS was attached to the remaining anchor chain of the 55
Co¥. SEA WITCH to provide an efficient anchoring arrangement. A dacisicn
was raached the next day between fire officials and the Captain of the
Port, Mew York, to limit the amount of water introduced into the 55 C.V.
SEA WITCH to praclude the possibility of capsizing as a port |ist of
18-20 degrees had develgped. This dacision limited the fire fighting
atfort to extinguishing flare-ups in deck containers and cooling the
exterior of the hull.

Many Coast Guard and commercial tugs with fire monitoring equisment
lined uwp alongside the 35 C.V. SEA WITCH in an attempt to extinguish the
container fire. The capacity of the combined monltors was relatively
inegffectivae. The most effective fire fighting of the contalner fire was
accomal ished by the Hew York Cl4y Firsboats fitted with several high
pressure monitors. The confalner fire aboard the 55 CLV. SE4 WITCH oon-
tinued to burn for abowt fwo weeks following the casualty. The fire
within the number 2 carge hold was extingueished by COZ flooding. Exam-
ination of the cargo holds after the flre was extingulshed revealed
conslgerable floocding water,
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Subsedquent to the collisicn, and after extinguishment of the major
flres aboard the 35 C.W. SEA WITCH, boarding parties from The Maw York
City Fire Department and +he CoasT Guard located two bodies aboard the
yvessal, The body of William Laliberte, Wiper, was found lying in &
prone position in the after athwartship boat deck passageway of the
affter superstructure. The body of Marco Lovsin, Third Mate, was found
lwving In & prone positlon near the foot of the ladaosr on the main deck
level in the wiginity of The carpenter shop.

8, 5% ESL0 @RUSS5ELS labound Yoyage and Anchorage:

Tha 3% EZ30 BRUSSELS departed Bonny, Migaria, on 18 May 1973 an
routa Maw York, MNew York, after loading 319,402 U. 5. barrels of light
Higerian crude oil. The crude oil cargo flash point was undetarmined,
howavar, beaing unrefined, tha cargo probably contained a percentage of
volatile substances whose flash point extended cver a wide rangs. The
cargo had a specific gravity of .838| @ 807, The cargo was baing shipped
from Shel|-BF Petroleum Develcpment Company of Migerla, LTD, to thea EXXON
Corporation at Bayway, Bew Jersey. Loading ullages were 3s fol lows:

TANE PORT CENTER S TARBDARD
Mo, | MT Ei AN
Mo, 2 ELE L gm s
Mo, 3 3P arym TrzEm
No. 4 T3 31" Ftgm
Mex, B MT i BT
Me, & ELEE L atg" ZigH
Mo, 7 34 121 a4 H1p40
Mo, B8 LR E L Z1gn 3
Mo, @ 4' 43" Itgm 315
Hc'+ ID 3!2*“ 316%" 31ﬁ”
Mer, | ELEE A 3tg" 14"

AT about 1800, 31 May, upon arrival at the Port of hew York, the 33 ESS0
BAUSSELS anchored at Stapleten Federal Anchorage 24, off Staten Island
awaiting company arrangements for offloading and barthing instruction.
The wvessel was anchored In gbout 74 feet of water vsing Tthe port anchor
and four shots of chain. The pesition was flxed by the Mate on watch
on_the morning of the collision using radar ranges at 407 36'46" Morth,
74%03017" West. On | Jure, between 1755 and 1900, a portion of the
cargs In numbar 2 center tank was offloaded into a barge to an ullags

of 28 feet, 6-2/3" to attaln a lighter dratt for berthing.

Federal Anchorage 24 which is designated en the U.5.C.2G.5. Chart Mum-
har 541 as a Quarantine Anchorags aad provides that wvessels shall clear
the ares after belng granted pratiqua. Title 33 CFR, Part 110.155(d) (7}
describes the boundary of Anchorage 24, Captaln of the Port, Mew York,
Havigation Order 4-73 published in Motice to Maricers Mumber 14 dated
4 April 1973, extended the period of permissible anchorage in Anchorage
24 for vessels having an entering draft of 35 feet or graater. The
Motice also temporarily relocated the eastern and southern boundaries
af the anpchorage.
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9. 55 ES50 BRUSSELS Collision and Survival:

On the night of the collision, the 53 ES50 BRUSSELS was displaying
prescribed anchor fights and |ights on the forward and after super-
structures provided [ilumination of the decks., The deck anchor watch
after midnight consisfed of a Mabte, Petar Van Lisrde, and Able Seaman,
Feliciano Diaz. The wessal was lying approximately parallel fo the
Staten Island shoraline and swinging about 10” each side of a 330°
Trug heading. The wvessel's position was being pericdical ly checked
by radar renges of nearby fixed structures and the shoreline. After
midrlght no cargo was being transferred, and all tank and ullage open=
ings were sacured. About two minutes prior to the collision, The Mate,
who was on the bridge, heard 2 whistle signal from the approaching 55
L.¥. SEA WITCH. The Able Seaman on watch on the port wing of the bridge
heard the whistle, sighted the spproaching ship and advisad the Mate oo
watch, Maarly the entire crew except for tha watch stenders were asiesap
or in thalr roons preparing to go to bed.

Thae Mate, upon first sighting the 55 C.V. SEA WITCH and hearing her
whistle, Thought the vassal would pass astern; however, the 35 C.V. SEA
WITCH comtinued to waer and upon realizing that a colilsion was imminent,
sounded the general alarm fo alert the crew. The Mate procesded to tha
port bridge wing as the collisicn ogocurred. The Mate described hearing
rhe sound of impact followed by a rushing of air, then saw flamas rapidly
engul fing the area of the oollison.  lomadiately he and The seaman on

watch left the bridge 2nd preparced the forward port lifeboat for lowering.

Fira which was agvancing along the starbcard side rounded the port bow
and rapidly spread on the water under this |ifeboat, They abesndoned the
attempt to lowesr tha |feboat and both ran aft cufboard of the handrail
on the port side.

The remzindar of the crew had already started [owering tha port after
|ifebeat. A large portion of the ¢rew was already in The lifseboat with
the Mastar suparvising the |owering cperation. After the boat was watar-
borne come ditficulty was experienced in releasing the boat and the falls
had to be ovarhauled by hand to provide sufficient slack To release the
falls. As Tha Fire on The water approached an enginear attempied to
start The [ifeboat's Dlesel crgine. Thiz engine was of the hand starting
Tvpe znd requlred manual release of compression while being crankeo o
cbtain sufficient momentum of the flywheal. Oue to overcrowding around
™ha engina, difficolty in hand cranking was experienced and The enginse
could mot ba started, The craw than attempted to push the boat away
from the wvessef with oars, buf this too was unsuccessful due To the cur=
rent and wind which was holding the boat against the side of tha vessel.
4z flames sztarted to engulf the [ifebcat some of the Crew jumped over=
board to gat away from the flames and buraing ofl and attempted to swim
ta tha Staten Island side of The Verrazarno-Narrows Bridge abutment.

The Tug GRACE McALLISTER after arriving oo the scene roscued eleven
af these survivors who hed deifted with the current under the center
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span of the bridge. An object resembling an owverturned |ifsboat was
sighted near the burning vessals by one of the assisting tugs. The
lifeboat was not siohted agaln and has not been recoveread. Tha eleven
survivors were taken by the Tug GRACE McALLISTER te +he Staten Island
Guarantine Station where they were transfarred by ambulance +o the U.5.
Public Health Service Hospital on Staten Island for treatment and
axamination.

The remaining fiftesn survivers were picked up by other tugs, fire-
boats and police boalts who were searching the area. Elevan vietims,
identified as crew rembers from the 55 ESS0 BRUSSELS, were recoverad
from the waters of New York Harbor during the pericd from 2 June to
7 Jung 973, The remalns of Bartil Alaim Marie Otto, Steward, were

found an the after deck of the 55 ES50 BEISSELS and _

an AB-Wiper, remains missing.

0. 55 C.¥. SEA WITCH General Descriptlon:

The 55 C.V. SEA WITCH, MA Design C5=3=73b, MA Hull Ho. 205, Is the
first of three container ships incorporating automation features buil+t
by Bath |ron Works Corporation at Bath, Maine, for American Export Lines,
Irc., and was completed In Septerber of 965, The wessel, built +o class
under American Bureau of Shipping Standards, is a full container vessel
with the bridge deck located forward and the engine room aft. The vessel
has o madified clipper stem and a transom stern. Tha hull iz subdivided
by saven watertight fransverse bulkheads forming five cargo holds, four
forward of the aftrer deckhouse and one aft. The vessel meets a one-
compartment standard of subdivision.

Accommodations for deck officers are located in the forward supar-
structure and those for the engineecing officers and unlicensed crow
are located aft. Two underdeck enclosed passagaways on the main deck
leve| outboard of the cargo holds provide sheltered access betwsen the
forward and the affer deckhouses.

A Tixed carbon dioxide exTinguishing system consisting of a main bank
of 113 100=-pound cylinders is installed to protect cargo holds and the
machinery space. The guantity of COZ is sufficient to flood aumbar 3
carge held which is the largest space protected. Paint rcoms, emergency
genarator room, storercoms and other Isolated aress are provided with
separate fixed systems. The roleases for the malp 002 system to fhe
carge holds were |ocated on the starboard side of the second deck in
the atter deckhouse. The system was not sctivated prior To the crew
abandoning the wessel,

The interior fire stations are fltted «1th 7% foot lengths of |z inch
hoses and straight bore nozzles, The exterior stations are fitted with
#r foot langths of 2% inch hoses and approved combination nozzles, Seven
I+ Tnch fire hydrants were found in the open position after the casualty
in the inferior of the after supgrstructure.
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The vessel can carry a total of 1,070 standard twenty foot containers
or their equivalant. At the time of the casualty, the vessel had on
board 112, 20-faot and 173, 40-foot contalners on deck and 290, Z0-foot
and 153, &0-foot containers in the holds.

the four forward contaliner holds are arronged to stow two trensverse
bays and the after hold is arranged to stow one transverse bay of 40 foot
standard containers or fwo standard 20 foot containers. Containers are
stowad six deep in the four forward holds and three desp in the after
hold.,  All five container holds are fitted with 2 guide structure affixed
to webs and bulkheads for cellular stowage of containers. On the out-
bound fransit deck cargo consisted of eight bays each with three oon=
tainers high forward and bay numbar 9 consisted of containmers two high
on number 3 hatch. Mo cargo handling gear is provided and all cargo
handling is accomplished by shoreside facilitles. The cargo hatches
are gquipped with weathertight, steel, pontoon type hatch covers. The
covers, supported on raised coamings with the excepficn of number 5 hold
which 1s of the flush deck fype, are fitted with gaskets, quick acting
gogs and cargo securing fittings for container stowage.

bn nocrmal operation all the containers on board a container vessel
ara net discharged at any one port, rather some are offloaded and others
ara lcaded abgard depending on the cargo commifments. In order fo deter-
ming The ldentity of the carge aboard the 335 LY. SEA WITCH the manifests
of loadings at previous ports had To be reviewad. Part of the carge
gboard at the Time of leaving Mew York was lcaded at continental U. 5.
ports or European ports on the previcus voyage. The cargo manifests for
contalnars loaded at dew York were deliverad 4o the Chief Officar prilor
to sailing Howland Hook. The general cargo and dangerous cargo stowage
pilan for contalners loaded at other ports was posted om the bridge and
destroyed in the fire. The dengercus cargo manffest that was dalivered
To the Coast Guard by an American Export Lines offlicial shartly affter
the accident Included only That porticn of The dangerous cargo which was
loadad at Mew York and did not include two contfainers of dangarous cargo
almeady on board.

The location of the dangerous cargo contalners on board wWwas as
follows: twe containers in bay number 2, one on deck, one Im the hold;
fourtasn containers in bay number 4, twelve on dack; two containers in
bay number B, both on deck; seven containers in bay number 5, stowed on
dack; aight containers In bay number 1, five on deck and two in tha
hold; and one contalmer In bay number 9 on deck.

Many of the containers on board, although not required fo carry a
dangerous cargoe labal contained varying amounts of flammables. Sawvaral
containers hald vehicles. The stowage of Individual lofs of hazardous
matecials in soma containers was evident and although the individual
packags sizes were exempted from marking under current regulations,
large gquantities of these Individual packages were stored together
@ithin contalners,
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1. 85 C. V. SEA WITCH Hachinery:

The wvessel is arranged for single screw propulsion with & geared
steam turbine and rlght hand five-bladed propeller having a piteh of
22.73 feet. An engine room operating console combines the operating
controls for the main engine and various auxiliaries, main gauge board,
combustion centrol board, engineer's sigmal, alarm panels and indicating
lights. Main propulsion is centrolled from either the centralized
(engine room) centrel console or the wheelhouse consale, Twe main,
marine type boilers are provided. Each boller is fitted with two steam
atomizing oil burners, automatic combustion and feed water controls and
3 mator driven, horizental, forced draft blower. The forced draft blower
is capable of delivering 27,0060 CFM of free air at full speed and takes
cuction from the main machinery space. Two 1,000 KW turbine driven gen=
erator sets installed on the operating flat provide auxillary electrical
supply. An emergency Diesel driven generator rated at 125 KW Is installed
onthe port side of the boat deck in the after superstructure and provides
electrical power automatically upon failure of the main generating plant
far the forward fire pump, alarms, emergency communications and emergency
lighting systems. The Diesel engine is arranged for automatic or manual
hydraul l¢ starting.

The fire main system 1s capable of being supplied with sea water
From three pumps. Two pumps are located Tn the engine room and ane
remately controlled pump is located in the forward pump room. A main
srpam turbine driven fire pump rated at 1,000 GPM at 100 PSI and a
motor driven pump rated at 300 GPM at 125P51 are located in the angine
room. The prime movers and the pumps are not provided with remote opers
ating controls and start up, stop and valve line uwp has Lo be accom-
plished a2t the units. Steam supply for the main fire pump turbine 15
from the 845 PS| auxillary steam line. The electric pump in the engine
rocm 15 supplied with power from the main switchboard and there are no
provisions to supply electric power for this pump directly from the
emergency swWwitchboard., The pump, rated at BOO GPM at 125 PSl, installed
in the ferward pump room is electrically driven and can be remotely cons
trallad, ineluding line up of suction and discharge valves from the
engine room control consele. This pump receives electrical power from
elther the mainm or the smergency switchboard.

The machinery space mechanical supply and exhaust veptilation system
consists of twe, twe speed, motor driven, 50,000 CFM supply fans and two
single speed motor driven 3500 CFM exhaust fans. These systems are con-
trolied by bulkhead mounted switches on the operating level in the engine
room and remate cutouts located in the after deckhouse passageway.

The after deckhouse is equipped with a recirculating alr conditToning
and heating system designed so that sufficient autside fresh air (s drawn
into the intake ducts to provide for a minimum of three'alr changes per
hour within all spaces. The fresh air inlet for this system is located
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an the sun deck forward of the stack. Recirculation of Interiar alr s
provided mainly by suction from the aftar deckhouse passageways and
through louvered panels in the doors te individual stateroams, Cooled
ar heated air is supplied to fadividual compartments by overhead duct-
work and outlers. Control of the blowers for this system is provided
in the after superstructure and remsote emergency cutout control is
located on the bridge and Tn the engine rosm. MNelther the engine room
poWer supply to these blowers at the maln switchboard nor the bridge
emergency cutouts were secured subsequent to the casualty.

T&. 335 C. V. SEA WITCH Steering Control Swsbem:

A single steering stand housing dual electric steering controls is
instailed on the bridge to effect steering control of the vessel thraugh
a single steering wheel and a2 non follow=up control lever. Two indepen=
dent electrical control cables transmit steering orders from the bridge
steering stand te the rotary hydraulic power units in the steering engline
rocen.  The two control systems are entirely independent and are fsolated
from each other both electrically and physically. They do not aperate
simultaneously, but either may be selected at any time. Indicating lights
on the steering stand and also in the engine room show which control Ey5=
tem s operating and whether power s available to the other system.

Either the port or starboard steering control can be selected at any
time by means of the PORT-OFF-STBD system selector switch on the aftar
side of the steering stand. If failure occurs in the contral System,
either of the two procedures can be followed. The first procedure is
to switch from the system ia use, by means of the PORT-0FF=-5TED Systam
selector switch on the after side of the steering stand, to the alter=
nate system, The second procedure s to switeh from cne steering mode
to ancther.

The steering stand on the bridge provides three types of rudder con=
trol; automatic, hand electric with follow-up and hand electric without
fal low=up. Selection of the type of aperation is accompl ished by a mode
selector switch., In automatic operation this equipment is controlled by
the master gyrocompass. It will detect small course deviations and
automatically apply the proper degree of rudder to maintain the desired
course.  For hand electric control with follow-up the mode selector switch
is set at HAKND, and the wheel may he turned and the ship steered in the
conventional manner. The rudder rosponds to any movement of the wheel and
may be positioned at any angle between 35 degrees port and 35 degress star-
board. For hand electric control without follow-up the Helmsman moves the
cantroller knob to the left or right for left or right rudder. As long as
the controller knob is held In either position the ship's rudder positioning
equipment continues to appiy rudder In that direction until the rudder limit
stops are reached or the controller knob is relessed.

13. 55 C. V. SEA WITCH Steering Gear:

The steering gear 15 of the electric hydraulic type, having dual rams
operating in opposed hydraulic cylinders which actuate a single rudder
through & double ended tiller. The hydraulic pressure is provided by two
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independent variable voluma hydraullc pumps driven by electric motors.
The single differential mechanism controls the direction and flow of
high pressure oil to the active cylinders by means of a stroke rod which
varies the volume of the active hydraulic pump, The desired electric
rudder signal from the helm is converted by either of two rotary hydrau=-
Lle power units to a rotary input o the differential mechanlsm through
g control shaft., The signal indicating actusl rudder position is fad

to the differential by a mechanical follow-up |inkage. When the actual
and desired rudder posltions match, the rudder position remains censtant
until @ new signal is given. The rotary hydraulic power units can glso
be bypassed, and the rudder controlled through a frick wheel on the dif-
farential mechanism.

The two rotary hydraulic powar control units are mounted forward
over the steering machinery, and elther unit depending on system selec-
tion can be uwsed to control steering. Two sprockets and a Type |1
rel ler chain connect the twe rotary hydraulic power enif gutput shatts
to enable either of the units' operating signal to be tranzmitted to
the common ouTput shaft on the port unit. '

A confrol shaft approximately 28f inchas in length and 3/4 Inch
in diameter and two universal Joints coupla the port rotary hydraulic
powar unit oufput fo the differential machanism. The shafting anc oon-
necting universals provided for the transmission of the rofating signal
from the rotary hydraulic power units fo the differential mechanism
and were necassary dus to the distance and a difference in mounting
haights betwsen the units., The after half of The connecting universal
accepts the & inch input shaft of the differential mechanizm and the shaft was
ariginal ly milled to hold a half moon or rounded portion of a Woodruff
kew. The universal hub was milled i+s envire lengih, thus allowing
assemb ly by slipping the universal ovar the shatt and Woodruff hey.
This in effect captured, or locked in, the key whereby the universal
would have to be stipped off the shaft fo effect key removal. This
universal hub was also driléad and tapped for the installaticn of an
Allen set screw orientad 200 from the keyway. The other half of This
unlversal was coupled fo the comtrol shaft with a square key and wWas
fitted with fwo Allen sef screws, one ovar the kay and ong at 20 degreses
from the key.

The universal coupling at +the other and of The control shaft was
found to be similarly fitted with & squara key and set scraws. The
menufacturer’s drawing for this control shaft detail indicates fthat
tre unlversal coupiing was criginal ly dasignad to be fitted with a
foather key without Allen set screws. Whether the shaft and this
universal were originally inztalled as designed or altered subsequent
to the original installaticn could not be determined. The other hub
of this unlversal which was connaected to the rotary hydraullc power
unlt contained a squars key and a set scraw 20 degrees from the

RayWay .
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[4, 55 C.V¥. 5EA WITCH = Previous Stearing Gear Repalr:

on |17 April 1973, during an eest bound voyege, the 535 C.¥. SEA WITCH
axperienced a8 loss of steering. Upon examination of the steering mach-
imery, the First Assistant Engineer located 2 leaking relief valve in
the hydraulic system which caused the ruddar to go hard ovar., To restors
operation of The steering machinery, the reliaf valwe was adjusted to a
point necessary to hold the valve on its seat. The valve seat was dafec-
tive, and the adjustment and repairs made were considerad temporary.

During the inspection and examination of the steering machinery to
leccata the cause of this steering loss, the after half of the universal
coupling the control shaft fo the differential gear mechanism was found
To have loose motion. This universal was disassembled and the Woodruff
weyy and the keyway in the stub shaft of the differential gear mechanism
was found to be excassively worn. A replacement Humber 3 Woodruff key
was inztal led and the universal reassembiaed. This repalr was also con-
sidered femporary as no repalr was accomplished to the worn shaft keyway.

Fubsquent to These temporary repairs, the wessel's owners were ad-
vised by radic of the steering difficultiss and tha n
repairs upon arrivel in New York. About 20 April, W
a ifeff Port Engineer for American Export Lines can'l’e:‘l'ed M. [
B -F Gond Hydraulics Ecuipment Service, a specialty firm in the repair
of marine hydraulic equipment, concerning the need for repair upon the
wvassal's arrival. Tha needed repair o the relief valve and the stub
ghaff wera discussed and plans made for accomplishment of repairs upon
arrival. Tha massage, or telegram, from the wvessel was garbled and the
exact nature of the needed repair o the atub shaft was unable To be
ascarfained, Some confusion existed as to the identity of the dafective
part; however, plans wers made as if The stub shaft was defective. The
instruction manuals for the Hyde stesring goar wore Feviewed and an
agreement was reached should the shaft be found defective, it would be
millad for inztallation of an ovarsized square 3/1é-inch key in lisu of the
criginal Mumber 3 captured Woodruff key.

“ricr o the vessells arrival in Mew York, atfampts to obtain a re-
placemant new stub shaft from W. E. Zimmia Corporation, Cleveland, Ohio,
a2 sparg parts vendor for Hyde stoering equipmant, were unsucoesssful,

Upon the weszel's arrival in Mew York, on 22 April, Mr. Fscn‘l'
a machanic to the vessel fo remove the differantial gear mechanism stub
shaft, key and its connecting wniversal., Upon his arrival, a confersnce
was held In the Chief Englineerts Q¥fice aboard ship betwsen the Port
Engin=er, Mr, the First Assistant Englinear, Mr. JJ} 2nd the
machanic, concerning the replacement of the Woodruff key
with a straight key, All agreed that this alteration would be & suit-
able repalr,

The Bend Hydraulic representative then removed the stub shaft assambly
and itz connecting universal and toock them to the company machine shop in
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Linden, New Jersey. [n the shop, the stub shaft was milled out so the
criginal Number 3 Woodruff keyway wWas replaced by a 3/ 1é6=Inch square
keyway approximately one inch long and open to the end of the shaft.

The keyway in the connecting half of the universal was also millad out
from 1/8 inch *o 3/16 Inch from end to end, A new square key was fab-
ricated from standard AI5] 4140 key stock, and 1T was ground for a size
to size press fiT., The key and univarsal hub werea coated with Lock=Tite,
a commercial hardening type lubricant that eases assembly and provides
increased adhasion quality after hardening. The universal hub was
pressed on the shaft and the new square key by use of a hydraulic press
using approximately 50 pounds of pressure. Upon complation of the mach-
Ing shop work, the repalred parts were refurned to the vessel for
reassemh [y,

Upan ¥r. | 2nd the mechanic's refurn fo the vessel, the
differential gear mechgni5m stub shaft and control shaft were reinstal led.
The Allen set screw 907 Ffrom the keyway in the after half of the universal
was reinstalles and tightened. The stub shaft was not countersunk for the
Allen zet zcrew and depended on the friction exerted during the tightening
process for its ratention and holding ability.

A pew relief walve seat, mepufactured by Bond Hydraulics Machine Shop,
was also Installed. After asserbly, the repairad rellet valve was pressure
tested and adjusted to I1s design relieving pressure.

After the sbove repairs, the steering machinery was operational ly
tested dockside, alternataly using both steering units and all control
systems. These tests wara jointly conducted by Mr. [ the mechanics
and shio's personnel. The repalir was considered satisfactory.

Thesa steering gear repairs wara not reported to the Coast Guard,
Qfficer In Charge, Marine Inspecticn, as both American Export Line offi-
clals angd the ship's personnel did not consider the rapair as meeting
reguiatory reporting raguiremants,

Curing the ia port period precading the casualty 2 Sperry represanta-
tive adjusted a misalignment of the rudder angle indicator betwean Tha
uridge and The steering engine room of the 35 C.V. SEA WITCH.

I5, 53 C.V¥, SEA WITCH - Previous Incldents |nvolving Malfunctlon of
steering:

Singe being placed in service In September [968, the 55 C.V. SEA
WITCH experienced several incidents inwelving malfunction of steering
soufpmant or a loss of steering. Operating logs, casvalty raports,
company records and testimony received bafora this Board racord the
follawing:

8, 22 May 1969

A wvessel casualty raport flled at the Mew York Marine Inspection
Office records a grounding in Hew York Harbor on Z2 May |969. This
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grounding was caused by a loss of steering that was the result of g loss
af The main plant, The plant loss according to the wvessel casualty report
was due to the inadvertent closing of a remotely controlled generator want
valve during the process of securing the bow thruster unit for sea. The
vessel grounded off Hoffman Island in Mew York Harbor., The bow thruster
was damaged as a result of the grounding and dirt and debris were picked
up in The maln condenser intake.

b, B July [97]

Twe losses of sTeering contraol were cexperienced while fhe veszel
was at sea on 8 July 1971, The first occcurred at about 0B20. Investiga-
Tien by ship's personnal revealed the sguare key in the csontrol shaft be-
tween the differantial gear mechanism and the rotary bhydraulic power units
fell qut, The square key is located in the differential universal at the
nalf connecting it fo the control shaft. The two retaining Allen set
screws were found To be loose and without the key allowed free rotation
of the shaft without transmitting its rotation to the differential geoar
mechanism, To effact repairs, the key was reinserted from the shaft
side of the univarsal and both Allen set screws were tightened.

AT 1233, The same day, anocther loss of sTeering control was exper=
iernced, Tho same =0t sorews had worked loosed, 2ad the same key had fallen
out. Tao effect repair, Tthe key was relnstalled as before, and the set
sCrews TighTenad, and as a pracaution an additional Allen set screw was
instal led over both original sof sorows in the same tapped hole to pre-
vent the iower set screw from working loose.

oo 20 July 1571

A Master's voyage letter report documents that the vessel departed
Greman 54 minutes behind schadule on 21 July 1971, dus to sTeering englne
frouble. A bridge log entry for the same day at 0000 states, "Starboard
steering gear malfonction" and at 0050 states, "Repairs completed - steer-
ing gear in warkino ordar.” HNo explanation of the trouble or nature of
repaic was documented in the log.

d. 23 July 197]

The bridoe log for 23 July 1971 confains the entry, "Z2010 STeering
gaar failure - slow speed. 2033 Repair completed = sea spead." A cowment
also appears in the engine room log for the same day, "Greased steering
gaar." The logs for *his date did not comment further on the failure or
corrective action faken.

e, 20 Julw [97]

A writ—sn "Reguizition for Mafecial"” was submitted by the Chief
fnginear on 22 July 1971 requesting certain modifications fo the steering
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gear. His request is quoted as fol lows, "Supply labor and materials to
provide a more secure |inkage between the Sperry steering equipment and
the stearing medivm. On two cccaslions the sef scraws at the various
points of & connecticons have worked logse. == A tapered pin at each of
these & connections, In addition to the present double set screw and key
arrangement, 1s suggested,”

dpon tha vessel's arrival in Hew York, a Port Enginger for Ameri-
can Export Lines, Hr,m wisited The vessel and discussed
the abova proposed maditication witn relief Chief Englnesr Johansen and
reqular Chisf Enginear [} »r. [ not concur with Chief
_prc.pce.al as he belleved that the drilling, reaming and in-
stal lation of Tapered pins would waaken the shaffs excessively. At the
time, Mr. mprcp-ﬁﬁ&d that if the Allen set screws agaln workad |loosa
thay shou staked", i.e., canter punch the periphery of the scraw
to pravent it from loosening.

f. 5 dugust 157

The bridge log for 5 August 1971, while tha wessal was at sea cn
a voyvage Trom dMorfolk o 2roman, contains the following entries; "0800
Steering gear fai lure." Y1200 3tearing gear repairs in progress."  "1500
Reduced specd to make repairs on sTearing angina." "I628 Repairs com-
pleted - Proceeding - Datention |h 16M." The corresponding e@ngine room
log for the same day containg a comment, "Repairing steering gear con-
trol." The logs for This date did not comment further on the fallure
or corcective action Taken.

A Master's wvoyage letter report for vovage #40 contains the
fal lewing statemant, "On August 5th 1971 wvessal had steering gear trouble
capsing & diversion of |2 miles and a datention at reduced speeds of OIH =
[eM, ™

g. 21 January 1972

The bridge log for 21 Januvary 1972 on an outhound vayage from
Statan island contains the following entry; "1815 Port stoaring gear
broke down.  Full astern = off #17 Whistla., Way ﬂffﬂvegsml with head-
ing on #17 Ball buoy approx, 0,25 Mi off bearing 2707. Stearing by
stbd. gear. Backed vessel Jown and let go stbd. anchor (3 shis) at
1831 hours. Making repairs. 1910 Ancher awaigh proc. to Gravesand
Bay o swing wessel argund to seaward. [942 Proceeding fo sea.”

The corresponding engine room log for the same day contains the
fol lewing entry; "Port steering gear failed at approximataely (sic) dus
fo low oil pressura through fawlt of a 1/4" gavge valwve bonnat which
olew out., The low sump alarm was found fo be set at #3 on the angine
room gauge which apparently is too low a setting. Steering was changad
over o the stbd, unit, The L, J. was restored in the port system,

The gauge valve bonnat was replaced tightiy and port stesring was testad
0.k, after leaving pilot station.™
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A comment appears in the Master's voyage letter report for voy-
aga #46 also documenting this steering failure and is quoted, "Vessal
laft barth at 1730 hours and took departure for Horfolk at 2036 hours.
Thara was a detention of [H - 27 betwaen berth and pilot due to steer-
ing angine fallure. Vessel sailed 30M behind schadule."

h, |7 Decamber 1977

The bridge log on |7 December 1972 on an inbound voyage from
Falixstowe to Mew York contains the following entries: "0330 Reduced
T 40 BPM to chack steering engine mi.  3Tbd motor cut. 0820 Increased
To 20 BPM fo maintain steerage." The corresponding engine room log for
the same day contains the follewing entry; "at 0410 Sthd. steering failed
o respond - checked same flexible coupling found to ba faulty. Port
angina operating.”

The engine reom log for the following day, |8 December 1972,
alzo contains the following entry; "Stbd steering engina running - servo
pump flexible coupling repaired.”

i. 27 February 1973

The englne room log for 21=22 February 1973 while the wessel was
irn Bremerhavan containg the following entry; "Rudder post bearings found
with excassive - wear, Ship unable to procesd becauss of zame. Drydocking
arranged for tomorrow Februsry 2Z/73 |IAM. Mr. H A.E.1. Port
Enginger In attandance. Mr. | - >=!vage Assaciation and Mr.
B ¢ 455 in attendance. Lower pintle bearing found cracked
To be renewed. Crack in weld of port aft peak tank making o stern

frame." (sic)

j. 10 Aprit 1973

During docking maneuvars, in Amsterdam, +he wvessael suffered a
loss of steering due to a fallure in the steering engina fol low-up gaar.
& gplit pin that secures the follow up spiral input shaft To a clavis
connection providing fol low wp Tnput signal to the differential gear
mechanism fall cut. This allowed rotation of the spiral shatt, upon
rudder movemsent, without rotating the fellow up Input shaft of the dif-
ferential gear mechanism, The rudder want hard over In one direction
due to thae resultant loss of follow up signal.

To affact repair a new split pin was Installed and & satety
wire was inserted through the axis of the pin and lock wired around

the clavis,

|6, 55 C.V. SEA WITCH Structural and Fire Damage:

The impact of the ecliision caused the entire stem of the 53 C.W SEA
WITCH to shear horizontally about 2| feet aft on both sides, about 10

L]
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feet above the load water line and all plating belew this peint fo be
driven aft about the same distance into the fore pesk tank. One longi-
tudinal and ona fransverse walded ssam on the side shall fractured dus
to heat in the area of number 3 cargo hold,

Carge In containers on tha weather deck was consumed or saversly
damaged §y the flre, The shell frame of some of these conmtalners and
remnants of cargo 1s all that remalns, Light exterior sheathing of
These deck containers burnad away exposing Thelir contents fo the fire.
Zome wooden floors of the containers ignited and provided additional
combustible material. Containars sheathed with plastic laminated
woodan sides offerad little resistance to the spread of fire and were
consumad. Aluminem and steal sheathed containers alse eventually col-
fapsed and burned from the intense heat which developed. The skeleton
structures of many containers romain stacked with deck lashings in
place after the fire was axtinguished,

The contalners stowed halow deck, especially thoese in holds number
2 and 3, ware the most damaged by the fire. |In the other carge helds
damage from smoldering caused by the effects of the radiant heat through
the hatch covers and the side shell was evident on containers stowed
adjacant to these boundaries. The containers located on the starboard
sida showad the more severs affects of radlant heat. A vertical pro-
gression of fire through a tier of containers without affecting adja-
caent tiers was noted.

Paint on the exterior of the atter superstructure was burned. Both
| i febonats which are located aft wers distorted, buckled and nearly con-
sumed by fire. The engine spaces are fres of fire damege, but both the
engine spaces and the interior of the affer superstructure suffered
haavy smoke damage.

Port lights, although crazed in the main, were all intact. Interior
accommodations constructed of Marinite (asbestos) panels with metal fur-
nishings were discolored from heat and suffered fire damags in statarcoms
aleng the starboard side of the deckhouses and the damage oxtendod saver-
al feat inboard. The remainder of the [nterior suffered light to heawvy
smoka damage. The damage was most pronounced on fThe starboard side of
the upper deck staterooms and storercoms [n way of the side shell on tThe
main deck leval, There iz evidence that draperies in the staterooms
torward and to the starboard caught fire, but the flame 4id not spread.
The exposed paint on the inferior of the nuil girder was burned on the
starboard side and blistered on the port side. Heavy smoke damage
accurred on the lowar deck levels of the forward superstructura.

The contziners on deck and in number 2 and 3 holds continued To burn
for many days after the casualty and the ship's supply of C0Z was used
oy the Mew York City Fire Depariment to extinguish the last fire in num-
her 2 hold, After all fires were extinguished the containers on deck
and containers within the holds were offloaded and surveyed. A system-
atlc documentaticon of the location, extent of damsge, structural detazils,
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effects of the fire and identification of cargo within +he contziners was
undertaken by a joint group iecluding owners, underwriters, Coast Guard
and MARAD repressntatives. The survey was Inltlated by a preliminary
recommendstion of this Board.

17. 55 ESSO BRUSSELS Genersl Descriotlon:

The 33 ES50 BRUSSELS was built by Kockums Mekaniska Verkstad of Malmo,
awadsn, in 1960 to Amerfcan Bureau of Shipping class standards as an A-|
ofl carrier, The vessel is constructed with eleven cargo Tanks, numbered
ena through eleven from forwzrd aft, each separated by a transverse bulk-
head.  They are further divided by longitudinal bulkheads into port, cen-
fer, and starpoard fanks for a fotal of thirty fthree individual cargo
Tanks. The capacity of a center fank Is approximately 16,500 tarrels,
and each measures about 39 feet long, 49 feet wide and 50 feet deep.
the capacity of the side tanks, port and starboard, varied cue to the
configuration of the wessel, but their irdividual capacity is approxi-
mataly B,250 barrels sach. 3ide tank dimensicns are approximately 39
feat long, 25% feet wide and 50 feet deep. Total cargo carrying capa-
clty Is appreximately 340,000 U, 5. barrels when loaded fo 958 capacity.
Tank venting is of the common header typa which consists of a branch vend
line leadling frem each tank to common headers that extend abouf 35 feet
ﬁhﬂv& the weather deck and are fitted with flame arrastors and weather

G,

The wessel Is constructed with two deckhouses. The forward deckhouse
located over nurber 5 and 6 carge tanks contains the bridge, berthing
areas for the Master, Chief Officer, other dack offlcers, radlo room,
hospital, owner's statercom and day rooms. Two 26-feot |ifeboats with
gravity davits are provided on the boat deck. The starboard |[feboat is
equipped with & hand starting two cylinder Diesel engine, and the port
I1feboat is oar propelled. The after geckhouse is located over the mach-
inery spaces and provides |iving spaces for the licensed engineers and
all unllcensed ratings. The crew's mess room, pantry, galley, officer's
mess rocHm and pantry are also provideg in the after deckhouse. Two 4
perscr capacity ||feboats with gravity davits are installed on the boat
deck aft, The port |ifeboat is eguipped with a hand-starting twe cylin=
der Diesel engire and the starbomrd |1feboat is car propel led.

The fire fighting eauipmant on the 35 ESS50 BRUSSELS consisted of deck
fire hydrants and steam smothering to the individual carge tanks, HKelther
the deck flre main nor the steam smothering was activated prier +o the
crew abandoning the 55 ES50 BRUSSELS. The sngineering perscnnel, how-
ever, dld start the emergency generator before abandoning the vessel.

4, 55 E5S50 BRUSSELS Structurel &nd Fire Demage:

The bew of the 55 C.V. ZEA WITCH penetrataed the sida shall in way of
number 7 and & starboard tanks severing number 8 cargo tank top and the
starboard kKing post of the 55 ES50 BRUSSELS.  The athwertships bulkhead
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saparating number 7 and B starboard tanks collapsed. The longitudinal
bulkhead separating number 8 starboard tank and number B center fank

was penetrated approximately 15 fzet by the bow of the 55 C.V. SEA WITCH,
allowling cargo from that tank to have free communication to the sea.

The rupture of number 7 and 8 starbsard tanks and numbar 8 canter tank

al |owed approximately 31,000 U. 5. barrels of cargo to be spillad and
provided The initlal fuel for fhe resulting fire. In addition approx=
tmately 1,000 U, 5. barrels of carge from the remaining cargo tanks were
conswnad in The fire,

Flamas from the burning of! on the water Ignited exterior paint and
exterior compustibles. The rasultant heat from the fire ruptured piping,
melted brass components in vant |inas and steam smothering lines, burned
tank fitTing gaskets which permitted the rapidiy éxpanding vaoors to
escape and Tanite contributing To The severity of the deck fire. The
intarfor of bath deckhousas was paneled with a pressed wood panel board
which offered |ittle resistance to the spread of fire. The angine room
gnd lowar levels of The pump reom did not burn. The fire effectively
consumed nearly all combustiblas on and above the weather deck lewvel and
causad savere fire damege to those areas of the after dackhouse and empty
carge tanks above the water [ing which were subjected o the intense heat,

b9, 35 E350 BRUSSELS Events Subsequent fo fha Casualty:

After the fim was axtinguished asbestos material was used to saeal
tank tops, wllage and fank cleaning openings where gasket material had
burned out. Flame screening material was used over severed and burned
away plping To insure flame tightness of cargo tank boundaries. wWooden
plugs were wsed fo seal other pipe openings not requirad for tank vant-
ing. Offload of tha remaining cargo was accompllshed through the vessel's
existing piping by The uso of a steam cargo stripping pump located in The
pump room.  An undamaged pump room cargo clser was usad To transfer tha
carge to the main deck level where cargo hoses were used To offload The
carge to barges alongsida. Tha ah|||1y to use the stubs of the burned
off valve stems protruding from the packing glands fo open and closo
valves made possible the use of the wvassel's internal carge oiping for
the carge transfer. Upon completion of the offloading The 35 ES50
BRUSSELS was gas freed af which time a preliminary damage survey was
started.

The bulk of oil spilled from the 35 ESS0 BREUZZELS was coosumed in
tha fire which pocketad betwean the wessels as they driffed down The
channa| under the Verrazano-Marrows Bridge. Pollution from the residus
of the cargo was recovered from Staten |sland, Coney lsland, ManhatTan
and Jones Beaches, Sandy Hook and Mortons Polnt areas.

20, 55 C.V. SEA WITCH, Inltlal Board Steering Machinery Inspection:

On 7 Jume reprasantatives of the Board and the owners of the 35 C.V.
SEA WITCH visited the vessel to examine the steering machinery and the
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stesring control system. The steering machinery room was found o be
relativaly fres of fire damage, howewver, smoke damage, seof and Some
paint scorching was evident. The position of The ram indicated right
rudder and the rudder angle indicator was found at (20 right rudder,

Examination of the control shaft betwsen the rotary hydraulic power
units and the differentlal mechanism revealed That tha shafd would rotate
when turned by hand without rotating the diffarential gear mechanism stub
shaft. Further examination disclosed a 3716 inch square key aporoximately
one inch long lying In the jaws of the connecting unlversal at the diffar-
ential gear mechanism end and that Tthe keyway in the stub shatt no longer
containad a ke,

The examination was tarminated and the stesering machinary space was
sacured and sealed as a socurity measure. Plans wera made for a thorough
inspaction of the steering machinary and The control systam.

21, 55 C.V. 5EA WITCH, Subseguent Board Stearing Machinery Inspections:

A wisit was made on B June with representatives of the Board and all
parties in interest to axamine the steocring gear installation on board
the 55 C.V. SEA WITCH, The differential gear mechanism and the control-
shaft were reamoved for complete analyses to datermine i any malfunction
or derangement of tThese components could have contributed o the loss of
stearing, The assembliss were brought ashore, olaced in custody of Coast
Guard afficials and the steering engine room was resealed. Upon disasseambly 4
of the control shaft szeveral set screw indantations wers noted at diffsrent
focations under the universal connecting hubs,

O 1T Jung representatives of the Board, parties in interest and Sperry
Fand representatives examined the Sperry rotary hedravlic power units in
the steering engine room. Both unifs were opened, examinad and found to be
at full left rudder. Resistance readings confirmed the rotor positions of
both Sparry units. The steering gear room was again reasaaled.

on 14 June The representatives of the B8oard and the newly deslignated
party in interest, Bath lron Works, Inc., visited the 25 C.V. ZEA WITCH
and ware afforded an opportunity o wiew the steering gear on board and
glsc The components which ware ashore In the custody of the Coast Guard.

ALY parties In Interest were givan Tha opportunity fo submit pro-
posad test procedures to be utilizad in the planned Gisassombly and
analysas of the differential gear machanism and the control shaft,

M. — Fresident, Dynetics, Inc,, Erle, Pennsylvania,
engaged A% the Soard's axpert witness, directly comtrallad and suparvised
vhe tast and disassemkily procsdures of the differantial gear machanism.

The orocedures submithed by parties in inferast were consolidated and dis-
ascambly was performed on 15 June at the Luziuz Pitking, Ing., ladboratory, a2
spacialty firm in machinery analvsis, metallurgical testing and research

in Mew York ity in the presence of members of the Board, attorneys and
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technical specialists representing parties in interest. Prior fo dis-
assemb [y, @ visual examination of the gear case was mada. |ts exterlor
was coverad with soot and the glass enclosing the rudder angle and halm
grder indicetor was cracked, however, the paint on the case was not
Blisterad,

Frior to disassembly, a torgue test was performed to determine if
there was any undue frictlion or dinding In the ditferential gear mech-
anism. A standard torque wrench was fitted to the input stub shaft and
pressure appllied by hand. Initial torgue raadiggs began with 42 in-lbs
then fell to less than 5 in-lbs affter about 1G0T of wrench rofation.
Thereatter, ooing from full left fo full right rudder, the torgue read=

ings wers 9-10 in-ibs.

The stroke rod was then adjusted to mid position, and forque measura-
ments waere taken from this point fo full left rudder, then full right
rudder. The reedings began with 10 in-ibs and varied from 0 fo 10 in-lbs
throughout the range. The torcus weench was then placed on the fol low-up
shaft and the input shaft was restrained. Beaginning at full right rudder,
the torgque averaged 35 in-Ibs in going To full left rudder and then revers-
ing the direction, the torque peaked at 40 in-Ibs, but essentially averaged
3% in-lbs.

Frior to disassembiy of the mechanism, tha case was drained of all oil
and a grease residua was foumnd In the botiom of the case. The spectro-
graphic analysis of the lubricating ol | removed from the gear case revealed
an ash content of 0.41 per cent. The analysis of the grease rosidue showad
an ash content of 3.17 per cent. Ho other significant contaminants wero
noted in aither of the two samples, Disassembly of the differential gear
mechanism commanced by remeval of The cover housing including the dial
aszemb |y and pointar drive Train, These components appearaed normal excep?
for the cracked glass over the rudder angle and helm order indicator.

The following chservations were noted during disassembly of the differ-
antial gear mechanism.

a., Tha original keyway in the differential gear mechanism stub shatt,
as descrlbed in the manufacturer's detalled drawing, spaclfied a Number 3
docdrutt key 1/3 Tnch wide by 142 inch long. The stub shaft In this unif
had been remachined for a 3716 inch square key approximately one inch long
and broached to the end of the shaft. Tha remalns of the cld root of the
ariginal Woocdruff keyway were easily discernible at the base of the new
square keyway, Evidence of slight distfortion existed on the sides of the
kayway in way of the original Woodruff keyway.

b. The stub shaft contained 3 drilled countersink in the shaft's
surface approximately [9/32 inch from the end of the shatt and at about
1 70% opposite the milled keyway. HNo matching hote for a set screw was
found in the hud of +he connecting uniwvarsal. The 3/16 inch square key
showed signs of side wear and bore no imprassion of sef screws.
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. The gear assembly driving the indicator poinfers and gears Inslde
the barrel cam were all found fo be in excellent condition.  Although the
worm showad no signs of wear o damage, the worm gear showed some Signs
of wear on the sides of the fteeth and =some score marks on fha taoth fips.

d. The spur gears in The drive frain from The inpur stub shaftt all
showsd surface damage on The Teeth., The Trick whesl| drive and driwven
gears and the stub shaft input driven gear 21l showed sovere surface dam-
age on the Teeth, The spur gears inside The frigk whesi nousing a2ise had
oo contact marking on the teeth. The barrel cam and fol lower wars in
good Condition., The siroke rod had 2 long score mark on The fop of one of
tha lands and the mating part was not a free fit on the spline. Thers was
ne mating score mark 0 its bore and binding was not considered serious.

Mr. _ made the following conclusions based on his
analysis examination of the differential gear mechanizm and ifs con-

necting linkage:

"1, There was no condition within the differential machanism capable of
causing loss of stearing control.

"7, Loss of steering control resultaed from the key joining the universal
Joint hub o the Sperry input shaft of the differantial mechanism, work-

ing its way ouf of the keyway under the influence of vibration. Thiz was
not @ Woodruff key as employed in the original design, and no machanical

restraint to lock it in place was provided when it was installad,

"3, Althcugh the key might hawve bscome displaced at seme future Time for
other reasons, the condition of the gear fteeth werify the presence of a
zavere high freguency wvibratian apoliad to the Sparry input shaft that
certainly accelarated the displacemant.

"i. The source of the vibration, insofar az the 4l fferential machanism
is concerned was in the Sperry control unit, but its cause is not kaown,"

22, Board AcTivitles Subsequent To The Casualty:

On 4 June the Chairman and both membars of the Board wisited the scene
of tha casualty and sighted the 55 C.V. 5EA WITCH at anchor at Gravesend
Bay. Smoka and some flarg-up of deck cargo fire was cbserved which was
baing extinguished by fireboat personnsl. The 35 ES50 BRUSSELF, anchored
in the vicinlty, was visited by the Board members. The wvessel was still
lcaded with cargo remaining after the fire and floating booms were Leing
used to reduce pollution effects in way of the hull damags. The Interlor
of both deckhouses was observed to be completely gutted by fire.

Jn 8 June the Chairman and bdeth members boarded the sister class ves-
gel, the 55 C.Y¥. LIGHTNING O.M. 518063 for an orfentatlion visit. The chair-
man and Recorder rode the wessel from Staten |sland o Horfolk, Yirginia.
Frior o the wvessel's departure, an examination of The differential gear

-
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mchanism stub shaft and the contrel shaft was made which revealed that
alterations from original design had been accomplished to the shaft secur-
ing arrangements. Taper pins had besn installad through the hubs of both
univarsals. The dlfferential gear mechanism stub shaft was found to be
excessively weakened In way of the taper pin hole and evidence of fracture
was found at this locarion. The sguare keys in the control shaft showed
evidance of waar and working loose. Also, scoring and set screw indenta-
tionz zlong The shaft were noted similar to those found on the contirol
shaft of the 35 C.¥. SEA WITCH.

rapairs consisting of weldlng the universal hubs o the control shaft
to insure positive connection and replaceament of the diffarential gear mech-
anism atub shaft with a nowly manufactured shaft were accompl [shed.
The end of the new shaft which connects to the universal was enlarged
from 1/2 to 374 inches in diameter ang 2 sunken squars keyway was machined
in ey of the original designed Woodruff keyway, Whan reassembled, this
concection was not pinned or locked so as to allow axial motion betwaan
the rofary actuator power units and tha differential gear mechanism. After
thasa repairs and alterations were completed, the steering gear control
zystem was tastad and found satisfactory.

an 15 Jupe the Chairman and one Board Member wvisited & sister class
wasse], 55 C.V. ATAG HOUND Q.M. 520743, while en route Mew York fo conduct
tests on stopping and anchoring characteristics of this class vessal. A
saries of three stopping maneuvers whila the wessel was oroceeding at &b
RPM and fwo anchoring maneuvers were accomplished in the vicinity of
Ambrose Light {LL 952 at the enfrance to Mew York Harbor, The average
Timg for the wessel to stop dead In The water was four minutes seven
seconas and the average advance was about 580 vards as estimated by the
distance between The warker target dropped at the start of the fest and
when the wvessal stopped. The avorage time far tha propeller shaft to
reach 5% GPM astern after the engine order telegraph signal was receives
in The engine rocom was one minufe Twoe seconds.

During the in port stay on 15-016 June the differentlal steb skaft and
control shaft of the 35 C.V. 5TAG HOUNG were examined and found to be
madifiad from original dasign. The twe square ®eys In way of Tha control
shatt universals were missing. The key, approximately one inch in lenagth
in way of the rotary hydraullic power unit's output shaft, was found To be
backad out of its keyway. This key was originally designed fo ba 2 |/8
inches in length. The spring clip refainers on the after universal pins
were also found to be missing. An alferation similar to that accomplshed
an the 53 C.¥. LIGHTHING was made pricr to leaving port, One Board Member
mada an orientation voyage between Staten Island, Mew York, and Morfolk,
Yirginia.

23, Concept of American Export Lines, Inc., Vessel Operations and Repair:

e American Export Lines, Inc., operates sewveral vessals on & continu-
ous schedulad route between Continental East Coast Ports and the Mortharn
Eurcpean Continent. The wessels operate on a prescribad schedule and any
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delays encounterad are not readily made up. In order to prevent in port
delays vessels submit requests for supplies and repairs before departing
the European Convinent anmd if en route send a radio massage outlining thair
nzeds. The company has a staff of pert angineers who are assignad fo cor-
faln class vessels to expedite the preparation for and accomplishmant of
repaire while in port. On arrival the Chief Mate and Chiet Engineer submit
worklists To tha poert angineer covering ftems requiring attention within
thelr departments and those items which can be accomplished during the in
port period are normal |y handled during these paricds.

The mastar normal ly sends a woyage letter to the company operations
personnel advising of reasons for dalays in schedule and items considered
pertinent for tha scheduling and ooeration of the wessal. The Chief Engi-
negr notifies tho company in writing of items partaining to vessel's
machinary and equipment, when of roumsTances dictata.

Z4. Coast Cuard Plan fpproval and Inspection Reouirements :

FExisting Coast Guard Requlations outling the regquirements of plans
which are reguired to be submitted for approval priocr to cerfification
of an inspected wessel. The regulations require a general arrangement
plan of the main and auxillary stesring gear, steering arrangement and
gasociated hydroulic and electrical systems. The regulations specify
tha plans submitted are fo be general in character but are to Tnclude
infended construction and safety features coming under the cogrizance
of the Coast Guard. During construction the vessel is inspected in the
fFiald to verify that the installation meets the intent of the approved
plans.

After construction and during builder's trials tha stearing gear is
parformance tested to [nsure That The stesring gear Is capabie of con-
trolling the vessel and That the movement of the rudder meets prescribed
standards., During bBiennial and periodic mid=paricd inspections the
stearing gear is parftormanca tasted by field inspectors 1o Insure propes
oparation, This ftest is substantially the same as the test performed
by operating personnel each ftime the wvezsel gats undarway.
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COMCELS [OMS

l. The primary cauza of the casuslfy was the loss of stearing control
aboard the 5% C.V. ZEA WITCH., The resulting collisieon, fire and loss

of I1fe were caused by The high rate of speed, approximately 13 knots,
at which the 55 C.V. 3EA WITCH was oroceading through The water as the
vessel approached the anchorace. The strong 2.5 knot ebb current gave
the 25 C.W. S3EA WITCH a combined over the ground speed of approximately
2.5 knots as the vessel approached the anchorad 55 ESE0 BRUSSELE. The
engine Wwas not backed or slowed 38 soon as the difficulty was determined
and tha full astfern maneuaver Just prier to the 1mpacf was ineffactive in
reducing headway, Tha severity of The structural damage, the impaling
of the wessels and the ignition of the oll carge may not have occurred
had The force of impact been reduced. Without the fire There would have
been no loss of [ife.

2. The cause of the loss of steering control was a failure of the uni-
versal coupling connactlon Tn the sheff between the hydraulic rofary
power recaelvar unlts and the diffarantial gear mechanism in the stear-
ing engine room, Tha 3716 inch sguare key connecting the after half

of the univarsal c¢oupling to the diffarential gear machanism stub shaft
loosenad, wore and slipped out of +@F keyway and into the jaws of the
univarsal, Tha Alflen zet screw, 907 from the keyway In the hub of The
univarsal alze |ocosaned allowing tha input shaft from The hydraullic
rotary powar units to rotate the control shatt without transmitting
this rotation to the differential gaar mechanism. The lgosening and
wear of the key and the loosening of tha Allen set screw 90 degroes
from the keyway, in the hub of the universal, and the uitimate working
out from the keyway occurred since the repair and modification 23 Aprill
1973, The backing out of the key at the moment of fhe casualty was dus
to the sheft torgue, induced axial movamant and wibration while the
vessel was procesding at full azhsad,

3. Tha control shaft was orlginally deslgned to allow axial motion
throwgh a feather key arrangement [n the universal hub at the rotary
hydraul ic power unlt end where it connects to the control shaft. The
positive restraint imposed by the improper installation of a sat scrad
at this hub probably caused axial thrust through components of the <on-
tral shaft which resuited in abnormal stress on control shaf® componenTs
and damage to gear tooth surfaces In the differential gear mechanism.
This restraint, in all probability, alse caused the wear in the sriginal
Woodruff key and keyway In the differential gear mechanism stub shaft
which necessitated the repair accomplished by Bond Hydraulics Eguipment
Service on 23 April 1973, This same restraint caused the key that was
installed by Bond Hydraulic Equipment Service to loosen, wear and slio
aut of position prior To the casualty.

4, The modification to the differential gear machanism stub shaf® and
connacting universal conducted by Bond Hydraulics Equipment Service an
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Z3 April 1973, approximately six weeks prior to the collision, was im=
proper. Tha miiling of the sTub shaftt for the fifting of 2 square key
to rapiace the originally dasigned capturaed or locked=in Woodruff key
without a provision for securing the key allowed the new square key To
slip ouf of position and permit fres rotation of The shaft.

5. A redundancy of the steecing gear control system in the |inkage be-
tween the rotary hydravlic powar units and fthe dlfferential gear mechan-
Ism would have prevented this casualty. The absence of a secondary
ndependent steering connection between the rotary hydraulic power units
and the differential gear mechanism placed undue reliance on the single
control shaft |Inkage., The in servige reliability of this single 1ink-
age was poor as evidenced by the number of steering failures this wvessal
has experienced since being buillt in 1968, Had [Independent control
shatts basn installed batwaen each rotary hydraulle power unit and the
di fferential gear mechanism, with cross over control provided on Tha
bridge, transfer to the uneffected |inkage could have occurred and
steering control restored.

B, Despite the failure of the control shaft connection, the frick whaal
connected to the differantial gear mechanism could hawve baan effectively

vsed fo poesltion the ruddar and steer the wessel. The absance of any
smergancy steering procedures whareby crew members would immediately man

the after steering controls or provision to have persons standing by the

trick whaal, while transiting pilet waters, precluded any fimely shifti- 4
ing of tha steering gear contrel to the after steering station In tima

Te pravent the casualty.

7. The force of the impact generated sufficient heat and was the source
of ignition of the Nigerian crude oil flowing from the ruptured tanks of
the 55 ESS0 BHUSSELS. Tha flow of cargo from the ruptured tanks continuad
aver an extendsd perlod of Time whila the 55 C.V. SEA WITCH remained im=
palad in the 55 £330 BRUSSELS. The back wash effect from the prapel ler
of the 55 C.V. SEA WITCH and the ebb current tended to retain and pockeT
ascaping oi | along the starboard side of the 55 ESS0 BRUSSELS and eventu=
ally caused it to spread around the bow and stern where it surrounded the
launched number 4 |ifebegt. This retention of The escaping ol provided
Tha majnr sourca of fual that fagd the initial fire which Ignl‘l‘&d and an=
qul fed the Pwo wvessels.

8, Tha extensive loss of |ife of The crew on the 55 ESS0 BRUSSELS may
not have occurred or may have been greatly reduced had There been no
selay in releasing the Ilfeboat falls and had the hand cranked |ifeboat
angine immediately started., A |ifeboat engine squipped with an adequate
nydraul T2, electrical or insrtia starting system, could have provided
Fapid avallabiiity of propulsion power to gat away from the burning oil
an Tha sater which was encircling the |ifeboat and the vessel.

3. The use of lights attached ¥o the |ife preservers and retroreflec-
Tive maTecizls may have substantially assisted in lecating survivors
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who drifted away from the vessels in the ebb ecurrent. The use of search-
lights to pick up the Tnternational orange 1ife preservers was minimally
successful and almost totally ineffective where the 1ife preservers wers
darkened by oll stains. An oil resistant covering on the life preservers
which prevents or reduces discotoration and the use of retroreflective
material could provide improved detection. The recovery af all but one
survivor From both vessels who attempted to swim to safety can be attributed
to the wearing of 1ife preservers. The use of whistles provided on the
life preservers may have contributed to the reduction of the loss of 1ife
of the crew of the 55 ESS0 BRUSSELS by attracting the attention of rescuing
vessels. Whether crew members used the whistles provided or 1F some liml=-
tation developed in the effectiveness of the whistles In the olly water
anviromment was not determined.

10. The brass and bronze flttings on deck of the 55 ESS0 BRUSSELS asso-
ciated with cargo tank venting and piping afforded little resistance to
the fire and most burned away permitting vapors from the tanks and piping
systems o add Fuel ko the deck firae.

1. The deckhouse interior furnithinas and construction of the 5% ES50
BRUSSELS which were primarily made of combustible materials were almost
complately consumed by the fire. The complete and rapid spread of the
fire through the living spacas of both deckhouses emphasizes the absence
of structural fire protection aboard this vessel. Although the crew
members departure From the wvessel in a lTifeboat was mot successful , had
they sought shelter aboard they probably would have perished [n the deck=
nowuse Fire, The hazards of combustible construction within the accommo-
dations of a tank vessel, prohibited by the recent IMCD Resolution A.213
(W1}, was clearly demonstrated In this casualty.

12, The ability of the crew of the 35 C, V. SEA WITCH to survive in the
after deckhouse for a period of about one hour and the electriclan for
about two hours in the emergency generator room untl] rescue wnits arrived,
while the stern of the vessel was engulfed In flames, can be attributed

to the structural fire resistance of the interior paneling and furnishings
of the 55 C. V. SEA WITCH.

13, The rapid spread of smoke through the engine room and after guarters
complicated the surviwval efforts of the crew of the 535 C. V. ZEA WITCH.
The early abandanment of the engine room because of the dense smoke, al-
though it made little signifFicant change in the ocutcome of this casualty,
could have been a significant factor under different circumstances where
positive steps to combat the Flre orF manseuver the wvessel had to be taken
by the crew. The securing of the engine room ventilation fans did not
preclude the Tntroduction of smoke Tnto the engine room mainly because
of the alr being drawn into the enpgine room by the forced drafy fans syp-
plying the bollers which ware 56111 being automatically fired. The in-
aceessihilley of oxygen breathing apparatus because of izolation by Fire
and smoke precluded any constructive efforts to activate engine room
systems or equipment. The stowage of the oxygen breathing apparatus in

& more accessible lacatian In the after deckhouse could have permitted
remanning of the smoke filled engina room.
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14. The fire fighting and survival efferts aboard the 55 C.V, SEA WITCH
subsaquent to the casvalty ware hamperad by the |imitations of the
straight bore nozzlas at the intarior fire hose stetions. The subsequant
loss of emergency flre maln pressure, about ten minutes prior to the
abandonment of the vessel, can be attributed to tha many hoses left open
and some without nezzles to restrain or reduce the flow, The lack of
créw training in propar fire fighting techniques s evident by the manner
in which the hoses and the fire stations were laft open thareby depriving
the crew of fira fighting capability prior to rescue. The proper use of
combination fype nozzles capable of selld streaam, fog and cut off capa-
Bility in one unit, would have bean more effective and prevented the less
of fira main preszure,

5. Tha deck cargo conftainers on the side of the vessel ware first
affectad by tha flames and heat surroundling the S5 C.V. SEA WITCH, Tha
contants of those containers affected by the radlant heat once they
reachad ignition Temperatures only reguired a source of omxygen o erupt
info flames. The minor explosions heard on deck were most probably due
o the rupture of containers and their contents from internal Eressurs

of gases generated within the heated contalners, ©Onoe the contaliner
ruptured tThe contents caught fire and zpread inboard prograssing from
contalner to containar. The fire accelarated as containers ruptured or
ware consumed dueing the fire exposing additional fusl to the fire, The
spread of fire in a vartical plane between contalners was probably accel-
erated by the igaitien of the wooden floors of containers. The progress
af The deck fire was uninhibited either by the small separation space be-
tween bays or the boundaries provided by the containers., The absence of
an effective fire stoo or separaticn of the dack containers, stowed fthres
high across the vesszel, essentially made this whele mass of containars
react as a2 single unit +o the fire situation., Aithough this fire starfted
from & source extarnal to the wvessel it appears |ikely that a2 spread of a
deck container firg from any source would progress through the mass of a
comparab le deck cargo in a similar manner. The absence of any effective
fire stops To separate the deck cargo mass some 30 feet high over 320
teat In length and extending across the width of the wvesse! compounded
the problem of Fire containment.

16, Joge Vieira Novo, AB.=Miper, was &board the 355 ES30 BRUSZEL: at
the time of the cellisieon, is mizsing and presumed dead as & result
of This casualty.

7. The actions of many of the crew members of the vessels inwelved in
agssisting Thelr shipmatos, and of the numerous persons on the several
tugbosats, Hew York City Fireboats, Hew York CiHty Police Launches, U.3,
Corps of Enginears Paotrol Boat, pleasure boats and Coast Guard units

that were engaged in the rescua of survivers or fire flghting were heroic
and in a large measure minimized the loss of life and therafore are con-
sidarad warthy of special recognition,
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18, The suddanness and complexity of the disaster faxed the avellable
resources of the Captaln of the Port, Mew York, There was minimal coor-
dinmation during the initlal stagas of the rescue effort and coordination
of fthe on scens forces developed after much time had slapsed. The search
for survivors may have been more effective had 2 prearrangsd plan of dls-
aster recovery been formulatad. Although no two disasters can be expected
to present Tha same conditions the general principles of coordination are
basic. The [essons learned from this casualty along with an appreciation
of the mutual interdependence and capability of fthe civic and private re-
sources available can be of immense mutual benafit to all sectors of the
community fn preparing for future emergencies. The [mmediate availability
of MNew York City Firsboats In the harbor minimized the property loss and
was directly responsible for the saving of the 3| persons who had taken
shelter in the attar deckhouse of the 55 C.V. 3EA WITCH. Although thers
was a high loss of Fife and property as & resull of this casualfy, the loss
from the seme Incident could have been multiplied many times had the col-
l1=ion occurred under different pravailing weather and current conditions.
Had the current been flooding in lieu of abbing and the wind been eastariy
In liew of wasterly the burning oll from the 55 ES50 BRUSSELS and the two
ships would have drifted foward the Staten Island shore and dlrectly
arfectaed the other vessels occupy ng Federal Anchorages 23 end 24.

1%, The avallability of a8 common radictelephone frequency Channel 13
{Bridge to Bridge} on which most vessels on scene communicated contributed
to the effectiveness of rascue of survivors, The use of Channel 13 for
port dizaster communications although effective In this instance, could

ba disruptive to vessels raquiring this frequency for Bridge to Bridge
nawigational cowmunications. The lack of & common communicatlons channel
betwean all forces on scane in a large part reduced the affectiveness of
The searches for survivors,

20, The hull of both vessels remained intact aftar being subjected to
intense heat and This substanflates the switability of steal as a struoc-
tural material. The axtensive damage sustained by the non ferrous fit-
Tings on the 55 ES30 BRUZSZELS and aluminum contaliners on deck of the 33
C.¥. SEA WITCH also substantiate the suitabllity of steel as a structural
component which can wifthstand disintegration dus to shipboard fire.

Z1. Speed of vassels in New York Harbor is presently unregeladad except
for a ragulation pertaining to vessels Transziting an anchorage in the viginity of
moorad vessels. Tha wse of the word "moorad” appears to be ambiguous
sincg it is baing interpreted as applying fo vessels tied to mooring
buoys and net applicable to vessels apchored within the anchorage area.
The use of New York Harbor by increasingly larger vessels and the use

af ‘the genaral anchorage areas for Iightering of desply loaded fankers
with the risk attendant with cargo fransfer appaars 49 regquire a harbor
speed control in This area.  Speed control would provide a marglin of
safety for reactlion In event of & mishap to vessels entering and leaving
port in the maln chanmel which bordars on the anchorages in MNew York
Harbor. The common practice of using reduced maneuvering harbor speed
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by vessels recognizes the need far special precautions in congested

waters where instantaneous maneuvering may be required. The practice
Fallowed by many large vessels whan transiting the Kill Van Kull and

Arthur Kill of having one or more tugs slongside or in Tmmediate promw=

Imity to assist inm the avent of difficulty Is prudent and recognizes

the possibility of unexpectad situations. Had a tug or tugs accom=

panied the S5 €. V. SEA WITCH until she cleared the anchorage thls dis-
aster may have been prevented ar the results minimized.

22, The in service reliability of the steering gear on this relatively

new vestel was extremely poor., lVesszal designers, operators and regulatory
agencies appear to devote insuffic|ent attention to construction details of
steering gear and Steering contrel systems, Becord keeping concerning main-
tenance, past difficulties and repair was inadequate. |Ff reports had been
prepared and properly evaluated, corrective alterations ar repairs may have
been accomplished and the casualty prevented. In service tests during peri=
odic inspections and prior so getting under way mafnly check an the per-
Formance af the steering gear. Shipboard records of machinery history ware
net routinely kept and information abeut repairs and malfunctions were not
Passed on In a positive way betwean ralieving enginears.

23, The oll spl!l into the waters of MNew York Harbor on the morning of
2 June 1973 was in vwiolation of the Federal Water Pollution Control Act
of 1972 and was caused by the release of ol from the ruptured tanks of
the 52 ES50 BRUSSELS.

24, The inabilTty to drop the port anchor of the 5% €. V. SEA WITCH, when
erdered, about a minute before the collision cantributed to the high impact
af the collision. Had the port ancher been able to be let go when ardared
by the bridge the headway or heading of the 55 C. V. SEA WITCH may have been
altered sufficiently to reduce the effects of the collision. There s evi-
dence of negligence on the part of rhe Chief Mate, Max R. Stirn, in that he
wrongfully failed to check or have the freedom of the riding pawl checked
on the port anchor chain to insure that the anchor was ready for letting go.

25. The fallure of the Haster, John L. Paterson and the Fitat, John T.
LahT11, to take timely action of stopping the 55 C. V. SEA WITCH after

the steering casualty was first reported was a contributing factor in both
the cause and the severity of the effecrs of this casualty. Although
harbor speeds of 13.5 knots and greater are considered common practice in
this section of New York Harbor by experienced pilots, thiz speed of advance
leaves little reactfon time for vessels which may exparience steering or
engine difficulties as evidenced by this casualty and the arounding of the
55 €. V. SEA WITCH in the Mew York Harber in 1969,

26. The investigation by thls Board was hampered by the unfortunate loss
of the Masters of both vesseis and the officer on the bridge of the 35 €. V.
SEA WITCH at the time of the callision. Vital information and bridge rec-
ords on the 55 C. V., SEA WITCH which could, if available, shed light and
provide valuable Tnformation on the steering and engine maneuvers were lost
in the aftermath of the collision.
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RECCMMENDAT 1005

I. That the contrel shaft arrangement on vessels in service fitted with
similar steering gear be specifically examined to insure that the cond|-
tlons which wera the primary ceuse of this casualty do nat exist.

2. That the Commandant initiate a review of current approved design and
construction standards of steering gear confrol systems to determine 1f
Tha single system of linkage aft of the rotary hydraulic power wunits in
the sleering engine room, as was installed aboard the 55 OV, SEA WITCH,
meats the intent of duplicity of steering gear control.

3. That the Commandant amend applicable regulatisns to require approvad
comiination fire hose norzles that provide stralght stream, high wvalocity
feg and shut off capability be installed at all fire stations.

4. That In view of the inablility to start the 55 ES50 BRUSSELS | fe=
taat engine the Commandant review the requirements and the suitability
ot lifeboaT engines that only have hand crank starting capability.

5. That a survey of the cargo, lecation of containers, hazardous cargo

and other container or cargo characteristics on board The S5 C.V. SEA WITCH
ba conducted to documant the condition of the containers and carge after
the fire. The infermation obtained can be used to chack the adequacy of
existing container construction standards, sufficlency of container idanti-
fleation, carge identification and possible nesd for additiemal shipbeard
fire profection standards In view of the rapid spread of fire through tha
containars during the fire.

&. That speed control of wvessels transiting the main channel of New Tork
Harbor be initiated. A regquirement for wessels to proceed at a speed
sufficlent for safe navigation and yet to provide a margin of safaty, to
maneuver or take corrective action to prevent or reduce the effects of a
casualty in the event of difficulty warrants urgent consideration. This
is particularly urgent since wvessels using Mew York Harbor must ELE
through or adjacent T anchorages whers large bulk carriers are anchored
and at times offloading hazardous materials into barges alongside.

1. That further study be conducted to develop methods whareby the spread
of smoke within the Interlor of burmming vessels could be preventad. Ven=
filation systems should be designed to provide manual or automatic means
te not only prevent the spread of fire but also the spread of smoka.

8, That the applicable ragulaticns for all vessels In acean and coast-

wise service be amended to reguire that each Fife preserver be equipped

with 2 water proof battery powered |ight and that retroreflective mater-
izl be required on all |lfe preservers.

9. That the Commandant initiate efforts through the Internaticnal Conven-
tion for the Safety of Life at Sea to reaulre that all |ifeboats for vessels
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in ocean or coastwise service be equipped with mechanical disengaging
apparatus which will simultanaous |y release both boat falls from the
boat when undar fension.

0. The stowage location of the cxygen breathing apparatus and emergency
equipment should be careful ly conslidered. Emergency equipment should be
sTowed above weather decks in the interior of the forward and after super-
structures where they may not be isclated by ecllision, fire, or smoke and
will be accassible from sewveral avenuas,

1. That the District Commender with officials representing local, federal
gevernmental and marine coomerce review the adequacy of contingency plans
ta affactively coordinate all resources to minimize effects of large catas-
Froohies that may ocgur in the Mew York Harbor,

2. That the Commandant should consider the foasibility of a requirement
for merchant vessals for a recording device, similar to that installad on
commercial alrcraft, that will presarve vital infommation subsequent to
fire or submergenca.

I3 That further investigation under the Suspension and RewvocatTion Procoad-
ings ba Inltlated In the case of Chief Mate, Max K. 5tirn, License Mo,
in fhat he falled to heve the port anchor clear for lefting go.

4. That a gopy of this report be forwarded by the Commandant 4o the
State Pllots Commission foar further action on thelr part against the
state [icenze of Pilet John T Cahlll, in accordance with the agreement
with tha American Pl lots Association since The 533 C.W. SEA WITCH was sall-
ing undar registry af the fime of the casualty, and the Pilct was sarving
under the authority of his state licensa.

e] Atmiral J. W, SOREALD, VSO
Chalrman

- G intath A, 3. ZABINSKI, USCS
.hn@ﬂ?

Commander W. E. WHALE
Member and Recorder
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