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PREFACE

The Joint Accident Tnvestipation Commission has concluded its investigation ol the
foundering of the MV ESTONLA, a disaster thar has taken the greatest toll of human
life: in the Ballic Sea in times of peace.

The Commission has thoroughly considered all availahle information directly related
to the accident and the rescue operation. The information includes documents and
statements regarding the ship and its operation, witness statements, analysis of the
prevailing weather and sea conditions, results [rom diving investigations and analysis
al the recovered bow visor In addition, to reach a [ull understanding of the sequence
olevents, the Commission has initiated theoretical and experimental studies o analyse
in more detail the vesselt wave-indueed motion and loads, stuctural strength,
manoeuvring characteristics and stability when flooded. The Commission has [urther-
more [ound it necessary to investigate the design procedures and operaring history of
the vessel us well as to collect information on other bow visor failure incidents and to
comsider legal and administrative ssues.

This final report covers all factors and circumstances considered Lo have contributed
to the development and outcome of the accident. In the report the Commission
presents the facts found, the analysis and evaluation, conchusions drawn on the basis
ol the work and the recommendations made to help prevent the ocomrence ol similar
accidents in the future. The fundamental purpose of investigating the accident was Lo
determine its circumstances and causes, with the aim of improving the safery of life at
sea and avoiding further accidents. It is not the Commission's task to apportion
Kahility, nor, except so far as is necessary Lo achieve the fundamental purpose, to

apportion hlame.

Many people and organisations have helped significantly with support, advice and
ussistance to the Commission. Their contributions are gratefully acknowledged.

During the investigation, circumstances bronght about changes in the membership of
the Commission and its experts. 1L is with great regret that we rememher Dorje
Stenstrom and Sime Aarmio, who did not live to see the final report. Their experLise
and contribulion to the report were of the greatest vahe.

Lastly, the Commission wishes to express to the relatives and friends of those who
perished in the accident, ils deepest sympathy.
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THE JOINT
ACCIDENT
INVESTIGATION
COMMISSION

Appointment

The joint Estonian/Finnish/Swedish Ac-
cident Tnvestigalion Commission was sel
up on 29 September 1994, in accordance
with a decision taken on 28 September
1994 at Tarku, Finland, by the prime
ministers of the three countries,

Chairmen

Andi Meister, Minister o Transport and
Communications of the Republic of Fs-
romia (until 1996-07-30)

After his resignation from the minis-
ter’s paston 17 April 1995 Andi Melsters
powers as a member of the Commission
were extended by order the Estonian
Government 12 May 1995,

Uno Laur, Master Mariner, Chaitman,
Consulting of Merchant Marine Ttd,
Mominee of the President ol the Republic
of Estonia {rom 1996-09-24)

Estonian members

o Laur (until 1996-09-23)

Fun Neidre, Master Mariner, Llead, Mavi-
gational Deparlinent, Estonian Shipping
Company (until 1996-04-16)

Priit Mannik, Master of Taws, Deputy
Drirecror-General, Estonian Police Jrom
1896-04-16 until 1997-10-27)

Heino Jaakula, Naval Architect, Head of
Drepartment, Estonian Mational Maritime
Board (from 1996-07-30)

Jaan Metsaveer, D.5c., Prolessor, Tallinn
Technical University (from 1997-10-28)
Finnish members

Kari Lehtola, Master of Luws, Director,
Accident Investigation Board

Heimo livonen, Bear-admiral, Director,
Finnish Lile-Boat Sociery

Tuomo Karppinen, 1. Tech., Senior Re-
search Scientist, Technical Research Cen-
tre of Finland, Manufacturing
lechnology

Sweadish members

Olof Forssberg, Master of Taws, Direc-
tor-Ceneral, Doard of Accident Invesli-
gation (untl 1997-05-27)

Ann-Louise Fhsbhorg, Master of Laws,
Director-General, Board of Accident 1o-
vesligation (from 1997-08-16)

Ilans Rosengren, Master Mariner, Chiel
Mautical [nvestigator, Board of Acrident
Tnvestigation
Borje Stenstrdm, Naval Archirect, Chiel
Maritime Technical Investigator, Board
of Accident Investigation T 25.2.1997
Olle Noord, Master Mariner, United
Tankers AB (rom 1997-06-16]

Estonian experts
August Ingerma, F'h.T2, {Structural Tn-
tegyity)
Heino Jaalula (until 1996-07-24)
Jaan Metsaveer (until 1997-10-27)
Priit Mannik (uneil 1996-04-173)
Frm Neidre (from 1996-04-17)

Estonian observer
Kalle Pedals, Master Mariner, Director-
General, Fstonian MNational Maritime
Board

Estonian administrators
Tiil Kaurla, M.5c. (Tech.), Ministry of
Transport and Communicalions
Aet Varik, B.A., Minisiry of Transport
and Comimunications
Finnish experts

Simo Aarnio, Master Mariner (Naviga-
Hom) T 22.1.1998
Kari Larjo, Master Mariner (Mavigation)
(From 1996.02-27)
Harri Rahilla, Detective Chiel Super-
intendent (Lizison, Finnish Palice)
Klaus Rahla, D. Tech. (Stmictural Integ-
rity)
Seppo Rajamaki, M.Sc. (Maritime Ra-
dia)

Finnish observer

Jukka Hilcamies, Lead, Division of Mar-
ilime Inspections, Finnish Maritime Ad-
minisiration
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Finnish administrator
Pirjo Valkama-Joutsen,
M.5c., Accident Tnvestigation Board
Swedish experts
Mikael Huss, PhT), (Maval Architec-
rre)
Olle Noord (undil 1997-08-13)

Bengt Schager, M.5c. (Crganizational
Human Behaviour) il 1997-09-03)
Swedish observer
Sten Anderson, Master Mariner, Swed-
ish Muarilime Administration
Svedish administrator

Gunnel Géranssom, Board of Accident
Investigation

Status

The Joint Cominission was set up to [ind
the cause of the accident, ro examine the
reasons why the loss of lives attained
suchmagnitude and to present proposals
for measures thar would help 1o prevent

14 ESTONIA — FIMAL REPORT

the [uure cconrence of 4 similar acci-
dent.

At the first meeting of the Comrnis-
slon, on 208 Seprember 1994 it was
deemed essential that the Commission
acl as a single unil in drawing conclu
sions and issuing ollicial reports, but in
carrying out the nvestigation the parties
of the rthree countries were to have an
independent status, without any duty to
report back Lo, or to act on the instrc-
tioms of, the states that proposed their
appointioent.

Work schedule

At the [lirst meeting, the areas of the

Investigation were divided berween (he
Estonian, Finnish and Swedish parties of
the Commission.

The Commission has had 20 internal
meetings, lasting a rotal of 51 days. n
addition Lo the meetings of the entite
Commnission, meerings have been held
by experts and other working groups.

Tracing the wreck of the ESTONIA
The locating of the wreck of the ESTO-
MIA bepan on the day alter the accident,
29 September 1994, The wreck was found
on 30 Seprember 1994,

Underwater operations by ROV

The wreck was [ilmed with a submarine
ROV camera on 2 Ocrober 1994 and
again for further details on 9—10 Octoher
1994 and 19 June 1996,

Tracing and rvecovering of the bow
Visor

The bow visor of the ESTONTA was found
on L8 Oerober 1994 It was raised to the
surface om 18 Novermber 1994 and taken
ashore in Hanko, Finland,

Diiving operations
Dhiving investiparions of the wreck, in-
chuding a survey of the bow area and the
navigalion bridge, were carded out on 2—
5 December 1994,



SUMMARY

This is the [inal report by the Jeint Acc
dent Investigation Commission on the
background and sequence ol events lead-
ing o the foundering of the ro-ro passen-
ger ferry ESTONIA shortly belore 0200
hrs! on 28 Seplember 1994, and on the
subsequent rescie operation. The vessel
was on a scheduled voyage from Tullinn
Lo Steckholm with 989 people an board.

The report consists of lour parts. The
first part gives facrual information on the
accident, the rescue operation, and on
the TSTOMNLA and her operation, Tt in.
cludes a summary of testimonies by the
survivors. The second part presents back-
ground information, or associated facts
related ro the accident such as a short
development history of the passenger [er-
ry Lralfic in the Baltic and a review of bow
door [ailures. The third parl presents the
resulls of the analysis and evaluation by
the Commission of the accident and the
rescue operalion. This part incorporates
short accounts ol the separate invesliga-
tions carried out on behalf of the Com-
mission. The detailed research reporls
and copies of the most important docu-
ments are collected in a separate Supple-
ment. The fourth part presents the con-
clusions based on the work curried out by
and for the Commission,

PART |

FACTUAL INFORMATION

Chapter 1 gives [acts on the most impor-
tant events during the accident voyage,
on the accident and very briefly on the
rescue operation. Chapter 2 describes
the operating history of the vessel under
the Finnish and Fstonian Qags with em-
phasis on the organisation ol the opera-
tions and on the experience ol the part-
ners in the Tallinn — Stockholm Lraffic.
Chapter 2 includes also general statistics
on wave condilions in which the vessel
had been sailing during her life.
Chapter 3 is a general technical de-
scription of the ESTONLA focusing on the
how visor and ramp installations with

detailed dara on rhe desipn and construc-
tion of their locking systems, inchiding
the monitoring and control. The history
of the vessel and in particular of the bow
wvisor and the ramp installations with re-
gard to maintenance, modificalions, dam-
age and Tepairs is reviewed. Cmergency
and hfe-saving equipment and arrangs-
wetits o hoard are outlined in 3.4 The
vessel was built o comply with several
international comventions which are list-
ed, and the compliance was documented
by certilicates. The collision bulkhead
compliance is dealt with in some detail.
Certificates valid ar the time of the acci-
dent are reviewed and the changes in
wording of the most important certifi-
cate, the Passenger Ship Safety Certifi-
cale, which has to be renewed every year,
are explained n detail.

Chepter 4 describes the arrangement
of operaticns on board and working rou-
tines, and gives summaries ol qualifica-
tions of each deck officer and engineer on
duty on the accident voyage. The salety
organisation is oullined comprehensive-
Iy

Chapter 5 is the second chapter di-
rectly dealing with the accident. The en-
vironmental conditions: wind, sea srate,
visihility and current during the accident
voyape are delined on the basis of infor-
maricm ohtained from meteorological in-
stitutes. The chapler conchides with an
estimate of the ESTONLA' s speed during
the voyage, The speed profile has been
constructed from the DGES recording of
the passenger ferry STLJA CUROPA' sspeed
and is compared with observations of the
acrual speed.

Chapter 6 is a surnmary of all stare-
ments made by the survivors and covers
their experience [rom the time jusl prior
lo the accident undl their rescue. The
chapler isdivided into two parts. The first
part reports on statements made hy the
individual surviving crew members who
were on duty during the accident, the
second Pt summarises statermnents from
hoth passengers and crew members off
duty. Chapler 6 summarises as closely as

UIf mot utherwise stared all times in the report are given in Estonian fime = UTC+ 2 s,
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possible the statements made by survi-
vors, but specific details are not necessar-
ily regarded as facts and may dilfer from
the Commissions statements in other
chapters,

Chapter 7 begins with & general
description ol the rescue operation. This
description [irst deals with internarional
apreements on the safety ol life at sea and
then with the maritime search and rescue
organisations of Fstonia, Finland and Swe
den as well as the co-operation between
these countries,

The section on the ESTONIA s dis-
tress message and distress raffic describes
the radio systerns in use at the lime of the
accident and the coast radio stations which
were keeping watch on distress and safety
channels. The ESTONIA’ s entire distress
traffic from 0122 hrs to 0130 hrs on 28
September 1994 has been transcribed on
the busis of the tape recordings made.

The secrion on the search and rescue
operations begins with a chronological
list of the most important rescue actions
during the first hours. Afier this, the
operations undertaken by the vessels,
helicopters and aircraft are described.
The section conchides with dara on vic-
tims and survivors,

Fart 1 ends wilth Chapter 8 which
presents a detailed review of damage to
- the wreclk, the ramp and the visor with
their attachments, as observed visually
during inspections with a submarine Re-
motely Operated Vehicle (ROV), the div-
ing operationand after the visor had been
recovered and raken ashore. The damage
15 illustrated with several photographs.
The extent of the diving aperation is
described and the divers’ ohservations on
the bridge and elsewhere in the wreck
CONCErning e.g. viclims are sumrmarised.
The stare of the CSTONIA's lile-saving
equipment and emergency beacons
{EFTREs) when [ound after the accident is
specified in 8.10 and 8.11, respectively,

PART 2

ASSOCIATED FACTS

Chapter 9 includes a general review of
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internativnal co-operation and conven-
rions within the framework of the loter
national Maritime Organisation (IMO)
and shortly describes the organisation of
the Estonian, Finnish and Swedish Mar
itime Administrations. The role of the
classificarion socielies and their relation-
ship with the ship owners, shipyards and
the national administrarions is described.
The problems recognised in safery of ro-
ro vessels belore the ESTONIA disaster
are pointed cut with particular emphasis
on the HERALD OF FREE CNTERPRISE
accident in 1987,

Chepter 10145 a briel commercial and
technical history of the ro-ro ferry tralfic
inthe Baltic. The chapterineludes ulist of
passenger ferries put in maflic between
south-west Finland and the Stockhalm
regiom in Sweden hy the Silja Line and
the Viking Line berween 1959 and 1993,
with the Lype of ariginal bow enclosure
defined.

Some of the incidents involving Eail-
ure or part-failure of bow visor awach-
menls of Finnish and Swedish ro-ro pas-
senger ferries in the Baltic and the North
Sea are sumimarised in Chapter 11, The
type and extent of damage is indicared in
each case as well as the action taken after
the accident. The incident ol DIANA 11 in
January 1993 in the southern Baltic has
been investigated in more depth since
she had a similar visor and attachment
systern design to the ESTONIA's.

PART 3

ANALYSIS AND
EVALUATION

Chapter 12 opens the analysis part of the
report. [t presents an overview of the
separate investigations carried our for the
Commission. These include analysis of
wave loads on the visor based an model
tests and numerical simmulations, caleula

tioms ol wave-induced motions and anal-
ysis ol hydrostatic and hydrodynamic
characieristics during flooding and sink-
ing ol the vessel. The chapter also sum-
marises the various strength and meral-
lurgic investigations carried ouL on parts

recovered from the visorand ramp instal-
lations and calculations of the strenpth of
the visor attachments.

Chapter 13 is a main chapler in the
report presenting the Comimissions views
on the course ol events starling from the
preparations [or the accident passape and
ending with the sinking ol the ESTONIA.
The chapter is based on an analysis ol
witmess statements (Chapter 6) and all
technical observations und data of which
the main part is summarised in Chaplers
3,5,8, 12 and 15.

The possible deliciencies existing in
the visor and ramp closure belore the
accident voyage and their eflect on the
vperation of the vessel are analysed in
13.2.3, Separation of the visorand devel-
opment ol the list and sinking are han-
dled shortly in 13.2.5 and 13.2.6, re-
spectively, while a more thorough treat
ment is given in 13.5 and 13.6.

Actions on the bridge in the light of
informarion available to the bridge are
analysed in 13.3, including an analysis of
the effect of the ESTONIAs speed on
passenger comlort and the accident. The
time span considered is [rom the first
signs of something being wrong at about
the time of changing waich ar 0100 hrs
umtil the end of the distress rraffic at 0130
hrs.

There were indicator lamps on the
bridge showing locked or unlocked visor
and ramp, respectively Their indicarions
and other advance alarms when the visor
was becoming detached are analysed in
134,

Chapter 14 describes the ownership
and operaling atrangements of the ES
TONLA and analyses whether these may
have been a contributing factor in the
accident.

Chapter 15 analyses the structural
design of the visor and ramp attach-
ments, The basis and procedures for de-
sign, manulacturing and approval are
discussed. The estimated combined
strength ol the sttachment systern is com-
pared te the estimated wave-induced
loads and a probable load level and se-
quence ol [ailure is presented,

Chapter 1615 an analysis of the evac-



vation of the ship from the first early
signs ol the accident until the ship was
abandoned by all who could. The basis
for this chapter is witnesses' statements
and findings by divers after the accident.
The chapter deals with the alarms, actie-
itles and ellorts by parts of the crew,
activities hy passengers, various obsra-
cles to the evacualion and the role of
rational and srational human behaviour
displayed.

Chapter 17 is an analysis of the res-
cue operation on the hasts of information
and dalasummarised in Chapter 7. Chap
ter 17 considers first the distress traffic
hetween the vessels and the coast sta-
tions, The action initiated by the distress
calls om board the vessels in the vicinity of
the ESTONTA and at the land-based res-

cue centres, in particular MRCC Tarka,
are evaluated in 17.3. The concluding
part of the chapter deals with the action
of vessels and helicopters during the res-
cue operation,

Chapter 18 hegins with a considera-
lion how the practice common amongst
the Finnish and Swedish Maritime Ad
ministrations ol accepting in passenger
ferries a forward- located bow ramp as an
upper extension of the collision bulk-
head, contrary to the SOLAS regulations,
may have developed. This chapter also
evaluates the how ramp arrangement of
the ESTOMNIA in comparison with some
other contemporary passenger ferries,
and draws conclusions on the effect on
the accident ol non-compliance with the
repulations.

The ESTOMIA accident prompted an
extensive investigation within the Inter-
national Maririme Organisation (1O
on all aspects of ro o passenger ships'
satety. The work has led to improvement
ol existing safery regulations and devel-
optnent of detailed new ones of which a
signilicant part has alveady come into
force. The new safety regulations for pas
senper ferries developed by IMO after the
accident are reviewsd in Chapter 19.

PART 4

CONCLUSIONS

Tart 4 presents findings, conclusions and
recommendations, in Chaplers 20, 21
and 22, vespectively.
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uled voyage to Stockholm, the capital of

Sweden {Figure 1.2), She carried 989

people, BU3 of whom were passengers.
The ship left harbour with all four

The Fatomian-flagged ro-ro passenger fer-
ry ESTONIA (Figure 1.1) departed from
Tallinn, the capital of Tstenia, on 27
September 1994 ar 1915 hrs [or a sched-

CHAPTER |

THE ACCIDENT
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Figure |.| The ro-ro passenger ferry ESTONIA.
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Figure 1.2 The ESTOMIA's route and the site of the accident.
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tmain engines mnning. When she was
clear of the harbour area full service
speed was set. The engine setting was
maintained up to the accident, The wind
was southerly, 8-10 m/s. Visibility was
goad, with rain showers,

At 2000 hrs the watch on the bridge
was taken by the second! officer Bund the
third ollicer.

The voyage procesded normally. Sea
conditions along the Estonizn coast were
moderate, but became more rough when
the ship left the shellered warers, The
ship had a slight starboard list due to a
combination of athwartships weight dis-
position, cargo disposition and wind pres-
sure on the port side.

Az the voyage continued the wind
velocily increased pradually and the wind
veered w south-west. Visibility was gen-
erally more than 10 nautical miles, At
midnipht the wind was south-westerly
L5 20 m/s with a signilicant wave height
of 3—4 m. The rolling and pitching of the
vessel increased gradually, and sorme pas-
sengers became seasick,

At abour 0025 hrs the ESTONIA
reached a waypoing at position 59°20° ™,
22°00°C and from there headed true
course 287°, The speed was about 14
knots and the vessel encountered the
seas on her port bow. Due to increasing
rolling, the fin stabilisers were extended.

During his scheduled rvound on the
car deck the seaman of the watch heard
shortly before 0100 hrs a metallic bang
from the bow area as the vessel hit a heavy
Wave.

The seaman of the walch informed
the second afficer B about whar he had
heard and was ordered to try to find out
what had caused the bang. The seaman
did s0 by waiting at the ramp, listening
and checking the indicaror lamps [or the
visor and ramp locking devices. [le re-
ported that everything secimed 1o be nor-
mmal.

AL 0100 hrs the watch on the hridge
was Laken over by the second officer A

and the fourth oflicer. Afrer being re-
lieved the second officer B and thind
officer left the bridge.

Further obeervations of unusual noise,
starring at about 0105 hrs, were made
during the [ollowing 10minutes by many
passengers and some crew members who
were oll duty in their cabins.

When the seaman ol the watch re-
turned [rom his vound, soon afrer the
change of watches, he caught up the mas-
ter and entered the bridge just behind
him. Shortly afterwards he was sent down
Lo the car deck to find out the canse of the
sounds reported by telephone o the
bridge. He did not, however, manage o
reach the car decl.

Atabout 0115 hrs the visor separared
from the bow and tilted over the stem.
The ramp was pulled [ully open, allow-
ing large amounts ol waler to enter the
var deck. Very rapidly the ship took ona
heavy starboard list. She was tumed o
port and slowed down,

Passengers started to rush up the
staircases and panic developed at many
places. Many passengers were Leapped in
their cubins and had no chance of perring
oul in time. Lifejackets were distribured
lo those passengers who managed to
reach the boat deck. They jumped or
were washed into the sea. Some managed
to climb into lilerafls which had been
released from the vessel, No lifcboats
could be launched due to the heavy list,

At aboul 0120 hrs a weal: female
voice called "Haire, hidire, laeval on haire®
the Estonian words for *Alarm, alarm,
there is alarm on the ship”, over the
public address system. Just a moment
later an internal alarm for the crew was
transmirted over the public address sys-
tem. Soon afler this the general lileboat
alarm was given.

A first Mayday call from the E5TO-
MIA was received ar 0122 hrs. A second
Mayday call was mansmitted shortly af-
terwards and by 0124 hes 14 ship- and
shore-based radio stations, including the

! The ESTOMIA had wwy second officers, here desipnated second officer & anel second officer B,
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Maritime Fescue Co-ordination Centre
(MRCC) in Turlew, had received the May
day calls.

At about this tme all four main en-
gines had stopped. The main generators
stopped somewhat later and the emer
gency generator started aulvmatically,
supplying power to essential equipment
and Lo limited lights in public areas and
ondeck. The ship was now drifting, lying
aeross the seas,

The lst to starboard increased and
warer had started Lo enter the accomimoe-
dation decks. Flooding of the accommo-
darion continued with considerable speed
and the starboard side of the ship was
submerged at about 0130 hrs. During the
final stage of flooding the list was mare
than 90 degrees, The ship sank rapidly,
stern first, and disappeared from the
radar sereéns of ships in the area at aboud
0150 hrs.

Rescue ellorls were initiared by MRCC
Tarku. Aboul one hour after the E5TO-
MIA had sunl:, four passenger lerries in
the vicinily arrived on the scene of the
accident. Rescue helicoplers were sam-
moened and the first one arrived ar 0305
hies.

During the night and early moming,
helicopters and assisting ships vescued
138 people, of whom one later died in
hospital. During the day and on the two
following days 92 bodies were recov-
ered, Most of the missing persons accom-
panied the vessel to the seabed.

The wreclowas found in internariemal
walers within Finlands Search and Res-
cue Regiom, resting on the seabed at a
water depth of aboul 80 m with a heading
of 95% and a starboard list of about 120°,
The visor was missing and the ramp
partly open.

The position of the wreck is 59422 9
™, 21741 0" The visor, which has been
recovered, was located al 59°23,0° N,
21739 27 L, about one nautical mile west
ol the wrecl.



CHAPTER 2

OWNERSHIP AND
OPERATING
HISTORY

2.1
Operating history under
Finnish flag

The vessel was delivered o Bederiakiie-
bolaget Sally om 29 June 1980 under the
name VIKTMNG SALLY and placed in daily
operation between Tarlo and Mariehamn
in Finland, and Stockholm,

Rederiakticholager Sally, based in
Mariehamn, was at that time one of the
major Tinnish shipping companies with
engagemenl in tankers and passenger
vessels. The company was one of three
which rogether formed the marketing
consortinm “Viking Line” [or [erry oper-
ations berween Finland and Sweden (see
10.2).

Ln 1986, ownership of the vessel was
taken over by the Finnish/Swedish group
Effjohn, owners ol the competing 5ilja
Tine. The vessel continued, however, to
operate in the Viking [leet under the
original name, The technical operation
was subcontracted with the remaining
part of the Sally company:

Lu April 1990 the Fffjohn group took
over [ull operation of the vessel and
translerred her 1o the Silja Line inder the
name SILJA STAR [or continued opera-
tiom between Turku and Stockholm,

Tn Jamuary 1991 the vessel was trans-
ferred ro the Wasa Line, another subsid-
iary of the Fffjohn group, and was placed
in the Wasa Line operarion in the Gull of
Buthnia between Vaasa in Finland and
Umed and Sundsvall in Sweden. The
ship was then renamed WASA KNG,
She was operated on Lthis route until she
was sold ro the Tsiline Marine Company
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Figure 2.1 Ownership and service.

Finnish flag

Limited, which is registered in Cyprus.

The ship was under Finnish supervi-
sion and Qew the Finnish flag from deliv-
ery until 14 January 1993,

2.2
Under Estonian flag

The wvessel was delivered on 15 January
1993 to the Estline Marine Company
Limited, She was registered in Cyprusto
satisfy the requitements of the European
Bank of Reconsrmuction and Develop-
ment [or financing the vessel on a mort-
gage basis. Permission had been ob-
tained [or paralle] registration in Estonia
and the vessel was entered in the Fstoni
an Ship Register on 28 January 1993,

After delivery drydocking in Torku
she entered service for passenger and
cargo traffic berween Tallinn and Stock-
holm under the new name, TSTOMNIA.
The [irst voyage took place on 1 Febru-
ary 1993 and the traffic continued there-
after with departures every second day
from Tallinn and Stockholm respective-
Iy Figure 2.1 shows a summary of the
vessels aperaring history,

The Estline Marine Compary Limit-
ed was owned equally by the Estonian
Shipping Company Timited {ESCO) and
MNordthulin Luxembourg 5.A., the latter
a company [ully owned by the Swedish
shipping company Nordstrém & Thulin
AR,

The vessel was bureboat chartered to
the Estomian company E-line Limited,
also owned equally by ESCO and Nord-
thulin Luxembourg 5.A.

1980-1992

Mame Viking Sally I Silja Star
Dhate June 1980- April 1990—
Route Stoclkhalm— Stockholm— |

Marlehamn— | —| Turku

Turles |
Dwner Federiaktia- Effjohn Oy

bolaget Sally

Estonian flag
1993-1994
Wasa King Estonia
Jan 1991- Jan 1993
Vaasi— Talinn—
» | Umed and Swockhalm
Sundsvall
Wyaza Line Estline Marine
Co Ltd

ESTONIA — FINMAL REPORT 23



Table 2.1 Ownership of companies for operating the ESTONIA.

Company Nationality Owner
Esdline Harine Co. Ltd Cyprus 30 % Estonian Shipping Co, Ltd
50 % Kordthulin: Luxembourg 5.4
E-Line Ltd Estania 50 % Estonian Shipping Co. Led
: 30 % HNordthulin Luxembourg 5.0,
Estlino AR Tweden 50 % Estonian Shipping Co. Ltd
50 % Hordstam & Thulin Ab
Estonian Ferry Services Ltd Estania |00 % Estline AB
Estonian Shipping Co. Ltd Estonia 100 % Estonian State
Nordstim & Thulin AB Sweden Public Swedish joint-stack company
Nordthulin Luxembourg 5.4, Lunembourg 100 % Rordstim & Thulin AB

Cwiner
Estline Marine Co Ltd

L-line had signed a Ship Manage-
ment Agreement with ESCO hecanse
ESCO had more exlensive resources and
exparience than E-line lor managing op-
erations,

ESCO in turn signed a Techmical
Management Agreement with Mordstrom
& Thulin AB, the reason heing that the
latter comnpuny had mare experience ol
this type of ferry and easier access Lo
spare parts and service. For the same
reason Nordstrom & Thulin was con-
tracted to handle imsurance matlers re-
garding the ESTOMIA.

& 4 F OB B OB B & B & A & F R PR OFE N EEE A E R & b oweEE R R

Figure 2.2 Organisation of Estline Marine Company Limited.

Marketing and =sales of passenger
and freight fransport

Traffic administration

Operation of vessels and
catering senices

Terminal operation

Administration

Finance/ budgetiaccounts

Booking

I

Estonian Ferry Services Ltd
Activities In Estonia
Terminal in Tallinn
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Bareboat Charfer agreement
E-Line Ltd

| i ’
Agency agreement Management agreement
Estline AB Estonian Shipping Co Ltd
Activities fn Swedan Crewing
Terminal in Stocftholim |“5“'"3"C_59

Accounting

Technical management

Sub-management agreement
Nordstrém & Thulin AB
Insurance

Accounting

Technical management




The commercial side of the opera-
tions, including catering, was handled by
the Swedish company Fstline AT under
an apency agreement with E-line. Estline
AR was owned cqually by ESCO and
Mordstram & Thulin, Hstline AR had a
subsidiary compuny n Fstonia ta pro-
vide the commercial and catering servic-
es in Tallinn, Table 2.1 summarises the
ownership of the companies invelved In
the ESTONIA's operation. Figure 2.2
shows Lhe organisation of the Estline
Marine Company Limited.

Nordsteom & Thulin AB s a Stock-
holm-based public company, established
in 1850, with experience of extensive
world-wide operation of large modem
tankers and bulk carriers, und passenger
[erry operations hetween the Swedish
mainland and the island of Gotland in
the Baltic Sea. Shipbroking is another
important Company activity.

The day-to-day technical manape-
ment funcrions regarding the ESTOMNTA
were handled by one [ull-lime superin-
tendent and ome purchasing manager,
beth based in Srockholm,

EsSCiisa Tallinn-hased, state-owied
stock company. Its history dates back o
1879, when the fivst shipping company,
“Linda™, was established in Fsromia, ESCO
aperates world-wide a variety of cargo
vessels of up to 50,000 dwt. ESCO also
operates passenger ferries In the Haltic
Sea and the Gulf of Tinland. In the au-
turmn of 1994 the company owned and
operaled 55 vessels,

Operation of the ESTONTA was un-
der the supervision of the Navigational
Department of E5CO. The crew was pro
vided by the Personnel Department of
ESCO, Two full crews were employed,
manning the ship in two-week shifts
each. The gualifications and Lraining of
the crew are described in Chapler 4.

The master taking over a shill was
required o visil the BSCO Navipational,
Technical and Personnel departments for
hriefing. The master being relieved like-
wise had to report personally to the nav.
igational department of ESCO on the
situation on board.

A caprains’ meeting was held at the

® o® B o8 O & B OB N 4 @ F BB oW oEE

Table 2.2 Routes operated by the ESTONIA.

Route Open sea Crossings Time per Years on  Total time on
[HH) per day day [h] route open sea [

I Turku—Stockhalm 1 1 3 10.5 11 000

2 Vaasa—Umed/Sundsvall 10475 41 il pil] A 000

3 TallinnStockholm 150 | 9 11 5 500

Tabla 2.3 Probability of significant wave height exceeding certain levels.

Significant height Route 1 Route 2 Route 3 Route 3
preater than [m] Sea of Mand Gulf of Bothnia Northern Baltic Northern Baltic
Ligskir Vaasa-Sundsyall Bapthar' South of Utd
Prob. [%] Prob. [¥] Prob. [*%] Prob. ] |
1 57 124 4 .4
3 04 19 b5 I
q 0.04 1.2 1.3 4

o Heasured

Table 2.4 Upper estimates of times the ESTONIA had spent in seas with

significant wave height

exceeding 3 or 4 m.

Significant height Route 1 Raoute 3
greater than [m] Turku—Stockhalm Tallinn—Stockholm
Time spent in hours Time spent in hours
3 40 500
4 4 150

ESCO office once a week atended by all

_masters in Tallinn om that day, including

those on vacation, Regular meelings were
also held on board rthe ESTOMIA, al-
tennded by the masters, chief officers and
chief engineers of both shifts and by
representatives [rom ESCO and from
Mordsrrim & Thulin AB.

2.3
Operating history with
regard to wave conditions

The main part of the Tallinn—Stockholm
route was in open sea, while the open-
sea part was considerably shorter on the
two previous routes. Table 2.2 summa-
rises the route infoomation for all the

three routes,

Mo wave statistics exist specilically
for the vessels three operating areas.
Some indication of the differences be-
tween sea conditions on the three routes
may he obtained by comparing the sig-
nificant wave heights which are exceed-
edata probability of 10 % in the different
sea areas (Figure 2.3). The wave heights
were estimated by the Finnish lostitute
ol Marine Besearch (MTL). The Institute
also predicted wave statistics for the three
routes on the basis of their experience,
wind statistics, lewch and wave measure-
ments at Bogslar in the novthern Balric
Sea (for position, see Figure 13, 1) and at
Sandbéck in the southern Gulf of Borh-
nia.

Tahle 2,3 presents wave statistics for
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each route on the aren where the worst

Figure 2.3 Significant wave heights in metres, with 10 % exceedance probability. wave conditions are encountered. The
table also shows staristics measured at
Fii i B3 Bogskar for significant wave heights ex-

@ ceeding 2, 3 and 4 m.

Fignre 2.3 indicares that the proba.
hility of encountering high seas on the
Vaasa—Llmed route is significantly lower
than on the Vaasa—Sundsvall route which
was run only oceasionally and mainly in
| 23> the summertime, Tn addition, a review of
5 J‘}E' - %¥ Vaasa the weather data from the Gulf of Both-
nia [or the period when the vessel was

Sundavall @ operating there indicales that strong
winds gemerating high waves had not
& FINLAND existed at any time during rhis period.
3 Am upper estimate of the time the
" GULF OF BO - ESTONIA had spent in rough sea is oh-
] tained by combining the time spent in

the open sea (Table 2.2) with the proha-
bilities ol significant wave height exceed-
ing 3 or 4 m. The titnes in rough sea are
given in Tahle 2.4 for the operation in the
Turku—Stockholm and in the Tallinn —
Stockhalm waflic. The estimates for the
latter traffic assume that the vessel had
spent equally long times in the wave
climates represented hy the Bogskar and
by the south-ol Uté wave statistics.
, The vessel may have encountered
S these high seas from any direction. In the
Aland Sea area, heavy seas can only be
: generated in south—south-easterly or
¥ north-westerly directions, thus creating
' beam seas for vessels suiling on the Stock-
holm-Mariehamn—Turku route, In the
i o Northern Ballic most of the high sea
\ LITHUANIA -0 states are generated in the south Lo west
£ o : -:= sector. This means in general port bow or
ki = - beam seas [or a passage from Tallinn to
Stockholm and following or beam seas in
the opposite direction. The probability
of encountering high waves diminishes
towards the ends of the open sea part.

.
SWEDEN "y,

Gﬁs::.]eharm %,f_"

Helsinki

Tals ™

*i;- wﬁw

-~ BALTIC SEA
AN
N
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CHAPTER 3

THE VESSEL

3.1
Background

3.1.1
Contract, specification,
building and delivery

The vessel was built by the shipyard Jos.
L. Meyer al Papenburg in Germany o
accordance with a building contract
signed on 11 Seplember 1979 berween
the yard and Rederiaktiebolager Sally
(Supplement). The conlract referred toa
building specification number 367573,
dated 5 September 1979, The contract
followed a standard formar originally
developed by the Swedish Shipowners'
Associalion.

The vessel was ordered and huile for
the rapidly expanding ferry traffic he
tween Finland and Sweden. She was
Built during a period of rapid growth in
the size of ferries and in their operating
speed and was, when delivered, lor a
time the second largest feny operaling in
the Baltic Sea. Only the gas-rurhine-pow-
ered FINMIET, specially built for opera-
tion between 1elsinki and Traveminde,
was bigger.

The vessel was Lo be built within an
unusually short delivery time and sub-
stantial parts of the hull and the super-
struclure were subcontracted with other
yards. The bow visor and its attachments
were however built by the Meyer yard.

The vessel had newbuilding number
£.590, delivered alier newbuilding 5,592,
named TTAMA 11, which had been o
dered by Rederaktiebolaget Slite, the
Swedish partner in the Viking Line con-
SOrLUITL,

The two vessels had large similarilies,
primarily In the main hull below the
main deck and in machinery, These sim-
ilarities were a condition for meeting the
desited short delivery Lime, 30 June 1980,
tor newbmilding 5.590. The keel was laid
on 18 Qotoher 1879, The two vessels
were, however, not buill Lo similar spec-
ilications. Newlilding 5.592 was built
o & specification with Swedish origin
whereas newbuilding 5590 was buill to
a specilication developed from one used

by the shipping company for other ongo-
ing newbuildingsat a Finnish yard. New-
huilding 5590 was furthermore length-
ened compared tonewhuilding 5.592 by
extension of the parallel midship section
by 18.4 metres. Related differences inthe
main hull were an increased length ol the
bulbous bow by 0.83 m and a related
increase of the length of the forward

carmp by 0,729 m.

Both vessels were built Lo the mules of
Burean Veriras wirh class notation T 343
C + Passenger Ferry Deep Sea lee 1A
CAuL",

According to the building specilica-
tiom, the vessel was to be built ro the rules
and regulations of the Finmish Maritime
Administration and additionally to the
[ollowing international conventions and
national vegulations:
= Salety of Life at Sea Convention (50-

LAS), 1974,

+  TLoad Line Convention (TLLC) ol 1966
with amendments of 1977 and 1975.

+  Tommage Measurement Comvention
of 1947.

«  Marine Pollution Prevention Conven-
tioh (MARPOL) of 1973,

= Collision Prevention Convention
(COLREG) of 1972,

= Finnish regulations for Salety Ship
Labour 77:33.

» 115 repulations regarding sanitation
{as reasomably applicable),

+ Helsinki Convention on the Protec
tion of the Marine Environtment of
the Baltic Sea, 1974/232.

«  IMCO resolurion A 323 (LK) 1975
concerning machinery and electic
installations in passenger vessels and
cargo ships.

+  1ISCGrequirernents for passengerves-
sels, as reasonably applicable.

* Finnish Maritime Administration
rules and recommendations for noise
level criteria,

The 1974 issue of the SOTAS Conven-
ton was specilied in len of the 1960
issue even though the 1974 issue had not
yer entered into [orce.

The contract specified thar "Scandina-
vian standard for car/passenger feries shall
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apply w all equipment, materials erc.”.

The vessel was built and delivered
according ro schedule, but not all the
passenper cabins were finished at the
tne of delivery [t was nevertheless con-
sidered important by the shipowner to be
able to put the vessel in service hefore the
summer season ol 1980, The vessel was
therefore delivered with a Passenger Ship
Safery Certilicate [or a reduced number
of passengers, originally 1100, and the
mumber was increased as the interior
work progressed whilst the vessel was in
service.

The vessel was named VIKING SAL-
LY and was delivered on 29 June 1980.

3.1.2
Newbuilding inspection

The ship was builr ro the rules of Burean

feritas and to the special survey standard
ol the classification society, This imclud-
ed, in addirion to surveys at the yard,
inspecrion of main materials and equip-
ment at the respective works prior to
delivery to the shipyard. Bureau Veritas
was requested by the yard to survey the
ship for conlormity with the classifica-
tion rule requirements applicable to the
marks and notations mentioned below:

— L3/3 T+ Passenger Ferry Deep Sea lee
LA (Aur,

—  Class notation. "1 indicates that the
vessel complies with all class con
SITCHON requirements,
Classnotation "3/3" indicates that the
vesseland its equipment mel the full
standard of the class rules with no
reslrictions,

—  (Class notaton “E” indicates thar the

anchors and anchor chains were of

appraved standard.

- Construction mark *+” indicates tha
the vessel was constucted under
Bureau Verilss survey from the begin-
ning of the construcrion,

—  Matation "Passenger Ferry” indicates
that the vessel was a passenger ship
with ro-ro car facilities.

— Mavigation notation “Deep Sea™ indi-
cates that the vessel had no restriction
reparding areas or conditions of nper-
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ariom,

Matation "lee 1A” indicates that the

vessel salislied the “Finnish Swedish

ice class rules 10717,

Maotation “(Aut)” indicates that the

vessel was equipped with automated

systems in the engine room sreas for
rerole operation in open sea.

Bureau Veritas was authorised hy rthe
Finnish Maritime Adeministration to sur-
vey the vessel and ils constructon for
compliance with the International Con-
vention on TLoad Lines. The shipyard
made a formal reguest to Bureau Verilas
to perform this survey The main respon
sibility remained, according o S0OLAS
and other conventions, with the Finnish
Administration even when a classifica-
tion sociely was authorised to perform
cerlain functions,

The class survey Look place from Sep-
tember 1979 until and including deliv-
ery in iume 1980. Surveying of the instal
lations for aulomated machinery went
an also after delivery and was completed
in December 1980,

The survey by the classilication soci-
ety did not encompass day-to-day de-
tailed survey of the construction and the
installation work in the ship. The classi-
fication society surveyor was to check
conformity with the classification rule
requiremnents and with approved draw-
ings. He was also to ascertain that re-
marks regarding consnuction made on
drawings were dealt with by the ship-
yard.

The Tinnish Maritime Administra-
tion retained the responsibility for sur
veying the ship for compliance with in-
ternarional conventions and also with
national safety rules and requirements
on accominodation spaces, This survey
ing activity wus done ar intermittent vis-
its ro the yard.

The owners were represented ar the
yard throughout the construction period
by shipowners superintendents and the
master and chief engineer assigned to
serve on the vessel,

32
General description
and data

This section contains a general descrip-
tion and data of the vessel. Details of the
various areas are dealt with separately in
3.3-3.6, The general arrangement of the
vessel is shown in Figure 3.1,

3.2.1
General arrangement

The VIKTNG SALLY was built as a devel-
opment from previous ro-to ferry de-
signs. She was clussified in shipping reg.
istersasa passenger/cargo vo-to [erry. She
was built with a continuous vehicle-car
Tying space on the main deck (A-deck).
Below the main deck an economy ac-
commodation area was arranged on deck
number 1 {rween-decld) and an extensive
sauna and pool area on deck O (tank-
deck). The main passenger accommoda
tion areas were on decks 4 (C-decl), 5
(D-deck) and 6 (T-deck), The crew ac-
commodation was generally on decls 7
{F-deck) and 8 (G-deck) and the naviga-
tion bridge was on deck 9 (11-declk),

The ship was built with one bow
loading ramp em the car deck, enclosed
by a hinged bow visor that apened up-
wards, and two slern loading ramps.
Passenger entrance doors were arranged
on decks 4 and 5 and pilot and bunker
ing doors on the car deck,

The ship had the following main par
ticulars according to building specifica-
tion and certificates;

* length, over all 15540 m
*  Length berween

perpendiculars 137.40 m
*  TDreadrh, moulded 2420 m
= Depth to bullkhead deck,

maotilded 7.65m
*  Maximuwmn draft 5.60m
*  Deadweight at

max. dralt 3,006 dwt
*  Light weight G733
*  Gross Lonnage 15,508
*  Propulsion power 4 x 4,400 KW
*  Electrical power T2 1,104 KW
*  Bow thisters B00 + 590 kW



Figure 3.1 General arrangement of the ESTONIA.
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Figure 3.1 (continued)
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»  Maximum mumber

of passengers 2,000
»  Maximum service speed 21 knots
« WO number 7921033

3.2.2
The hull and deck
arrangement

The hull was built to Bureau Veritas rules
and to the Load Line and SOLAS Con-
ventions regarding watertight subdivi-
siom, Tt was designed with a slender [ore-
body extending into a bulbous bow and
a “pram type” alterbody with rwo propel-
lers and rwo rudders. Two bow thrusters
were installed. The alterbody was modi-
fied during drydocking in 1985 by a
“ducle 1ail" extension giving increased
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buoyancy in the afterbody and a better
hydrodynamic Now condition, prevent-
ing the stern [rom setting down at high
speed. This wasa problein in the original
configurarion unless [orward located bal-
lust tanks were flled.

The forebody had an extensive “flare”,
especially below the knuckle line at the
car deck level, Such flares were increas-
ingly applied at the fime to provide full
width of the car deck and accommaoda-
tiom area as [ar [orward as possible. The
hull form is shown in Figure 3.2

An active roll-stabilising system with
fins wasinstalled in January 1994, Provi-
sions for such installation had been made
already at the newhuilding stage.,

The hull below the bulldiead deck
was subdivided by fifteen watertight
ransverse bulkheads, equipped with

B ok B R @ o®o® oW oW A W A AR

Figure 3.2 Lines plan of the ESTOMIA.

watertight doors as Tequired.

The double-bottorn spaces were ar-
ranged for [uel oils and other liguids and
some were desipnated as emply Lanks.
Fuel oil tanks were also placed above the
inner bortom,

Deck 0, the mnk-deck, conrained —
[rom forward — the [orepeak, the bow
thruster room, an exlensive sauna and
swimming pool area and — in the aft half
of the ship — the generator room, the
engine room, the fuel purifier room and
othermachinery-related spaces. The deck
next above, deck 1, conrained — in the
forward half — economy class cabins [or
358 passengers. The alt half of the deck
contained the engine control room, worls-
shop, main engne room and various
utility spaces.

The car deck was one open space,
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with the exception of a centre casing,
located slightly to starhoard. Toading
ramps were arranged one ar the forward
end and rwo at the aft end of the deck.
The centre casing contained staircases
from the spaces below the car deck, il
trumks and various utility spaces [or ma-
chinery and catering functions. Five lifts
were installed, extending from the pas-
senger spaces below the car decle and
from the car deck to deck number 7. Six
sels ol stairs led from the lower passenger
Spaces Lo a COMIMOoL passageway nside
the casing, Four sets ol stains led from this
passageway to deck 4 and six sers led
upwards to higher decles. Staivs were also
arranged at the alt open-air deck spaces
from deck 4 upwards to deck 8. Cmer-
gency escape tmumks from the engine
roomm area were aranged inside the cas-
ing. llanging car decks were arranged
whereby the car deck space could be
divided mto two lower height decks for
cars. Access [rom the smaircases o the
hanging decks was via four doors on the
starboard side and via rwo doors and
gangways oo the porr side.

Smaller service spaces for power sup-
ply to the ramp and bow visor operation
and the hoistable car decks were ar-
ranged on the car deck port and star-
board, forward and all. An office for the
cargo officer during loading and dis-
charging was arcanged in the alt service
.‘"-.1':'.'-]{‘.@'..

Deck 4 contained many passenper
cabins and, alt, conference rooms, a caf-
eleria und passenger seats. The enclosed
deck area rerminated with two public
exils 1o the open-air all decl. Decks 5
and 6 had passenger cabins covering the
forward third and the remaining paris
were used for tax [ree shop, information
deslt, restaurants, bars and entertainrment
areas, Both decks had rwo double-door
publicexits o the open-air afl decls. The
accornmodalion spaces on decles 4, 5 and
& extended from side to side without any
open-yic passape of other open-air spac-
es excepl the afr decks.,

Deck 7 contained the main part of the
crew aceommodation. This deck did not
extend to the sides of the vessel, giving
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room for an open deck area on both
sides. On the open decle there were the
rescue stations and the embarkation area
for lifeboats. The deck was accessible to
pa.ﬁEE.tlgCIS Vi b main slaircases and
staircases belween the aft open-air declks,
The passageways contained cradles for
liferalts and hins for lifejackets for pas-
sengers and crew, Forward on deck 8was
accommodarion for the senior officers
and, aft, additional crew accommoda-
tion spaces, The intermediate space was
taken up by ventilalion equipment and
other service funclions. The lifeboat duv-
its and additional liferaft bins were locat.
ed at the sides of this deck. Deck 8 was
accessible W passengers anly via external
staivs [rom deck 7.

The navigarion bridge was on deck 9.

3.2:3
Propulsion system and control

The propulsion system consisted of four
mt_‘r:lium-spe&d dissel crgines, conmect-
ed In pairs to two propeller shafes via
gearboxes . The engines were fornrstioke
turbo-charged engines with eight cylin-
ders and a maximum continuous oulput
of 4400 kW each. They were designed to
operate on heavy fuel oil, Maximum con
tinuous operating speed was 600 rpm.

Bach propeller shaft carried one con-
trollable-pitch propeller with a diameter
of 4.0 m. The shafting had flangeless
couplings and was arranged with the
necessary sealing arrangements at bulk-
head penetrations and oil-luhricated stern
tuhe seals. Each shaft could be locked
with a brake [or operation with only one
propeller. The port-side propeller rotat
ed clockwise and the starboard-side one
counter-clockwisze,

The pitch control of the propellers
was hydraulic, separate [or each propel-
ler. Each systern had duplicate oil pumps
and the necessary hydraulic components.
The control was cllected electrically by
power selector levers on the main control
console on the bridge, on the bridge
wings and in the engine control room.
The control signal [rom the power selec
tor affected the engine speed as well as

the propeller pitch viaan electro-hydrau-
lic combinator. Speed and piwch hoth
imereased ul increasing powersellingsup
to aboul 70 % power, when maximnm
continuons engine speed was reached.
Alter (hat, higher power settings only
increased the propeller pich.

All the normal indicalors, alarms aned
control devices were on the bridge and in
the enpine control room. The installation
qualified for unmanned machinery space
at sed M accordance with the classifica
tion requircments, but actual operation
was at all Limes conducred with the en-
gime control room manned by one engj-
neer and one motormar.

The total fuel ol tank capacity was
840 m* of heavy fuel oil and 201 m? of
marine diesel oil. Bunkering for a com-
plete rovmd trip was always done in
Stockhalm.

3.24
Electrical system

The three-phase, 380 V, 50 Hz electrical
system was led by [our main electrical
penerator sets. They had an output of
1065 VA cach and were of the brushless
type, sell-exciling and self-regulaling, and
capable ol parallel operation.

The generators were driven by four
stroke trunk diesel engines, each supply-
ing 1104 kW at 750 rpm. The engines
had superchargers and intercoolers, and
could un on heavy [uel il They had all
the neceszary Instrumentation and con-
trols for automatic operation.

Translormers provided 220 V single-
phase power for Hghting and utility fune-
rioms. The main electrical switchboard
was in the engine control room.

An emergency generalor set in corn-
pliance with the SOLAS requirements
was installed in a separale room on deck
B near the engine casing, The generator
was powered by a diesel engine with an
outpur of 312 kW at 19500 pm. 1L sup-
plied the einergency lighring systen and
also essential bridge equipment, includ
ing engine contral, SrEETing system, ra
dars, gyrocompass, logs, echosounder,
navigalion lights, search lights, radio sta-



tiom, relephons system and public ad-
dress system.

The emergency penerslor wnil was
designed to start automatically in case of
loss of electrical power in the main nel-
wuork, The total starting and switch-in
lime was about 15 secomds. The unil
could also be controlled manually from
an emergency switchboard in the emer
EENCY FENErlor [O0L.

Accumulators [or emergency power
incase ofloss ofall other elecirical supply
were installed in compliance with the
SOLAS requitements.

3.0.5
Ballast system

Two centrifugal ballast pumps were in-
stalled, euch with a capacity of 300 m3/h.
The pumps served ballast tanks which
were the forepeal tanls, the lorward trim
tank, rwo double-bottom tanks, one pair
of heeling tanks and the alt peak tank,
giving a toral capacity of 1212 m*.

The heeling tanks were side tanks
with a capacity of 183 m? each and in-
tended [or adjusting the list of the vessel
as needed. The list that could be com-
pensared for with one heeling tank full
and the other empty was sboul eight
degrees, The conmecting valve belween
Lthe heeling tanks was designed to close in
case of failure of electrical power.

The separate heeling tank pump could
he operated [rom the deck office at the aft
ramp and [rom the engine control room.

3.2.6
Car deck arrangement

‘The vessel had a decle for loading Lrucls,
cars and other whesled cargo. The car
deck was the vessels freehoard deck and
identified as deck number 2. It extended
[rom side to side and from bow to stern,
with a centre casing immediately star-
hoard of the centre line. The available
deck space was divided into four lanes on
the port side and theee on the starboard
side.

Hanging car decks were arranged,
stowed hoisted underneath deck number

4. When lowered to deck position number
3. the haoistakble decks could be used [or
passenger cars. The starboard hoistable
decks extended over the full decl widlh
between the ships side and the centre
casing and the port decks from the ship’
side [or the width of the rero outer lanes.
These decks al each side were divided
transversely inlo six sections, the fore-
mast and afltmost ones being sloping
ramps o the elevated decks.

Tashing fittings were mounted along
the lanes om the car decle.

Persomal access ta the car deck was
via stairs and lifts in the centre casing,
Four of the lilts had doors leading to the
starboard side of the car deck and one
had doors w the port side. A total of
eleven doors, six starboard and live pore,
led fram the car decls to the stairs inside
the casing. The doors were sliding-lype
steel doors, meering the SOTAS fire re-
sistance requirements. The locks of the
doors were remolely operated from the
information desk on deck 5. The doors
were locked atsea. They could, however,
always be opened for passage [rom the
car deck to the casing. Similar deors
served the hoistahle car decls.

The car deck space was ventilated by
electrically driven fans, locared om hath
sidles ul the forward and aft ends of the
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deck area and rerminating al decle 4. The
tans were together capable of providing
20 air changes per hour. The fans could
be reversed and used for evacuation or
[or [orced ventilation,

A smoke detection system coversd
the entire area. The system had irs contral
and alarm panelal port side of the hridge.

A fire-fighting system was installed,
based on water sprinklers mounted o
cover all areas including the hanging car
decks.

Twelve closable 4" scuppers were in-
stalled along each side of the deck. The
scuppers were normally left open.

TV cameras [or monitoring the car
decl area were mounted as described in
3.3.5.

3.2.7
Bridge layout

The navigation bridge (Figure 3.3) was
on the uppermast deck (deck 93, 9.2 tn
alt of the forward end of the superstruc-
ture. The bridge wings extended over the
shiptsides by about 1.5 m and were fully
enclosed.

The central part of the bridge extend-
ed forward of the winps by sbour 2 m. In
the original design there was a consele
containing all major navigation and con-

Figure 3.3 Layout of the bridge.
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trol equipment at the front bulkhead,
just below the windows. The sleering
console was located on the centreling,
just behind the front windows.

The bridge was rebuilt in January
1994 and sotme of the navigation equip-
ment was renewed. The savigation con-
sole al the [ronl bulkhead was partly
removed, and 4 new conning station was
constructed port of the cenrreline, The
desipn of the canning station was of the
Filat—Copilat type, commonly used in
Balric ferries,

Thenew console contained two AREA
radars, DGES (Differential Global Posi-
tioming Systern) receivers, the main suto-
pilot, propulsion control levers, VIIT el-
ephones, mobile lelephones and equip-
ment forinternal communicarions, From
the two navigators' sears, and the cap-
rain’s seat, normally placed to the port of
the conning consale, the panel with indi-
cator lamps for visor and ramp was with-
in sight.

The [in stabilisers and sssociated con.
lrols were also installed in 1994 The
original "Roll-Nix" stabilisation system
had been found inadequate. Tt was, how-
ever, not temowved and had sometimes
heen used in strong following wind.

A separate chartroom was located on
the starboard side, in the aft part of the
bridge. The corresponding space on the
porl side was an openares conlzining the
lire alarm cenlre and various cabinets for
slorage el

The main entrance to the bridge, from
the acocommeaodation, was on the cente
line at the aft end of the bridge, where a
doartathe staitcase conmected the bridge
with the officer and crew accommoda-
tion on decks 8 and 7. On the port side at
the aft end of the bridge there was o door
Lo the open deck.

Because of the relracted position of
the navigation bridge, the bow of the
vessel was not visible from the conming
station, as Figure 3.4 indicates,

A monitor for the mremnal TV surveil-
lance system was placed in the entrance
to the chartroom and facing starboard.
The monitor picture could not be viewed
from the conming station.
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3.2.8
Navigation equipment
and systems

The navigalion equipment was of a high
standard, and met the requirements for
the intended traffic,

The equipment had been upgraded
and/or remewed on several occasions,
and at the time of the accident the [ollow
ingequipment was installed on the brid ge
for navigation and vessel control;

*  Hadar, Atlas 9600 Arpa X -band
*  Radar, Atlas B600 Arpa 5-hand
*  Radar, Raytheon 1650 12 SR Raycas
= Radar, Raytheon 1650 5R (slave to

item 30
= 2 Gyrocompasses, Sperty ME 36
*  Magnetic compass, Plath
*  Autopilot, Kockum Steermaster 2000
*  Autopilot, Sperry Universal
+ Speed Log, Raytheon Doppler Sonar

(one axis)

+ [cho sounder, Simrad TSN 450
* Radio direction finder, Debeg ADF

7410
«  Antiroll system, Roll Nix (S5PA)

» Stabilisers, Brown Brothers [olding
fins

*  Mavigation compurer, MNavi Master
MAL- 1000

* (PS5 receiver, Shipmate 5800 C

«  DGPS receiver, Shipmate 5360

= DOPS receiver, Magnavox 200

= Speed/Fuel Consumption Oplimisa-
tiom Computer, ETA-Pilot

3.2.9
Communication equipment

The communication equipment was di.

vided between the bridge and the radio

T,
The vessels radio room was on deck

8, alt of the captains cabin. The radio

room was mainly used for commercial

cornrnunication, and contained the fol-

lowing equipment;

= Main Transmitter, Standard Badio 5T-
1680 A

*  Main Receiver, Skanti AS SE-31

*  FEmergency Lransmitler, Standard Ra-
dio 5186 B. AL, A2, A3

+  Hmergency Receiver, RL Drake RR -
11

*  Autoalarm TME A4 7345RT B-2200
L0

*  VHF Svensk Radio STR-40 - ME62
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Figure 3.4 Approximate field of vision from the bridge.
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Tn addition to the equipment in the radia
room, the following was installed on the
bridge:
+  WFE/MHF radio elephone

+  YWHF Svensk Radio STE-H0-MEGZ
«  WVHF Sailor {1 master and 3 slaves)
= WHF Skanti

= Watch Receiver THC-300T

= MNAVIEX receiver

= Lifeboat Radio [IME SOTASTIT A

+  Mobhile Telephione MM 430

+  Weather Fax Becelver

Two Fmergency Positivn-lndicating Ra-
dio Beacons (EPIRE) were mounted, one
on each side of the rop of the bridge.
These EFIRBs are discussed in detail in
344and 811

3.2.10
Maintenance, modifications
and damage

The vessel was maintained by the owners
to class satistaction in line with common
praclice and requirements. The surveys
for maintenance ol class were canied ot
by Bureau Verilas on a continuous five-
year timetahle for hull and machinery in
combinaton with a schedule of anmal
surveys, On average, the surveying pro-
gramme involved five to six on-board
survey visits per year,

The vessel wasalso subject tothe Fort
State Inspection progranmme in compli-
ance with the Paris Memorandum of
Understanding on Port State Control (see
abour Paris MO in 9.1}, Technical Port
State inspections were carried oul in Feb-
ruary, April and December 1993 and
barch 1994, The first inspection was in
vonneclion with the start of rraffic on the
Tallinn—Stockholm roure and did not
give rise touny remarks. The next inspec-
tion was the consequence ofan oil spillin
the Stockholm Archipelago, the cause of
which was a leaking stern lube seal (see
below). At the third inspection three
remarks of less significance were noted.
The last inspection did not give rise Lo
any remarks,

The annual drydockings were maostly
at the Tuelin Repair Yard, Tivo were at the

Valmet Helsinld Yard, one alier ground-
ing damage in 1984 and one in 1985 for
repair of ice damage and for modilication
of the stern area of the hull by incorpora-
tion of the “duck rail” extension. Two
drydockings were made in Stockholm,
onein 1985 forvepairofa leaking propel -
ler shalt seal and one in 1988 for repair of
prounding damage. The damage was sur
veyed and repaired in dry dock following
normal practice.

Besides the ice damage in 1985, twao
other occasions of ice damage were re-
corded, during the winters of 1982 and
1957,

The drydocking in comjunction with
wransler to the Effjohn Group was done in
1990 at the Naantali branch of the Tarku
Repair Yard.

The vessel was laid-up al the Perno
shipyard outside Turku for sume months
at the beginming of 1991 before she was
put in service om the Vaasa trade. The
interior was upgraded and the sound
prooling in the cabin area was improved
during this time.

The drydecking in connection with
delivery to E-line in 1993 wolk place in
Tarku, On this oceasion all sipns and
instructions were replaced by new ones
in Estonian, Swedish and English. Mew
surveys lor certificates were camied out
and the lire protection installations were
upgraded Lo satisly new, more stringent,
SOTAS requiremenls.

The vessel was dry-docked twice in
Tarku — in March and April 1993 — w0
correct a leaking stemn tube seal.

A public area on deck % was rebuilt
during service in 1993 to accommadate a
new barand an area with airline-rype seats,

The lin stabilisers were installed in
dry docle at Maantali in Janoary 1994,

Oneortwo replacements ol propeller
blades in conjunction with drydockings
have been reported, Minor on-board re-
pairs of cracks in the Tamp locking devi-
ces were reported a couple of times.
Damage to a visor hinge pin was once
repaired at the Finmboda yard in Stock-
holm. For lurther details regarding dam-
ape of the bow visor and the ramp, see
EREN

Ma other damage Lo the vessel has
been reported throughout her history

Individuals concerned with mainle-
nance of the ship during the various
periods of her life have generally ex-
pressed satisfaction with the vessel as a
sound and trouble-free one,

3.3
Bow visor and ramp
installation

3.3.1
General

The how visor and ramp installation of
the BESTONIA was of a conliguration
common on fervies n rraffic between
Finland and Sweden at the time of her
construction. The installadon comprised
anupward-opening bow visorand a load-
ing ramp, hinged at car-deck level and
closed when raised. In closed position,
the upper end of the ramp extended into
a box-like housing on the deck ol the
visor

The complete bow ramp and the op-
eraling and locking devices for the visar
as well as (he all ramps and the car
platforms were designed and delivered
by an independent company, von lell
AR, an estahlished supplier of cargo hand-
ling equipment and systems. The design
was based on a detailed specificarion by
Lthe shipyard. Yon lell ABused a subcon-
tractor, Grimmereds Verkstads AB, for
manufacturing complete sets of compo-
nents for the ramps, the car platforms
and rthe visor locking devices. The rou-
tine contacts hetween the yard and the
supplier were via von Tell GmbH, asub-
sidiary of von Tell AB, meorporation of
the system into the ship and manufacture
of the atlachment siructure were ship-
yard worle. The equipment delivered by
von Tell was identical o that built for the
preceding newbuilding, DIANA L, ex-
cept for the slightly increased length of
the ramp and the changes of the car
plattorms dicrated by the greater length
of the vessel. According to available in-
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formation the visor operating and lock-
ing system design [or DTAMA 1T was the
first delivered by von Tell AR,

The Bureau Veritas rules valid at the
tHime had no details reparding procedures
for calculating sez loads am the bow visor
installativn. ILwasstated in general word
ing that doors should be firmly secured
and that structural veinforcements should
be made to arrachment points of cleats,
hinges and jacks. The general wordingin
the rules also specified that the scantlings
ol the visor structure should be equiva-
lent to that of the hull itself.

Theverticaland longitudinal sea loads
to which the bow visor could be exposed
were calculuted separarely by the yard
and by the von Tell company: The Bureau
Veritas rules pave no detailed puidance
lor such caleulations. The yard thersfore
used for this purpose nominal “pressure
heights” given by Bureau Veritas in anote
(Mate Documentaire BM2, 5.4.1976),
originally issued as general puidance [or
determining the loads on the bows of
large ships.

The von Tell company used nominal
pressure heads per unit ol projected area
specified in the ales of Lloyd's Repister of
Shipping, valid at the time. It has not
been possible to verily in derail what
exchange of inlormation on rhis issue
took place belween the yard and the
supplier prior to the derailed design of
the von Tell equipment.

The general arrangement ol the ramp
and visor installation is shown in Figure
3.5.

332
Detailed technical description
of the bow visor

The visor

The visor was the most forward part of
the vessels hull and was a sreel structure
simnilar to the normal how structure of a
vessel, The general shape and design are
shown in Figure 3.6, The visor consisted
mainly ol the shell plating, being an
extension of the ship’s shell plating and
contour, the deck part, the bottom part,
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Figure 3.5 Bow visor and ramp installation.
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the aft bulkheud and internal horizontal
stringers, vertical partial bullktheads and
transverse stiffeners. The internal struc-
ture was connecled with a stiff ubular
[ramework, Tero beams on deck exrend.
ed alt of the visor alt end and carvied the
hinge arrangements [or the piveting
points of the visor. The lowest strake of
shell plating was reinforced in crder to
satisly the ice class requirements. The
visor weighed about 56 ¢,

The visor including atrachment de-
vices was buill of grade A mild carbon
steel (yield strength minimum 235 N/
mm?, ultimare tensile strength 400490
N/mm?).

The deck of the visor had a box-like
housing between the two beams, enclos-
ing the upper part of the ramp when the
rampwas closed. The geometry wassuch
that the ramp had to be fully closed in
order not to interfere with the visor dur-
ing its opening and closing,

The visor pivated around the two
hinges on the upper deck during its
normal opening and closing. 1L was se-
cuted in the closed position by hree
hydraulically operated locking devices at
its lower part. One of these was mounted

on the forepeal deck and the other rwo
on the hull frone bulldwad with maring
Tugs on the visor. Additionally, wo man-
ual locking devices were located in the
area of the hydraulic side locks. Three
locating horns, one on the forepeak deck
and vwo on the fromt bulkhead, engaged
recesses in the visor in order to guide the
visor to ils proper position when being
closed and Lo absorb lareral lnads.

The visor was supported vertically in
the closed position by the two deck hing.
es and rested further on three points on
the forepeak deck. One of these was the
solid stem post of the visor, resting on the
ice-breaking stem on top of the bulbous
how, the other two were steel pads on the
forepeak deck. The three locking devices
kept the visor down inits closed position
and the locating horns absorbed any side
loads that might develop. Longitudinal
loads were carmied by the hinges, the
locking devices and possibly by direct
contact between the visor and the [ront
hulkhead of the twll,

The visor was supported in the open
position by the two hinges and two park-
ing devices consisting of hydraulically
operated holtsengaging lugs on the hinge
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Figure 3.7 Battom locking device installation on forepeal: decle.
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Rubber seals supported by steel flar
hars were installed on the forepeak deck
and the [ront bullkhead, topether making
a continuous seal against which the visor
ahutted when closed.

The bottom lock

The botwm lockingarangement is shown
in Figure 3.7. The bottom lock was some-
times named the "Atdantic lock” as it was
not in common use in early ferries but
was later introduced o enable similar
[erries to cross open oceans. The “Atlan-
lic lock™ had become established by the
tirme the ESTONTA was buill. The lock-
ing device consisted of a locking bolt,
movable horizontally in a transverse di-
rection, puided in a bolt housing. In
extended position the tip of rhe bolt
engaged a support bushing. The bolt
housing was fixed to the [orepeak deck
by means of two steel lugs and the bush-
ing was installed in a third similar lug. A
mating lug, attached to the hottom struc-
mure of the visor, was locared herween the
bolt housing and the support bushing
when the visor was closed and the ex-
tended bolt then engaged the hole in the
mating lag.

The balt was moved in the bolt hows-
ing between the retracted posilion and
the extended position by means of a
hydraulic actuator, operated from Lhe
wisorand ramp control panel asdescribed
in 3.3.5. A spring-loaded mechanical
plunger, movahle perpendicularly to the
haolt, engaged grooves in the bolt in the
upen and closed positions respectively,
thereby securing the bolt mechanically
in ity extreme positions regardless ol hy-
draulic pressure. The bolt was alsolocked
hydraulically at any time because the
hydraulic fluid was trapped in the sys-
tem, regardless of whether the system
was under pressure or nol.

Tero magnetic position seOs0rs Were
installed, acruated by a magnet attached
1o a bracket on the bolr, The sensors were
actualed when the bolt was fully relract-
ed or [ully extended. The hydraulic con-
trol system as well as the arrangement
and functioning of the sensors and the
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Figure 3.8 Lug of visor, mating the Figure 3.9 Side locking device, port and starboard.
bottom locking device,

position indication and alarm system are
covered separately in 3.3.5. The original @
mechanical swilches were replaced by
the magnetic sensors in the mid-1980s.

The mating lug in the bottom struc- _
ture of the visor consisted ol a single steel @i 4
lug, welded to a transverse beam of the Balt
visor bottom structure and supported by housing —-—
a bracket as shown in Figure 3.8, The oy
dismeter of the boll was 80 wmm in the R
original von Tell drawing. The hig had a
hole for the locking bolt with an originsl
diameter of 85 mm.

The failure mode of the bottom loclk
installation and related findings are cov-

e
o

P o oy
|29

ki

oy S—— )

Cylinder for

ered in Chapters 8 and 15. asssting ] Visor lug
opening I
The side locks Eupp:urt Lodling
The side locks consisted of two lugs, bushing halt

altached to the aft bulkhead of the visor
and extending, when the visorwas closed,
into two recesses I the front bulkhead of
the hull, one al each side of the ramp
opening. The visor lugs overlapped a
horizontal stringer, In the closed posi-
fon, hydraulically-operated bolls en-
gaged holes in the lugs. The arrangement
is shown in Figure 3.9, The hydraulic
boll installations were similar to that of
the bottom lock, Le. 4 bolt moving in a
housing and, when extended, engaginga
support bushing. The visor lug inserted
between the bolt housing and the sup-
port bushing. The bolt was moved by a
hydraulic actuator. A spring-loaded me-
chanical plunger was installed. The posi

Harizantsl
stringer
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Lion of the bole, [ully retracted and [ully
extended, was sensed by magnetic posi-
Lin SCHS0TS,

Additional hydraulic cylinders wers
installed at each side Lo push forward on
the visor lugs when the visor was to open.
This installation was intended to assistin
breaking the visor open in case it had
become stuck in the closed position due
to icing.

Two local vertical stiffeners on the
[orward side of the visor bullhead plat-
ing were separated by a distance slightly
larger than the thickness of the lup itsell.
These stiffeners were installed to satisfy a
Pureau Verilas surveyors reqUirement, as
written on the bow visor assembly draw-
ing, for *local reinforcements ol the ships
structures in way of locking devices™.
The filler weld ol one of the stiffeners had
some overlap with the fillet weld of the
side-locking hig on the opposite side of
the bulkhead plating. Mo other arrange-
ments were made in the design to trans-
it forces [rom the lugsinto the structure
of the visor.

Manual visor locks

T manual locks were nstalled, one at
each side and mounted just below the
hydraulic side locks. Each lock consisted
ol two Ings welded Lo the aft side of the
visor and a hinged eye bolt with nu,
mounted between two lugs in the fromt
bulkhead as shown in Figure 3.10. Tn
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Figure 3.10 Manual locking device, port
and starboard.
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Figure 3.1 Arrangement of deck hinges and deck beams.
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closed position the eye bolt was swung
into position between the two hugs in the
visor and the nut was tightened down.
The locks had no remote position ndi-
caling devices,

The manual locks were described in
the supplier’s instruction manual as “re-
serve”. Mo advice was given anywhere in
instructions [rom the maler, the ship-
yard or operators as to the use ol these
manual locls.

The deck hinges

The two beams on the decl of the visor
extended about 3 metres aft ol the visor,
Fach beam had a box stcture, includ-
ing heavy-gauge side plates, top and bot-
tom plates and various internal and ex-
ternial brackets and stiffeners. The ends
ol the beam side plates carried the hinge
arrangements (Figure 3.11). A heavy steel
bushing was welded intoa hole in each of
the two side plates of each beam. The
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bushings had a bore, carrying a bronze
bushing,

The deck part of the hinge consisted
of Lwo lugs welded o the deck, carrying
belween them a steel housing, This decle
partwas located, in the installed arrange-
ment, between the twa bushings of a
visor beam. A steel shaft was insralled
thraugh the entire assembly, secured by
locking plates bolted to the outer ends of
the hinge bushings, The bearings were
lubricated through drillings in the shall
anl gresse nipples at its ends,

3.3.3
Design documentation
for the bow visor and its
locking devices

As mentioned in 3.3.1 the shipyard cal
culated the vertical and longitudinal woral
[orees om the bow visor. The loads so
arrived at were assumed Lo act in the
cenmre of the projected areas. The rotal
vertical [oree, 536 t, was in the calcula-
rions (see Supplement) distributed even-
ly between all five attachment points,
including the hinge points, The Lotal
longitdinal force was caleulared 1w 381
L. By a procedure unalysed in more detail
in Chapter 15, the caleulations arrived at
a design load of 100 t per attachment
point,

These calculations were hand-writ-
ten and were intended Lo determine de-
sign data for minimim effective cross-
seclion ofa lng, By assuming high-tensile
strength steel, an allowable rensile siress
ol 164 Ninm® was used, indicating a
required minimum cross-sectionof 6100
mm? in the loaded divection of the lack-
ing device. These caleulations were not
dated and they were not submitted to
Bureau Veritas for examination,

The normal deawings were subtnit-
ted Lo Burean Veritas [or examination and
approval, mcluding the following:

* 39OV1103 vev 6, Bughlappe, Meyer
Werft (Bow visor, Meyer Yard)

* 390/1106 rev G, Bughlappeverrigglung,
Meyer Werfl (Bow visor locking de-
vices)

*  49111-373 Atlantiksicherung, von Tell

YD) ESTOMIA = FINAL REPORT

CAdlantic lock)

* SPWITMN a, Vorshil], spt 149-varne bis
A-Deck, Meyer Werft (Foreship [rom
[rame 149 to [ore end and up o A
decl)

« HR1T1-37V2, Automatische und
manuelle Verschlussanordnungen fiir
Bughlappe, von Tell (Automatic and
mamual locking devices of bow visor)

= 49111-330, Bugklappe und Bugrampe
Zusammenstellung, von Tell (Do visor
and bow ramp assembly)

The Bureau Veritas surveyor examining
the drawings made by the shipyard and
by von Tell made various additionsl notes
Inconjuncrion with the examination. On
the von Tell assembly drawing for the
ramp and the visor it was slated that the
arrangement of the locking devices should
be subject to approval by the narional
administration. This drawing was ap-
proved by Bureau Veritas in November
1979. The shipyard assembly drawing
for the visor likewise had a remark thar
the arrangement of the locking devices
should be subject ro approval by the
narional administration. 1t lurther car-
ried a note requiring “local reinforce-
ments of the ships structures in way of
locking devices, cylinders and hinges 1o
the surveyors satisfaction®, and a note
requiring that the lilting lugs, the botlom
lock visor hug and the side lock lups
should be made of prade 5152-3 steel
{(high-rensile strength steel to cold Lonagh-
ness class 3). This shipyard drawing was
nat approved until 20 June 1980, as the
drawing had only then been submitted to
Bureau Veritas, The vard, however,
learned informally about the note on the
von Tell drawing through the Bureaun
Werilas site surveyor in March 1980,
There was also correspondence abour
appraval of the drawings in December
1979 when the von Tell company asked
the Finnish Maritime Administration
which drawings the Administration want-
ed o examine and approve. The Admin-
istration replied rhat it assumed that all
drawings had been approved hy Bureau
Werilas and rhat it was satisfied with this
unless any matter of interpreration of the

rules should arise. Mo reference wasmade
in this correspondence Lo the Bureau
Veritas note shour approval of the lock-
ing devices,

Further telex communication about
approvals ronk place betwesn Bureau
Veritas and von Tellin March 1980 when
vou Tell was questioned abour the loads
applied in the design of the locking de-
vices. Thevon Tell design office explained
that it had, lacking derailed guidance in
the Bureau Veritas' rules, used the Lloyds
Register ol Shippingrules. These caleula-
tioms had indicared a load on each’ lock-
ing device of ahout 80 (, and this value
had been used in the design of the lock-
ing bolis. Tn rhe same telex, von Tell
expressed their concern about the siress.
es, presumably inthe locking bolts, which
were slightly above rhe stresses permiit-
ted hy Lloyd's Register of Shipping, These
calenlations were not submitted ro Bu-
Tean Verilas for examination.

The von Tell compuny made detailed
and assembly drawings for the various
parl systems and components deliversd
by them. Tn the case of the bottom lock
the assembly drawing indicated three
mounting lugs o the ship structure, com-
patible with the overall design of the
locking device. Similarly the side locking
hgswere identified on the assembly draw-
ing for the side locking devices. The parts
were identified as “Werllliefernimg” (ship-
yard supply) on the drawings, Main di-
mensions of these parts were indicaled
although no normal manufacturing in-
[ormation. The drawings did not make it
clear whether the information given was
for reference purposes only or was in-
tended as guidance for manufacruring,

The shipyard steel drawing for the

Cbow visor (590/1103) indicated (the

mounting of the mating lug for the bat
tom lock and also the lugs for the side
locks. No welding instructions were giv-
e for these detailed parts on the ship-
yurd drawing, nor in von Tell drawings
49111-372 and 191 11-373. No arrange-
ments for structural continuity hehind
the devices were shown.

A group of experts appointed by the
shipyard o investigate the ESTONLA



accident have commented om some of the
conclusions in the Commissions Tart-
Beportand inter aliastated the following:

" o) Contrary to the practice of other
newbuilding vards Mever Werfl design-

ers clo nol stale the required thickness of

welding seams individually on the re-
spective drowings, bul meke up a so-
catled “welding fable™ for each new
building. T this table the minimum thick-
ness of welding seams for particular
structural parts is stated, The table is
approved by the class. - b.) In case the
particular structural part to be welded
does nol fall under the categories Tisted
up in the welding tuble, the welder fol-
lows the yard welding standerd. -c.) The
yard welding standard requires o weld-
ing seam thickness for structural parts
accessible from both sides, e.g. bushings
i be welded into the lugs of the Atlantic
thickness of the part tobe welded and 70
% as a maximum velue. In other words,
a structural poart welded respectively is
connected by welding seams correspond-
ing to at least 100 % of its own cross-
section”,

Mo detailed sssembly drawing existed for
the side locks although an exiract [rom
the von Tell assembly drawing [or the
side lock and with the lug bottom length
of 370 mm added is said to have been
released to the workshop for manufac-
turing. The length indicated on the yard
assernbly drawing of the visor was about
5530 mrm. The lugs lor the side locks were
shown [itled by [illet welds to the [at
surface of the aft bulkhead of the visor,
heing a plate of 8 mm in thiclness.

Some other discrepancies have been
noted between the steel drawing for the
visor and the actual installation in the
visor as recovered. These inchide the
absence of some longitdinal and wans-
verse slilfeners n the botlom structure of
the visor. This matter is lurther covered
inf.12.

334
Detailed technical description
of the bow loading ramp

The ramp was a steel design with four
lomgitudinal heams and amamber of trans-
verse beams. A steel plate made up the
upper surface of the ramp, Additional
stiffeners were arranged bhetween the main
bewrns.

The ramp was longer than the availa-
ble deck height and therelore protruded
by about 1.2 m above the level ol the
upper decl {deck 43 when in the raised,
i.e. closed, position. This extension was
enclosed in the bow-like housing on the
visor deck. Flaps ar the tip of the ramp
were hinged along its fromt end and were
conlrolled by means of steel cables to
extend when the ramp was lowered. The
cables were enpaged on belleranks al the
ends of the flap axis, When the ramp was
closed rthese flaps hung down o keep its
total length as short as possible.

‘The ramp was hinged at its aft end to
the hull structure by four hinges. Fach
hinge consisted of 2 steel lug welded to
the hull and two lugs welded 1o the ali
heam of the ramp. Bushings and hinge
pins completed the hinge installation.
The outer hinges were heavier than the
tWo inner ones,

Raised bars were welded onto the
sides of the ramp. Fized railings were
mounted on each side.

The ramp was manoeuveed by two
hydraulic actuators, one at each side.
Treventer wites served to avoid excessive
opening. When in the raised, closed,
position the ramp was pulled n by two
locking hooks, engaging pins in the side
beams of the ramp. These hooks were
hydraulically operated wia a lever mech-
anism arranged o move past s dead
centre during the locking movement and
b0 stay in this mechﬁnicaﬂy secured posi-
fan. '

Tiwo addirional wedge-shaped lock-
ing holts were mounted along each side
of the ramp. These were hydraulically
operated, moving transversely in the ramp
coaming. In the extended position they
enpaged box-like extensions on the ramp

side bars. Mechanical [riction plungers
were installed in each locking bolt hous-
ing.

All the locking devices had position
sensors for their retracted and extended
positionsas described separately in3.3.5.

A rubher seal, supported by steel [lat
hars, was arvanged in the ramp coaming
and formed a weathertight seal against
the surface of the ramp when the ramp
was in Lthe closed position.

335
Actuating, monitoring and
control systems for the bow
visor and the ramp

A control system served the ramp and
visor installation. ‘The system was sup-
plied by the muler ol the ramp and visor
actualing systems. I was described inan
instruction hooldet issued by the supplier.

The contral system consisted of a
high-pressure hydraulcsystem with tank
and three pumps plus the normal com-
ponents of a hydraulic power system,
providing hydranlic power to a control
panel and w the visor and ramp operat-
ing and locking devices. The vriginal
hydraulic pumps which had been sel 1o
provide 180 har pressure had heen re-
placed in the mid-80s due to their inahil-
ity to give adequate pressure, The new
pumnps had a maximum pressure rating
ol 400 bar and weze set to deliver 225 bar
tir the systern.

The two cylinders [or opening the
visor aperated in parallel, the cperating
speed Hmited by restrictor valves, Mo
other devices were incorporated for en-
suring that operating speeds of the two
cylinders remained equal.

The control panel was mounted on
the car decleat the portside, justali ol the
ramp. [teontained manual control levers
for separately operating:

+ the visor hottom lock

+ the visor side locks

+ the open visor parking phingers

+  visor openingfclosing

« the ramp pull-in hooks and locking
bolts

*  ramp opening/closing.
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The opening/closing control [or the ramp
and the visor was ellected by solenoid
valves so connected that the visor could
only be manoeuvred when the ramp was
closed and the ramp could only he opened
when the viser was open. The interlack
systemm lurther ensured that the rampand
the visor, respectively, could only be
manceuveed when the related locking
devices were apen.

In normal operation the indicalor
lamps were monitored by the operator
for proper fimetion of each step during
opening or closing, belore the next step
was activated.

The panel had red and green Kghrs,
powered via the sensors at the actators
lor the visor and ramp locking devices.
Position sensors were also installed w
sense fully closed or fully open visor and
fully closed ramp, respectively The panel
had red and green lights separately for
the bottom lock, the side locks, the park-
ing devices, the ramp locking devices,
and the positions of the visor and the
ramp. The lamps [or the locking devices
were controlled separately by ane posi-
Livn sensor for retracted position and one
for extended,

The sensors for the visor side locks
were wired in series as were those [or the
parking devices. Should any locking balt
be in an intermediale position no swirch
was activaled and neither the red nor the
greenlamp was Huminated for thar fune-
Lo

Visor position was indicared by two
sensors, ome for "fully closed” and one lor
“parked”. The “fully closed” sensor was
mounted on the port manual locking
device, Both positons were indicated
with green lamnps. A red “parled viso™
lamp was on al all imes when the park-
ing bolls were retracted and was thus on
dl sed.

The panel section for ramp operation
had red and green lamps for the locking
devices, all wirted in series. A red or a
green lamp would come on only when all
the locking devices had moved w the
requited position. Ifone device was inan
imtermediate. position no lamp would
come on. An independent position sen-
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sormonnted at the upper port side of the
rampeoaming indicaled [ully closed ramp
by showing green. There was no lamp for
OPeTL FAInp.

It has been stated that the lower lock-
ing bolt on the port side of the ramp
sometimes [uiled to po o fully extended
position. The standard procedure was
then to retract the bolt and again com-
mand it to locked position, whereby it
would normally go o fully extended
position and the green indicator lamp
would come on,

The position indicators [or the visor
side locks and for ramp locking were also
wired to the bridge, with one set of ved
and green lamps lor the visor side locks
and one set for the ramp locking devices.
The sctual position of the visoritself or the
ramp itself was not shown on the bridge
indicaror panel, nor was the posilion of
the hottom locking device. The lamps on
the bridge would only come on if all the
devices wired in series for that function,
i.e. both side locks [or the visor and all six
locking devices [or the ramp, vespectively,
were in the required position,

The indicator panel was mounted in
the [ront consale of the bridge, starboard
of the seat of the officer of the waich.

Four TV cameras were installed [or
maniroring the car deck. One [ixed cam.
era monitored the area of the forward
ramp and one the all ramps. Cne tom-
able camera admidships at each side of
the casing was for monitoring the rest
ol the car decl: area, The cameras were
cperated independently from a control
panel with monitor on the bridge. A
second monitor and conteol panel were
installed in the engine control wom.

The indicator lamps on the bridge for
the bow visor and ramp had been in-
stalled [rotn the beginning. The moniror-
ing cameras had been firred later as a
conseguence of more sringent require-
ments [ollowing the HERALD OF FREE
CEMTERPRISE accident, The original in-
dicator lamps on the bridge had been
found adequate by the Finnish Maritime
Administration for compliance with the
new SOLAS Reg 11-1/23-2 as applicable
to existing ships.

3.3.6
Surveys, maintenance,
damage and repairs

Survey of the bow visor and ramp for
class was part of the continuous hull
survey scherne. The bow door area was
last inspected under this five year rolling
scheme in October 1993, Mo remarks
related Lo the bow visor and the tamp
have been recorded from any of these
SUTVEYS.

Maintenance of the operating and con-
trol system was, after the one-year gliar-
antee period during the Finnish [ag peri-
o, carried out by the Tirku service base
of the MacGregor group. The piston tod
end bearing and pin for the port visor
opening acluator were renewed n May
1990 due to play. New rubber seals for the
visur and ramp had been supplied almost
yearly, No other discrepancies had been
recorded or other work carried out.

The visor locking devices and their
operation were nspected every year by
the MacGregor service base in Turku.
The locking devices operated properly
every Lme. According to information ab-
lained [rom the service hase it is very
urlikely thatany repair work would have
been done on the visor locking devices
without their kmowledge during the pe-
riod they maintained the operating and
control system.

Just before transler Lo Estonian flag at
the end of 1992 attention had been given
to the strength of the ramp and visor
locking devices and a quotarion for Tein-
[orcing them had heen requested by Wasa
Linge. Towever, nothing was made to the
locking devices,

After transfer to Bstonian [lag no more
service work was cartied oul by the Mac
Gregor service base in Turku as the repu.
lar maintenance was carried out by the
ships crew and, sccording to the new
owners, no need [or external service had
developed. New rubber seals had, how-
ever been ordered. Trwas known thar the
play in the ramp hinges was approaching
the point where corrective action would
ke nesded,

The locking bolt position sensors ol



the visors locks were origmally ol me-
chanical rype. These were replaced whilst
the ship was still on the Tarku-Stock-
holm roure by sensurs of magnetic type,
being less sensitive W moisture,

Minor routine welding repairs had
been carried out on the mating boxes for
the ramp locking holts whilst the ship
was in service in the Gull ol Bothnia,
Tocal welding of a crack in a stiffener
underneath the moumting platform oy
the port side visor actuator has been
noted,

CUme of the visor hinge pins had,
according ro verbal information, a ten-
dency to move out of poesition, breaking
away Lhe locking plate. This was repaired
onceal the Finnboda yard by pushing the
hinge pin back in place and drilling for
new locking bolis,

Mo other repair was, according Lo
available information and extensive
search, carried out during the lifetime of
the vessel on orin the areas of the various
operating and locking devices [or the
ramp and the visor,

Asmentioned in 3.2,10, damage due
to ice was recorded in 1982, 1985 and
1987, Damage Lo the bow visor oceurred
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at those tmes. The lirst-menrioned was
minor and was not claimed from the hull
insurance company. The last one was the
most extensive and included replace-
ment of the strake of plating next ahove
the one originally reinfurced, Le. the sec.
ond-lowest strake on the visor and at the
corresponding level somewhat aft of the
visor, The thickness of the plating was
increased [rom the original 14 mm to 20
mm (the thickness of the lowest sirake
was 28 mm). The extent of this repair is
illustrated in Figure 3.12, No damage
was recorded and ne worl was done w
the bottom or the stem post of the visor,
or to the locking devices.

3.4
Emergency and life-saving
arrangements and
equipment

34.1.
General

The requirements for emergency and life-
saving equipment are governed in detail

Figure 3.12 The extent of ice damage repair in 1987.

by the SOLAS convention. The vessel
was specified to be built to SOTAS 1974
bt the first certilicale was issned under
S0LAS 1960, The Finnish Maritime Ad-
inistration surveyed the vessel forcom -
pliance with the requiremnents whilst she
Mew the Finmish flag, and Burean Veritas
surveyed on behalf of the Estonian Ad-
ministration during the ollowing peri-
od. The surveys were annual and the one
conducted on change of flag was exten-
sive.

342
Lifeboats and rafts

‘The vessel was equipped with tem motor-
driven lifeboars of open type and of fibre-
glass construction. The five boats on the
port side were approved for in total 368
people and the five on the starboard side
for in tatal 324 people. One of the boals
on the starhoard side was a man-over-
board (MOB) rescue boat, Two hoats
were equipped with searchlights, The
boats were suspended under davits on
decl 8. Embarkation was [rom deck ¥,

The vessel carried 63 inflatable rafts,
approved [or atotal of 1575 people. They
were packed in contaimers stowed on
decks 7 and B and were equipped with
hydrosratic release mechanisms, Taelve
rafts were equipped Lo be lavmched by
davits, four of which were installed on
deck 7. The remaining ralls were intend-
ed to be dropped into the sea. With one
exception, Lhe rafts were manulactured
in 1980 and delivered to the VIKING
SATIY during construction, They were
serviced once a year in votation. The
service was carried oul by a Swedish
vompany, authorised by the manufacrur-
er and approved by the Swedish Mari-
time Administration.

Lileboats and rafts provided on board
sarisfied the S50LAS 1974 requirements
as to number and standard.

The lifehoats and ralts were surveyed
every year in conjunction with the issu
ance of the Passenger Ship Safety Certil
icate. The last survey was In June 1594,

The vessel also carried six rigid floars
on the uppermost deck. They were able
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to support 20 persons each. They were
matalled o comply witl the SOTAS 1960
requiremnents for *buoyant apparatuses”.

All launching instructions had been
renewed during the change of flag 1o
reflect the new languages to he covered.

3.4.3
Lifebuoys and lifejackets

The vessel was equipped with 18 [ife-
buoys, nine of them with self-activating
lights. One lifebuoy on each side of the
ship was equipped with a lifeline and with
sell-activating light and smaoke signals.

There were 2298 lifejackets [oradulrs
and 200 lifejackets for children onboard,
All the jackets were equipped with whis-
tles, There were no lights on the lifejack-
ets, This was not required on vessels
trading on short international voyages
(3.6.1)

On the open passage on deck 7, res-
cue stations and bins containing lilejack-
etswere located on both sides ol the ship.
There were also lifejackets on the bridge
and in the engine control room for the
watch personnel. Thonning instmactions
were placed where the lilejackers were
stowed and in all passenger cabins, Crew
meimnbers were assigned to assist passen-
gers in purring on the lifejackets.

344
Emergency beacons

The ESTOMIA carried two cmergency
beacons (EPIRBs) of type Kannad 406F
The last check of the radio heacons
was reported w have been made about
one week prior to the accident by the
radio vperator, The check confirmed thay
the EPIRBs were in [ull working order.

3.4.5
Emergency alarm systems

The ship had an alarm system incorpo-

. rating 197 alarm bells and 11 alarm
sirens. Each alarm unit was equipped
with a fuse, whereby a fault in a single
alarm wonld not disable the rest of the
syslem.
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The alarn system was [unctionally
checked once a week, The audibility of
the system against the background noise
in the accommodation areas had heen
judped to be adequare although no doc-
umented measurements had been made,

Alarmms were insralled in the passage-
ways and public spaces as well as in non-
Passenger areas.

The alarm system operared on the
220V system and was cormected Lo the
wain and emergency generator sysiems.
The alarm system was not powered by
the emergency accumulators,

Alarm buttons were installed on eve-
ry deck, including the sections and work
rooms of the crew. By pressing an alarm
button an audible signal was tripgered on
the navigation bridge and an indicator
showed which section the alarm was
coming from. Incase of no reaction with-
in 30 seconds, the alarm in the entire
vessel was aulomatically activated. The
receipt of one sipnal on the bridge did not
prevent the receipt of additional signals
from other alarm huttons.

The vessel had a fire and smoke de-
tection system with a wotal of 1212 sen-
sors. The sensors on the car deck and in
the engine and boiler roomswere smmoke
sensitive whereas the other sensors were
heat-sensitive, set to give alarmn at a tem-
perature of 65"

The public address system was aper-
ared from the navigation bridge and also
from the information desk. The micro-
phone on the bridge had priority over the
oie 4l the information desk,

Aseparate personal paging system for
crew members was installed,

3.4.6
Escape routes and instructions

The escape routes led to 18 rescue sta-
livns lncated on deck 7, The roules were
marked with signs on the walls and lua-
rescent tape along the corridors.
Instructions for handling life-saving
equipment were posted al the rescue
starions. The detailed insteuctions for the
crew were given in the Tmaining Manual
and Safety Manual, described in 4.3,

3.4.7
Passenger information

Each passenger cabin was supplied with
an instruction pamphler in Estonian,
Swedish and English on safery measures,
describing how to act in the event of an
emergency. There was also an evacuation
scheme posted in each cabin, indicating
the escape routes and the particular res-
e station [ur the passengers accomma-
dated in that cabin, The exils and emer-
gency exils were marked by armows in
passageways, on staircase landings and
n recreation areas as well as by sign-
boards on exit doors.

In any distress sitnarion, besides
alarms given only o the crew, the pussen-
gers should according ro the Salety Man-
ual be given general information and
imstructions through the public address
systet.

3.5
Cargo handling system

3.5.1
Cargo lashing equipment

The vessel was equipped with standard
lashing belts for securing heavy vehicles
and containers. Chocks were available
on hoard for additional securing ol heavy
vehicles and lor securing passenger cars
on the hoistable car decks and on slaping
deck surfaces.

The lushing equipment was nspect-
ed every three months and was renewed
as necessary, The equipment was stored
in the service areas al the forward and alt
ends of the car deck.

3.5.2
Operating practice and
instructions

The chiel officer had the responsibility
for cargo handling and planning loading
operalions, Both second officers were
engaged in rhe actual loading and un-
loading on the car deck and all lashing of



cargo was performed under their super-
vislorL

Desides the second ollicers, the boat-
swain was directly engaged in lashing
operalions together with the deck hands.

Mo standard cargo loading plan was
followed on board — bul there was a
general scheme — and a sketch of the
cargo allocation was made before loading
started. The overall guidance for lashing
the cargo, given in IMO Resolution A 581
(L4} "Guidelines for Securing Arvange-
ments [or the Transport of Road Vehicles
on Ro-Ro Ships® and in IMO Resolution
A T14(17), was applied. The vessel also
carried a cargo securing manual, issued
by Fatline AR,

Light passenger cars on the car deck
were to be parked in low gear with the
handbrakes on. The same precautions
were applied o the light cars on the
hoistable plaforms where, additionally,
chacks were used.

Tring the vovage the cargo was
checked by the seaman of rthe watch on
his watch round, The car deck could also
be checked on the bridge and n the
engine control room by means of the
cameras covering the cargo area.

3.6
Certificates and
inspections

3.6.1
Compliance with international
conventions

The ship was built to comply with the
comventons mentioned in 3.1.1.

The 1974 version of the SOTAS con-
vention entered into force international-
ly on 235 May 1980 and in Finland on 27
February 1981 The 1960 version of
SOLAS was in [oree at the time of the
vessels building. The 1973 MARPOL
Convention and the related protocol of
1978 did not come inlo [orce nlermos-
Homally until October 1983 as far as the
oil pollufion annex is concerned. The
building specificarion of 1979 included

these conventions in expectation of their
entering into farce,

Compliance with relevant require-
ments of the conventions was verified in
the stipulated certificates. The fivst Pas-
senger Ship Salety Certificate (Supple-
ment) Lo verily complisnce with Chap-
ters 11-1,11-2, 1 andd 1V of SOLAS was
issued by the Finnish Maritime Adminis-
tration on 27 June 1980. Tt contained a
restriction of the permitted number of
passengers to 1100 as the accommoda-
tion spaces were not fully complered. Ar
the same time a restriction was ordered
that the vessel was not allowed to sail
more Lhan 20 nautical miles [om the
nearest land. The lirstcerilicale was shorl-
ly thereafter replaced by a new one, dated
16 July 1980, permitting 2000 passen-
gers, The certificares were valid for “short
international voyages”, defined in the
SOLAS convention as a vovage of no
more than 600 nautical miles and during
which the ship is no more than 200
nautical miles from a port or place where
passengers and crew can be placed in
safety, Tn some later certificares, the traffic
area was defined as “short internarional
voyages between Finland and Sweden™,
Translated into Swedish and Finnish, the
wording corresponds in English 1o “coastal
Lrallic hetween Finland and Sweden”. This
wording, however, does not reler o the
SOTAS Comvenrion hut to the Finnish
national law, Tn coastal traffic, where the
ship was sailing all the time, the require-
ments as to officers’ qualifications were
lower than on vessels on short interma-
Lional voyages.

The permissible number of passen-
pers was also dealt with in g separate
resolution by the Finnish Administration
an 26 May 1980. This resalution stated
that the permitted number of passengers
should be 2000, raking into account the
requiremnents of Chapter 11T of SOLAS.

For reasons of comfort the Estline
operators had lowered the number of
pussengers. The limil was set al L4506
boolwble passengers, compatible with the
available number of beds and sleeping
seats installed. In the summer season an
additional 100 decl passengers were al-

lowed, This numher did not include the
cTew or any non-paying persons on board.
The Passenger Ship Safery Certificate
was renewed every year in compliance
with the males, The certificates were is-
sued in the format stipulated by the 1974
OLAS Convention from 1981 onwards,
An exemption certificate was issued for
the radiotelegraph equiptnent in the cer-
tificate issued in Oclober 1992, This
exemption certificate restricted the oper-
atiom of the vessel to voyages within the
Ralric: Sea in accordance with the provi
sions of Regulation 5 of Chapter TV of the
1974 SOLAS Convention, This exemp-
tion was not extended when the ships
[lag was changed to Estonian as the vessel
had [rom that tme sgain a radio ollicer.
From the heginning the vessel had an
Tnternational Load Line Certificate, the
first ome based om a survey for freeboard
carried out by Bureau Veritas, dated 23
April 1980, The certificate was issued in
accordance with the 1966 version of the
ILL Convention and was valid [or [ve
years, subject o periodic inspeclions.
The certificates issued in 1985 and 1990
by the Finnish Maritime Administration
were based on surveys carvied out hy
Bureau Veriras.

3.6.2
Certificates valid at the time
of the accident

International certificates cease to be valid
when a ship changes flag, New certifi-
cares were therefore issued when the ship
became Estonian in January 1993, Tao
new classification certificates (hull, ma-
chinery) were issued by Bureau Veritasin

Janwary 1993 The Fstonian Maritime

Administration had authorised Dureau
Veritas in August 1992 to perform the
surveys on its hehalf and to issue certifi-
cares under the 19686 Load Tine Conven-
tiom, the 1974 SOTAS Convention, the
1973 MARPOL Convention and the 1969
Tonnage Convention, The status of the
certificates at the time of the accident was
as follows.

Passenger Ship Safely Cerlificate. As a
new Leim and stability manoal was under
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development, the vessel carried an inter-
it Passenger Ship Safery Certiticate, is-
sued on 26 June 1994,

Load Line Certificate. For the same
reason the Toad Tine Certificate was in-
Lerim, issued on 9 September 1994,

International Oil Follution Prevention
Certificate, A conditional LOPF certificate
was issued by Bureau Verilas on 14 Jan-
uary 1993 The validity was conditional
an the issuance ola Passenger Ship Safety
Certilicate.

International Tomnage Certificate. Bu-
reaw Veritas issued, on hehalf of the Fsto-
nign Government, a tonmage certificale
under the Tormage Convention of 1969,
The certificare valid at the time ol the
accident was dated 29 August 1994,

At the request of the owners Burean
Weritas had also issued a Cyprus tonnage
certificale, dated 8 June 1993, according
Lo the Cyprus Merchant Shipping Regu-
lulivns requirements, Bureau Veritas also
issued, inder the same authority, a Cer-
tificare of Survey pursuant to the Repub.
lic of Cyprus Merchant Shipping Law of
1963,

Thevalid certilicates at the ime of the
accident are shown in the Supplement,
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363
Collision bulkhead compliance

The SOLAS Convention requires passein-
ger ships 1o have a collision bulkhead,
and an upper extension of the collision
bulkhead in ships with long forward su-
perstructure, located at a distance [rom
the forward perpendicular ol minimum 5
per cent of the length of the ship between
perpendiculars and maximum 5 per cent
of the length ol the ship plus 3 m. This
requiremnent was lormulated at an early
stage and remained basically unchanged
during the [urther development of the
SOLAS Convention. However, inthe 19581
Amendments to SOTAS 1974, which en-
lered into foree on 1 September 1984, (the
rule was extended to include carpo ships
and maodified to allow sking ino ac-
comt a bulbous bow: This was done by
adding wording permitting the darum
line from which the position of the colli-
sion bullkhead is determined to be moved
lorward [rom the forward perpendicular
by half the length of the bulbous bow, by
1.5 per cent of the length ol the ship or by
3 m, whichever was the shortest. The
1981 Amendments considered alsa for
the first time especially the use of the
ramp as an upper extension of the colli-
sion bulkhead. It was stated that the part
of the ramp which is mare than 2.3 m
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Figure 3.13 Positions of the upper extension of the collision bullchead complying
with the SOLAS 1974 rules and 1981 Amendments.
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above the bulkhead may extend forward
of the limir specified above,

The position of the bow ramp of
CESTOMTA did not satisfy the SOLAS re-
fquirements for anupper exlension of the
callision bulkhead. Mo exemplion was
issued, Such an exemption could be giv-
em on condition that the vessel in the
course of its voyages did not procesd
more than 20 nautical miles from the
nearest land.

The building specification stated that
a "partial collision door™ was “lor (he
inlended service not required by the Finn-
ish Board of Navigation”. An upper ex-
tension of the collision bulkhead, com-
plyimgwith the SOLAS 1974 rules, should
have been located minimum 4.27 m and
maximum 7.27 m aft of the position of
the lower end of the ramp (Figure 3.13).
Complying with the 1981 Amendiments
Lo SOLAS 1974 the upper extension of
the collision bulkhead could have been
ahour 2 m further forward.

The surveys under the S0LAS con-
vention were, during the period under
Finnish flag, carried out by the Fiomish
Board ol Navigation. Burean Veritas had
no authorisation to survey the vessel for
compliance with the SOTAS Conven-
Lion. When Bureau Veritas surveyed the
vessel for change of flag this was done in
accordance with the requirements o the
extent of a periodic survey, which did nat
include examination ol construction
drawings. The location of the extension
of the collision bullshead was thus not
considered during this survey:

The background and likely circutn-
stances related to the location of the ramp
are covered in Chapter 18.

3.6.4
Statutory inspections

The inspections of the vessel regarding
compliance with international conven-
tions and national regulations were, dur-
ing the period under Finnish [ag, carried
ot by the Finnish Maritime Administra-
tiom except lor compliance with the Tn-
ternational Load Line Conventian and
the MARPOL Convention. The authority



to perlorm surveys imder these conven-
Homs was given to Bureau Verilas.

Bureau Veritas carried out the [irst
load line survey at the time of delivery of
the vessel. The compliance with the Toad
line convention requirements was veri-
fied at the stipulated annual surveys and
the five-year periodic surveys. The load
line certificate was renewed when rthe
ship changed flag in January 1993, The
last annual inspection for verification of
the load line certificare was carried out
on 9 Seplember 1994,

The Finnish administration

Between L9800 and 1992, the Finnish
anthorities carried out annual seaweorthi-
ness surveys, machinery surveysand cer-
tain ather surveys required by Finnish
maritime legislation. Onthe basisof these
surveys, the Finnish Maritime Adminis-
tration anmally issued the vessel a 50-
LAS Passenger Ship Safety Certificate
demonstrating that the vessel mel the
requuirements ol the SOTAS Convention.

Hawever, the records of the seaworth-
iness surveys carried out by the Finnish
authorities regularly include a note that
the surveyors have not carried out sur-
veysof the hull or boiler, since these were
done by the classification society.

In Tinland, a Commercial Vessel De-
cree was originally issued in 1920 and
reformed in 1924, According to section
45 of hoth decrees, a vessel is exempt
[rom a hull survey il it has a valid classi-
fication certificare issued by a classifica-
tion socicty approved by the Finnish
Maritime Administrarion. On 18 Janoary
1921, when the decree entered into lorce,
the Administration approved certain clas-
sificarion socielies, among them Bureaw
Veritas, so that certificates issued by them
exempted the vessel [rom the Adminis-
Lration’s hull survey.

Before issuing the S0LAS Passenger
Ship Salety Certificate, the Finnish Mar-
itime Administration verified that the
classilicalion certificate was valid and
that the clussilication society had carred
ont the hull survey

Bureau Veritas alse camed out ma-
chinery surveys on the vessel. However,

the focus ol the classificarion society sur-
veys had been on issues related Lo the
soundness ol the machinery, while the
Firmish Maritime Administration surveys
concentrated on eguipment, for example
five safety equipment.

In 1983, a new decree was issued on
ship surveys, which superseded the 1920
Commercial Vessel Decree. The new de-
cree lacks provisions comparable to sec-
tion 3 in the 1920 Decree. The practice
ofaccepting classification society inspec-
Hioms as parl of the basis for issuing a
Tassenger Ship Salety Certificate has,
howewver, been retained under the new
decree.

The Estonian administration

By an agresment signed on 18 August,
1992 the Fsronian adminisiration au-
thorised Burean Veriras wo perlonmn the
statutory Inspections on Estonian vessels
heing classed with that society. This ex-
plicitly included nspections to wverily
comphiance with the SOLAS, MARPOL
and Load Tine Conventions. Bureau Ver
itas accordingly performed Inspections
andl issued new certificates as listed in
3.6.2 above.

Dased on an agreement between Bu-
reau Veritas and the technical managersi
was also arranged [or certain irems not
covered by the conventions to be taken
care of, Tifts for instance were inspecred
by the relevant Swedish authority

The Estonian administration issued
the Certilicate for safe minimum man-
ning ol the vessel. The Fstonian author-
ities also made their own inspection of
crew accommodation arrangements and
sanitary installalions,

3.6.5
Classification society
inspections

Bureau Verilas inspected the vessel [or
complisnce with class requitements in
accordance with their ules and stand-
ards. The main inspection period was
five years and the ilems to be inspected
were divided so that about one fifth of the
total inspection work was carried out

each year on a rolling schedule. The bow
arza wasinspected under this programme
in 1983, 1988 and 1993. No discrepan-
cies were recorded during any of rhese
nspections,

3.7
Operational
characteristics
of the vessel

371
General observations

The vessel was equipped with twa con-
trollable-pitch propellers, two rudders
and two bow thrusters. It was designed
for berthing and unherthing without ex-
ternal assistance, Senior officers whohave
served on board the vessel have generally
expressed satisluction with the handling
characteristics of the vessel, The fact that
the navigation bridge was located aft of
the front bulkhead of the superstructure
insucha way that the how of the ship was
not visible from the bridge has not been
reported as a disadvantage.

3.7.2
Speed resources

The ship had a contractual speed of 21
knots at 90 per cent ol mazimum contin
uous rating, The practical maximum op-
erating speed of the ship in later years
was considered to he 19 knows. This was
adequate [or the service in which the ship
was engaped. To meer the fimetable, the
averape speed In open sea was required
to be ahout 17.0 knots on easthound
voyages and aboul 16.5 knots on west
bound voyages.

3.7.3
Stability documentation

The FSTONIA was buill wo satisfy the
Lwo-compartment damage stability re-
quirements specified for passenger ships
in the 1974 5071AS Convention. In the
shipyard’s trim and stahility bool, seven
loading conditions were given in which
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the damape stability condilions were
checked and found adequate. These in-
cluded residual metacentric height, heel
angle and freeboard to the margin line.

A new trim and stabilily manual was
developed, hased on inclinaton tests
carried outin Tarku on 11 January 1991,
The new manual was approved by the
Finmish Maritime Administration, [t was
subsequently approved by Bureau Ver-
itas in conjunction with the change of
flag,

The Commission has noted that at
the inclination test, the ships centre of
gravily was positioned to swrboard o
such an extent that the port-side heeling
tank was filled with about 115 t meore
water than the starboard tank in upright
condition. The load cases in the tim ard
stability manual, however, include the
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heeling tanks as being either both empry
or both [ull.

Damape stability was checked by
Burean Veritas for compliance with the
requiremnents in the 1992 Amendments
Lo SOTAS and it was concluded that the
vessel also complied with the new re-
guirements for exisling vessels, i.e. the
damage stability index mer to 95 % that
requited for new passenger ships. These
additional dumage cases were intended
to be incorporated in the trim and stakbal-
ity munual and were approved separately
an L6 Seplember 1904,

In normal sailing condilion the vessel
had a transverse metacentric height of
about 1.2 m in combination with a slight
trim by the stern and a draft of about
5.5 m.

3.74
Seakeeping characteristics

The vessel had extensive flare in the how
area. Lhis gave rise to wave impacts
during running in heavy seas. The flare
slamming was noticed on board as heavy
bangs und shaking of the entire ship.

Senior officers who have been inter-
rogated on the issue of the vessels sea-
keeping behaviour have generally ex-
pressed satislaction with the vessel, with
the remark that one had to reduce speed
or change course in heavy head seas lor
the comfort of passengers.



CHAPTER 4

OPERATIONS
ON BOARD

4.1
General

The work schedule [or the crew of the
ESTONTA was in peneral two weeks
service on board, followed by two weeks
ashore, Consequently two [ull crews were
employed alternarelyand all positicns on
hoard were held by two persons.

In the deck department there were,
hesides the master, fve deck officers, one
radio officer and elght ratings, Orpaniza-
tiomally the ships doctor was also a mem-
ber of the deck crew. The engine depart.-
ment consisted of eight engineers and
eight ratings, I the catering department
there were eight positions with officers

status wid 113 other staff.

4.2
The crew

4.2.1
The manning of the ship

Frior to departure on 27 September 15354
acrew list of 186 people was presented fo
the Tallinn harbour master. Ol these 149
comprised the actual crew, which was
into the 13th day of its current L4-day
duty period. ln addifion the list con-
tained 6 trainees, 1B entertainers, 9 advi-
sors and 4 crew members of the alternate
crew. Ome of them was the master of the
aliernate crew, aboard [or examination
[or his pilot exemption certilicate.

All members of the actual crew were
employed by the Estonian Shipping Cotmn-
pany (ESCO). When senior oflicers were
to be employed, Nordstram & Thulin
was consulled in compliance with the
contract on Lechnical management.

Mine advisors (one master mariner
with pilot exemplion certificate for the
two lairways used in the Stockhohm ar-
chipelago, one advisor with knowledge

ol the ships computer systeins and seven
with long experience ol catering in Baltic
[erry traffic) were all employed by the
Swedish manning company Rederi AB
Hornet. Before employment, catering
personnel were recommended by Estline
and the pilot and the computer specialist
hy Wordstrom & Thulin,

All the deck olficers and mast ol the
crew were Cstonian citizens. The work-
ing langnape on board was Estonian, and
that language was understood by all crew
members,

All crew members held certificares
required for their positions on board.

4.2.2
Qualifications of the deck
officers and the deck crew

The deck officers on hoard Cslondan ves-
sels - as well as on Swedish and Finnish
— are called chief officer, second ollicer,
third officer und fourth officer. The E5-
TOMTA had vwo second officers, here
designared second ollicer A and second
olficer B
The master

The master was horn in 1954, He gradu-
ated al the Maririme School of Tallinnt in
1973 and starred his career al sea in
1974, Il served as fomth and hicd
officer until 1977, He studied at the
Admiral Malerow Highest Fngineering
Maritime Academy n Leningrad?® from
1977 1o 1982, He subsequently served as
second and then chiel oflicer until 1986,
when he got his master mariners licence,
and his [rst command as master on gen-
eral cargo ships in transocean Lrallic.

In 1992 he became master ol the
passenger ship GEORG OTS on the rou-
te herween Tallinn and Helsinki. When
the ESTONIA was bought, he was ap
pointed first captain. He was from the

! The baritime Schoal of Tallinn together with the Tallinn Fisheries Maritime School merged ra form the
Estomian { entre of Mazitime Educarion which was established on 1 Tanuary 1992 and is the highestmaritime

acaleny in Fsronia.

* Leningraal changed name o S Petersburg o Movember 1991,
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start involved in the rransler of the ship
and development of the organisation on
board. Alter Tstanias re-independence
and the creation of the new Fstonian
Maritime Administration, he received in
1994 the [irst master mariners certificate
issted in Cstomia,

He held radiotelephone operators

generalcertificate, Automatic Radar Plot-
ting Aid (ARPA) certilicare and a pilot
exemption certilicate for the fairway via
Sandhamn through the Stockholm A
chipelaga. He had just hefore (he acci-
dent passed his examinarion for the fair
way via S0derarm.

In addition to his formal licence, he
had taken relevant courses in, among
ather aress “Passage planning in narrow
waters”.

Apart from his native Fsronian, he
was able to commtnunicare m Swedish,
English, Finnish and Russian.

The chief officer

The chief officer was bom in 1964, He
graduared at the Admiral Makarov High-
est Fngineering Maritime Academy in
Lemingrad in 1988, He held a chief offic-
er’s unlimited licence, He had served as
thirclollicer on general cargo ships 19686
1990 and was third and then second
oflicer on the GEQRG OTS 1990-1992.
In January 1993 he was appointed sec-
ond officer on the ESTONTA, and in Au-
gust 1994 was promoted to chiel officer,
He also held radiotelephone opera-
tor’s general certificare and ARPA certifi-
cate, He had taken additional courses in,
among other suhjects, “Passage planning”
and "Bridge Resource Management”.

The second officer A

Second ollicer A was born in 1963, He
graduated ar rthe Maritime School of
Talling in 1988, He held an officer-ol-
the-watch licence, issued in Teningrad in
1988, He served as third officer on ro-ro
vessels hetwesn 1988 1992, In 1992 he
became second cllicer on the GEORG
LTS, From 1993 he was appointed sec-
ond officer on the ESTOMIA

He held radiotelephone operators
general certilicate and ARPA certificare,
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lIe had also taken additional courses in
“Passage planning” and other subjecrs,

The second officer B

Second officer B was bam in 1964, He
held a chief olficers wnlimited licence,
issued in lallinn in 1994, He graduared
at the Admiral Makarov Highest Engi-
neering Marilime Academny in Leningrad
in 1991 In 1992 he was second officer
an the GEORG OTS and [rom 1993 held
the same position on the ESTONIA,

He held radiotelephone operators
general certificate and ARPA certilicate.
He had also taken additional courses in
"Pussage planning” and other subjects.

The third officer

The third officer was born in 1966, e
graduated at the Maritime School of
Tallinn in 1988 and ar the Kotka Mari-
time College, Finland, in 1992, He held
an officer-ol-the- warch licence, issued in
Helsinki in 1992. He was appointed
fourth officer on the ESTONTA in 1993
and in 1994 promoted to thivd officer,
e held a radiolelephone operators
general certificate, issued in Helsinki in
19932 He also held an ARFA certificare,
and had taken additional courses in
among other things "Passage planning”,

The fourth officer

The fourth ollicer was born in 1973, He
graduated al the Esronian Centre of Mar-
ifme Education in Tallinn in 1992, He
held an ollicer-of-the-watch licence, is-
sued in Tallinn in 1994 In 1993 he was
appointed quartertnaster on the ESTO-
MNIA, and in 1994 he was promoted o
fourth officer,

The radie officer

The radio officer was bom in 1941, [1e
graduated as ships radio operator and
radionavigator at Tallinm Technical School
Mo 1, 1962 and ar the lallinn Fisher-
ies Maritimme Schoal in 1986, 1e held a
first-class radio operator cerlificate, is-
sued in Leningrad in 1974, 11e had served
as tadio ollicer in cargo ships 1962—
1993, In March 1993 he was appointed
radio oflicer on the ESTONIA.

The deck ratings

The boarswains and all the ahle seamen
had attended the peneral ship salety
course on the training vessels ARZA.
MASS or KORALL.

The AR seaman of the watch during
the critical hours of the accident was
bornin 1970. He was employed by ESCO
in January 1993 Before serving on the
ESTOMIA, he had worled on board the
ro-10 ferry TRANSESTONIA and on the
GREORG OTS,

423
Qualifications of the engineers
and the engine crew

The engine officers on hoard Fstonian
vessels - as well as on Swedish and
Finnish — are called chief engineer, first
engineer, second engineer and (hird en-
Bineer.
The chief engineer

The chief engineer was born in 1950. He
praduated at the Maritime School of
Tallinn in 1972 and at the Admiral
Makarov Highest Fngineering Academy
in Leningrad in 1989, He held a chiel
engineers unlimired licence, issued in
Tallinn in 1994, From 1972 until 1990
he worked as third, second and chief
enginesrin different vessels, He served as
chiefengineer on the ro-ro ferry TRANS-
ESTOMNTA and on the mororvessel SATNT
PATRICK I1 19901593, From Febrary
1993 he was chiefengineer on the ESTO-
MTA,

The first engineer

The first engineer was born in 1952, He
graduated at the Admiral Makarov High-
est Engineering Acaderny in Leningrad
in 1976. He held a first engineers certil-
fcate, issued in Leningrad in 1976, 11e
also held a certificate [rom the Advanced
lraining Conrse in Leningrad in 1990,
11e worked as [ourth, third and sec-
ond engineer in various vessels 1976—
1992, Tn January 1993 he was appointed
second engineer on the FSTONIA and in

June 1993 promoted to first engineer,



The second engineer

‘The secomd engineer was bom in 1947
He graduated at the Maritime School of
Tallinn in 1968 and at the Admiral
Mukarov Highest Engineering Academy
in Leningrad in 1981. 1le held a second
engineer's certificate, issued in Leningrad
in 1872,

He served as thitd and sscond engi-
neer om various vessels 19681981 and
between 1982 and 1992 he was third
enginesr on d ro-ro vessel, Tn January
1993 he was appointed second engineer
an the FESTONIA.

The third engineer

The thivd engineer was born in 1964, He
graduated at the Admiral Makarov High-
est Engineeting Academy in Leningrad
in 1990. Lle held a third engineer’ certif-
icate, issued in Leningrad in 1990

He served as [ourth and third engi-
neer on different vessels 1990-1993. In
July 1993 he was appointed fourth engi-
neer on the ESTOMIA and in September
1994 he was promoted to third engineer

The fourth engineer

The fourth engineer was born in 1966,
He graduated at the Maritime School of
Tallinn in 1986, He held a third engi-
neers certificale issued in Teningrad in
1986,

He served as motorman and fourth
engineer in cargo ships 1989-1993. Tn
1994 he was appointed molorman on the
ESTOMNLA and from Seplember he was
promoted to lourth engineer.

The electrical engineer

The electrical engineerwashornin 1951,
He graduated at the Admiral Makarov
Highest Fngineering Academy in Lenin-
grad in 1974. He held a first-class electri-
cal engineer’s licence, issued in 1984
Since 1977 he had worked on board
dilferent types of ship as electrical engi-
neer. In January 1993 he was appointed
electrical engineer on the ESTOMNLA.

The refrigeration engineer

The relrigeration engineer was born in
1950, 11e graduated ar the Tallinn Fisher-
ies Maritime School in 1978, 11e held a

rel[rigeration engineer’ certificate, issued
in Tallinn in 1992

Lle worked as refrigeration engineer
in a [ishing company 1978-1992, In
Jamuary 1993 he was appointed relriger-
arion engineer on the ESTONIA.

The systems engineer

The systems enginesr was born in 1965,
He graduated at the Maritime School of
Yallinn in 1991 He held a third engi-
neerscertificate issued in Leningrad 1991
He held positions as lourth engineer
1991-1992. Tn January 1993 he was
appointed systems engineer on the F5-
TOMLA

The engine ratings
There were eight ratings in the engine
department: [our senior motormen, Lwo
electricians, one welder and one turner.
All had passed the general ship safety
course on the tralning vessels ARZA-
MASS or KORALL

4.2.4
The catering crew

The highest-ranking oflicer of the cater-
ing crew was the chief purser (sometimes
called hotel purser). He was bom in
1965, 1le had been employed by the
FSCO since 1985, He had passed the
general ship salely course,

The professional qualifications of the
catering crew have no relevance for the
accident. The only aspect [or the investi-
galion is their tole in the ships safety
OTEANISALIO.

4.3
Working routines and
organisation

4.3.1
Deck department

‘The master was responsible for all activ-
ities on board the vessel. He reporred to
the ESCO on all matters regarding navi-
galion, day-to-day operation, personnel
andd related issues. In technical matters,
he reported to Nordstram & Thulin,

The master in comemand on the acci-
dent night was the Number 1 master of
the ESTOMNIA, and it washe who, togeth-
er with his superiors al the office, laid
down rules and routines [or work on
hoard. According to standing orders laid
down by hirn the various responsibilities
and duties, in addition to normal watch
duties, were divided between the deck
officers as described below:

The chief officer had the responsibil -
ity for cargo operations and the planning
ol these, He was also responsible for the
daily work of the deck crew

The second officer A was responsible
for the navigation equipment, and also
assisted the chiel officer with cargo oper-
atioms. He led the port lifeboar group and
was responsible forassociated life-saving
eruipment,

The second officer B was responsible
for stubility calenlations prior to depar-
mare, and assisted the chiel ollicer with
the carpo operations. He also led the
starboard lifeboat group and was respon-
sible forassociated lile-saving equipment.

The third officer was in charge of
mautical charts and literature, and was
also responsible for the calibration of all
clocks on board,

The [ourth officer was responsible for
keeping the log of the working hours of
the deck crew, and for keeping lists of
certificares of competence and passports
lor the deck crew. Ile was also respansi-
ble [or carge declarations Lo the harbour
authorities, and for the documentation
of cargo operations.

The radio olficer was responsible lor
the radio, including the emerpency bea-
cons (EPIRBs), and communication
equipment, and in co-operation with the
second officer A for the maintenance of
the clectronic navigation equipment, He
was also responsible for making and up-
dating crew lists, The ESTOMNLA was cer-
tified [or pre-GMNSS operation (7.3.1),
and conseguently the radio officer had to
keep watch on 500 kHz and 2182 kile.
The watch hours at sea were from 1900
hrs to 0100 hrs.

When the vessel was at sea, there
were always two ollicers and one AB
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seatnan on duty,

On westhound voyages, the second
ollicer B was on duly between 2000 hrs
and 0100 hrs assisted by the thivd officer,
and the second oflicer A was on duly
bevween 0100 hrs and 0600 hrs, assisted
by the fourth ollicer. For the periods
between departure and 2000 hrs and
berween (600 hrs and amvival, the bridge
watch was Luken by the master and the
chief officer.

During the sea voyage, the AD seamen
changed watches at 2200, 0200 and 0800
hrs. Their duties at sea were to be addi-
tional looliouts and to male warch rounds
on a defined route throughout the vessel
(Supplement). These rounds were made
once every hour, starting at 2030 hrs, and
lasted for about 25 minutes,

Wartch rounds were also made by the
secnrity guands. They had no other du-
ties than o ascerrain the salely and secu-
tity ol the vessel and the pussengers, and
they patrolled continuously

43.2
Engine department

The chief engineer was respansible for
the organisation and all worlk in the en-
gine department, lor the purchase and
storage of spare parts and consumables,
and for the technical maintenance ol the
entite vessel. He reported to the Lechnical
superintendent of Mordstrém & Thulin,
and certain parts of these reports were
copied o ESCO.

The first enginesr was responsible for
the maintenance and running of the main
engines and the propulsion system.

The second engineer was in charge of
the separators, the steering gear and all
other hydraulic and pneumatic systems,
incliding the systems for manoeuvring
and locking the visor, the ramps and the
hull doors.

Lhe third engineer was in charpe of
the compressors, the bunkering of the
vessel, and of the electrical generator
sets, including the emnergency generator.

The fourth engineer was in charge of
builers, deck machinery and lifehoat en-
gines.

The systems engineer was in charge
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ol the fresh water distribution systems,
the sewage system and the galley equip-
memnt,

The relrigeration engineer was in
charge of the air conditioning plant and
the: refrigeraling plant for siore-rooms,

The electrical engineer was in charge
ofall electrical systems and installations,

The work schedule in the engine de-
partment was a traditional three-watch
syslem. Om each waich there were one
engineer and one molorman,

The 1200-1600 hrs and 2400-0400
hirs warches were held by the third engi-
neer, the 040008300 hrs and 1600-2000
hrshythe second engineer and the 0800 -
1200 hrs and 2000-2400 hrs by the
founth engineer,

43.3
Catering department

The total number of persons employed in
the catering department was 121.

Many of them spoke two or mare
languages. Tn addition Lo Estonian, Eng-
lish was compulsory [or all persons in
positions involving work contact with
PASSENEETS,

The catering department was man.
aged by the chief purser, who was re-
sponsible lor the organisation and con-
duct of the worle. He was also responsible
for the commenrcial result of the depart-
ment. Regarding personnel, maintenance
and other operational matters, he report-
ed 1o ESCO), via the master, His econormic
reporting was to Estline in Stockholm.

The catering department consisted of
live sub-depariments with their own
managers. The sub-departments were the
hotel department including the informa-
tion desk, the galley, the restaurant de-
partment including the conference de-
partiment, the rax-free shops and the au-
tomatic data processing (ADT) adminis-
tration. The securily puards were adrmin-
istrated by the hotel department, bul
they reported direct o the master.

The chef, the restaurant manager, the
shop manager, the ADP administrator
and the conference purserwere emnployed
on behalf of Nordstrém & Thulin in

accordance with the agreement on ship
management hetween the parlies in-
volved. They were formally employed as
advisors and were consequently not part
of the crew. However, they acted in all
aspecls as responsible work leaders for
their departments. Since they were nat
crew members, they were not inchided
in the safery organisalion of the vessel,

The catering department  working
hours were adapled w the opening hours
of the various restaurants, bars and shops.
The mformation desk was manned 24
hours a day and, during the busy periods
09001100 hrs and 1700-2200 hrs, by
WO pLrsers.

4.4
Safety organisation

4.4.1
The development of the safety
organisation

When the operarion of the ESTONIA was
taken overby ESCON 1992, s new safery
arganisation was established. The new
organisation was based partly on the
previous owmers organization plan, and
purtly on the experience of Mordstrom &
Thulin from their previous vessel on the
same route,

All decuments, plans and manuals
included in the safety system were in
both Estonian and Fnglish, and (he safery
organisalion was implementedat all crew
levels prior to commencement of rraffic,
The safery organisation was tested dur-
ing the port state control in February
1993 {see 3.2.10).

The safety orpanisation and the train-
ing and implementation thereol werse
described in the emergency plan, the
safery manuzl and the rraining manual.

4.4.2
Alarm signals

Various Lypes of alarm were used on
hoard the ESTONIA, The lileboat alarm
and fire slarm were general alarms, ad-
dressed Lo passengers and crew: Besides



these there was a coded alarm “Mr Skey-
light” addressed only to the crew and
intended 1o alert velevant parts of the
safety organisalion,

The alarms were described in the
emerpency plan and in the safery manu-
al, available aL various locations in the
crew accommaodsationsuchas messrooms,
day rooms and all major workplaces,

Lifeboat alarm

The lifeboar alarm — seven short sound
signals, followed by one long one —was
given repetitively with the alarm bells
andfor the vessels horn, When the alarm
was givery, the command group, the porl
and starboard boat groups, the engine
control group and the eleven evacuation
groups were alerted.

Fire alarm

conlinuous repetitive
short sound signals - was also given with

The fire alarm

the alarm bells and/or the vessel's horn.
When the alarm was given, the command
group, the two fite groups, the engine
control group, the control group, the port
and starboard boat groups and rhe firstaid
gronp were activated.
“Mr Skylight™

Witheut alarming the passengers, the
crew could he alerted over the public
address system with the coded message
“Mr Skylight”, This message could also
be used with a suffix. Depending on
which sullix was used, selected parts of
the salely organisation were activated.
The hoat groups were activated by all
Skylight messages.

443
Alarm groups

The safety organisation was led by a
cormnand groupmustering on the bridge.
The command group comsisted of the
master, the chief engineer, the chief offlic-
er, the chiel purser and the third officer.
The master was the overall command
er af the operations. The chief engineer
was the fire chiel, commanding the rwo
fire groups and the engine contral group,
The chief officer was responsible for sta-

hility calculations and was also the dep-
ury fire chief. He commanded the port
and starhoard lifeboal groups, the first
aid group and the helicopter groups, The
chief purser was responsible lor evacua-
tion, the evacuarion groups reporting to
hirm through forward and alt zone lead-
ers. The third officer’s main responsibili-
ly was Lo record times of events and 1o
take noLes.

According Lo the emergency plan and
the safety manual, the chief officer — not
the radio officer — was responsible for
external tadio trallic. The reason for this
iz believed to he that the salety organisa-
tion for the FSTONIA was partly copied
[rom organisarion plans made [or vessels
not cartying a racio officer. The Comumnis-
sion has noLbeenable to elucidate whether
this order was applied in practice

Various checklisis were included in
the equipment of the command group,
Among thess were checklists [or colli-
sion, grounding, leakage and evacuation,

Fire groups no. 1 and no. 2 were led
by the second engineer and the third
engineer respectively They were alerted
by the coded alarm signal *Mr Sleylight”
and by the peneral lire alarm given by the
alarm hells. A number given after “Mr
Slkylight™ indicated the [ire station where
the group should meet. The call “Mr
Skylight” followed by the Estonian words
[or “damage conmal” indicated that the
damage control group should bring
equiptment for damage control and with-
ot further instructions start their work.
Fire group 1 was Lrsined and equipped
mainly for fighting lires in the accomme-
dation, and fire group 2 was [ocused on
lires on the car deck and in the engine
rootm. Fire group 2 was also trained inthe
use of chemical protection equipment.

The engine control group was led by
the first engineer, and the only other
member was the motorman on duty. The
group was alerled by the "My Skylight”
alarms, and by lifeboal and fire alarms,
Themuster station [or the engine control
group was the enpine control rocin, and
the prime task was to relieve the engineer
an duey and take over responsibility for
the running of the engine plant.

The lilfeboal groups were alerted by
the call “Mr Skylight” and by the general
alarms. The muster stations were for the
port lifeboat group number 2 lifeboat
and for the starboard lifeboar proup
mmber 1 lifehoat. The main responsibil
ity for the lifeboal groups was to ready
lifeboats and liferals [or lunching, and
to prepare the ladders [or use. Organis-
ing passengers on hoat decle and distrib-
uting lifejackets were also duties includ-
ed in the ditections for these groups.
Cach group was under the command ol a
second ollicer and consisted of four other
members. Four of these, two in each
group, belonged Lo the deck crew and the
other rwo were [rom the catering crew,
‘The members of the lifeboat groups were
all assigned positions in the lileboat or
liferalt crews.

The [rst aid group was led by the
ships doctor, and consisted of 11 mem-
bers, The group was alerted by the call
“Mr Skylight 727, and the meeting place
was the ships hospital. The meeting place
could he somewhere else, and in this case
a sulfix was added to the alarm call,
indicating the mesting place. The main
duties of the first aid group were 1w Lake
care ol injured and/or deceased persons,
pive first aid and prepare them for trans-
pant ashore or Lo other vessels, Tn an
emergency situalion which ncluded
“abandon ship”, the lirst aid group was
also responsible for moving the injured
to lifeboats.

The helicopter group was not intend-
ed to work in "abandon ship” or other
situations when the entive safery organi-
sarion was mobilised. The group was
therefore made up ol persons with suira-
ble skills fram other proups in the emer-
gency organisation such as the lifeboar
groups and the fire groups. The len-
member helicoprer group was led by the
second  officer and its duties were Lo
prepare Lhe vessel for helicopter landing,

Tor restricted evacuation and for clos-
ing ofl specilic areas, there was a control
group. The seven-member group was led
by the security assistant. This group was
alerted by a “Mr Skylight” alarm, and
assembled ar the cashiers ollice on deck
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5. The dudes of the group included re-
stricted evacuations, searching of restrict-
ed areas, blocking ol of areas where
uther proups were working, and assisting
the [irst aid group. The control group was
dishanded by the lilehost alarm, the
members then taking other duties in the
evacuaring groups.

Total evacualion of the vessel was the
responsibilily of 11 evacuation groups,
led by the [orward and aft zone leaders.
The forward zone leader was in charge of
groups L, 2 and 3 and responsible for
evacuation through the forward staie
case. The aft zome leader was in charge of
the other eight groups, and responsible
[or evacuation through the aft staircase.
The evacnation groups were mustered
hy the lifeboal alarm or by “Mr Skylight”.
Fach group had a specified area (o evac-
uare, from the muster station within, or
in the vicinity of, that area. The evacua-

tion proups were as far as possible com-.

posed of persons normally working in
the area they were Lo evacuate, to ensure
local knowledge thereal.

Each lifeboal had seven crew mem-
bers with delined duties during launch-
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ing und on hoard,

All liferaft stations had one starion
leader, and there was one raft leader for
edch liferafr,

Cvery crew mermnber was assigned his/
her own unigue alarm number upon
commencing service on hoard, This alartm
number indicated histher duties and po-
sition in the sulety orpanisarion.

444
Training and drills

The various groups in the safety organi-
sation drilled sccording to the vessels
exercise schedule. The drills were led by
the group leader, who also made a report
ol the content of the drll and of any
group members absence. This report was
submitted to the responsible officer in
the command group.

The fire groups, the engine control
group and the boat groups were sched-
uled [or training every two weels, and
the lirst aid group and the evacuation
groups were to exercise once every month,

Lifehoats on the port side were
launched into the water every thres

tnonths, and those on the starhoard side
once a year, Under normal operation the
vessel always had her starboard side
alongside the dock. The starboard life-
boats were, however, lowered every three
months,

Of the current crew, 142 had under-
gome a one-week IMO-approved safety
fraiming colrse on a training vessel, and
were certilied as profcient with survival
cralt.

When the ESTONIA commenced her
trallic between Tallinn and Stockhalm,
an operative control was carried out on
buard by the Swedish Maritime Admin-
istratiom, The control included fmple-
mentation of the entire safery organisa-
tiom and a check on the skills of the crew
in conducting their duties according Lo
the plan.

I January 1994 the ESTOMNIA also
parlicipated in a major lire exercise, The
purpose of this exercise was Lo train co-
vperation between helicoprer-landed,
shore-based, lire-lighters and the ves-
sels safery organisation.



CHAPTER 5

THE
CIRCUMSTANCES
OF THE VOYAGE

5.1
Timetable and route

The ESTOMNLA operated on the route
berween Talling and Stockholm. She lell
Tallinn every second night at 1900 hrs
and arrived in Stockholm the next mom-
ing at 0900 hrs local time. She left Stoclk:
holm the same day a1 1730 hrs local time
and was back in Tallinn the next morming
4l 0900 hrs, As the vessel was In poit a
preal part of the day a late arrival did net
allect the next departure.

In Tallinn the ship had her starboard
side to the berth and the cargo was hand-
led wia the [orward ramp. T Stockholm
the ship docked in Frihamnen, and there
also she had her sturboard side to the
berth. All ro-ro carpo handling in Stock-
holim ook place via the afl ramps.

MNormal passage through the Stock-
holm Archipelago was wia Sandhamon,
e when the weather conditions were
comsidered unfavourable, the passage was
via Soderarm.

The total distance between Tallinn
and Stockholm via Sandhamn is 225
nautical miles and via Soderarm 228
nauvtical miles. To keep the schedule, the
required average speed in unmestricted
waters between Tallinn and Stockholm
was 16.3 knots via Sandhamn and 17.0
kmots via Séderarm. The normal time for
entering the Stockholm Archipelago by
the Sandhamn passage was 0515 hrs at
the Revengegrundet lighthouse, and by
the Soderarm passapge 0423 hes at the
Saderarm lighthouse.

The voyages were very regular and,
according Lo the log book ar Stockholm
Pilot station, the passing times at the
Saderarm liphthouse did not vary more
than abour 15 minutes.

5.2
Status of the vessel
on departure
Om departure from Tallinn on 27 Sep-
temnher the ESTONIA was seaworthy and
properly manned. There were no out-
standing items either from the authori-

ties or from the classification socielys
surveys. The maintenance standard of
the wvessel was pood as wimnessed by
various instances.

Tring the last day in Tallinn the
vessel was used iny Leining programme
for Fstomian Maritime Administration
surveyors in the conducting of a Port
State Control in compliance with the
Paris Memorandium of Understanding
on Porl State Conral {see aboul Paris
MOU in 9.1). The rainees made a thoi-
oph Porl State Control inspection ol the
ESTOMIA and were supervised and in-
structed by two senior inspectors from
the Swedish Marilime Administration.
The exercise was documented in proto
col, setupin aform according to the aris
MOU. Acopy of this protocol is included
in the Supplement,

The Swedish inspecrors leading the
exercise have been interrogared by the
Commission and have stated that the
vessel was in good condition and very
well maintained, They [ound na defi.
ciencies that would have caused deren-
tion or other serious remark, i the in-
spection had been a regular Porl State
Control. However, some deficiencies were
nated, such as that the mubher seals lor
the how visor were wormn, had rear marles
in some places, and were in need of
replacement, and watertight hatch cov
ers on the car deck were open and in a
condition indicating that at least one was
nol normally closed. Tt was dlso stated
during the interrogarion that the Swed-
ish inspectors had experienced “lack of
respect for issues related to load line
marrers” in their contact with officers met
during the exercise.

5.3
The departure condition

The vessel had on departure from Tallinn
a loading condition that was normal [or
the route. The car deck comtained mainly
cargo vehicles. The bunker and stores
condition was based on the normal rou-
tine af supply during the stop n Stoclk-
holm, The trucls and wrailers were iden

tified om the cargo manilest for the voy
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age, miving inlormation about vehicle
identity, length, weight and content in
peneral,

Dhie touneven weight distribution on
deparrure the vessels port side heeling
tank was filled.

Instructions had been given by the
chief officer o secure the heavy cargo
carefully due to rhe forecast heavy

weather.
Table 5.1 Departure condition.

Deadweight
Heavy fuel oil (IFO 180)
tank 10 108 m!
tanke 11 |08 m'

. daytank 36 5 mt

o setiling tank 38 20 m'
Total 16 m' 150 ¢
Marine diesel oil
tank 1B KL

- tank 41 10 m*
Total 41 m' 35t
Gas oil
tank 20 11 m 1t
Ballast water
tank | 175 m
tank 13+14 183 m*
Total 358 m’ 360t
Fresh water 300 t
Hiscellancous liquids bt
Weight on the car deck
Carpo vehicles, 40 units, 1000 t
Passenper cars, 25 units, vans,
9 wnits, buses, 2 units, 100
Tatal [ t
Crew and passengers 100 ¢
Hiscellaneous Bt
Total deadweight 1300t
Floating Condition
Draught mean 5300 m
Trim, pasitive by stern 0435 m
Displacemant 11930 m*
Longitudinal G from aft. perp. 63.85 m
Vertical (G from keel [0.62 m
Transverse metacentric height L.IT m
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lable 3.1 gives the departure comdi-
tion of the ESTONIA. Deadweight an
departure has heen estimated to a toral of
aboul 2300 t as detailed in Table 5.1.
Quantilies of oils and water have heen
estimated by Nordstrom & Thuling hased
on the normal consumption rates and
replenishment routines. The weight of
the heavy vehicles is laken from the cargo
manifest, One truck included in the cus
tom list but not in the cargo manilest has
been added (o the weight given in the
cargomanilest. The number of passenger
cars, vans and buses is taken [rom the
custonn list. Their weight is an estimare.
The hydrostaric particulars are hased on
calculations by the NAPA program as-
suming a warer density of 1.07 thod. The
Lransverse metaceniric height of 1.17 m
includes the correction due to free liguid
surfaces. According to the valid stahility
booklet the minimum required metacen-
i height was 0.63 m,

5.4
Meteorological conditions

5.4.1
Weather

Forecast

Privrwo departure [rom Tallinn the vessel
had received the roule-adapred weather
[orecast from the Swedish Meteorologi

cal and Hydrological Tnstitate (SMIII) in
accordance with the subscriptionarrange-
ment, The [orecast, issuedon 27 Septem-
ber at 1311 hrs, was transmitted by fax

and aclmowledged by the ESTOMNIA in
the aftemoon. 1t contained the informa-
tion showm in Lable 5.2,

In Tallinn the Tlarhour Authorities
forwarded the weather forecasts given by
the Estonian Meteorological and Hydro-
logical Institute (EMHT) o ships in port.
The forecast distribured during the mom-
ing of 27 September predicted south-
westerly wind of 12-17 mv/s with a wave
height of 23 m for the Northern Baltic
area. AL1230 hrsanew warning message
was Issued, forecasting the wind to in-
crease Lo 17-20 m/s, veering to west in
the moming of 28 September,

Prior to departure the vessel also had
the use of weather forecasts from the
Esronian and Finnish regular broadeast-
g stations and coastal radio stations on
WVHE or MIF and via the NAVTEX system.

The MAVTEX message — transmitted
by Stockholm Radie on the morning of
27 September — forecast the wind to be
SWO0-13 s, increasing fivst to 17-22
mvs and during the night to 2025 m/s
and veering to west.

After departure, marine weather fore-
cast for the Northern Raltic and the Gulf
of Finland could have been received on
VHE The [orecasts transmitted during
the night of 27 Septemnber by Tallinn
Badio, 1lelsinki Radio and Mariehamn
Badio all inchided warnings of winds of
20 to 25 m/s from a westerly direction.

Prevailing weather

The weather situation on 27 and 28
Seprember 1994 has been analysed by
the SMHI, FMIund EMHI, The reports of

Table 5.2 Weather forecast from SMHI.

Stretch Time LT | Hean wind speed on | Prab, for Waye Reight —|
10 m level mean wind sign max
(m/s) =15 mfs {m) {m)
in %
Haissaar - N Osmussaar n-n S-IW 1015 pli 120 34
N Osmussaar - § Bogihir | 2244 SW-W 1510 70 Mbi e
§ Bopshir - Sandhamn - o7 W—HW 18 25 1] 3520 5§
Comments: Intense low near Osla moving E-ward via southorn Sea of Bothnia to southern Finland. It will
cause increasing SW— later WHW, from to night gusty wind. At dep. rain with med vis. Later some
short shawers,




the analyses are given in full in the Sup-
plement,

According to the reports there was a
SEVELE df‘.;}'l'ﬁ.“':.":-if]ﬂ CU'\."Lﬁl'j.l'I.g Nﬂf[hf_‘fll
Seandinavia and rhe Morwegian Sea. One
of the low-pressure centres intensified on
27 Seplember and moved rapidly east
ward via southern Morway and eastern
Sweden 1o southern Finland. The de-
pression deepened and was located over
(sla om 27 Seplember at 1400 hes with
pressure 987 hPa. On 28 September at
0200 hrs it was over the south-eastemn
part of the Gulf ol Bothnia with 982 hPa,
and al 1400 hrs over eastem Finland
with 985 hi'a,

A warin front, associated with this
low, topether with an area ol rain, moved
quickly eastward during the evening of
the 27th over the northern Baltic Sea
South and sowth-west of the low, the
wind shifted from south-westerly rowest-
erly, and then became very gusty.

The wind divection, the mean and the
maximum wind speeds in m/s at the
most relevant observarion sites are showm
in Tahle 5.3, The indicated maximum
values are the hiphest mean value [or any
10-minute period during the preceding
three hours except lor Bisma, where the
maximum vahies are measured in gusts.
Maximum wind speed in gusts was also
recorded at Bogskar and was 24.0 mfs al
2246 hrs on 27 Sepremnber and 27,7 m/fs
at 0625 hrs on 28 Seprember.

5.4.2
Waves

wave conditions for the night of the
accident have aflterwards been caleulated
by the Finnish, Swedish and German
institutes of rnarine research, MTL, SMILL
and DW respectively, using their own
rumerical models of wave growth. The
meast important inpur data 1o the wave
calenlation models were the estimates of
area sea wind speed and direction for a
certain time period before and alter the
accident, The basic wind data were pro-
vided by the national meteorological in-
slilules.

Wave calculation models predict the

Table 5.3 Wind observations.

Day/time | Séiderarm Trenslea Bopskar Utd Russard Ristna
Hagarna
1119 W W S W WiW W
700 0% mean 1 mean |3 mean 09 mean 0% mean 08 mean
hours |1 max. I mix 14 max - |2 max
171 W W § SEW W i
1000 Il mean 14 mean 14 mean 13 mean 08 mean 08 mean
hours 13 max 16 max 17 max . - [4 max
17 § W W i b W
1300 13 mean 18 mean 17 mean |5 mean | & mean |6 miean
hors 17 max 18 max 18 max - - 11 max
1849 W W W W W W
(111 14 mean |7 mean 0 mean 15 mean |1 mean 15 mean
holirs 15 max |8 max 2 max - - 11 max
1809 W WHW W WEW Wi W
0500 20 mean M mean |9 mean |5 mean 12 mean 18 mean
haurs 20 max 1 max 11 max - : 1 max
18/9 WHW WHW WHW WHW WHW W
100 [T mean I8 mean I mean |3 mean 09 mean 17 mean
haurs 10 many 15 max M max - 26 may
1819 WHW WHW W WHW W
[ 100 |2 mean I4 mean - 15 mean |1 mean |2 mean
[vours |7 max 18 max - - - -
For Iocations of the cbservation sites, see Figure 13.1.

signilicant wave height, wave period and
mean wave direction al different points
of the sea area vnder consideration. Sig-
nificant wave height is delined in rthe
rmerical models by the area under the

wave spectrum, but is very close Lo the
slatistical measure of the mean walue of
the highest one-third of the waves.
Table 5.4 shows the significant wave
height [T, spectrum peak or modal wave

Table 5.4 Summary of wave conditions.

Institute Pusition Time H, T Hean dir.
&5 day, s m | i [deg]
HIL, Finland 59" 15, 11° 1% 11.9, 2300 i T 160
SHHL, Sweden gg° 15, 11° 3¢ 11,9, 1300 19 1.l 144
HTL Accident site 189, 0100 a0 1.8 160
HHI Becident site 8.9, 0100 41 84 14
HTL Aceident sit2 18,9, 0200 44 i1 T4
THHI Accident site 189, 0200 43 4.1 HT
DW, Germary Accident site 189, 0200 113 8.3 ik
HTL Hecident site 18.9, 0800 5.0 81 1
THHI Accident site 18,9, 0800 54 91 136
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petiod T, and the mean direction of the
waves predicted by the Finnishy, Swedish
and German institutes of marine research
belore, during and after the accident,

MTL experience isthar the rool-mean-
square error in predicted signilicant wave
height is about 0.3 m, in wave period
about 1 5, and in wave direction ahout
Loe.

Due to the wind shift six hours before
the accident, waves were at the time of
the accident still duration-Timired. If the
wind direction had remained constant,
the waves would have been ferch-limit-
ed, significant wave height could have
heen abour 5 m and the modal periad
about 10 s, This gives the absolute upper
limnit for the significant wave heighr.

Mumerical predictions by MTI. show
that significant wave height may increase
significantly in shallow water due to fo-
cusing of refracted waves. The minimum
water depth in the accident area as veri-
fied by the Finnish Maritime Administra-
tion was over 40 m, which means chat
there was no shallow-water ellect on the
route of the ESTONTA,

Numerous studies of wave sraristics
in a seaway show that during a short
interval when the significant wave height
may be assumed constant, the distribu-
tion of measured wave crest-to-trough
heights and heights of individual wave
crests and troughs [ollow closely the
Rayleigh distribution. Table 5.5 shows
probabilities of an individual wave height
exceeding different levels delermined by
the Rayleigh distribution. Wave height is
given ina non-dimensional form divided
by the signilicant wave heighr.

Table 5.5 Short-term wave height
exceeding probabilities,

Height/H, Prab, of
exceedance
| 014
1.5 0.0l
1 0.00034
11 0.0001
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Thus, if the significant wave height is 4
m, one wave in 100 will be higher than
ahont 6 m. Often as a rule of thumb the
maximum wave heighl is estimated as
twice the significant height.

The calculated significant wave heighr
of about 4+ m agrees well with visual
observalionsmade onboard vessels which
took parl in the rescue operations. Mas-
ters ol these vessels have estitnated that
belore the accident waves were not high-
er than 5-6 m while after the accident
individual waves were up to 7-8 m high
and in general the wave height was 4—6
m. The estimates of wave height by the
Swedizh helicopter pilols whe arrived at
the accident site between 0350 hrs and
0645 hrs vary more than estimates by the
mariners. A majority of the pilots have
givenestimatesbetween 5—6mor6-8m,
one pilot gave 6-9 m and another 6-10
m. One pilot reports even a single very
high wave of 12 m height measured by

=

radar,

543
Light conditions and visibility

During the night of the accident the
moon was about half in the last quarter.
Moonrise was at aboul 2150 hrs amd
suntise al abour 0625 hrs.

Fictures [rom weather radars (Figure
5.1) show that broken cloud fronts were
passing over the Northern Baltic and the
accident avea at ubout the tme of the
accident.

The night was cloudy with an occa-
sional clearing of the sky just before
midnight. After midmight the cloud cov-
erape gradually increased agzin and in
the early morning the sky was cloudy.

For most of the night visibility was
more than ten nautical miles, but was
occasionally reduced by rain showers.

5.4.4
Hydrological conditions

Currents were not measured during the
might of the accident in the northern

llllllIl'!I-lii-!-!-llll'-ll-llllrl-llii--lllllll

Figure 5.1 Cloud fronts over the Morthern Baltic on 28 September 1994 at 0130
hrs (Finnish Meteorclogical Institute).




Baltic. Ilowever, the surface current speed
and direction were later estimated by
both MTL and SMHT.

According to MTL the velocity of the
surface current was berween 0.2 and 0.6
knots in an easterly divection at the time
of the accident. The velocity ol the cur-
rent was estimated by SMHT 1o be 0.5
koots in a direction between east and
norlh east,

A surface water Lemperature of be-
tween 12°C and 13°C was measured in
the accident area before midnight on 27
September. After midnight the tempera-
tare dropped Lo 10°C-11°C.

The air temperature during the night
was 1 2°C-8°C.,

5.5
Speed

There are no recordings of the speed of
the ESTOMIA during her voyage from
the harbour in Tallinn to the time of the
accident. The Comumission has made an
estimation of how the speed was allected
by the waves, inter alia by comparing her
speed with the speed ol the SITJA EU-
ROPA, another passenger [erry steering a
nearly parallel course about eight nauti-
cal miles north of the rracle ol the ESTO-
MLA. Other available observations have
also been used in the estimations. The
speed of the SILJA EUROPA istaken [rom
the DGPS recording which 30 times/
minute registers the position, the time,
the speed over ground, the course over
ground and the heading. The data reveal
how the speed was affected by the wind
and waves.

‘The FSTOMNLA departed from Tallinn
15 minutes late [rom her normal sched-
ule. The manoeuvre [rom the port wo the
Tallinn leading lights is estimared to have
taken about 10 minutes. 1t must be as-

sumed rhat [ull service speed, Le. abour
L9 knots, was maintained from the Tallinn
breakwarer to Osmussaar lighthouse,
which she passed very close ar 2200 hrs.
Iler estimated speed was still close o 19
knots and she was now a few minutes
ahead of normal schedule. Berween 2215
and 2245 his (approximate) the ESTO-
MNIA was plotted by a meeling vessel, the
AMBER and according to AMBERS plot,
the speed was then about 18.5 knots. The.
speed of the SILJA FURQPA was at this
point 18.8 knots and further decreased
lo 17.6 kmots betwesn Russard light-
house and the Apollo buoy.

Alier passing Osmussaar lighthouse
the ESTONIA lost her land shelter and
the sea conditions deteriorated. Based on
experience it is believed (hat the sea
condirions were slightly worse in the area
where the SILJA EUROTA was sailing.

At about 2255 hs the Apollo buoy
was abeam and the ESTONIAs speed is
estimated to have been close to 17 knols.

The ESTOMIA passed the Glotav buaoy
at aboul 2355 hrs and, by comparing
with the SILJA EUROFA, it can be as-
sumed that her speed was now about 15
knots, This estimate is also conlirmed by
the trainee second officer, who has stated
that the speed was between 14 and 15
knots, as well as by the third engineer
who has stated that the speed was 15
knots when he started his watch in the
engine control Toom at midnight.

Tharing the first thirty minutes after
midmight the average speed ol the SILJA
EUROPA dropped by about one knot.

When the TSTOMNIA reached the
waypoint ar 59°20° N, 22°00" E between
0025 and 0030 hrs, her true course was
changed [rom 262° to 287" and the stabi-
lisers were extended, Her average speed
was herween 14 and 15 knots.

Table 5.6 The recorded speed of
SILJA EUROPA.

Time, hrs | Hax [in] | Hin ikﬂl Hyer [l

{1311} 16.4 144 15.4
0035 164 153 15.9
0040 16.8 154 6.1
0045 6.4 14.8 5.4
0050 4.2 141 5.6
oos | 6.6 14.8 I5.8
0052 157 14.3 152
0053 161 148 15.6
0054 16.0 141 15.0
0055 155 13.3 14.6
054 153 13.9 144

0057 15.5 3.8 14.6
0058 14.8 1.6 139
0054 149 [1.§ 12.9
0054 139 .7 127

0100 145 119 134
0105 13.6 [1.9 129
ol 138 PR 129
01s 131 0.7 123
0120 12.6 g 124
0128 136 5.4 133
0130 0.7 8.1 0.7

Table 5.6 gives the speed of the STLJA
FITROIPA and ilhestrates how the sea
state affected her speed. AL0042 hrs the
SITJA EUROPA changed course from
259° to 276°. The change of course and
possibly also deteriorating sea condi-
tions resulted in increased motion of the
vessel and at 0099 hes the officer of the
watch reduced the speed to 13 knots.
The position of rhe SILJA EUROTA at
about 0100 hrs was bearing approxi-
mately 350° and distance 10 nautical
miles from the ESTOMTA.

In the table the Max, Min and Aver
columns give the highest, the lowest and
the average speeds, respectively, during
one minte,
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