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TRANSLATI ON FROM ESTONI AN

REPORT

of the Committee of Experts formed for the investigtion of
circumstances related to the transport of equipmentor
military use on the passenger ferry Estonia in Sepmber 1994

1. Background

By its Order No. 129 of 07.03.2005 the Governméth® Republic of Estonia formed a
Committee of Experts for the investigation of ciratances related to the transport of
equipment for military use on the passenger festgpiia in September 1994 (hereinafter
the Committee). Six questions were presented tdCihamittee in connection with
possible transport of military equipment on thrested in September 1994. The
Committee presented a report on its work on 01(¥%2

On 06.10.2005 the Government of the Republic obmiat extended the term of
authorities of the Committee and asked to invetgigdditionally whether there were any
substantial circumstances related to the caus#gseofrecking of the passenger ferry
Estonia that had not been investigated thorougidyigh. The Committee presented its
second report on 10.03.2006.

On 31.03.2006 the Government of the Republic obmliat extended the term of
authorities of the Committee with an aim to askeigplanations of members of the Joint
Accident Investigation Commission (hereinafter th&lC), which operated from
29.09.1994 until December 1997, regarding the stads in the Committee's report of
10.03.2006. Questions compiled on the basis o€tiramittee's report were sent to the
Chairman of the JAIC, Captain Uno Laur and thestatinswered the questions in a
memorandum of 26.07.2006 (hereinafter the Memo)itdrthird report, which was
presented on 15.03.2007, the Committee took iisi@o®n the explanations given in the
Memo by U. Laur.

On 01.11.2007 the Government of the Republic obmliat extended the term of
authorities of the Committee again, giving the Cdttern a task to intermediate the
results of research studies on the sinking of tes@nger ferry Estonia initiated by the
Government of the Kingdom of Sweden. This Repootjgles an overview of these
studies and their results.

2. Background of the studies

According to the JAIC Final Report, the cause bratight about the shipwreck was that
the bow visor attachments broke, the visor felb itite sea and the bow ramp opened
completely. A large amount of water that floodeth® vehicle deck from the open bow
caused the ship quickly to heel starboard. Wheiighangle reached 40°, windows on
deck 4 were submerged under water and broke duates and water pressure and water
could enter the deck structure. The list continwadcrease and when the ship had fallen
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on its side, the stern part started to sink. Thgdisappeared completely from the water
surface at about 01:48.

The criticism presented in special literature absuth course of events can be
summarised as follows. The list of a ship thatlbssits stability cannot increase evenly
from O degrees to 180 degrees. Instead, after veaters the deck structure, the ship
capsizes in a few minutes. After that the ship flagt on the water surface for hours or
even days, because water inflow is prevented bwlich cannot escape through the
watertight bottom. Exactly the opposite happendt tie Estonia — it capsized slowly
(ca. 20 minutes) and sank immediately after thae{@n simultaneously). The JAIC
Final Report does not provide any explanation alaah behaviour of the ship. Both
guestions, what prevented the ship from capsizingkty and how could water reach
below the vehicle deck already before capsizirgyrtk the ship quickly, are unanswered.

In March 2005 the Government of the Kingdom of Seredyave the Swedish
Governmental Agency for Innovation Systems VINNOYAask to order a research
study that would explain the sinking sequence eptfissenger ferry Estonia and provide
new knowledge in order to advance maritime saf&tyear later VINNOVA ordered
such studies from two different consortia.

The SSPA consortiurmomprised:

— Swedish consulting company dealing with maritsagety and shipbuilding, SSPA
Sweden AB,;

— Scottish consulting company dealing with maritsaety and shipbuildin@afety at
Sea Ltd, together with the Ship Stability Research Ceottbe Department of Naval
Architecture and Marine Engineering, which is ajalepartment of the Universities
of Glasgow and Strathclyde;

— Chalmers University of Technology in Gothenburg;

— MARIN, Maritime Research Institute of Netherland$Vageningen.

The research study is presented in 18 reports,hauie published on the web sites
www.sspa.sand www.safety-at-sea.co.uk/mvestonialist of the reports is provided in
the annex. References are made to the reports tlengumeration provided in the
annex. The positions of the consortium have beamesented using also the information
obtained from an interview on 06.11.2008 by theifhan of the Committee with the
Scientific and Technical Coordinator of the Consont Dr. Andrzej Jasionowski (in
references: Int).

The HSVA consortiumcomprised the Hamburg University of Technology dhe
Hamburg Ship Model Basin. Their research work isfidated in the final report, which
is published on the web at www.vinnova.se/uploakijdeent/Verksamhet/
Transporter/Sjosakerhet/Estonia/HSVA1663FINAL.{ddfe positions of the consortium
have been represented using also the informatitairedal from the TUHH working
report, which has not been published, and an ierwmade on 05.11.2008 by the
Chairman of the Committee with Dr. Petri Valantonfr HSVA.

The following overviews of the research studiesshasen coordinated respectively with
SSPA Project Manager Dr. Claes Kallstrom and HS\M\Ajd&et Manager Dr. Petri
Valanto.
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3. Research study of the SSPA consortium
3.1 Overview

The objective of the research study was to undwilstae sequence and explain the
underlying causes of the loss of the passengey testonia and to derive suitable
recommendations in order to prevent such tragey frappening again (18, page 11).

For this purpose, survivors' testimonies and ofireviously collected evidence were
analysed at first. Then a model with simplified stgbructure of the Estonia was built on
the scale of 1:40 and water inflow from the opew lbamp and the development of the
list were measured in model tests. Water inflowanous decks of the ship was studied
at the same time by mathematical simulations amdesulting behaviour of the ship was
observed. Also inflow of water to the deck struetand its further movement were
studied by simulations and the model of deck 4h@atscale 1:20). Finally, a complete
model of the Estonia was built (at the scale 1a4@) the possibility of the scenario of the
accident considered to be most probable on the bathe previous work was checked
by testing (18, pages 11 to 12).

It was concluded from the study that the sequef@vents of the disaster was most
probably the following:

— bow visor attachments failed and the visor stiftem its place, forcing the bow
ramp also partly open. Water started to flow tovbleicle deck from the sides of the
ramp, causing a slowly increasing starboard list;

— atabout 01:05 the visor fell into the sea amded the bow ramp fully open. A large
amount of water flowed to the vehicle deck, causing few minutes a list of up to
400,

— due to the list, vents on the side of the shippabmerged under water, and through
these vents water started to flow to the watertigimpartments below the vehicle
deck;

— the windows of the superstructure that had albongerged under water due to the list
resisted the water pressure, and therefore thedsthipot capsize right away, but
floated on its side for 15 to 20 minutes. All thirme water flowed below the vehicle
deck mainly through the ventilation pipes, but als@ugh the centre casing;

— at last the windows still started to break, thper decks were flooded and the ship
capsized,

— the ship sank with aft first within some 10 to ffinutes after it capsized,
disappearing completely from the water surfacelad® (18, pages 6 and 72; 17
pages 96 to 98).

As this version presumes that the hull of the shiptact and that the windows of the

superstructure withstood substantial water presswrethese circumstances have not
been investigated earlier, the consortium strorggpmmends:

16



— to observe thoroughly the entire hull of the simg to make a documented record of
the observation;

— to observe thoroughly the position of the bow paat the wreck, to make a
documented record of the observation and then bhegamp to surface for final
observations;

— to bring at least three windows with frames tdase and to test them for breaking
pressure (18, pages 6 to 7 and 72 to 73).

3.2 Major conclusions

From the point of view of the Committee's earlieparts and discussion on the ship
disaster, the following are the major conclusiohS8®PA consortium.

1) Mainly as a result of analysis of survivorstataents the consortium concluded that
the falling of the visor into the sea and openihthe bow ramp took place 10 minutes
earlier than hitherto estimated, at about 01:0%wusTthe sequence of events of the
accident is extended from 34 minutes to 43 min(k8spage 19; 5 page 10).

Development of the list

2) If the bow ramp opens on a ship moving at atgre@ed, the ship develops a list of 40°
in a few minutes. Tests with the Estonia model sktbhat if the ship is moving at a
speed of 14.5 knots and the bow ramp is opened letahyp sea water starts to flow to
the vehicle deck at a speed of 1500 to 1800 tonsipeiute. As a result of it the list angle
increases rapidly: in 30 seconds the list is X68nie minute the list is 25° and in about 3
to 4 minutes the list is 46-47°. In this positibe ship stabilises and the list can increase
further only if water can enter other decks ofshi (3, page 24; 4, page 6; 12, page 12).

3) If the ship is moving with a damaged visor aadly open bow ramp, water inflow is
too small for a perceptible list to develop sudgiemllodel tests showed that if the visor
and the ramp are open in the extent of 1 m, water&the vehicle deck at a speed of 20
tons per minute (3, pages 18 and 24). Simulaticadenon the basis of these data showed
that at such inflow the list of 21° develops stBeidi about 10 minutes (18, page 46).

4) A list of up to 20° can develop on a ship duth&flooding of various compartments
below the vehicle deck, but the development ostdf over 20° presumes with great
probability that the water has reached the veldelek (17, page 12, Art page 4). Yet,
water can also reach the vehicle deck througheh&e casing moving up from below.

Simulations showed that the sinking mechanicstheknown behaviour of the ship,

does not allow to exclude scenarios that presunodesin the bottom of the hull or entry

of water to the vehicle deck other than throughltbe ramp (14, pages 12 and 13; 17
page 107; Art page 5).

Capsizing

5) If the windows of the hotel section of the shipak at once after submerging, i.e. at
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the list of 40°, the ship capsizes in a few minu&mulations showed that in case of
broken windows the capsizing of the ship (increzdest from 40° to 180°) never took

longer than 2 to 3 minutes (Art, page 6). Yet, pnesg that the ship windows do not
break at all, the ship does not capsize (Int).

6) Consequently a part of the upper deck windoikdad to break, but at a higher water
pressure than usually assumed. Resistance of thdows is the only physical
explanation to why the ship was floating on itsesidr 15 to 20 minutes and did not
capsize rapidly. When it was presumed in the sitraridhat windows started to break at
the depth of 5 m, the capsizing of the ship (ineeeaf the list from 40° to 180°) took 7
minutes; and presuming that windows withstood uh&ldepth was 10 m, the capsizing
took 20 minutes (17, pages 13 and 73). The Estawidel, which did not have 6
windows out of 172 windows on decks 4, 5 and Gedrits bottom up in about 25
minutes (17, page 99).

7) After the windows have broken, the list cannotease evenly from 40° to 180°, but at
some point of time the ship capsizes relativelgkiyi Simulations showed that due to

the resistance of windows the ship stayed at stealgle of 40 to 45° for 15 to 20

minutes, but when the list angle reached 50°,hipetarned its bottom up in less than 5
minutes (17, page 100). The capsizing of the metdgted somewhat later — after the
opening of the ramp the model developed a lis68fid a few minutes, which increased

over 20 minutes by 80°, after which the model tdrtebottom up in less than 5 minutes
(17, page 99). During public presentation of thedetdest on 03.04.2008, which was

filmed by the Chairman of the Committee, the capsgitook place even more rapidly —

the list increased from 90° to 160° in about 2 n&su

Snking

8) When the superstructure of the ship is floodled ship always capsizes at first and
only then starts to sink, i.e. it is not possilhlattthe ship, which has lost stability, would
start to sink already at a list of 90° or 120°.1Bsimulations and tests with the model
showed that no considerable trim developed befadist was 170°. Until that time the
ship stayed nearly in a horizontal position. MomWwoth simulations and tests showed
that the ship stayed nearly in a horizontal positice. it was floating upside down, also
some time after the capsizing (17, pages 99, 100).

9) The ship sinks regardless of whether the doonslidg the ship into watertight
compartments under the vehicle deck are closedem.oStill, the position of the doors
affects the speed of sinking — simulations showatlithe ship with open doors sankin 5
to 10 minutes, depending on the strength of windawd the ship with closed doors sank
in 10 to 30 minutes after capsizing (14, pagesdBld). The Estonia model, which had
openings instead of doors, sank according to fhertén about 5 minutes (17, page 99);
yet, at the public presentation which was filmedHsy Chairman of the Committee the
sinking took 12.5 minutes.

10) The ship sinks only when the vehicle deck dhtha compartments above it are
filled with water and 83% of the compartments betbe vehicle deck are submerged
under water. In other words, until 2104 ofi the 12895 rhspace below the vehicle deck
are filled with air, the ship does not sink, buotfs on the water surface upside down (17,
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pages 12 and 50). Depending on where the air ésskiip can float with one end
submerged, but it does not sink completely. Agesdtabove, if the ship is in the list,
water can flow into the spaces below the vehictkdiest through the vents at the side of
the ship and later on also through the broken dandsother openings of the centre
casing.

Yet, there were three compartments with a totalival of 2050 rhbelow the vehicle
deck, which were not vented from outside the shgpwahich were not connected to the
centre casing other than by a small emergency &kts, if the watertight doors were
closed, the entry of water to these compartmentilctart only after the capsizing of the
ship. It meansnter alia that at the time of capsizing of the ship there waough water-
free space below the vehicle deck to keep the afgat (17, pages 14 to 15). The
respective simulation showed that if the said eercy exit remains closed, the ship
does not sink within simulation time (14, pages@ 40).

3.3 Committee's comments

Several circumstances, which limited the activit@sthe researchers, have to be
considered when using the conclusions made oretie bf simulations and model tests.
Some of the more significant of these limitations @escribed below.

Air evacuation

1) Simulation software used does not take into @etthe phenomenon of so-called
trapped air. Namely, for a ship to sink, the aimtained in it must be replaced by water.
As there are no openings in the bottom of the ghgair on the lower decks remains
trapped in case of capsizing of the ship and dompressed by the influx of water.

Depending on the volume of trapped air, a ship fieag on the water for hours or even

days. Simulation programs used cannot take acaduhis phenomenon, which means
that the rated inflow of water continues at the saate also after capsizing of the ship
until all the compartments are filled (14, page 7).

The phenomenon of trapped air is a problem alsmadel tests. Namely, water
compresses air less in a small-scale model thaheiractual ship, due to which the
proportionately same volume of air takes less spattee actual ship than in the model.
To compensate for it, 20% of the air trapped inghg was allowed to exit through
remotely operated valves during model tests. Irtébts, where air was not allowed to
exit, the ship model did not sink, but remaineafiog upside down (18, pages 60 to 62).

Yet, although the consortium researchers are uriald@aluate the precise impact of
trapped air on the sinking of the ship, they aréheposition that this impact is marginal
and uniform in case of all presumed scenariosfade 13).

Model tests
2) As stated above (see section 3.2.4), other sosnat the loss of the ship cannot be
excluded on the basis of existing information. Yle¢, consortium did not have resources

for making final model tests to verify more thare@tenario. It was decided to test the
so-called visor scenario, because in the opiniothef consortium the majority of
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evidence confirms this version. Yet, the desigthefship model used for the final tests
was not based on the circumstances thoroughlyestuadid considered to be most likely
on the basis of previous work, but the ship moded twilt so that the movement of water
and air in the ship would be as free as possilitenfion should be paid primarily to the

following solutions:

— after opening of the bow ramp, it was kept opgmbeans of a magnet until the end
of the test (18, page 60), although an earlieftadtshown that without a magnet the
ramp would not stay in place, but would ram up awdvn (4, page 6). The
consortium has also stated in its final conclusithreg the ramp may have been
fluctuating up and down due to the interaction leetawwaves and the pitch motions
(18, pages 6 and 72);

— the model lacked all staircase and elevatordoers leading to the centre casing
vehicle deck, in total 10 doors on the starboantd and 6 on the port side (12, page
9). Considering that already with a list of 35°thk starboard side doors are fully
submerged under water, it means that almost imrtedgiafter opening of the bow
ramp the lower decks remained open to unhindereeruwdlow through an opening
of about 20 (10 doors, 2 meach). As this is an opening about 10 times |ahger
all the vent openings together (ca 1.84%, then consequently in the model tests the
spaces below the vehicle deck were flooded fronb#ggnning mainly through the
doors of the centre casing. Yet, it does not apipearthe consortium reports that the
actual strength of these doors had been studiedratefy, as for instance the
windows of the deck structure were studied. Itng/&known that none of the 21
passengers who survived from deck 1 mention thatéthe vehicle deck doors
were open or broken; but many of them rememberthah passing the vehicle deck
they saw how water was forcing into the staircaseugh closed doors;

— ofthe 21 watertight doors below the vehicle déo& model had all but one open (i.e.
there was an opening instead of a door), allowm free flow of water that had
reached below the vehicle deck from compartmewgbtapartment and exit of air
(12, page 8). Yet, it was known from earlier sintiolas that the position of
watertight doors has a considerable impact onpled of sinking of the ship (see
section 3.2.9 above) and it was concluded fromatradysis of testimonies that the
watertight doors were closed about 3 minutes #iteopening of the ramp (18, page
19; 5 page 22; see also Final Report page 126);

— to allow for better control of exit of air, pade exterior doors opening to the stern
and one door in the starboard side opening todhevirere left open, 5 doors in total
(12, page 9).

While some assumptions used in the model tests wererified (e.g. the strength of

centre casing doors) and some were unlikely (rad.the watertight doors were open),
one must be careful when drawing conclusions oathgal accident from the results of
the tests. The Committee understands the diffesiib designing a model and therefore
the above remarks are not meant as a criticisimetovbrk of the consortium.

3.4 Contradictions with the conclusions of the JAIC
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Regarding the primary cause of the accident, thesadium agrees with the JAIC,
finding that the accident was caused by failurgnefvisor and opening of the bow ramp.
Yet, the consortium has described the sequenceaft® of the accident with the
following significant differences.

1) Maybe the largest difference between the postal the JAIC and the consortium is
related to the position of the ship at the timeinking. According to the Final Report the
ship started to sink towards the stern alreadyealist angle of 80° and a large part of the
ship was submerged under water at the list angldl0? (pages 165 and 167, see also
79). In the opinion of the consortium this is nosgible, because a ship that has lost
stability always capsizes first and only then steotsink. In simulations, the ship with an
intact bottom never started to sink towards thensbefore the list angle was at least
170°. The same was confirmed by the test with #terita model.

2) The treatment of the JAIC and the consortiunthef development of list is also
significantly different. According to the Final Rapthe ship which was moving at full
speed developed quickly after opening of the ratrgh af 15°, which remained stable for
some time. During this time the speed was lowesedertight doors were closed and a
turn to the left was started. During the turn tise dtarted to increase and it increased
further more or less evenly until the sinking o 8hip (pages 165 to 167). Model tests
carried out by the consortium showed that if the bamp is opened on the ship which is
moving at a great speed, the listincreases eagryjuickly to an angle of 45°. But from
then on the list cannot increase evenly. Instefdel, tne windows break or water enters
the deck structure, the ship capsizes in a few temDepending on the strength of
windows the capsizing may start sooner or laterirbany case it happens quickly (see
section 3.2.6). The differences in the developmétiie list are shown in the following
figure.

[Text in the figure:] List / Time

JAIC (black line) — JAIC version on the basis of tiinal Report

Model (red line) — Model test, where the watertidbors and vehicle deck doors
were open

S3 (green line) — Simulation, where the strengtiviodlows was 10 m and the
watertight doors were open

S6 (blue line) — Simulation, where the strengtiwafdows was 5 m and the

watertight doors in the aft were open

m — The moment, when the ship disappeared complitetythe water surface

3) According to the Final Report the windows onldéstarted to break at a list angle of
40°, allowing water to enter the upper decks. Altfftothe JAIC does not state directly
that all the windows broke, the wording of the FiRaport indicates that the breakage of
windows was extensive (pages 153 to 154, 165,204, see also Memo, page 7). The
study of the consortium showed that if the brealdgendows had started so early and
if it had been so extensive, the ship would hayssizad in a few minutes. But as it

clearly appears from the survivors' statements ithéid not happen, the consortium

inferred that only some windows broke and evenghmeske at higher water pressure
than usually assumed.
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4) The JAIC has expressed a view that a hole ihdaidoelow the water line would have
brought along an entirely different course of egs@ampared to what actually happened
(Memo page 7; annex page 3). Yet, simulations edmout by the consortium showed
that the penetration of water to the ship belowtheer line may cause the same chain of
events as the opening of the bow ramp on the \etdaxtk as regards the main points (list
— capsizing — sinking, see section 3.2.4). The diffgrence was that in case of the so-
called hole version the increase of the list waseneven and sinking started earlier, 2 to
3 minutes after capsizing (14, page 12). Thesedifferences by the way differentiate
the version of the JAIC compared to that of SSPAsodtium (see sections 1 and 2
above).

3.5 Contradictions with the testimonies
Angle of thefirst list

1) In the description of the most likely scenarithe accident the consortium has taken a
view that before the visor fell into the sea thendged visor and ramp stayed in a
forward-shifted position, due to which water coeider the vehicle deck on the sides of
the ramp and the ship developed a list of 5 toddyeks in about 5 minutes. Survivors'
statements do not support this presumption. Nara#lthe witnesses who were awake
remember that the ship slanted to the right rapt8bme people talk about one, others
about two or three consecutive falls of the shyp itbany case people remember that the
ship achieved a considerable list within a shorigpleof time. The fact that the list angle
was not actually inconsiderable, can be concludedldition to people's estimations (15
to 45 degrees) from the description of the situmticording to which many people fell
(also from the bed to the floor) or things fellyfies, chairs, cupboards, wall mirrors etc.)
around them.

Monitor in the engine control room

2) The Consortium's version of the course of thedent does not agree with the
testimony of the three crew members who saw atit@tor of the engine control room
that the bow ramp was in a closed position whenstiip had already developed a
perceptible list. As consortium took a positiontttie list started to increase rapidly and
exceeded the angle of 10° only after the ramp hiddpened due to detachment of the
visor, they presumed that the men were lookingentonitor at the time when the visor
and the ramp stayed in a forward-shifted posiMghen the visor fell to the sea, the men
were in the engine control room, but did not lobtha monitor any longer (18, page 18;
5 page 20).

Such explanation is not convincing to the Commigtesnarily for the following reason.
Like all other people who were awake, the abovevenembers also remember that the
ship was suddenly in a permanent list. Namelwyilzestthe reason why the third engineer
stood up from the chair and looked at the moniakthe motorman and system engineer
decided to leave from the workshop and sewage rogspectively, and go to the engine
control room to find an explanation to the situatio None of the men have said that
later on, when they were already in the enginercbmbom, a new, much faster and
bigger heeling took place. But this is exactly wthal should have remembered, because
according to the consortium's conclusions the asxen list after the detachment of the
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visor was more than 10 times steeper (ca 25° paste)ithan the slanting caused by the
water pressing in between the sides of the ramgqp&r minute).

Distresstraffic

3) It was concluded on the basis of model testsah@l:24 the list of the ship had to be
about 70° and at 01:29 about 90°. Based on thdatiomns, the list angles should have
been 45 and 100 degrees, respectively.

At the same time, there is a recorded emergentfyaal the Estonia at 01:24.46, where
the navigator says: ,We have a problem, a baddite right side. | believe that it was
20...30 degrees.” It is hard to believe that thegator who made the emergency call was
so much mistaken in evaluating the list angle. itist of 70° it is not possible to stand
on the floor, because it has become a wall. Consgléhat the bridge of the Estonia was
an open space 27 m wide, the navigator could antdsanywhere at the list of 70°, but he
had to be hanging somehow from the control boang. hard to believe that in such
conditions he thought mistakenly that the list 882 maximum.

Itis also hard to believe that at 01:29.27, whnenast emergency call was made from the
Estonia, the list of the ship was already 90°, Wibesides other things means that about
a half of the bridge was under water.

Position of the ship at sinking

4) The consortium's position that the ship remaorethe water surface upside down for
10 to 15 minutes before sinking does not agreewrtilthe survivors' testimonies either.
None of the survivors have said that they savbttem of the ship floating on the water
surface for a long time. At the same time theresaxeral withesses who remember that
the ship sank under water immediately after capgiar even simultaneously with
capsizing. There are also people who claim thatsteen of the ship started to sink
already when the ship was on its side. Thus, thewsars' statements in aggregate rather
support the version of the JAIC (and HSVA) aboetfihal position of the ship than that
of SSPA.

It must be noted here that it cannot be clearlyeustdod from all interrogation records in

which order people saw something, from where antldav long they saw it. This causes
apparent contradictions and allows several altermatterpretations.

4. Research study of the HSVA consortium

4.1 Overview

The purpose of the study was to shed light on thkirgy sequence of the Ro-Ro
passenger vessel Estonia and to explain the umigidauses for its loss, in order to
improve the maritime safety of this in general vangcessful ship type (page 4; here and

hereinafter all references refer to the Final Repbthe HSVA consortium).

The study was carried out by the Hamburg Ship MBasin (HSVA) and the Hamburg
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University of Technology (TUHH) and it consistsfolir parts. At first the most probable
scenario of the accident was determined on the lbbasie earlier collected evidence and
initial hydrostatic analysis. Then HSVA analysed mathematical simulations the
behaviour of the ship during and after the turpad made after losing the visor. While
respective software enables to reliably study bbeipaviour until the time the ship list is
55°, TUHH made a separate hydrostatic analysisuleion) to clarify the circumstances
related to the final capsizing and sinking of thggsAs HSVA and TUHH carried out
their analyses independently, the respective augtsbrown in case of each conclusion in
the following overview (pages 4 to 5, 66).

In addition, HSVA analysed the evacuation of pedme the ship by special software.
Yet, the results of this analysis are not presebh&dw, because these are not relevant
considering the task of this Committee.

Although the consortium has not explicitly statedrsits report, the probable scenario of
the loss of the ship can be formulated on the lddtsSVA and TUHH conclusions as
follows:

at 01:00 the bow visor fell into the sea andddrthe ramp fully open;

— after that the ship continued to advance straigbad at a speed of at least 14.2 knots
for 2-3 minutes, allowing thus the entry of a laaggjaount of sea water into the
vehicle deck;

— after that the crew reduced the speed and tuheezhip to port towards the waves, as
a consequence of which a big list developed imntelgia

— although the list decreased over the next fewites) the vent openings on the side
of the ship at the height of deck 4 remained stibmerged under water and water
started to flow below the vehicle deck. But evesrenmportantly, water started to
flow to lower decks also through the vehicle dectrd, of which some were open or
broke;

— after 15 to 20 minutes single windows and dodr#he deck structure started to
break. Water that had flowed to the upper deckgased the list further, but the ship
did not capsize. At the same time the ship stadesink slightly towards the stern;

— at 01:43, when the list was about 120 to 140eaksyrthe stern hit the seabed. The
bow disappeared from the water surface 9 minutes, lat 01:52.

4.2. Major conclusions

From the point of view of the Committee's earlieparts and discussion on the ship
disaster, the following are the major HSVA and TUElbhclusions:

1) As a result of analysis of the evidence, thesoaium concluded that the visor
detached and the bow ramp opened at 01:00, whielnsithat as compared to the JAIC
the duration of the accident is extended by 14 temurhis ignter alia proved by the
distance between the places of finding the visdrthe shipwreck. The JAIC timeline
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presumes that the ship drifted due to wind, wanescarrent at a speed of 1.5 knots also
when the list exceeded 90° and a large part dftipewas submerged under water. In the
opinion of the consortium this is questionable @8&§, see also 16 to 17).

Development of the list (based on HSVA simulations)

2) For the ship moving at a great speed to de\eefogrceptible list in a few minutes, the
bow ramp must open completely. The initial analgsiswed that if the ramp is open in
the extent of 1 m, the development of a list of &8s 26 minutes or 7 minutes,
depending on whether the visor is in place or Bat.if the ship is moving with a fully
open ramp, seawater enters the ship at a spe@®af® ni/min and the ship therefore
develops a list of 10° in 3 to 4 minutes. In aBesthe list increases gradually without
major variations (pages 27 to 29).

3) The sudden heeling motion reported by all threigars may have been caused by the
ship's turn to port. The initial analysis showleakttwhen turning the ship sharply to port,
the list increases instantly by 20° if the ramgpsen in the extent of 1 m and by 26° if the
ramp is fully open. The assumption that the lisswaused by a big wave is very
unlikely, however (pages 30 to 33).

4) Water inflow from the open bow is significanthfluenced by the speed of the ship
and by how long the ship advanced straight ahead thife opening of the ramp. The
amount of water on the vehicle deck before startigyturn is in its turn of critical
importance to further course of events. Simulatgim®ved that if the speed of the ship
was 16 knots, the ship capsized quickly even bdfedéurn was completed. When the
initial speed was 15 knots, the list increasedaatiag the turn to 50° within a couple of
minutes, then decreased in a couple of minute®4253degrees, remained at that level
for about 20 minutes and then started to increasekly again. At last the ship still
capsized. But when the initial speed was reducddhlfya knot, to 14.5, the ship was able
to survive the U-turn (pages 49 to 51).

The simulations also showed that the ship had varazk straight ahead with an open
ramp for 2-3 minutes. Had this time been signifttashorter, the ship would have
survived; and had the time been significantly longewould have capsized quickly
(pages 46 to 47, 63).

5) Water must have started to flow below the vehildck through the vent openings and
the centre casing doors already at the time ofufe Otherwise the ship would have
either capsized quickly or survived the turn (p4@e Simulations showed that the entry
of water below the vehicle deck through the vehiglek centre casing doors is namely of
critical importance. When it was presumed thatofABese doors were open and the vent
openings were closed, the ship developed a ladgesiheel, but was still able to survive
the turn. Yet, in the contrary case, when the \og@nings were open and the centre
casing was watertight, the ship developed a reltismall list and most of the water
flowed out of the vehicle deck already during thent(pages 57 to 58).

6) Turning the ship with an open bow to starboavdyafrom the waves would have been

even more dangerous. Simulations showed that thevsluld have capsized quickly in
this case. During the turn to port more water entke ship, but due to larger pitch
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motions much water flows out, too. At the same timecase of a turn to starboard the
amount of water entering the ship is smaller, buabat all the water remains in the ship
and increases the list (page 61 to 63).

Capsizing and sinking (based on TUHH calculations)

7) Breaking of the superstructure windows doesaoéssarily bring along quick heeling
of the ship. Instead, the list may increase grdguwathout major leaps until sinking of
the ship. It was presumed in the calculation tigaiMindows at the ship stern broke at the
depth of 3.3 meters, the first ones approximateltha list of about 45°, and small
windows in front of the ship at the depth of 8.2eng. This resulted in a relatively steady
increase of the list. The ship sank finally withautning upside down, at a list of
approximately 125-140° (pages 71, 72 and 150).

8) The ship capsizes and sinks fully in about 50utas even if the vehicle deck doors
and watertight doors in the lower part of the sdrg closed (page 69).

9) The ship that has lost stability may start ik silso when on its side and remain for up
to 9 minutes so that the ship stern is on the skabé the tip of the bow is above water.
According to the calculation at 01:30 the shigss Wwas 70° and the trim 4°. At 01:43,

when the list was more than 120°, the stern histabed, i.e. the trim was about 22°
(pages 72 to 73).

10) It suffices to sink the ship when the cabinstisa, engine control room and
workshop on deck 1 and the auxiliary engine rooch sauna area on deck 0O are filled
with water only in the half extent, i.e. there boat 3500 m of water-free space in the
bottom part of the ship. When the stern of the bitifhe seabed, i.e. the ship was already
partly sunk, there was still 5700°mf air inside the ship (pages 70 and 73).

4.3. Contradictions

1) There are considerable differences between dhelgsions of TUHH and SSPA
concerning the conditions of capsizing and sinkifithe ship:

— SSPA claims that the list of the ship that hasils stability cannot increase steadily
until sinking, but after the windows of the deckusture break the ship capsizes
relatively rapidly. But the position of TUHH is theapid capsizing need not take
place;

— SSPA claims that the ship which has lost itsistyblways capsizes first and only
then starts to sink. The opinion of TUHH is thattsa ship sinks fully also at the list
of about 135 degrees. At the same time, both ctiasfind that the survivors'
testimonies support namely their opinion aboutghg's position at the time of
sinking (see e.g. SSPA 14, pages 12 and HSVA page 1

— SSPA claims that if there is a minimum of 2104afwater-free space in the ship,

the ship does not sink, but floats, upside dowrtherwater surface. The position of
TUHH is that even 3500 fof air does not prevent the ship from sinking.
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2) There are also notable differences between dhnelesions of HSVA and SSPA
concerning the inflow of water through the open bamp. SSPA tests showed that
water forced in through the fully open bow ramp apeed of 1500-1800 t/min, causing a
list of 46° in 3-4 minutes. But HSVA analysis shal&to 5 times smaller water inflow,
which meansnter alia that in 3-4 minutes the ship developed only thedf 10°.

3) In theoretical issues the positions of the HSMAsortium and the JAIGo not differ
much. Yet, as a result of analysis of the evidetioe,consortium concluded that the
disaster started 14 minutes earlier. It may alssuspected that the JAIC presumed more
extensive breakage of deck structure windows awdsdihan TUHH and HSVA.

4) As regards contradictions with the testimontee following should be considered
significant. The scenario of the HSVA consortiuike lthat of SSPA and the JAIC, does
not agree with the testimonies of the three crewmbers, who saw the closed ramp at the
monitor of the engine control room after the shagl ldeveloped a sudden list. As the
consortium tries to adapt the statements of theethren to its scenario in principle in the
same manner as SSPA, the Committee does not tegreathe discussion presented in
section 3.5.2.

5. Conclusions of the Committee

In the opinion of the Committee, the following geadeconclusions can be drawn on the
basis of the reviewed research studies:

1) The sinking of the passenger ferry Estonia duéhé causes and in the manner
described by the JAIC is possible, and based otitherto collected evidence it
must be considered to be the most likely scendribeosinking of the ship;

2) Yet, the sinking mechanics, i.e. the known béhavof the ship, does not allow to
exclude scenarios that presume a hole in the batfahe hull or entry of water to
the vehicle deck other than through the bow rarheréfore, such theories cannot be
convincingly refuted by theoretical studies basadle existing evidence. If it is
desirable to prove that the hull is intact, theeexr of the wreck must be
systematically studied and the study activities tvesduly recorded. As we know,
this has never been done;

3) The survivors' statements as recorded afteachilent in the interrogation records
can be used to confirm different, even contradicttheoretical opinions and
scenarios. Therefore, yet another revision ofés@rnonies would not give any more
certainty about any of the suggested scenaridseo$inking of the ship.

Tallinn, 16 February 2009

Margus Kurm

Chairman of the Committee
Leading Public Prosecutor
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