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AlS Automatic Identification System
DP Dynamic Positioning
EMSA European Maritime Safety Agency
ESIB Estonian Safety Investigation Bureau
Ohutusjuurdluse Keskus
HSVA Hamburg Ship Model Basin
Hamburgische Schiffbau Versuchsanstalt
JAIC Joint Accidentnvestigation Commission of Estonia, Finland and Sweden
MAS Multi Aperture Sonar
MV Motor Vessel
ROV Remotely Operated Vehicle
USBL UltraShort Baseline
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1. Introductionand Scope of Work

1.1. Safety Investigation Authority

The Estonian Safety Investigation Bureau (ESIB) is a structural unit of the Ministry of Economic Affairs an
Communications of the Republic of Estonia. One of the main tasks of ESIB is to conduct safety
investigations of very serious marine casualties; of serious marine casualties based on the decision of &
preliminary assessment, andhe case of justified interest, any marine casualties or marine incidents.

The purpose of a safety investigation is to identify the circumstances, causes and consequences of &
marine casualty or marine incident, and if necessary, to provide recommendations in order to prevent suc
marine casualty or marine incident in the fuamd to improve maritime safebyt not to blameany party

or assignliability.

A safety investigation is carried out in accordance with the legislation of the Republic of Estonia, the
European Unipand the International Maritime Organization, as well as relevant international agreements.

1.2. MV EstonigAccident

The passenger ferry Estonia sank on September 28, 1994, during a voyage from Tallinn, Estonia,
Stockholm, Sweden. Of the 989 people on board, only 137 survived. The final report of the Joint Accidel
Investigation Commission of Estonia, Finland and Sweden (JAIC) was published in December 1997.

On September 28, 2020, a video recording was published, showing penetrating damage on the starboa
side of the hull of MV Estonia. Based on this new evidence, ESIB initiated a preliminary assessment of tf
new information afhe MV Estonia accident on October 2, 2020, along with its counterparts in Finland and
Sweden.

The objective of the preliminary assessment is to identify the cause of penetrating deformations, to assess
the validity of the conclusions presented in the final report of the JAIC and to assess whether the safety
investigation of the accident should bepened.

1.3. Background

ESIBnhas considered it essential to conduct numerical simulations and analysis of the sinking scenarios of
MV Estonia in the frameworktbé preliminary assessment to assess the possibility of various theoretical
and/orhypothetical sinking scenarios of MV Estonia. The basis for assessing the probability and possibility
of sinking scenarios is in a direct relationship with diffenadence and factors, including the geographical
areawhere the accident took plaée (the vessel's supposed track during the sinking).

To gain a better understanding of the flooded vessel's track during the accidexibandent the seabed
around the wreck in detail, ESIB launched a public procurement to condussolhityghn seabed imaging
survey on the proposed sinking tracks of the vessel. This suamgegonducted by the company Reach
SubseaASand wascarried ouin November 2023s a result, lBout 300 presumably mamade objects
were detected and located by #®abed imagingonar survey in thacinity of the hypotheticatracks of
MV Estonidefore its sinking

6(36)



0JKM280994FaR-240704R0GEN
Revision 0
20240903

ez

R REPUBLIC OF ESTONIA

fﬁ‘% SAFETY INVESTIGATION BUREAU
o

A sonar image is typically a matter of interpretatibom the duotone image it is possible to see the size
and shape of an object, but tstcolour, materiabr minordetail Also, the object is typically imaged from
fixed anglesonly and its shape and appearance from different points of view remain unkfiewn
analysing the result®f the sonar survefSIBtogether with & counterparts in Finland and Swedaw a
need foran additional followp surveyto identifysome ofthe interpretedobjects, verify whether these
originateon MV Estonia andf possiblefrom which part of the vessel. Tidentification would be carried
out by observing and filming some of the objects waitlunderwater camermstalled on aremotely
operated vehicle (ROV).

As such thissurvey was not planned and included in the additional funding appb¢aigaomn 20230

the Estonian Government to continue and complete the preliminary assessment during 2024 and 202°f
Neverthelesdt was possible to condudté additional followp marinesurveythanks toa costeffective
co-operation betweelkSIB the Estonian State Fle@®iigilaevast)k and the European Maritime Safety
Agency (EMSA).

Estonian State Fleet multipurpose icebreaker3E§Aas rajuested to uses a survey platfornmhis
vessel was also used during the first marine surveys at thesitgeckJuly 2021An ROV with competent
personnelwas requestedrom EMSA througits ROV service, which has been launched to support the
Accident Investigation BodiesEiMSAViember States and other interested maritime stakeholders.

1.4. Scope of Work

Deliverables provided by Reach Subs®as a result of the highesolution seabed imaging survesrev
usedfor planning and executing tRE®OV video survefs it was not reasonabteor possible tovisually
check all thetargets (altogether approximately 300 objects)selection was maddwo sets ofhigh

interest targetswere compilecbased on theavailablevesseland ROMime, consideringconservative
estimates otimenecessaryor each ROdive

The atual operationalsequence andarget priority weredecided onboard the survey vessel considering
availabldgime (upcoming inclement weatt@mditions)and theresults ofpriordives.

7(36)
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2. Survey Equipment

2.1. Vessel

Estonian State Fleet multipurpose icebreakeS3E¥@igurel) was requested to use as a survey platform.

The vessel specifications are summarizetablel. An USBbeaconpole was installetb the vessel for
positioning system of the ROV. Temporary survey room wakspt'ups j g " X g u u grairdeck.y qt mu

Figurel. Multipurpose icebreaker EXNWMcC Ay t NN} dz KF NB 2 dzN3p { 2dzNOSY ¢ dzZNRA w22 a A Lk

Tablel. Specifications of the survey vessel.

Specification Value

IMO numbei

Flag

Port of Registry
Year of Built/Rebuil
Length overal
Breadth

Draught

Depth

Gross Tonnagt
Deadweight

Ice Class

Main Engines
ServiceSpeed
Special equipmen

7917977

Estonia

Tallinn

1980/2006

59,90 m

12,20 m

3,80 m

5,00 m

909

276t

1A

Caterpillar3 x 1600 kW
11,5 knots

Crane, towing wincfirefightingand pollution control

8(36)
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2.2. ROV
ACSM Shipping CO Sthigervation clast ANAI Pro RQvhanufactued by Poseidon Robotiesas used
for the video survd¥igure2). The ROV specifications are summarizétiable?2).

Figure2. Observation class ROV LANAI Pro with tether on deck.

Table2. Specifications of the survey ROV.

Specification Value

Depthrating | 400 m
Dimensions 559x%356x% 305 mm (LWH)
Weight in air 14.7 kg
Payload capacity (fresh wate 2.5 kg
Thrusters| 4 lateral (35 degrees), 4 vertical
Lights | 6 x1500 Lumens each
Tether: Breaking strength 250 kg, Diam&térmm (neutral saltwater)
Camera 1080 HD IP camera with zoom and + 180 degrees tilt
Newton manipulator afrecanning sonar, depth sensor, altimeter, laser

Additional equipmer USBL positioning system

9(36)



R
SRR
W

0JKM280994FaR-240704R0GEN
Revision 0
20240903

REPUBLIC OF ESTONIA
SAFETY INVESTIGATION BUREAU

3. Operation

3.1. Execution

The nobilizationof the RO¥quipment and crew wasnducted on Sundajyne 30, 2024. The wet test of
the ROV was conducted on the same @hg. e¢epartureof the surveyvessel was postponed due to
unfavourableveather conditions.

The survey vessel EBA6 departed from the Estonian harbour Hundipea on Monday,2D#¢At 23:10
and arrived at the wredlite of MV Estonia at 09:00 the following morning. The survey tooKrptace
10:00 to 22:00 on Tuesday dram 06:30 to 18:30 on Wednesday. BY&returnedto Hundipea harbour
on Thursday, 4 July at 03:45.

Altogether 17 dives were made with the R®éven on the first and ten on the second survey day
(Figure3 and Table3). The survey started from the west and continued eastwards to the wreck. If the
westward targets were mostly isolatecheaning one dive for one objedhen the eastward dives covered
also the main debris field southwest of the wreck where tens of objects could be seen during one dive.
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x Wreck Location
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— - Hypothetical HSVA Track
[_JSeabed Imaging Sonar Coverage (Reach Subsea AS, 2023)
© Targets (Reach Subsea AS, 2023 Interpretation)
e« Vessel Track (ROV Survey 2024)
-=|‘)= ROV Dive Locations (Dive ID and Reach Subsea AS Target ID)
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13 (P13-0019)

.
.
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.
.

14 (P13-0023)
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Figure3. Sequence of the selected and inspected targets
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DIVE
No

a b w NP

9
10
11
12

13

14

15
16

17

REPUBLIC OF ESTONIA
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Date

02.07.2024
02.07.2024

02.07.2024
02.07.2024
02.07.2024

02.07.2024

02.07.2024

03.07.2024

03.07.2024
03.07.2024
03.07.2024
03.07.2024

03.07.2024

03.07.2024

03.07.2024
03.07.2024

03.07.2024

Start
Time
(EET)

10:54
12:50

14:42
16:00
18:30

19:20

20:10

06:45

07:52
09:28
10:32
11:33

12:20

13:39

15:24
16:37

17:57

End
Time
(EET)

12:12
13:22

15:20
17:37
18:52

20:00

21:45

07:30

08:58
10:13
11:02
12:05

13:20

15:07

16:23
17:23

18:40

Reach Subsea AS

Target ID

P130037
P120023

P170001
P140021
P030002
P030004
P010002

P050004

P0S0009
P050009
PO70004
P170008
P110005
P230006

P130019*

P130023*

P100019*

P170012*

N/A -
Wreck Bow
Area

L
(m)

3.24
2.61
2.53
0.86
2.07
2.09
3.37
16.47
3.24
1.37
5.42
2.58
3.57
3.23
4.29

5.00

0.91
2.59

N/A

W
(m)

0.41
0.33
0.51
0.63
0.79
0.90
0.27
17.78
0.35
1.04
0.31
0.92
0.30
0.21

0.41

3.07

0.69
0.35

N/A

H
(m)

0.05
0.15
0.11
0.13
0.73
0.33
0.14
NMH
0.16
0.15
0.32
0.05
NMH
0.18

1.95

0.79

0.16
0.09

N/A

Shadow
(m)

0.52
0.40
0.71
0.85
2.68
2.69
0.68
NMS
0.52
1.19
1.42
0.47
NMS
0.52
22.4

3.00

0.97
0.21

N/A

Reach Subsea AS
Target description

Elongated, part of cluster
Elongated, several similar in the area, isolat¢

Elongated, strong reflectivity, isolated
Possible debris
Irregular shadow, in till area
Rectangular shape, possible thin part sticking

Elongated, irregular shape, part of cluster

Sediment depressions from bow vipasture
60x60m

Elongated, several similar in the area, isolat¢
Irregularshape
Possible debris or scar
Rectangular shape, possible life vest box
Elongated, several similar in the area, isolate

U shape, part of cluster

Elongated, smaller and high object by the sic

pronounced shadow, several similar in the ar

Thin construction with sharp edges, distinct

shadow, possible metallic, associated with-P1
0025

Part of cluster

Thin elongated, possible wire or rope, in till ar

N/A

0OJKM280994~aR240704R0GEN
Revision 0
20240903

Descriptive summary of
inspected objects (ROV)

Wood log browncolour andew boulders

Wood loglight colour, fewisolatedboulders and
a boulder field

Woodog, light colour
Large ectangulaboulderandisolatedboulder
Large ectangulaboulderand boulder field
Rotatable part of the starboard side ramp rail

Possible metallic wire

Sediment depression from bow vjsmre thin
elongated object

Wood logbrowncolour
Several boulders
No object found, only metallic bowl
Life-saving appliance box
Wood loglight colourthick

Panel, beraind twisted, two isolated boulder:

Metallic beam with a capsule,
several other objects

Main debris field SW of the wregfny objects

Main debris field SW of the wreck, many obje
Boulder field area, several objects

Starboard side of the forward bulkhead,
area to the starboard side anchor
visor and rampontrol station

* For the dives 1-26 only the initially selected target for vessel positioning is incluttedtable as thesergetsare located in highly clustered debris field

11(36)
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During the last dive, the area of the wreck previously masked by the ship's bow ramp, which was recovert

from the seabed in July 2023, was filmed. The raogvery operation was completed by also filming this

area, but video quality from this filming is poor due to the dredging works conducted (which resulted in
suspended sediment) prior to the liftiA¢so, the work n ¢ u u tam&axwasess capable. Therefore, it

was decided to film this area again.

3.2. Personnel

In addition to the 10 crew members of the survey ydspelsonsvereonboard to execute thmirvey:
1) ESIBnvestigator acting asanOffshore Managerf the survey ahas aCoordinator of Requesting

Authority(ESIBYor EMSA

2)

3)

EMSAProject Officer acting asan EMSA Service Managerafdinaton between
RequestingAuthority (ESIB) and tl@entractor(ACSM Shipping CO SEdIEMSA
ACSM Shipping CO FROVSupervisor acting asa Contractor for EMSA

4) ACSM Shipping CO FROVSeniorTechniciar acting as Contractor for EMSA

3.3. Limitations

Due toprior drydockingthe survey vessel EBA6 was made available for the operation from June 29 to
July 7followingthe collectiveleave of thevessel crew.Cu " v j g 'DyngmiclPgsitioging' (DP) capability

is limited weathelso restrictedthe available time for operatisrfFigure4). The survey was conducted
during daytime only, as 12h operatioegherewas only onshift of survey personnel available

. Significant wave height

Wave height {m)

18.06 2300
19.06 1500
20,06 7:00
20.06 23:00
21.0615:00
22.06 7:00
22.06 23:00
23.0615:00
24.06 7:00
24.06 23:00
25.0615:00
26,06 7:00
26.06 23:00
27.0615:00
28.06 7:00
28.06 23:00
29.06 15:00
30.06 7:00
30.06 23:00
01.0715:00
02.07 7:00
02.07 23:00
03.0715:00
04.07 7:00
04.07 23:00
05.0715:00
06.07 7:00
06.07 23:00
07.0715:00
08.07 7:00
08.07 23:00
08.07 15:00

Figure4. Significant wave heighbn the Central BaltiSea SourceLainepoiss15-. t
8'15.3" E Actualperiod of survey is indicated by red lines.

10,07 7.00
10,07 2300
11.07 15:00

12.07 700
12.07 2300
13.07 1500

14.07 700
14.07 2300
16.07 1500

16.07 700
16.07 2300
17.0715:00

18.07 7.00

>
>
o
N

<
™M
54

p e

Underwater visibility wa®nsidered mostly satisfactor§n some occasionsisibility was reduced due to
halocline As the filming wasonducted close to the seahsddimentsuspendediuring operationsaused

deteriorated visibility.

Erratic function of th&d QX Xu " WUDN?" r q reduivel gdpitopal time foruocairg "the selected

o04c

targets.An overboardvertical line with weight and buckdfer creatingat g h nge v k gopdjwag " T Q X
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usedas anad hocsolution todirect theROV to the desired position on seal¢dithough the joystick of the
TQXXu" j c failed dudng thé gperatioit, could be replaced by backup hand control unib
continue the survey.
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4. Results

4.1. Overview of the Dives
Sonar imagesind video snapshotd theseabed andbserved objectfor each dive arpresented in the
following subhapters.

4.1.1.Dive 1
Somesmaller boulderand one larger isolated boulaegrein the areaSelected targaiurned out to be a
browncolourwood logwithremains of branches

REACH-6629-MAS-P13-0037, Debris” < 3

oS

H: 0.05m, W: 0.41m, L: 3.24m
o, : i

14(36)
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4.1.2.Dive 2
Someisolatedboulders and a boulder field wergiblein the area. Selected target turned out to lhgha
colourwood log with remains of branches.

REACH-6629-MAS-P12-0023, Debri
H: 0.15m, W .33m, L: 2.61m

' -

o

4.1.3.Dive 3
Selected target turned out to be a lighlourwood log with remains of branchés.lot of suspended
sediment.

REACH-6629-MAS-P17-0001, Debri
H: 0.11m, W: 0.51m, L: 2.53m

LIS
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4.1.4.Dive 4
Selected target turned out to be a rectandndatder one isolated larger boulder was also visible.

REACH-6629-MAS-P14-0021, Object’
H: 0.‘1'3m, -y

4.1.5.Dive 5
Selected target turned out to be a rectandndatder boulder field was also visible in thanity.

: 2.07m
. .

16(36)
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4.1.6.Dive 6

Selected targe{P03-0004)turned out to be rotatable part of the starboard side ramp railing and second
object (P020002)in vicinitypossible metallic wireThe railing wasecoveredthe only object recovered
from the seabed during the suivey

N " REACH-6629-MAS-P01-0002, Debris
- H: 0.14m, V\l 0.g7m, Lz 3._3:7r1£1
2 L SRR W

17(36)
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4.1.7.Dive 7
Sediment depression from bow visor was filmed, only one thin elongatedabjetected.

REACH-6629-MAS-P05-0004, Other B

18(36)
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4.1.8.Dive 8
Selected target (PA®09) turned out to be a boulderd another targe{P090009)in the vicinitya brown

colourwood log.

REACH-6629-MAS-P05-0009, Debris. " : EACH-6629-MAS-P09-0009, Debris _" : ]
H: 0.15m, W: 1.04m, L: 1.37m - “H: 0.16m, W: 0.35m, L: 3.2
R SRR g 2 M il T
s b - ' e _ iy
LR < A, o (78 S AN

v,

- , { k by’
~ N < s ,v, 74 4 X
e WA e 4 ,;;,‘_‘, ji4 SPEay
.'.“.v . » : - ~ . 4 A l‘l‘le.:*i
*". - ’ . v %

ot
> R B
et ¥

A,
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4.1.9.Dive9
No object was founffom thedive forthe selected targetinterpreed as possibledebris or scarOnlya
metallic bowl was found during the search.

21(36)
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4.1.10.Dive 10
Selected target turned out to bpassible lifesaving appliancbox.

REACH-6629-MAS-P17-0008, Debris™
H: 0.05m, W: 0.92m, L: 2.58m

4.1.11.Dive 11
Selected target turned out to blght colour thick wood logoor visibility.

REACH-6629-MAS-P11-0005, Debris,
H: 0.00m, W: 0.30m, L: 3.57m

22(36)
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4.1.12.Dive 12
Selected target turned out to bdent and twisted panelwo isolated boulders were also visible in the
area.

4.1.13.Dive 13

Selected target turned out to denetallic beam with capsule. In addition, many objects were seen in the
vicinity, e.g, a boxshapel object(possibly ventilation housirfigpm Decl9), a cylindricalobject,a metallic
bowl,panelsa metallicobject afloodlight anda part ofa weather deck bench
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REACH-6629-MAS-P13-0019, Debris
H: 1.9‘5m, W:p.fllm, L: 4.29m
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4.1.14.Divel4d

Dive 14 took place in the mdiebris field southwest of the wreck. Many objects aleserved during the
dive, e.g different metalliobjects a boxshape object (possible ventilation housing from Dggkpanels,
many remains of helicopter deck railings (without Plexighes)y drawers (one having a plate inside),
possible frames of portable chaiesjoorframe, a portable stair for lifeboat embarkatianllapsed life
raft (circular remains on seabed)floodlightanda TV monitor
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4.1.15.Divel5

Dive 15 took place in the main debris field southwest of the Wrank.similar objects were observed as
describedor Dive 14in additiorto whicha pillowshapel object anda plastic box, possibly for liaving
equipment.

REACH-6629-MAS-P10-0019, Debris’
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4.1.16.Dive 16
Dive 16covereda boulder fieldSeveral parts of weather deck benches and helicopter deck railings were
observedAlso,an upper side d@life raftcontainerafire hoseand adrawerwere noted

REACH-6629-MAS-P17-0012, Debris
H: 0.09m, W: 0.35m, L: 2.59m
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