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1 Summary of the marine casualty

MT BIRTHE THERESA was sailing from Klaipéda to Eemshaven fully laden. At
0250* on 12 February 2009, she cast off from the inland port of Holtenau to proceed
on her passage through the NOK towards the west. The bridge was manned by the
pilot, the master at the helm and the second officer.

MT VASI was sailing from Klaipéda to Rouen. At 0247 on 12 February 2009, she
began to leave the lock as a low-speed, Traffic Group (VG) 4 vessel. In addition to
the pilot, the master, second officer and a canal helmsman were situated on the
bridge. There was practically no wind and visibility was good.

A collective call made at 0250 while they were sailing out of the lock informed the
ship's command about oncoming vessels.

Agreements were made to clarify who should move where and when in the ensuing
VHF radio traffic between the two pilots. The pilot of the VASI was reportedly aware
that he had right-of-way because his vessel was already underway. In spite of that,
he reportedly intended to grant the BIRTHE THERESA right-of-way as his vessel had
to pass through the canal at low speed.

Therefore, the BIRTHE THERESA was to initially remain to the south of the canal
axis and increase speed. However, rather than doing that she proceeded to the
northern side of the NOK and in doing so crossed the bow of the VASI, which
continuously increased her own speed and prepared to overtake. She overtook at
14 km/h while the speed of BIRTHE THERESA remained at approx. 10 km/h. As the
overtaking manoeuvre was almost completed at 0259, the vessels began to sucking
in one another. BIRTHE THERESA picked up speed and turned unexpectedly to
port. At 0300, the two hulls came into contact and remained so until 0306. The
vessels continued 'in a packet’; although they reduced their speed they did not
separate from one another. At 0305, they even passed a upcoming vessel. At 0307,
the bow of the BIRTHE THERESA turned away to starboard and she sailed into the
northern embankment. The Vessel Traffic Service (VTS) was informed about the
accident and the damage to the two vessels assessed. The VASI was then able to
continue her voyage to Brunsbuttel. The BIRTHE THERESA freed herself from the
embankment under her own steam and then returned to Kiel.

! Unless stated otherwise, all times shown in this report are local = CET = UTC + 1.
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2 SHIP PARTICULARS

2.1 Photo of the MT VASI

Hasenpusch Photo-Productions

Figure 1: MT VASI

2.2 Vessel particulars, MT VASI

Name of vessel: VASI

Type of vessel: Tanker
Nationality/flag: Cyprus

Port of registry: Limassol

IMO number: 9435806

Call sign: 5BMV2

Owner: Vasi Maritime Co. Ltd.
Year built: 2008

Shipyard/yard number:
Classification society:
Length overall:

STX Shipbuilding Co. Ltd.-Busan/5028
American Bureau of Shipping
120.00 m

Breadth overall: 20.40 m

Gross tonnage: 8,247

Deadweight: 12,923 t

Draught (max.): 8.71m

Draught at time of accident: F:8.60 m, M: 8.65m, A: 8.70 m
Engine rating: 4,516 kW

Main engine: MAN B & W

(Service) speed (max.): 11.7 kts

Hull material: Steel
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2.3 Voyage particulars

Port of departure:
Port of call:
Type of voyage:

Cargo information:
Manning:

Pilot on board:

Number of passengers:

Klaipéda

Rouen

Merchant shipping

International

12,279 t urea/ammonium nitrate
18

Yes

0
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2.4 Photo of the MT BIRTHE THERESA

Hasenpusch Photo-Productions

Figure 2: MT BIRTHE THERESA

2.5 Vessel particulars, MT BIRTHE THERESA

Name of vessel:

Type of vessel: Tanker

Nationality/flag: Singapore

Port of registry: Singapore

IMO number: 9083184

Call sign: 9VFJ3

Owner: Herning Shipping AS

Year built: 1995

Shipyard: Societatea Comerciala Severnav S.A.
Classification society: Lloyds Register

Length overall: 87.80 m

Breadth overall: 12.37 m

Gross tonnage: 2,094

Deadweight: 4,979 t

Draught (max.): 5.50 m

Draught at time of accident: F:3.60m, A:5.20 m
Engine rating: 1,853 kW

Main engine: Caterpillar 3606

(Service) Speed: n/a

Hull material: Steel

Hull design: Double side, double bottom

BIRTHE THERESA
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2.6 Voyage particulars

Port of departure:
Port of call:
Type of voyage:

Cargo information:
Manning:

Pilot on board:

Number of passengers:

Klaipéda
Eemshaven
Merchant shipping
International

1,501 t glycerine
10

Yes

0
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2.7 Marine casualty or incident information

Type of marine casualty/Incident: Less serious marine casualty/collision
Date/time: 12/02/2009 0300 h

Location: Kiel Canal, km 95.0

Ship operation and voyage segment: Departure/harbour mode

Place on board: Port side of the BIRTHE THERESA,

starboard side of the VASI

Consequences: No injuries, paint abrasions and dents
above the water line on both vessels,
no damage to the cargo or
environment

Excerpts from the Kiel Canal chart, WSD-North 1995

Scene of l

the
accident

Figure 3: Scene of the accident — Overview
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MT VASI

O,

Figure 4: Scene of the accident in detail

2.8 Shore authority involvement and emergency response

Who was involved: Vessel Traffic Service NOK

Resources used: VHF radio

Actions taken: Temporary closure of the NOK

Results achieved: No further damage following the collision
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3 COURSE OF THE ACCIDENT AND INVESTIGATION

3.1 Course of the accident

The BIRTHE THERESA was sailing from Klaipéda to Eemshaven and had 1,501 t
glycerine on board. She moored at the inland port of Holtenau on 11 February 2009
at 0900 to have repairs carried out, after which she began her onward journey
immediately. To that end, a canal pilot boarded the vessel on 12 February 2009 at
0240. In addition to the canal pilot, the bridge was manned by the master at the helm
and the second officer. BIRTHE THERESA cast off at 0250.

The VASI was en route from Klaipéda to Rouen. She reached the lock at Kiel-
Holtenau to proceed on the NOK on 12 February 2009 at 0225. She was carrying
12,278 t urea/ammonium and was fully laden. Due to the thus induced draught of
8.70 m (aft), she was categorised as a so-called low-speed, VG4? vessel for the
canal passage.

The vessel began to leave the lock at 0247. The master, second officer and a canal
helmsman were situated on the bridge. There was practically no wind and visibility
was good.

A collective call®> made at 0250 while they were sailing out of the lock informed the
ship's command* about oncoming vessels.

As the VASI passed the lock's staging, she was called over VHF by the pilot of the
BIRTHE THERESA, who advised that this vessel had just cast off from the Bominflot
bunker station on the southern side of the inland port. The pilot of the VASI was
reportedly aware that he had right-of-way because his vessel was already underway.
In spite of that, he reportedly intended to grant the BIRTHE THERESA right-of-way
as hig vessel had to pass through the canal at low speed. This was discussed over
VHF.

The BIRTHE THERESA was to initially remain to the south of the canal axis and
rapidly increase speed. However, rather than doing that she pulled to the northern
side of the NOK and while doing so crossed the bow of the VASI. Following that, the
speed of the VASI was increased further and set to overtake. On reaching the bridge
at Holtenau, the VASI was positioned to the south of the canal axis; the BIRTHE
THERESA was very close to the northern embankment. Upcoming vessels were out
of sighting distance. The VASI overtook at an average speed of 14 km/h and the
speed of BIRTHE THERESA remained at approx. 10 km/h. At 0259, the overtaking
manoeuvre could be regarded as finished. However, immediately afterwards the
vessels began to gravitate towards one another.

Z Vessels are categorised into one of six traffic groups for the passage through the NOK, the smallest
belonging to Traffic Group 1 and the largest to Traffic Group 6. This categorisation is based on the
length, breadth, draught of the vessel and the dangerous nature of her cargo. Art. 26 para. 3 German
Traffic Regulations for Navigable Waterways (SeeSchStrO) stipulates that vessels with a draught of
more than 8.50 m may not exceed 12 km/h and are then referred to as 'low-speed vessels'.

® A ‘collective call' is transmitted by the Vessel Traffic Service (VTS) every half hour; this provides
information on the movement of shipping on the NOK via VHF. This information should be forwarded
to the ship's command by the pilot.

* Unless stated otherwise, the term 'ship’s command' also includes the assigned pilot.

® See sub-para. 3.3.4
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BIRTHE THERESA picked up speed and turned unexpectedly to port. At 0300, the
two hulls came into contact and remained so until 0306. The vessels continued 'in a
packet' and although they reduced their speed they did not separate from one
another. At 0305, they passed a upcoming vessel in this manner. At 0307, the bow of
the BIRTHE THERESA turned away to starboard and she sailed into the northern
embankment. The VTS was informed about the accident and the damage to the two
vessels assessed. The VASI was then able to continue her voyage to Brunsbiittel.
The BIRTHE THERESA freed herself from the embankment under her own steam
and then returned to Kiel.

3.2 Consequences of the accident

There were neither injuries nor environmental pollution.

The VASI sustained numerous scratches on the starboard side. On the BIRTHE
THERESA the railing on the port bridge wing was damaged and paint was scratched
along the entire length of the vessel, especially on the rubbing strake on the port
side. The survey of the vessel's bottom revealed no negative findings. Leakage was
not found on either vessel.

3.3 Investigation

3.3.1 Investigations by the waterway police

After the accident, the BIRTHE THERESA returned to Kiel and the VASI continued to
Brunsbuttel. After the two vessels moored, the waterway police (WSP) began its on-
site investigations, the findings of which were made available to the BSU. However,
in contrast with the norm the BSU was not informed about the accident immediately.
Numerous photos were taken, documents inspected, witness accounts obtained and
the AIS data® of Vessel Traffic Service Brunsbiittel secured. In contrast, the securing
of data from the VDR was not arranged’.

The results of the WSP investigation show that:

"Both pilots heard the VTS message and thus understood that a VG5 vessel was
approaching the Schwartenbek siding area from the west. Following that, both
wanted to enter this siding area so as not to have to wait at the inland port.
Coincidentally, the MT BIRTHE THERESA cast off from her berth just as the MT
VASI left the lock and got underway. Indeed, the two pilots attempted to coordinate
over VHF; however, neither sufficiently nor early enough to prevent an ambiguous
situation. They did not make use of technical resources in a manner that customary
seamanship or the particular circumstances of the case demanded.

The MT BIRTHE THERESA left her berth and ignored the right-of-way of the MT
VASI, which was already proceeding on the fairway.

Although, with her draught of 8.70 m, the MT VASI was not permitted to exceed a
speed of 12 km/h, the pilot allowed her to accelerate to 14.4 km/h during the
overtaking manoeuvre.

® Automatic Identification System — Introduced to improve maritime safety. All vessels equipped with
this system transmit their current data, such as position, course and speed as well as possibly other
information, which can be made visible on a monitor, via VHF. See sub-para. 3.3.3

" The further course of the BSU investigation revealed the fact that only the VASI had a VDR on
board. MT BIRTHE THERESE was not yet obliged to carry one.
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In summary, both pilots, who were actually responsible for the safety of the vessels,
infringed the aforementioned legislation on the safety of maritime traffic.

The masters of the two vessels do not have command of the German language and
were entitled to rely on receiving sound advice from their pilots.

However, the master of the MT VASI should have recognised the developing risk of
collision and aborted the overtaking manoeuvre when he realized that the other
vessel had begun to cross the fairway and move in front of his stem.

In contrast, as the master of the MT BIRTHE THERESA recognized the risk of
collision, he was compelled to continue the manoeuvre to avoid damage that was
potentially even greater.”

3.3.2 Environmental conditions

There was no cloud cover and consequently no precipitation at the time of the
accident. The air temperature was -1.5°C. There was very little wind and visibility was
good.

3.3.3 AlSrecordings of the VTS

The NOK vessel traffic system saves, inter alia, the AIS data of vessels on the canal.
These data are primarily used by the Vessel Traffic Service on a real-time display for
controlling vessels on the NOK.

However, the recordings are also used for the subsequent analysis of accidents.?

The following figures illustrate the sequence of events surrounding this collision.

& With regard to the ongoing debate on the accuracy of transmitted GPS data and their graphic
reproduction on screens as well as in print, it should be noted that the findings below only indicate the
tendencies of the respective course of the voyage.
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BIRTHE THERESA

Figure 5: AIS display of the VTS at 025018

Figure 5 shows the initial situation: MT VASI leaves the Kiel lock (right) as a low-
speed vessel. MT BIRTHE THERESA is still at the pier, but intends to cast off now.
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BIRTHE THERESA

Figure 6: AIS display of the VTS at 025150

Figure 6 shows how MT VASI passes the lock's staging; MT BIRTHE THERESA has
now cast off and is heading for the northern side of the NOK. Three minutes later,
Figure 7 shows that MT BIRTHE THERESA has reached the northern side, but that
MT VASI is still catching up.

BIRTHE THERESA

Figure 7: AIS display of the VTS at 025433
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Figure 8: AIS display of the VTS at 025815

Figure 8 shows clearly how the VASI, as a low-speed vessel with a permitted
maximum speed of 12 km/h, now proceeds at more than 14 km/h in order to overtake
MT BIRTHE THERESA. This overtaking manoeuvre results in a suction effect. The
bow of the MT BIRTHE THERESA is drawn towards the stern of the MT VASI, as
illustrated in Figure 9.

Figure 9: AIS display of the VTS at 030000
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Ref.: 41/09

Figure 10: AIS display of the VTS at 030047

Figure 10 shows how the vessels no longer separate from one another. Instead, they
continue for several minutes 'in a packet. This highly charged situation is
exacerbated as a upcoming vessel has to be passed. MV PERSEUS is shown in

Figure 11.

Figure 11: AIS display of the VTS at 030508
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Figure 12: AIS display of the VTS at 030631

Meanwhile, the speed of both vessels was reduced so far that they separate from
one another at about 7 km/h. Figure 12 shows how the MT BIRTHE THERESA turns
away to starboard in the process. Figure 13 illustrates the outcome of this
manoeuvre. While the MT VASI is able to keep course, MT BIRTHE THERESA sails
on to the northern embankment of the NOK.

Figure 13: AIS display of the VTS at 030708
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3.3.4 Audio recordings of the VTS

The VHF recordings start at 0220 with the collective call of the VTS for the eastern
section®, in which it is already stated that the VASI, as a VG4 vessel approaching
from the Kiel lock, could still reach the Schwartenbek siding area in order to pass the
expected oncoming traffic.

At 0231, the VASI asks the VTS how much time they still have in the lock to bunker
water. The answer is none if the VASI does not want to wait in the inland port for an
extended period. The lock master also urges the VASI to leave the lock as quickly as
possible because he already has a vessel in the inland port which needs to pass
through the lock.

At 0246, the MT BIRTHE THERESA calls the VTS and advises that she wishes to
cast off now and proceed westwards. The VTS consents, but does not draw attention
to the approaching VASI. Instead, it calls the MT VASI and confirms to her again that
she must reportedly hurry in order to reach Schwartenbek and thus avoid waiting at
the inland port of Kiel. No mention is given to the BIRTHE THERESA casting off.

The collective call follows at 0250 in which the sequence is clearly defined: MT VASI
is to arrive at the Schwartenbek siding area before MT BIRTHE THERESA and pass
the approaching VG5 vessel.

MT BIRTHE THERESA calls the VASI immediately after this collective call. A
conversation follows between the two pilots, the outcome of which is that the MT
BIRTHE THERESA should "step on the gas” now in order to begin the canal passage
before the MT VASI. According to the instructions of the collective call at 0250,
without such an agreement the VASI would have sailed past the MT BIRTHE
THERESA and begun the canal passage to the Schwartenbek siding area before
her.

At about 0255, the MT VASI makes a blunt, colloquial request to the BIRTHE
THERESA to make room. It cannot be heard that BIRTHE THERESA gives her
assent.

At 0300, the MT VASI reports the collision with the MT BIRTHE THERESA to the
VTS. The VTS is not informed that the two vessels moved 'in a packet' for several
minutes. The recordings do not indicate who reports to the VTS that the MT BIRTHE
THERESA is now crossways to the canal at 0307. Following that, the nautical
supervisor closes the section in both directions.

At 0311, the VTS asks the MT BIRTHE THERESA for an update, at which it is
informed that she is stuck and requires a tug. The nautical supervisor intends to
arrange one.

Shortly afterwards, the MT VASI reports in and asks if she can continue to proceed
westwards. The nautical supervisor denies this request until all necessary information
regarding the situation has been gathered. Over the next half hour, the damage to
the two vessels is assessed and reported to the VTS. MT BIRTHE THERESA then
frees herself under her own steam and commences her journey back to the
previously vacated berth at the inland port of Kiel.

° Due to unexplained influences not only the required VHF channels were recorded in this case but
also temporarily channel 73, used by the pilots. These recordings are very extensive. However, they
cannot be considered complete.
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3.3.5 Assessment of the accident by WSA Kiel-Holtenau

The Federal Waterways and Shipping Administration prepares its own accident
report after every incident on the NOK. The competent Waterways and Shipping
Authority (WSA) for this collision, Kiel-Holtenau, came to the following conclusions:
"The accident would never have happened if the parties had adhered to the
applicable provisions in the SeeSchStrO, in which regulation of the right-of-way of
vessels in the fairway is dealt with in art. 25 (2). This stipulates that vessels which
follow the course of the fairway — i.e. are in motion — have a basic right-of-way over
vessels leaving a berth or crossing the fairway.

The recorded dialogue of the pilots did not allow one to conclude that a clear,
unambiguous agreement had been made. It was marked by vague innuendos and
any objectivity, as would have been demanded by the situation described, was
lacking. The masters of the two tankers were not involved in the development of the
circumstances and were unable to monitor the situation since they do not have
command of the German language. They had to rely on receiving sound advice from
the pilots and that the manoeuvre was the result of a rational agreement.

The ensuing accident then developed from a typical sequence of hydrodynamic
interactions between the two vessels (ship-to-ship interaction). As a result, the MT
BIRTHE THERESA was first accelerated relentlessly by the powerful suction effect
and then pressed into the side of the MT VASI.

After separating from one another, the dynamic pressure on the port fore ship of the
MT BIRTHE THERESA in conjunction with the reciprocal suction forces in the aft
section effected an abrupt change of course of 90° to starboard in a very confined
space, the outcome of which was heading for the northern canal embankment at right
angles therewith."

3.3.6 Manoeuvring behaviour of the vessels and hydrodynamics in the NOK

The BSU referred, inter alia, to the fact that in the future more attention should be
given to the risk posed by suction during overtaking manoeuvres on the narrow
fairway of the river Elbe in the report on the collision between the COSCO
HAMBURG and the NEDLLOYD FINLAND?™. This was especially relevant in view of
the increasingly large container vessels which will call at Hamburg in the future.

The physical processes when vessels encounter and overtake at close-quarters in
confined fairways are complex and very difficult to investigate. The non-linear
relationship of forces and moments with the mutual effect of their individual flow fields
cause vessels to move unpredictably. These interactions can lead to problems in
handling the vessel.

'SIPAS', a joint project being carried out by three partners and coordinated by the
Institute of Ship Theory, Simulation and Maritime Systems (ISSIMS) of the
Department of Maritime Studies of the University of Wismar, is dedicated to this
problem. The following research work and objectives are pursued in the 'SIPAS'
project:

19 See BSU report Ref.: 45-04
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DST - Development Centre for Ship Technology and Transport Systems,
Duisburg:

Experimental studies with ship models in a model tank for an improved, systematic
recording of the interactive effects of hydrodynamics as well as a detailed analysis of
motion behaviour during passing situations and the creation of a mathematical
model.

Rheinmetall Defence Electronics, Bremen:

Implementation of the improved mathematical models to define the hydrodynamic
interactions during passing situations in ship-handling simulators; enhancement of
existing wind and flow models as well as a three-dimensional representation of the
waves in the visualisation system of the simulators.

University of Wismar, Department of Maritime Studies, Warnemtinde, ISSIMS:
Heighten the safety of sea-going vessels during passing situations in narrow fairways
through the development of practical instruments for operational use on board and
verification of the enhanced and modernised simulation technology in training
scenarios for basic and ongoing training.

Objective: The overriding global objective of this project is to improve simulation of
the critical overtaking and encounter phases for the purposes of basic and ongoing
training as well as continuing research and development. The desired higher quality
of mathematical models in ship-handling simulators aims to facilitate more realistic
training in the conduct required to avoid the risks posed while overtaking and
converging as well as the development of appropriate training modules. The findings
of the project work are to flow into information which can be used to provide the
ship's command (pilot, master, officer on watch) with in-depth advice in order to
reduce the risk of collision during passing situations.**

To utilise the results achieved thus far, the BSU commissioned the University of
Wismar, Department of Maritime Studies, Warnemuinde, to prepare another expertise
in which the following issues were to be examined:

1.) How could the accident have been avoided? That is, what rudder and engine
manoeuvres should have been implemented? What distances should have been
kept between the vessels? Can it be shown that the BIRTHE THERESA should
not have been allowed to leave her berth?

2.) What would have been the most favourable manoeuvre to separate the vessels?

! Source: Website of the University of Wismar, Department of Maritime Studies, Warnemiinde
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The BSU provided the following documents for the study:

- Afile containing the AIS recordings: 090212-vasi_birthe theresa.xls
Letter about the collision from WSD North dated 31/03/2010
Article by C. Ballin: Die Verkehrslenkung im Nord-Ostsee-Kanal — Aufgaben,
System und Hilfsmittel (traffic management on the Kiel Canal — tasks, systems
and resources). HANSA 111 year 1974, No. 9

The analysis and preparation of the data provided by the client were the basis for the
subsequent representation and evaluation of the data in the SimDat software
application. The file provided by the client includes the recordings of individual AIS
messages of the two vessels involved in the collision, MT VASI and MT BIRTHE
THERESA.

The analysis of the type 1 AlIS messages shows that the following relevant data were
available for further utilisation:
e Timestamp (UNIX time of the recording device)
Date
Time
SOG (Speed Over Ground — [1/10 kts])
Longitude
Latitude
COG (Course Over Ground — [1/10 deq])
True Heading ([deq])
SOGcalc (internal speed calculation from AIS)
DiffLastMessage (time difference to the previous data record — [s])

However, the supplied data contained absolutely no information about:
e engine data and engine commands (such as current and ordered rate of
speed, number of revolutions, etc.);
e rudder data and helm commands.

During the work connected with preparing the data, the existing information was
saved in separate text files, which were analysed further. In the first stage of
analysing the data, the position information was correlated with the reference
positions contained in the type 5 AIS messages (RefA RefB, RefC and RefD).
Furthermore, the data of the two vessels were put on a uniform time base (start time
010000 on 12/02/2009) to facilitate direct temporal comparison. For the use of
software tools for a situation analysis, the speed (SOG) was converted into the unit
kts and the COG data into the unit deg.
As a result of the conversion process text files were created. These include the
following data records:

e Starttime
Object file (with vessel particulars such as length, breadth, etc.)
Area (sea area information to display the data in an ECDIS-like chart)
Time (time difference to the start time)
Lat (latitude)
Lon (longitude)
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e HDG (true heading in deg)

COG (course over ground in deg)

SOG (speed over ground in kts)

SOGcalc (speed calculation from AIS data)

The first analysis of the plausibility and completeness of the files revealed that there
is no or very few identical data recording times for the two vessels and constantly
changing time differences occur between the individual data measuring points.

3.3.6.1 Representation of the collision with the aid of the SimDat software
application

3.3.6.1.1 Modelling of the sea area

Reconstruction of the marine casualty was carried out using SimDat'?, analysis
software which was developed in-house. Due to the varied interfaces and scope of
the software, it is possible to import various data from other sources, such as AlS,
and present this in the relevant environment.

The data supplied by the BSU were prepared accordingly and converted in the said
environment for processing and visualisation. This facilitates a situation-based state
and parameter analysis for any given recording time and thus better, much more
detailed investigations on the course and possible causes of an accident.

Basis of the modelling of a selected sea area is the electronic chart system.
Preparation of charts for use in SimDat is carried out by digitizing (creation of an
Electronic Navigational Chart — ENC) the paper nautical chart. Basically, any sea
area can be digitized and prepared for the representation of objects in SimDat.

An overview of the result can be seen in the representation in Figure 14.
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Figure 14: SimDat ENC representation with the tracks of the vessels
(Blue: VASI; Red: BIRTHE THERESA)

2 SimDat: Simulation data analysis — Software for the graphical representation of manoeuvre values;

see also [15] and [16] under Sources.
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Representation in SimDat of the objects of the ENCs is limited to the following
objects:

= Land area/Land contour

= Depth areas/Depth contours

= Buoys/Beacons

» Radar reference lines

= Built-up areas/Buildings/Bridges

3.3.6.1.2 Modelling of the vessels

Brief description of the vessels involved in the accident:

Overtaking Overtaken
Parameter MT "VASI" MT "BIRTHE THERESA"
Tanker, Cyprus, Year Tanker, Singapore, Year
built 2006 built 1995
LOA 120.0 m 87.8m
B 204 m 13.3m
Df 8.6 m 3.6m
Da 8.7m 52m

Modelling of the vessel particulars consists essentially of the parameterisation of the
database records to be created for representation in SimDat. Inputs are reduced to
the dimensions of the vessels and the positions of the sensors.

Using existing ship-shape definition files, the representation is created to scale
according to the track data after the records in the database have been read-out.
Corrective actions include

— the production of a uniform time base for both vessels;

— correcting the position information by the reference positions of the antennas.
This results in a representation as in Figure 15.

Figure 15: SimDat ship-shape representation (Blue: MT VASI; Red: MT BIRTHE THERESA)
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3.3.6.1.3 Course of the manoeuvre and interpretation of the data

The following images show the chronological course of the overtaking manoeuvre for
various times (note: opposite direction to the previous section). Colour scheme is as

follows:
Blue: MT BIRTHE THERESA Overtaken: LOA =87.8 m
Red: MT VASI Overtaking: LOA =120.0 m
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Figure 16: SimDat ship-shape representation (left) and courses of speed [kts] over time (right) at time
1 (Blue: MT BIRTHE THERESA, overtaken; Red: MT VASI, overtaking)
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Figure 17: SimDat ship-shape representation and courses of speed at time 2
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Figure 18: SimDat ship-shape representation and courses of speed at time 3
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Figure 19: SimDat ship-shape representation and courses of speed at time 4
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Figure 20: SimDat ship-shape representation and courses of speed at time 5
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Figure 21: SimDat ship-shape representation and courses of speed at time 6
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Figure 22: SimDat ship-shape representation and courses of speed at time 7

3.3.6.1.4 Discussion about the course of the manoeuvre

Passing situations in confined fairways require greater attention by the ship's
commands involved and safe, well thought-out manoeuvring. In particular, when
overtaking, adverse conditions (too high absolute speed, only low relative speed and
thus relatively long passing time, low passing distance, flat, narrow fairway) can lead
to complications when passing. This is due to hydrodynamic interactions between the
vessels involved in the overtaking manoeuvre, which in extreme cases may lead to
collisions or damage. Certain related facts are summarised in the Appendix®3, to
which the following discussions refer.

In terms of hydrodynamics, the accident between the MT VASI and the MT BIRTHE
THERESA must be assessed as follows:

The passing manoeuvre between the VASI (overtaking) and the BIRTHE THERESA
(overtaken) is initiated at a lateral passing distance of about 40 m between the side
of each vessel (analysis of the position data via AlS). The speeds at this time, also
AlS data, are 7.6 kts (VASI) and 5.9 kts (BIRTHE THERESA).

This lateral distance can be estimated to be sufficient if one refers to the
recommendations of the PIANC-IAPH Working Group 30, according to which the
passing distance is represented as the sum total of a base distance (depending on
the speed of the vessel) and an additional distance (depending on the traffic density).

¥ See para. 8.1: General description of a passing manoeuvre when overtaking vessels and

determining the necessary distance
4 Working Group No. 30 of the Permanent International Association of Navigation Congresses; see

also [15] under Sources.
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For the present case, that would result in a base distance of 1.0 B for the speed
range 5kts—8kts and 0.4 B as the value for the maximum traffic density, which is
applied here for the NOK. If we take the breadth of the VASI at 20.4 m as a reference
value, 1.4 x 20.4 m would result in a required passing distance of 28.6 m.*

However, if one follows the recommendations of the Japanese Channel Designer
(JCD), the specified passing distance for small tankers at a speed ratio of 1.2 is at
least 2.24 B*® [9]. This would result in a minimum distance of 45.7 m for the breadth
of the VASI.

All these values should only be regarded as recommendations as there are no
mandatory directives for determining safe passing distances when overtaking. In the
initial phase, the passing manoeuvre is usually not critical due to the development of
repelling transverse forces and an outward turning yaw-moment. If the vessels are in
a midship-midship position, they are drawn strongly towards one another; this affects
the smaller, lighter vessel being overtaken in particular. The lateral distance between
the VASI and the BIRTHE THERESA reduced to about 30 m at this time. According
to the PIANC assessment, the more favourable variant with 28.6 m, safe distance
would have almost reached its limits at speeds of 7.8 kts (VASI) and 5.3 kts (BIRTHE
THERESA). Since the VASI increased her speed further (7.9 kts) and the BIRTHE
THERESA decreased her speed further (4.6 kts), a rapidly completed overtaking
manoeuvre should have been expected. However, when the overtaking manoeuvre
was almost complete, i.e. the VASI's stern was abreast with the bow of the BIRTHE
THERESA, the overtaken vessel developed a strong, inward turning yaw-moment,
which is typical in this phase. This led to the BIRTHE THERESA yawing to port and
heading for the overtaking VASI. Lateral distance decreased rapidly and the so-
called 'trapping phenomenon' occurred. In this phase, it is no longer possible for the
overtaking vessel to increase her speed, even if the rate of speed is set so that
higher speeds must be possible. There is an absolute loss in propulsion. In contrast,
the speed of the overtaken vessel steadily increases even if the engine is set to
STOP. In extreme cases, the speed of the overtaken vessel can exceed that of the
overtaking vessel. As was the case here and in most other cases, the affect of the
interactive forces and moments leads to parallel contact between the vessels, which
then may continue 'in a packet'.

It is clear that these phenomena also occurred in the overtaking manoeuvre under
investigation. After the BIRTHE THERESA was almost completely passed by the
VASI, the lateral distance reduced to approximately 10 m due to her turn to port. In
consequence of this encounter, the 'trapping phenomenon' came to the fore: while
the speed of the VASI dropped, the BIRTHE THERESA was rapidly accelerated.
Within about two minutes, her speed exceeded that of the overtaking vessel, the
speed of which dropped further and further during this period. The hull of the BIRTHE
THERESA slid forward along the VASI. As the two vessels were almost back to
midships, they touched one another and their sides came into parallel contact due to
the attracting transverse force.

!> See Table 1 on page 32
1% See also [15] under Sources
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The assessment of the course of the overtaking manoeuvre is based on the position
data and speed values output by the AIS of each vessel. All quantitative data on the
lateral distance are subject to the inaccuracies of the satellite navigation system
used. Unfortunately, no VDR recordings with manoeuvre parameters are available.
Therefore, it is not possible to assess whether the overtaking manoeuvre was
adversely affected by manoeuvres initiated by the ship's commands involved.

3.3.6.2 Response to the questions posed by the BSU and recommendations

3.3.6.2.1 How could the accident have been avoided? That is, what rudder and
engine manoeuvres should have been implemented? What distances
should have been kept between the vessels?

a) Basically, rudder and engine manoeuvres of the vessels should be applied so that
they withstand the constantly changing attracting/repelling forces and torques
caused by the passing manoeuvre. It is not possible to make an assessment of
the manoeuvres carried out in this case because AIS recordings do not contain
such data. Such data would have been available in the recordings of the VDR.
However, these were not secured and are therefore not available for the
evaluation.

b) In all likelihood, the accident could have been avoided if the selected distance
between the vessels would have been greater while overtaking. However, the
research community is not in a position to provide unambiguous values for a safe
overtaking manoeuvre as things stand at present. Accordingly, an absolutely safe
distance in the present situation and whether this would have been at all
achievable within the spatial limits of the NOK cannot be determined conclusively.

c) Consequently, it is only possible to make an estimation of what passing distance
would have been safe enough to avoid the collision.

To estimate the safe passing distance for this overtaking manoeuvre, one may
refer to the accident analysis at Figure 23 or the design guidelines for maritime
canals under 8.1.2.
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Critical : Overtaking(Ref): L[m]= 230;B [m]= 32; T [m]= 12; U [m/s]= 6
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Figure 23: Maximum transverse forces that occur in relation to the passing distance between
overtaking vessel (reference vessel) relative to the breadth of the vessel and overtaken vessels of
different sizes as well as light red distance range in which collisions occurred

In this case, the accident analysis is only partially meaningful because the vessels
investigated there were significantly larger and sailed at higher speeds. However, it is
possible to make a qualitative statement about the potential risk.

Generally, the greatest gravitational forces occur between vessels involved in an
overtaking manoeuvre when they are in the midship-midship position. In the
overtaking manoeuvre between the VASI and the BIRTHE THERESA, this position is
reached shortly before time No. 3 in Figure 18; the maximum lateral distance
between the sides in this phase is 30 m. If this passing distance is set against the
maximum breadth (in this case, Byasi = 20.4 m), the resulting value is PA (passing
distance) = 1.47. If this value is assigned on the abscissa at Figure 23, then
according to this analysis the overtaking manoeuvre is already in the supercritical
range.

If the overtaking manoeuvre is assigned to the speed category 5-8 kts according to
the design guidelines for maritime canals as per the PIANC study (resp. also Table 1
below), we also see that a passing distance of no more than 30 m in the midship-
midship position was borderline. A base distance of 1.0 x B and an additional
distance of 0.4 x B (at a traffic density of more than 3 vessels per hour, which was
adopted here as being applicable for the NOK) results in the above mentioned
minimum passing distance of 1.4 x 20.4 m = 28.6 m. With the maximum speed
reached of almost 8 kts, the transition to the next higher speed category 8-12 kts is
achieved precisely here. If the values of this category are used as a basis, the
resulting minimum required passing distance from 1.8 x 20.4 m is 36.7 m.
Maintaining the additional distance of 0.4 x B and interpolation between the two
categories for the base distance results in a critical distance value ([1.1 + 0.4] x B =
30.6 m) even from a base distance of 1.1 x B. Application of the Japanese design
guidelines would require a much greater lateral passing distance (see above).
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Canals to open water | Inner, confined fairway
Speed of vessel Base distance
> 12 kts 20B 1.8 B (new according to
PIANC WG 49)
8 — 12 kts 1.6B 14B
5 — 8 kts 1.2B 1.0B
Traffic density of Additional distance
the encounter
situation
0 — 1 vessel/h 0.0B 0.0B
1 — 3 vessels/h 0.2B 0.2B
> 3 vessels/h 0.5B 04B

Table 1: Recommended passing distances for fairway design according to PIANC WG 30

In summary, the estimates for the safe passing distance indicate that the lateral
distance between the sides was too low on reaching the maximum attracting
transverse forces. In particular, this affects the smaller, lighter overtaken vessel
(BIRTHE THERESA), which in the subsequent course of the overtaking manoeuvre
came alongside the overtaking VASI due to the hydrodynamic interactions (trapping
phenomenon).

Due to the absence of VDR recordings, it is not possible to assess whether, and if
this was the case how, the overtaking manoeuvre was adversely affected by
manoeuvres initiated by the ship's commands involved.

Studies on the safe passing distance when overtaking are being carried out in the
SIPAS'[14] research project; however, these are still ongoing.

3.3.6.2.2 Can it be shown that the BIRTHE THERESA should not have been allowed
to leave her berth?

This cannot be shown, because if the parameters of the voyage were different, the
encounter or overtake situation would not have occurred resp. elsewhere would
possibly have occurred without damage.

In retrospect, it appears beyond doubt that a short period of waiting by the BIRTHE
THERESA to enable the VASI to pass would have been the easiest and safest way
to proactively avoid such a potentially dangerous overtaking situation.

On the other hand, a reduction in speed by the MT VASI would have been an equally
possible solution in terms of safety.

7 safe passing distance of sea-going vessels when overtaking and converging; see also [15] under

Sources
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3.3.6.2.3 What would have been the most favourable manoeuvre to separate the
vessels?

In principle, the manoeuvres should be applied so that they withstand the
attracting/repelling forces and torques. However, rudder forces alone are not
sufficient when vessels are in very close proximity.

Therefore, the only effective means of separating the vessels from one another after
the contact are engine manoeuvres, for example, to slow down the overtaken vessel
sharply. However, conversely it must be remembered that steerability is diminished
by reducing the propeller speed; therefore, after separating, or possibly even before
with advance manoeuvres, steerability must be restored and the corresponding
manoeuvres initiated.

3.3.7 The vessel traffic system and its implementation

A subject of the ongoing investigation is the hydrodynamic handling properties of
vessels involved in an overtaking manoeuvre. While carrying out research, the BSU
came across an article in the HANSA from September 1974'® in which Dr Carl
Wilhelm Ballin describes traffic management on the Kiel Canal. However, since his
remarks are a representation of the calculation hypotheses for defining traffic groups
at that time, a letter was sent to Waterways and Shipping Directorate North in Kiel to
discuss the current calculation hypotheses for traffic breadth in relation to canal
breadth and the curve radii.

This also considered how the system of traffic groups and their management has
been updated in the recent past. For example, an expertise was prepared by the
Federal Waterways Engineering and Research Institute (BAW) in Hamburg/Rissen
for the forthcoming enlargement of the eastern section of the NOK.

The technical paper of WSD-N is reproduced (editorially revised) here:

"The aforementioned article by Dr Ballin generally describes the principle of traffic
management on the NOK and the system of vessel traffic groups developed for this
purpose. In principle, this system as well as the mathematical and hydrodynamic
hypotheses for this has continued to this day; the dimensions of the vessels in the
respective traffic groups have only been slightly modified over the years in the light of
experience gained.

The technical procedures were also modified (e.g. discontinuation of siding area
staff, position detection using AIS equipment, traffic management and signalling with
the aid of electronic distance-time graph) in the case of the introduction of the new
vessel traffic system for the NOK (VSSNOK) in 2006; however, the methodology of
the traffic management has remained unchanged. For example, intermediate ranges
have been developed in traffic groups 1 to 3, within which interpolation between the
ship length and beam takes place. In traffic groups 4 and 5, the possible beam has
been raised (subject to the ship length) in addition to the intermediate ranges.

Hence, for example, Traffic Group 4 vessels at 140 m (or less) in length can now
have a maximum beam of 23.5 m, at 160 m in length then accordingly a beam of
20.5 m.

8 HANSA 111 year p.747 — 753, see para. 8.2
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The current dimensions of the traffic groups have been published in section 5 of the
Notices to the SeeSchStrO of WSD North.

Overtaking outside of the siding areas on the NOK has only been briefly addressed in
the article; the conditions for this remain unchanged (see section 9 of the
aforementioned Notices to the SeeSchStrO).

There are no specific local rules within the siding areas, in which overtaking must
follow the rules of art. 23 SeeSchStrO in principle.

The accident under investigation by the BSU took place in the
'‘Binnenhafen/Nordhafen (inland port/north port) Kiel-Holtenau' siding area, which
stretches for approximately 2,500 m from canal kilometre 95.2 to the Kiel-Holtenau
lock group. The navigable breadths vary here due to the localities between 170 m in
Nordhafen and 240 m in the area of the ferry. A limitation here is the area below the
bridge at Holtenau, which has a navigable breadth of about 130 m. Furthermore,
planning for the development of the NOK (enlargement of the eastern section, re-
profiling of Levensau, adjustment of the total section with possible depth scenarios)
will be implemented on the basis of the existing traffic management system.

This existing and proven system will be developed further in the coming years in the
course of the individual development stages, in particular as a result of the related
movement of larger than hitherto registered vessels. In that context, the question of
either additional traffic groups or a modification of the entire system will be posed. As
far as presently anticipated, this will be carried out with the help of external expertise
(such as navigational parameters, hydrodynamics, erosion rates, stream bed
stability).

The localities of the scene of the accident and the traffic situation are visible in the
Vessel Traffic Service via radar coverage and the ECDIS viewer (with AIS data).
However, interventions in the area of vessel manoeuvring are basically not feasible
due to the technical limitations of these systems and other tasks of the Vessel Traffic
Service according to VV-WSV 2408."
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4 ANALYSIS

4.1 Background information on the passage planning

Shipping on the Kiel Canal is governed by the German Traffic Regulations for
Navigable Waterways and its notices. The system is based, inter alia, on the fact that
vessels of a certain size and larger may only encounter one another in the siding
areas. To simplify this, vessels are categorised into traffic groups when entering the
canal. Through making use of simple rules, these traffic group numbers (1 to 6) can
be organised so that only correspondingly small vessels pass each other while en
route on the NOK. All other vessels must wait for oncoming traffic in the siding areas.
A further simplification for protection of the canal and vessels is standardisation of
the speed. Most of the vessels may only move at a maximum of 15 km/h.
Furthermore, a few are categorised as so-called low-speed vessels, which means
they may not exceed 12 km/h on the canal.

On the basis of these predefined speeds, Vessel Control and the pilots are always
able to calculate the position at which vessels will pass.*

The problem of having to reach the Schwartenbek siding area by 0310 existed for the
MT VASI and the MT BIRTHE THERESA. This was the time at which the BV
HAVLIS, a VG5 vessel approaching from the west, would reach this siding area. If
this passage was not feasible, MT VASI and MT BIRTHE THERESA would have to
wait for BV HAVLIS until 0322 in the inland port. Furthermore, this would mean that
MT VASI would be forced to wait again in Schwartenbek for the next approaching
vessel. This would have led to a further delay until at least 0410. To that end, and
especially since the VTS made this opportunity available to him, the pilot of the VASI
planned to reach Schwartenbek by 0310 in the knowledge that as a low-speed vessel
with a maximum permitted speed of 12 km/h the schedule for this plan could be tight.
A graphical representation of the traffic situation follows in Figure 24 with an excerpt
from the electronic distance-time graph of VTS NOK.

9 See also para. 6.6 of BSU Report 20/09 — Collision on the Kiel Canal (NOK) between HANSE
VISION and BIRKA EXPRESS dated 1 March 2010.
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Figure 24: Excerpt from the electronic distance-time graph

With a canal speed of 15 km/h, BV HAVLIS would pass the Schwartenbek siding
area at 0310. This is reported by the VTS through the passage time of the preceding
Grol3 Nordsee siding area of 0242. For the remaining 3 km from the boundary of the
Schwartenbek siding area to the boundary of the inland port, she would have needed
another 12 minutes and would thus reach the inland port at 0322.

BIRTHE THERESA left her berth at 0250 and with a canal speed of 15 km/h would
have needed 20 minutes for the 5 km from Bominflot to Schwartenbek. Therefore,
she would have been in the siding area on time at 0310 to pass the BV HAVLIS
there.

According to the AIS recording, VASI left the Kiel lock at 0251. As a low-speed
vessel with a maximum speed of 12 km/h, she would have needed 25 minutes for the
5 km from there to Schwartenbek, meaning she would have arrived at 0316. From a
practical perspective, the mathematical time overlap of 6 minutes is viewed by the
pilots as acceptable; however, on the other hand no further delay was permitted.
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4.2 Advice by the pilots

Neither master spoke German; therefore, they had to rely on the agreements and
actions of the pilots.

Neither pilot met his obligation to advise his respective master in a manner that
complies with the applicable regulations. Even without VHF radio, the situation could
have been resolved by following the applicable regulations.

The pilot of the BIRTHE THERESA allowed the vessel to enter the canal traffic, even
though he disturbed the right-of-way of the VASI in doing so. Conversely, the pilot of
the VASI intended to allow the BIRTHE THERESA right-of-way so that the otherwise
forthcoming overtaking manoeuvre could be avoided. On the other hand, he
recognised that his vessel was to some extent pressed for time in terms of reaching
the Schwartenbek siding area and therefore accepted that he may need to exceed
the maximum permissible speed limit for so-called low-speed vessels. Allowing the
BIRTHE THERESA right-of-way and yet also reaching the Schwartenbek siding area
on time could, at any event, only be successful if the BIRTHE THERESA would have
picked up speed swiftly. The pilot of the VASI ultimately felt compelled to overtake
the BIRTHE THERESA when this did not happen. The pilot of MT VASI initially
dispensed with his right of way and later on attempted to reclaim it for the purpose of
overtaking. However, the audio recordings do not register the BIRTHE THERESE
agreeing with that.

4.3 Communication

The audio recordings demonstrate the dangers associated with making
arrangements, in this case between pilots, over VHF if they are not timely, and not
objective.

An important role in this case is also played by the communication of the VTS. When
both vessels contacted the VTS in short succession and reported their departure, the
opportunity existed for the VTS to clarify exactly who should wait for who. At
minimum, it should have informed each vessel about the other and their respective
intentions. This could have contributed to the prevention of the accident.

4.4 Hydrodynamic aspects

According to the article by Dr Ballin and the technical paper of WSD-North (see sub-
para. 3.3.7), the vessel traffic system on the NOK is based on calculations that were
made at the time the canal was opened. Even though this system has since been
proven in principle, accidents which are based on hydrodynamic effects have
occurred repeatedly.

To account for the development of both growing vessel sizes and the number of
vessels transiting, WSD-North has repeatedly commissioned the BAW in
Rissen/Hamburg to prepare expertises to illustrate firstly the effects of widening the
canal and secondly the increasing vessel sizes and their respective influence on
traffic safety. The BAW would be in a position to simulate the NOK to scale in whole
or in sections in a test tank and replicate the behaviour of different vessel sizes when
approaching and overtaking. This would require extensive case studies with
systematic parameter variations, in which all traffic groups and possible encounter
and overtaking situations are to be included. The objective of such studies could be
the development and adoption of an applicable criterion, as far as possible uniform,
for an acceptable risk level for all encounter and overtaking scenarios in every NOK
fairway section.
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Such obtained values could ultimately help to increase safety on the NOK further.

In this context, reference may be made to the synthetic scenario-based studies of
BALDAUF [3] and the studies of PETERS [10] and RAPP [11]. This work involved the
formulation of principles for such traffic-related studies in areas used by line traffic
and in particular on the NOK and possible approaches to further development of the
NOK traffic management model were considered within the framework of preliminary
studies. The work carried out so far could be used as a basis and starting point for
necessary further simulation-based studies in a research and development project.
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5 CONCLUSIONS

The handling of the two vessels following the agreements made between the pilots is
regarded as the cause of the accident. However, the inadequate communication
between the two pilots which preceded is rated an exception.

In law, the overtaking manoeuvre is clearly provided for in art. 25(2) point 4
SeeSchStrO. The vessel already underway in the fairway has right-of-way over the
vessel leaving her berth. In the case investigated here, the low-speed vessel has
right-of-way and correspondingly the vessel obliged to wait is faster during the canal
passage. There are different approaches for the potential risk arising from that.

1. The two vessels observe the applicable regulations. The low-speed vessel
would then begin her passage first and the faster vessel would have to
overtake later.

2. After leaving the lock, the low-speed vessel remains in the inland port until the
faster vessel has begun her passage and then follows. Since this is a “siding
area”, waiting should be possible in the same way as in a siding.

3. The low-speed vessel remains in the lock until the faster vessel has picked up
speed. This would, to the benefit of safety, have possibly influenced the entire
course of the canal passage as well as the subsequent lock passages and to
that extent intervention by the VTS was necessary.

VTS NOK has the task of managing traffic on the NOK. Every vessel movement
should be approved by the VTS. Therefore, it would have been within its remit and
powers to stop one of the two vessels and explicitly permit the other to proceed. In
principle, the conduct of the VTS corresponded to the rules even without such explicit
traffic management. However, in this case it would have been appropriate to at least
notify each vessel that the other was also just getting underway when the respective
vessel sent her departure message.

From the perspective of hydrodynamics, it remains to be noted that every encounter
and overtaking situation on a narrow waterway such as the NOK carries an element
of risk, which presently cannot be defined conclusively. The risk associated with two
vessels that gravitate towards one another during a passing or overtaking manoeuvre
is met by the traffic group scheme on the NOK. This scheme must continue to be
updated constantly. In the process, further study hypotheses which involve
theoretical approaches, computer simulations and model experiments should be
reviewed with appropriate support.
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6 Safety recommendations

The following safety recommendations do not attribute a presumption of blame or
liability in respect of type, number or sequence.

6.1 Lotsenbriderschaft NOK | + Il (Brotherhood of NOK | + Il Pilots)

The Federal Bureau of Maritime Casualty Investigation recommends that the pilots of
the NOK moreover carry out canal passages in accordance with the traffic
regulations for the canal and only make different arrangements by VHF in
exceptional cases. If an arrangement is necessary, it must be comprehensive,
explicit, objective and made with foresight. Ship's commands which do not have
command of the German language should be involved in the arrangement.

6.2 Waterways and Shipping Directorate North

The Federal Bureau of Maritime Casualty Investigation recommends that in addition
to the studies carried out hitherto, the WSD-North, Kiel, perform or commission a
series of tests, which incorporate theoretical approaches, computer simulations and
model experiments with present, scaled vessel models for its ongoing efforts to take
current developments in relation to larger vessel dimensions into account.
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8 APPENDICES

8.1 General description of a passing manoeuvre when overtaking vessels and
determining the necessary distance

As part of his expertise, Professor Benedict explained the hydrodynamic findings that
are now available following research in the recent past.

8.1.1 Forces and moments and their effect when passing

Flow fields and pressure fields, which influence one another when converging during
a pass/encounter and when overtaking, form around the hull of moving vessels. This
results in a change in pressure distribution and additional transient forces and
moments occur, which affect the motion behaviour of vessels. The extent of this
mutual effect depends largely on the following factors: speed and distance/position of
the vessels in relation to each other, size, shape and load condition of the vessels
involved as well as the nature and effects of possibly existing fairway boundaries.
The effect rises: when the speed of the vessel increases, the distance reduces, with
large displacement and increasing fairway boundaries. These tendencies apply
equally when converging and when overtaking. However, the risk is greater when
overtaking because the manoeuvre and thus also the action of the forces lasts for a
longer period. In particular, the motion of the vessels involved is adversely affected at
low speed differences. Therefore, explanation of the phenomenon is to be limited to
the overtaking manoeuvre; rules of thumb for passing and overtaking are defined in
section 3.9. below.

Particular difficulties arise from the fact that the resulting forces and moments change
both in magnitude and in sign during the passing manoeuvre, therefore, it is
necessary to respond continuously with respect to controlling the vessel. In Figure
26, the characteristic course of these forces is plotted (according to [1]) in relation to
the position ¢ during the overtaking manoeuvre, where vessel 2 is overtaking vessel
1 (see Figure 25): the longitudinal force Xs is negative in the first phase at the
approach, the overtaken vessel is slowed down. However, after the overtaking vessel
has passed somewhat a positive longitudinal force takes effect and the overtaken
vessel is accelerated. This is especially pronounced if the overtaking vessel is larger
than the overtaken vessel: a trough (water level drops next to the vessel) develops
due to the flow of the overtaking vessel and in the process the overtaken vessel
'surfs' in the aft section as if through a downhill force.

The component force Ys initially leads to repulsion, then when the vessels are more
or less abreast suction occurs and at the end of the manoeuvre repulsion follows.
The yaw-moment Ns is positive at the beginning of the overtaking manoeuvre, which
causes the overtaken vessel to be turned away from overtaking vessel. Following the
level centre position with lesser moment effect, at the end of the overtaking
manoeuvre the sign changes and the vessel is turned with the bow back towards the
overtaking vessel.
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The magnitude of these force and moment effects and especially the distance up to
which vessels can encounter safely are important for the ship’'s command. A simple
semi-empirical method developed by BRIX [2] for calculating the forces and
moments is illustrated below. With the help of this method studies can be carried out
on estimating safe passing distance.
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Figure 25: Designations in the overtaking situation of vessel 1 and vessel 2 at distance D of the vessel
longitudinal axes from one another as well as the direction of the forces and moments (left) applied
and selected overtaking manoeuvre situations, shown at the beginning of the overtaking manoeuvre
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Figure 26: Characteristic reference curves for Xsc, Ysc and Nsc at selected overtaking positions &/Lm

According to BRIX, the respective maximum occurring values Xsmax and Ysmax of
the forces Xs and Ys as well as the maximum value Nsmax of the moment Ns can be
calculated as:
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Xgmax = Cygmax - RVm2 Ly Ty | (=1
2 Do
Ygmax = Cysmax-| 2V Ly T | D 1
S 2 m m > 'm DO (8.1-1)

Ngmax = Cygmax- vaz L2 - T .(i)—l
2 Do

at mean speed v, =(v,+V,)/2, mean vessel length L, =(_L;+L,)/2 and mean
draughtT, =(T,+T,)/2. The time for the complete overtaking manoeuvre is
T=(L, +L)/(% - Vy)=2-L,/au. D0=0.35-L,, is the reference distance at which the

characteristic coefficients were determined, for which BRIX specified the following
values:

Cygmax=0,014...0,017; Cyymax=0,025...0,030; Cysmax=0,004...0,005 (8.1-2)

These values are applicable to length ratios L2 / L1 up to about 2. If additional
shallow water effects and lateral boundaries need to be accounted for, even larger
values must be applied.

For the course of the forces actually acting, one only needs to multiply these
maximum values with the respective reference values of the characteristic curves in
Figure 26:

Xs(6) = Xsc(6) Xsmax; Ys(c) = Ygc(6): Ysmax; Ng(g)=Ngc () Ngmax; (8.1-3)

For the discussion on the vessel size's influence on the transverse forces, the
calculated, maximum transverse forces as a function of the passing distance PA =
a/Lmax in relation to the breadth of the respectively larger vessel in the respective
comparative calculations are shown in Figure 27. Clearly visible is the exponential
increase in transverse force with decreasing passing distance. To illustrate the
influence of the speed, this has also been varied for the mid-sized vessel of L =
130m: we see that the transverse force drops significantly when the average speed is
decreased by only 0.5 m/s to 4.5 m/s. High transverse forces are more hazardous for
the smaller vessels, because with their lower masses they respond much faster than
the sluggish, large vessels. The lower their speed, the greater the drift angle they
must have in order to compensate for these transverse forces.

8.1.2 Determining the safe passing distance

To determine the hydrodynamic safe passing distance for risk detection and
mitigation, a study had to be carried out on whether the respectively overtaken
vessels were still in a position to compensate for the situation, for example, through a
drift angle to compensate for occurring maximum transverse forces to prevent
suction resp. rudder angles to compensate for the moment effects when passing
vessels.

Page 46 of 54



Bundesstelle fiir Seeunfalluntersuchung
Ref.: 41/09 Federal Bureau of Maritime Casualty Investigation

Such analyses using theoretical calculations or experimental studies are difficult. In
particular, the precise limits are still not known, for example, for adequate
countermeasures such as the yaw-angle resp. the rudder angle used above to
maintain the track and a safe passing distance. Experimental studies are also difficult
— the rudder moments necessary in the experiments quickly exceed the rudder
angles at all possible, where, disadvantageously experiments with model vessels are
difficult to reproduce because of the instability and considerable dynamics of the
transient processes in the control [4][5].

Therefore, in [3] an analysis was carried out of conducted model calculations and
collisions, which occurred during overtaking manoeuvres. As a result, we see in
Figure 27 that the observed distance before the onset of the no longer controllable
more dominant suction effect was less than a value of 3.5%Bnax (Bmax = breadth of
the larger vessel) in each case. Taking into account a safety margin of at least 20%
(one tenth of the vessel's length), it was proposed that the hydrodynamic safe
passing distance should be defined in the range of greater than 0.6xLn.x and
3.5%xBmax in order to avoid collisions during overtaking manoeuvres. This
recommendation is very imprecise because it does not account for the influence of
the speed of the vessels.

Critical
ra’,'];: Overtaking (Ref): L[m]= 230;B [m]= 32; T [m]= 12; U [m/s]= 6
according : Overtaken  1: L[m]= 180;B [m]= 27; T [m]= 10.6; U [m/s]= 4

o H Overtaken  2: L[m]= 130;B [m]= 20; T [m]=8; U [m/s]= 4
accident H Overtaken  3: L[m]= 60;B [m]= 9.231; T [m]= 3.692; U [m/s]= 4

1000 --------1 ---------- ----- analysis --------------- —

-------------------------------------------------------------------------------------------

L [m]=180; Um [m/s]= &
L [m]=130; Um [m/s]= 5
L [m]=60; Um [m/s]=5

------- L [m]= 130; Um [m/s]= 6.5 |
--+--- | [m]= 130; Um [m/s]= 4.5 |

------------------------------------------------------------

Ysmax [kN]

Passing distance PA=a/Bmax

Figure 27: Maximum transverse forces that occur in relation to the passing distance between
overtaking vessel (reference vessel) relative to the breadth of the vessel and overtaken vessels of
different sizes as well as light red distance range in which collisions occurred

The lateral distance between converging vessels regarded as safe during the design
of maritime canals should also permit conclusions for decision-making in the ship's
command: among the most common guidelines are those of the PIANC-IAPH
Working Group 1l_30 [7]. Here the lateral passing distance is made up of the base
distance (subject to the speed of the vessel) and an additional distance (subject to
traffic density) and is expressed as a multiple of the beam. Table 1 shows the
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recommended passing distances for encounter situations; these values should be
increased by 50% for overtaking.

Canals to open water | Inner, confined fairway
Speed of vessel Base distance
> 12 kts 20B 1.8 B (new according to
PIANC WG 49)
8 — 12 kts 1.6B 14B
5 — 8 kts 1.2B 1.0B
Traffic density of Additional distance
the encounter
situation
0 — 1 vessel/h 0.0B 0.0B
1 — 3 vessels/h 0.2B 0.2B
> 3 vessels/h 0.5B 04B

Table 1: Recommended passing distances for fairway design according to PIANC WG 30 [7]

In current Japanese design guidelines [9], when determining the required lateral
distance the interactive yaw-moment occurring during a passing manoeuvre must be
compensated by a rudder angle of not greater than 15°. At 2.6 up to 5xB, the
recommended values are then at times considerably higher than those of PIANC WG
30. Following simulations with different vessels (including modern, large container
vessels up to 14,000 TEU) and evaluations of the practise in different areas, a
comprehensive comparative study [8] on this issue revealed that 1.25 to 1.30 B is to
be regarded as an adequate passing distance during convergences in shallow water
and at medium speed (8 — 12 kts); for overtaking manoeuvres 1.25 to 1.5 B should
be sufficient. Of course, here a sufficient distance to lateral boundaries must be
possible because the influence of the bank effect may be even more disruptive. From
a hydrodynamic, theoretical perspective, in the case of the values proposed on the
basis of practise, it must be remembered that here compensatory manoeuvre
strategies during converging and overtaking are applied, which include experience-
based precautionary rudder angles to absorb anticipated turning motions.

As these studies and practise have shown, it is also possible to execute overtaking
manoeuvres with smaller distances. However, decisive is always how well one can
deal with rudder angles of more than 15° — if one then makes an error, accidents will
happen — greater distances offer greater safety!
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