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Summary

Seven collision and grounding risk analysis methagplicable in FSA process are
reviewed. Some of the methods are designed tzeititie AlS-data, all of them benefit
from it. The reliability of AIS data is also disaesi.

Five of the methods can be applied to all sea at®as method is designed to be
applied in congested and high volume traffic ar@ad one method is focussed on the
close-quarters interaction of vessels in port apgnes, harbours, and constrained
waterways.

Some of the methods give only estimate for theisioh and grounding probabilities
whereas some methods estimate also the consequdrthesaccidents.

According a study reviewed, 8% of examined 40005k Anessages contained
erroneous data. The errors were in MMSI number, IM@ber, position, course over
ground, speed over ground.
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1. Objectives

The objective of this consolidation study is toegev review of the different methods to
estimate the collision and grounding risk which banused in the risk analysis step of
the FSA process. Several tools or methods have tbeegloped and most of them are
based on the models developed by Fuijii [1][2] anactuff [3]. Some of the methods

give only estimate for the collision and groundprgbabilities whereas some methods

estimate also the consequences of these accidents.

The information obtained from the Automatic Ideication System AIS improves
significantly the accuracy of the traffic analys&&me of the collision and grounding
risk estimation methods are designed to utilize Ai8-data, however all of them

benefit from the better traffic picture it gives.

2. Target stakeholders

The users of the collision and grounding risk asiglynethods if they are part of the
FSA-process are as follows:

— Maritime administrations and other regulatory decisnakers

- Research institutes

- Fairway designers

— Consulting firms

— System developers

— Ship operators

3. Glossary terms

Collision: Ship collision is the structural impact betwee®r tships or one ship and a
floating or still objects such as an iceberg oridde.

Grounding: Ship grounding is a type of marine accident thablves the impact of a
ship on the seabed, resulting in damage of the erged part of her hull and in
particularly the bottom structure, potentially leaglto water ingress and compromise
of the ship's structural integrity and stability.

AIS: Automatic Identification System



MMSI number: Maritime Mobile Service Identity numbers are nidigit humbers

used by maritime digital selective calling (DSQ)tamatic identification systems (AlS)
and certain other equipment to uniquely identifshg or a coast radio station. MMSIs
are regulated and managed internationally by thernational Telecommunications

Union in Geneva, Switzerland, just as radio cghsiare regulated.

4. Approach

The study is based on literature search and omterial collected during performed

FSA projects.

5. Specific issues and topics to be addressed

Universities, research institutes and consultanemsf have developed their own
collision and grounding risk assessment methoddifidferent purposes. Most of the
methods reported here have been developed beferélt system had reached the
position it has today. However, the historical daltéained from the AIS system gives
much more accurate traffic picture than traffic lgpas based on e.g. port traffic
statistics can give thus all the methods benefimfithe AlIS-system regardless they
were developed before or after AIS introduction.the following, different collision

and grounding risk analysis methods have been ibescr

5.1 Analysis methods

5.1.1 GRACAT

GRACAT (Grounding And Collision Analysis Toolbox)as developed in the Danish
Technical University (DTU) in ISESO-project duritige years 1998-2001 for analysis
of the collisions and groundings in the maritimeffftc and the assessment of their risk.
The software includes the following modelling claeaistics:

— Estimation of the collision and grounding probalak

— Modelling of the collision and grounding damage

— Estimation of the consequences of the damage

The module for comparison of the calculated consege costs for different vessels

and/or routes and for finding risk control measures



The different modelling characteristics can be usdépendently or they can be linked
with each other. The damage and their consequerees be analysed either

deterministically or stochastically [21][22].

GRACAT uses in the calculation of the collision agtbunding probabilities the
method which is based on the Fujii’s [1][2] and Bait’'s [s] models. The conditional
causation probability has been calculated by ugie@Bayesian networks produced with
the Hugin software. The structural damage causethdyollisions and groundings is
calculated in GRACAT by modelling the external dymnes and the internal mechanics

separately [21].

According to Sonninen et al. [23], as a limitingta in the method used in GRACAT

for estimation of the collision probability is tleessumption that the time between the
arrivals in the traffic flow is distributed indep#ently and exponentially whereas in the
normal traffic e.g. in the Gulf of Finland theresdraffic peaks in certain days of the

week and times of the day.

The GRACAT software has been used in the collisisk estimation of the FSA study
performed for the implementation of the VTMIS systéor the Gulf of Finland [24]
and in the risk analysis of the Kdkar fairway p[ab] as well as in the FSA performed
for the Western Baltic Sea [26].

5.1.2 BaSSy Tool and IWRAP MAK I

The BaSSy tool is developed by DTU and Gatehousi@iwihe Nordic BaSSy project
in 2006-2008. The software is a successor of thAGKRI software (Grounding and
Collision Analysis Toolbox), which has been valethin case studies by the developers.
The features of the BaSSy tool are also importeEments in the ongoing development
of the IWRAP Mk2 (IALA Waterway Risk Assessment §ram) programme. The
approach was the same as presented by Fujii [aAfj@]MacDuff [3].

The BaSSy tool takes into account different charstics of ships such as length,
width, speed etc. by categorising ships accordirghtp type and length. The ship types
used are: Crude oil tanker, Oil products tankerr@ical tanker, Gas tanker, Container



ship, General cargo ship, Bulk carrier, Ro-Ro casb@p, Passenger ship, Fast ferry,
Support ship, Fishing ship, Pleasure boat and Gtier

The software includes a module which analyses isterical AlS-data recorded on the
area considered. As a result of the analysis theenoetwork based on the traffic density
plot can be constructed. The routes consist of thgs are defined as straight lines
between given waypoints. The number of vesselgddinto fourteen ship types and
different size categories on each route leg in hitbctions as well as the lateral
distribution of the traffic in the fairway leg catso be achieved.

With respect to ship-to-ship collision situatiorise BaSSy tool examines separately

five different collision scenarios:

1. Overtaking collision, in which two vessels movimgthe same direction collide
on a straight leg of a fairway as a result of omertaking the other

2. Head-on collision, in which two vessels collideantraight leg of a fairway as a
result of two-way traffic on the fairway

3.  Crossing collision, in which two vessels using eliént fairways collide at the
fairway crossing

4.  Merging collision, in which two vessels using difat fairways collide at the
merging of the fairways

5. Bend collision, in which two vessels moving in oppe directions on the same
fairway collide on a turn of the fairway as a résiilone of the vessels neglecting
or missing the turn (error of omission) and thushcw into contact with the other

vessel

In grounding accidents the scenarios can be seghnatto four different categories as

follows:

1.  Ships following the ordinary direct route at norrapeed. Accidents in this
category are mainly due to human error, but malaeships subject to
unexpected problems with the propulsion/steerirsgesy that occur in the vicinity
of the fixed marine structure or the ground.

Ships that failed to change course at a givenrigrppbint near the obstacle.
Ships taking evasive actions near the obstacleansequently run aground or

collide with the object.



4.  All other track patterns than Cat. 1, 2 and 3,goample ships completely out of
course due to loss of propulsion.

In determining the grounds and shorelines the swiwan utilise electronic charts.

As a result the software gives the collision anougding frequencies for different ship

types showing the locations of the predicted act®len chart.

The BaSSy Tool has been used in the ship to sHifsion and grounding analyses
performed for the Aland Sea [28]. The estimateddaett frequencies coincide quite

well with the accident frequencies in that sea.area

5.1.3 MARCS Marine Accident Risk Calculation System [7]

The Marine Accident Risk Calculation System (MARCSgalculates accident
frequencies for defined accident types, ship typed size categories, depending on
traffic characteristics and environmental cond#idn selected areas. The frequency
reflects only serious accidents taking place irtricted waters: coastal areas and open
sea.

The Marine Accident Risk Calculation System (MARGSpased upon an analysis of
the historical causes of serious marine incidertss analysis established that the major
shipping accidents at sea which may lead to ses@rsequences are:

— Inter-ship collisions;

— Powered grounding (grounding through navigatiomiadrég

— Drift grounding (grounding through mechanical fad)

— Fire and explosions on-board ship (whilst underwaxcludes port operations);

— Ship structural failure/foundering.

In general, MARCS calculates accident frequenamsnper of accidents per location
per year) as the product of the frequency of @itisituations (number of critical
situations per location per year) and the accigeobability, given a critical situation.
The number of critical situations per location pear is derived from the traffic image
and other data that describes the environment ichathe ship trades. The probability
of an accident per critical situation is derivednfr fault trees or aggregated historical

statistics.



MARCS assumes that the collision is the consequehtiee encounter of two vessels,
not of the encounter of the group of several vessehis may cause that MARCS

underestimates the collision frequency in busyaseas.

MARCS has been applied in the risk analysis of Qlad [8], in the environmental
risk analyses of North Sea outside the coast ofjiBel [9] as well as in the risk

analysis of the Prince William Sound [10][11].

5.1.4 SHIPCOF

The SHIPCOF software developed by Rambgll is aiteetle used in estimation of
grounding and collision candidates. It can be &gplo accident types caused by human
error, critical encounter situation, propulsion sieering system failures. SHIPCOF
model is based on the statistical estimation ofdbeurrence frequencies i.e. on the
combination of the geometric and causal probaéditiAs the lateral distribution of the
traffic in the fairway a combination of uniform amdérmal distributions is used where

2% of the traffic is following the uniform distrilion.

SHIPCOF has been used in the risk analysis of tigéd — tunnel-combination of the
Sound. The collision and grounding frequency edti@btained with the model were
quite well in line with the accident statistics istgred during 1974 — 1993. However,

far outside the fairway the model seemed to undierate the accident frequency.

5.1.5 SAMSON [14]

SAMSON (Safety Assessment Models for Shipping affdi@re in the North Sea) is

developed by the Dutch marine research instituteRIMM with the model various risk

assessment calculations can be performed regardargime safety. The following

types of accidents are contained in the SAMSON-janng

— Collision between sailing ships (head-on, overtglkand crossing);

— Collision of a sailing ship with a ship at anchniming and drifting);

— Stranding / grounding of a ship;

— Contact with objects such as offshore installatidm®ys and wind farms (ramming
and drifting);

— Foundering of a ship;



— Explosion of fire on board the ship;

— Hull or machine failure.

To determine the frequency of an accident (casjatigcurring, the number of
“potential” dangerous situations, the so-called osxes, are determined first. For
example, the exposure measure for a collision bEtwsailing ships is an encounter
between the ships. An encounter occurs when omeestiers a certain domain around
on other ship. These exposures are calculated asffc information, environmental
information, some historical information and dit#at (physical based) mathematical
models.

The maritime traffic in the model is divided inted main groups: the route-bound and
non-route-bound traffic. The route-bound traffimsists of the merchant vessels and
ferries sailing along the shortest route from opé po another. The non-route-bound
traffic has mainly a mission at sea, containingnifig, supply, work and recreation
vessels.

The second and final step in calculating the cagudatquencies, is multiplying the
calculated exposures with a casualty rate, correlipg to the accident type to
determine the frequency of the actual accidentagualty rate defines the probability of
a potential dangerous situation leading to an aaueident. The casualty rates are

based on the worldwide accident data from Lloyd#iected between 1990 and 2002.

5.1.6 MARTRAM

Posford Haskoning's Marine Traffic Risk Assessmbfddel (MARTRAM) is a
modelling tool that is optimised for the analysisrarine risk in areas of congested and
high volume marine navigation. MARTRAM is configdréo model marine risk, the
potential for accidents rather than assessingatve br nature of the hazards associated
to the risk. The range of marine risk events cargd through the use of MARTRAM
cover:

— Ship to ship collision where both are under way

— Ship to ship collision with only one vessel undexyw

— Ship to ship collision where neither vessel is urvday

— Ship collision with another object

— Capsizing, sinking, foundering, fire

— Stranding and grounding



Originally MARTRAM was developed to be used in asseent of the effect of the
changes in the Hon Kong Harbour. In addition, i baen used in risk assessment of
the effects of the deepening of the channels lggitirthe Port of Melbourne comparing
the current accident frequencies with the estimdteduencies after the channel
modifications. [15][16][17]

5.1.7 DYMITRI [18][19][20]

The model is particularly focussed on the closedgus interaction of vessels in port

approaches, harbours, and constrained waterwags.application, as part of a

Quantitative Risk Assessment process, has included:

— Impact of reclamations or bridges by constrainiadfic flows

— Review of additional risk developed by introductiohnew cargo and passenger
vessel movements. These assessments are conduttteespect to specific vessel
movements (frequently Dangerous Goods cargoes, aschNG), and for the
waterway as a whole.

— Evaluation of fairway arrangement options

— Safety of construction craft activity in busy tiaffanes

— Impact of wind farm development

Basic approach

— Autonomous agent simulation of marine activity goautes developed from
survey data, (AIS or digital radar commonly adoednputs).

— Frequency of collision/grounding related to numdwed nature of avoidance actions.

— Validation of incidents/initating encounters basedextensive past use of model,

and validation against local data.

Approach to the human element

— Fuzzy logic rule based behaviour allows simulatbrariable human responses
(readily tailored on project specific basis. Inpui® the mariner "brain" are made
on the basis of visual sensing of surrounding @mvirent, remote sensing of other
shipping activity (to mimic radar / AlS), and peptien of bathymmetry. All these
inputs mimic the inputs available to the human mariand can be varied to suit

low visibility conditions, etc.



Input needed

Physical Environment
- Bathymmetry & Features (Most conveniently develofsech ENC
charts which are translated into GIS format)
- Metocean Environment (wind/wave/currents, to idgntithese aspects
should be particularly included in model)
— Traffic network (vessel distribution, speed, timitgpe)
— Traffic density per network link, per ship type aside class
— Background information on local developments and poonomic drivers to assit
the preparation of forecasts for future case soemar

— Casualty rate (collisions and groundings) for thedg Area

Output provided

— Probability of grounding/collision incidents peiice

— Delays, and other operational data. For examplenbeel can include ships picking
up passengers/cargo during operations and thevimitahe of passengers/cargo

transported can be output via tailored subroutines.

Graphical output

— Animation (3D) of vessel movements and interaction

— GIS representation of key incident data distributice. magnitude as frequency per
cell per annum.

— All input/output to/from the model is processed armArcGIS interface for ready

QAlvisualisation of inputs and representation apaois.

Validation of model results

— Project based validation of model conducted for @erisk assessments conducted

in Hong Kong, Singapore, Korea, and the Englishrtle& In general a Study Area
specific validation is conducted prior to the us¢he model on a forecast basis.

— Over 30 commercial studies since 2000 conductettipally in Asia associated
with the QRA of marine safety as a result of insezhtraffic and/or

reduction/realignement of waterways.



5.2 AlS data

The implementation of the AIS system has signifisaimproved the accuracy of the
traffic analyses in the FSA studies. Every ship entbian 300 gross tonnes engaged on
international voyages, cargo ships over 500 grossds not engaged on international
voyages and all passenger ships should have eguipple AIS. The data used in the

FSAs is recorded historical AIS data covering trgét sea area.

5.2.1 Sources

The AIS data can be obtained from several soufide=e are commercial AIS networks
collecting the traffic data and providing differesgrvices to customers. In the Baltic
Sea the HELCOM AIS monitoring system has been éstedal [30]:

— apassive system, i.e. enables access to AlSfdaexample real time AIS data

— each country may filter the AIS data accordingational requirements

— only competent authorities shall have access teyhtm.

The system enables the identification of the ngmosition, course, speed, draught and
cargo of every ship of more than 300 gross tonagisg in the Baltic Sea, and displays
all the available data over a common background ofidbe region. The system covers
the whole of the Baltic Sea and Norwegian watetse $ystem includes land-based
stations established in all the coastal countweseteive information from all vessels
passing through their national waters. All stati@me linked to a special "HELCOM
server”, which combines all the data and providesraprehensive real-time picture of
the overall maritime traffic situation in the BaltSea to the competent authorities in

each HELCOM member state. The server updates ghis#tions every six minutes.

5.2.2 AIS data quality

The AIS data may contain errors which are eithéentional or unintentional. The
errors are reported in the article published in Jbarnal of Navigation [29] in which
results of three separate studies of AIS data eperted: “VTS-based AIS study”,
“Data-mining AIS study” and “Proactive AIS study”.

In the “VTS-based AIS study”, 94 vessels were itigased and in 18% of the vessels
there were incorrect ship beam value, in 47% iremirship length value, in 30%



incorrect navigational status and in 74% incorkassel type information entered in the
installation of the AIS equipment.

In the “Data-mining AIS study” about 8% of 400 O&@alysed AIS reports contained
some errors. The study concentrated on errors intili@ Mobile Service Identity
(MMSI) number, IMO number, position, course oveowgrd (COG), and speed over
ground (SOG).

In risk analyses, usually the following data itefmesn the AIS information are utilised:

- MMSI number (errors may cause wrong ship typekafghip type is obtained from
the Lloyds database using the MMSI number)

— ship length and beam (errors may cause wrong vatugsantities which have to be
calculated as a function of the ship dimensions)

— position data (errors may cause wrong estimatéseofollision and grounding
frequencies)

— draught data (errors may cause wrong estimatdgeajrounding frequencies).

Methods to check the quality of the AIS data anehel up the identified errors and
disturbances have been developed and they shoultlised before using the AIS data

in risk analyses.
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