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maritime auh

mental factors

Maritime transportation poses risks regarding possible accidents resulting in damage (o vessels crew members
and io the ecosystem. The safe navigation of ships, especially in th
orities. This suudy prop
investigate the possibiity of maine aceidents such as collision, foundering and grounding, The model is devel-
ope sing Bayesian Network (BN), The propeed rsk modl has comsidered diferen operonaland enson-
b

Arctic waters, is 2 growing concem (o
oses a pew risk model applicable o the Northern Sea Route (NSR) to

istorical

value (prioc \Muu)c(wmus operational and environmental factors, The application of the model is demon.
strated through a case study of an ofl-tanker mavigating the NSR. The case study. the highest c

ision,

foundering and grounding probabilites in the East Siberfan Sea. However, foundering probabilities are very low

vy i el Syl i e g S
likelih

ggme)

o The e srdy usaces e proty of e model i vestgating

jents 15 identifiec. The model ice effect as a dominant factor

accidents. The estimated risk provides early waming 1 take appropriate preventive and mitigative measures (o
enhance the overall safety of shipping operations.

1. Introduction

The vast seaborne trade has permitted an enormous variety of re-
sourees to be widely accessible around the world and has thus helped
accelerate the world economy. More than 90% of global trade is carried
s vis s soutes (IMD, 2012) ss I Is coelfetive The:Norhess
TRoute (NSR) in the Arctic

region, is one of lhe potential trade routes connecting major Asian and
Eumpean ports, The opening of the NSR has reduced shipping distances
and fuel consumption as well as emissions (Kitagaws, 2008). According
to Schoyen and Brithen (2011}, the distance between a

Horkaial 5 i

by using the NSR as an alternative route compared to the traditional
route through the Suez Canal.
“The presence of sea ice, extremely low temperatures and drifting
icebergs has made this region mostly inaceessible for marine

- Comsponding aubor
author. Austral Uni
o i tora et @1y e (B, Kbbnse), lbm@rooncn

hinps//doi org,/10.1016 . oceaneng. 2018.04.024

.

transportation and hreats to mariners and the cureent ship tech-
nologies (Elis and Brigharm, 2009), As the size and number of ships have
increased significantly over time (Toffoli ex al., 2005), the possibilty of
shipping accidents in this region is expected to grow (Balto, 2014; Bor
gerson, 2008). Previous studies confirm that increasing traffic of oil

A combination of accidental events and processes are recognised as
the leading contributars to ship accidents (Yang et al, 2013), Human
factors such as human error and visibility are identified as significant
contributors to vessel collisions (Fowler and Sorgard, 2000; Khan et al.

2017; Macme, 2009; Merrick et al,, 2000; Van Dorp et al,, 2001; Zhang
and Thai, 2016). Additionally, human E’mguz, m_kuf technical knowl-

poor
tandards, are significnt huran related lssues ﬁ.mng the maritime in-
dustry (Dhillon, 2007; Talley, 2002).
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Fig. 8. Graphieal representation of the Bayesian network model

fcant wave height, P(H,) and wind speed, P (o)

Nurber of wave height occurred in each level (e.2..
“Total Number of wave height that oocurred

— 0~1)

©)

Number of win occurred in eash level (eg. 0 ~ 1)

Plug) = ot Nurmber of wind tht oscuncd

@

The probability distribution of significant wave height, H, and wind
speed, wyq for five seas along the NSR are presented in Fig. 6 and Fig. 7,
respectively. The probability distribution of significant wave height, H,
and wind speed, u for five seas along the NSR are presented in Table 6
and Table 7, respectively.

“Through a carefully constructed BN, probability data can be incor-
porated to madel the visbility issues, system navigation error, anchor
failure, and assistance failure, The combined effect of different kinds of

Tables

Aceident probabilities of collision, Foundering and grounding on the NSR
Region__Sen Golliton___Foundering__Grownding
! Chukehi Sex 176603 77%06 93004
2 BastSiberian Sea A31EG3 134605 13703
3 Laprev Sea 26603 89606 115503
4 Kara Sca 221843 24306 11403
5 Barens Sea 1603 311807 11603

ice in Arctic water s recognised as one of the leading challenges for
navigational purposes. The BN diagram for the inte grated model of ship
collision, foundering and grounding can be develaped as lustrated in
Fig,

4.3, Accident probability analysis
In this study, the potential safety meastres to mitigate accidents, such

as collision, foundering and grounding and their consequences on the
NSR are not considered. The integrated model will help to predict the

Table
Risk analy the NSR ol soecnal
Reglons (se2) Conditions Gollsion prbatilly
(Wind and wave effee)
Region 1 (Ghukehi) Exreme 509503
Narmal 176603
Region 2 (East Siberian) Exreme 502603
Karmal 13160
Region 3 (Laptes) Exreme 5030
Normal 262609
Region 4 (Kara) Bxreme 301603
Normal 22160
Reglon 5 (Barents) Extreme S01ED3
Normal L3003

AN Baksh e ol

. Prapased methodalagy for ship accidents in harsh

environments

In this study, 4 BN reasoning process has been developed (0 provide a
nsmial ranawerl:fo it digk acalyals I Arel aralt A flow:
chart of hown in Fig.
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node (ehild) to determine influence relationhips between these nodes
(Eleye Dacubo et al., 2006). The terminating arrow of the arcs can be sct
to point w the child nodes,

Step 4: In this step, a set of input parameters based on environmental
and operational conditions are assigned. The BN is sed to show the
causal relationship between the linked nodes. The Bayesian inference

systematic process, four steps. Gedlle
iz used

and is probability calculations. A brief explanation of each step of the.
‘modelling process is given in the following paragraphs.
Step 1: This step heavily relies on historical data and

values for parent nodes in
‘be entered nto

Tharacda by Tmanvally setting probabilites i the network ieBayeian

e

experts (SMEs) judgments from the potential sources, such as data-
bases, tests, experiments, simulations, networks and analytical models
(Fowlex and Syrgied, 2000; Fujii and Shivkara, 1971, Macluff, 1974;
“Tabri et al, 2009). Any observed data that is available from a specific
scenario can be used to update or refine the estimates of previous acci
dent data. In this way, uncertainties and limitations can be reduced in

respect of new data or SVIEs judgement.
Stp 23 In. this step of the process, the potential accident sce narios
(e, collisiun, foundering and grounding) and associated consequences
o e occin b Rari e Roumentieve Vieat 0k vramplt,
of . harsh.

Gl chies T fasls of vesinl, mavigostn falwes, sty s
and tug assistance failure). Further, sub-events such as the fault of the
vessel itself can be defined . loss of power in the

ettt e el he eri e g s bt
dircetians. The updating belief is computed after prior evidence is
emered w improve the prior knowledge, and thus the peior probability
Values, are updated by cal culating posterior probabilities. At any part of
the analysis,if it is required tn see the contribution of different factors in
the causation of an accident, backward analysis can be consicered.
Regarding newly available data, the caleulated posterior probabilities
can be cansidered i tho now prior probabilites for future risk asscs.
ment. BN simulation software GeNle is used o estimate the poster
probabilities as well as updating the prior knowledge.

S.1. Accident probabiliey wnalysis: scencrio-buses mudeling

area, or lass of propulsion of the vessel.
S0 810 tla o 12 ol e BN, 1 st il it
tes the mlevant variables (nodes) and de-

ton is cruci

o ey
e i vbssavast modsle Ao, providon the sewoniog fc g
and communicating causal assumptions, which is not easy ( express
using standard

n a ship with Arctic
ice during Arctic transits has been taken into consideration. The char-
acteristics of Aretic transits and environments are different and unique
St el (i ThE i, ekl twontaht RadE
siguificant i fnth

Arctic waters, such as pack ice effect, i obstacles, the
combined effect of wind and wave, and emergency assistance. However,

fec i

maihematical notadon {Pear, 2000) or example, i ooy
B(A and B study. through the N -n

these two events can be Iabelled and mapped into the network. An arc  (4pg, 2014 .10 this accident scenarioitis annnpa:d thatan iccbreaker

can be placed between an influencing node (parent) and an influencud . { Fodsvdnh

Fig. 3. The northem transport comidor with ice and water,

A-ABaksh e ol

Table 10
Sensitivity aralysis for the risk factors involved in fceship
collision in the Chukehi Sea

as
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ship accidents in harsh and cold environments.

ik Foctrs

Pack e ffect
o detected multdayer o

anking

National Centre for Mariti
- :

MEH)
(AMO) at the University of Tasmania.

Digital charterror
Human factor failwe
Radar il

Procedure falure

model to find determinants of the severity of fishing vessel incidents in
the Canadian water. The sensitivity analysis from this model showed
increasing severity due to wave height and ice concentration which can
affect the stability and mobility of vessels adversely. The above sensi-
tivity analysis allows investigating causes of an ice-ship collision in the
Chukehi Sea by narrowing down major factors.

For the cases of foundering event, the effect of pack ice is dominant
compared to other accident causes with 0.011%, Besides, increase or
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Ice conditions are among the riskiest factors for Arctic shipping. The German research icebreaker Polarstern !n-lhe central Arctic Ocean. (Photo:
Alfred-Wege ner-Institut / Mario Hoppmann (CC-BY 4.0))

28/06/2018 East Siberian Sea Most Dangerous

AV KATHRIN

STEPHEN fOI' Arctic Shipping

The risk for ship accidents varies across different Arctic seas. The East Siberian Sea has been found to be most the
dangerous.

The East Siberian Sea has been found to have the highest risk for ship collision, sinking of ships (foundering), and ships running
aground, mostly because of more severe ice conditions, such as the earlier and quicker build-up of ice at the end of summer,

Winters are very cold in that area, with the mean temperature at -30 degrees C and the entire sea covered with ice. Also, during
summer, 50% of the ice cover remains, which is in stark contrast to, for example, the Barents Sea, which is completely ice-free
during the summer,

Furthermore, the East Siberian Sea is the shallowest of the seas along the Northern Sea Route, with a mean depth of just 52
meters. On top comes a harsh environment, remote areas, and unexplored maritime areas.

Less risk in the Barents Sea

In contrast, the Barents Sea has the lowest probability regarding ship collision and foundering events. However, foundering
probabilities are very low in all five areas. The Chukchi, Laptev, Kara, and Barents Seas have almost similar probabilities
regarding grounding. The authors also find that overall, accidents on the NSR are rather seldom in comparison to other
maritime regions.

http://www.highnorthnews.com/east-siberian-sea-most-dangerous-for-arctic-shipping/
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