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Assessing the Risk of Oil Spills in the Mediterranean: the Case of the
Route from the Black Sea to Italy

Summary

Recent major spills on European coasts have highlighted the primary policy relevance
for the EU of oil spills. This paper assesses the risks related to carrying oil to the EU
along the route from the Russian Black Sea coast to Sicily, Italy (one of the most
congested and strategically relevant European import routes). We develop a
methodology based on Fault Tree Analysis, and we apply it to the most likely causes of
an oil spill. We couple the resulting probabilities with data on expected spill size, types
of oil carried and cleanup costs, to estimate expected costs for cleanup and loss of
cargo. The route analysed appears to be a risky one; there is a “high” to “very high” risk
of a spill along this route. The Turkish Straits turn out to be the major danger point;
however, there is no obvious hierarchy amongst the other sites along the route.
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1. Introduction

Assessing the externalities related to the extsaand transport of oil has proven in the last desa
an issue of primary policy relevance. Recent majolis such as th&rika on the French Atlantic
coast and th@restigeon the north-western Spanish coast have meanpthuic and governmental
attention is firmly focused on the issue of howntmimise the impact of such disasters. Given the
predicted global increase in energy demand, seguEurope’s future energy needs will become of
increasing geopolitical and strategic importance.

In order to arrive at a comprehensive evaluatiothefexternal costs associated to importing od int
Europe, one needs to take into account the likalyré oil demand-supply scenarios, the relative
relevance of import routes and pipelines, the lesmcificities in terms of critical passages, the
differences in terms of burdens and environmemidl socio-economic impacts along the different
routes and pipelines, and the development of dissprevention and remediation technologies and
regulations. Last but not least, the intrinsic kestic nature of the phenomenon should be carefully
analysed. The role of the perception by the Eunomiizens of the risk involved in carrying oil to
Europe and the role of the associatisl aversionare particularly important in this context. In erd

to incorporate all these features into a consisésatiuation framework, one needs to develop a
methodology suitable to deal witobabilistic externalities.

In this perspective, we address the issue of crgatimethodology for analyzing the risks related to
oil tanker accidents. A sample route from Novorgsision the Black Sea coast in Russia to Augusta
in Sicily, Italy, is used as a benchmark to test ttevelopments of this methodology. The basic
scenario considers a Suezmax type tanker carryopgo&imately 145’000 tonnes of oil cargo.
Tankers of this class are the most likely to beduskng this route. The Bosphorus cannot be
navigated by tankers larger than 150’000 tonneseower, small tankers are unlikely to be used
along this route due to recent European regulatiamsh have banned tankers cruising under the
flag of countries notorious for having lax regulgtoriteria for registering ships — medium-sized an
large tankers are unlikely to be operated undesetii@gs.

The selected route has a number of special featuhésh make it of singular importance and
interest, not least the fact that it passes throtngh Bosphorus Straits, a highly congested and
navigationally difficult sea passage passing thhoting heart of Istanbul in Turkey.

Four locations along the route were chosen due tmmbination of the high likelihood of an
accident happening in that particular site and thgh environmental and socio-economic
consequences that such an accident would entasl paéhts of the route not considered, through the

Black Sea and from the Aegean to Sicily, not ordyéha lower chance of a spill occurring due to a



relative lack of obstacles, but also should a smtur the consequences would be, again relative to
the other sites, less severe due to the absera@eadrby coastline and the fact that the oil wdgld
naturally dispersed more quickly in the open sem.aAconsequence their expected risk values are
orders of magnitude lower than those of the selesites.

This paper is organised as follows. The next seafiescribes the route under scrutiny. Section 3
introduces and discusses the methodology usedo8etipresents the main results and Section 5

concludes.
2. The Route

2.1. Novorossiysk
Novorossiysk is the largest port in Southern Ruasid its oil terminal at Sheskhranis is responsible

for over 50% of Russian crude oil exports by sdzeré is a second terminal at Novorossiysk, the
Caspian Pipeline Consortium’s (CPC) new oil teratayuzhniy Ozerejevka. Oil is predominantly
pumped to the terminal from the Tengiz oilfieldWestern Kazakhstan and oil fields in Azerbaijan.
The CPC terminal is situated 5 km offshore in wataore than 50-metre deep and is located west of

the Sheskhranis oil terminal.

2.2. Turkish Straits
By Turkish Straits is meant the passage from tlaelBEea, through the Istanbul Strait (Bosphorus),

the Sea of Marmara, and the Canakkale Strait (Dattis) into the Aegean Sea. It is the only sea
route out of the Black Sea and as such the onlyaéa through which Russian and Caspian exports
can reach the Mediterranean.

The Bosphorus passes through the heart of Istaflukey’s largest city with a population of
approximately 12 million. It is 31 km long and oweaage 0.8 nautical miles wide, though at its
narrowest point it is only 660 metres wide. Depé#nies from 35 to 12 metres and vessels passing
through are required to make 12 course alteratiochjding one turn of 45° at the narrowest point
and another turn of 80°.

The Dardanelles is another waterway similar toBbsphorus. It is 70 km long though it is not as
narrow as the Bosphorus: its narrowest point iskinswide. The accident risk is therefore much
lower as, firstly, it does not pass through theteeof a large city (reduced consequences) and
secondly, the topology allows for a safer passagduted incident probability). As such, when
referring to the Turkish Straits, a number of fasteefer mainly to the Bosphorus, however, where

appropriate, data for the Dardanelles have bedudad.



Though a number of pipeline projects bypassing Shaits have been constructed or are being
planned, their high transport costs per barrel mean thhttransport by tanker through the
Bosphorus is still by far the preferred transporte for exporters. At present roughly 1.7 million
barrels of oil per day (bpd) is moved through thesjhorus. Predicted increases in Russian and
Caspian exports mean that by 2010 another 2-3amilbpd could be added. The International
Energy Agency (IEA) estimates that the Straits heaweaximum capacity of 1.8 million bpd.

The Straits are classed as international watersasnduch Turkey has an obligation under the
Montreux Convention of 1936 to permit free tranggor merchant traffic. At that time there were
only approximately 17 vessel transits per day, meig on average 13 tonnes and mostly carrying
grain. Today there are over 130 vessel transitayaofl which roughly 15% are oil tankers, often as
big as 150’000 tonnes — the maximum size for theki§h Straits. In addition to this 1.5 million
people commute from one side of the Bosphorus ¢cother each day, which makes it one of the
busiest waterways in the world.

Despite Russian opposition, Turkey unilaterally iempented certain traffic regulations in the Straits
following an accident in 1994, with the aim of enbimg the navigational and environmental safety
and security in the Straits which at that time adiye had a dense level of traffic. In 1998 Turkey
introduced further regulations governing vesselwflthrough the Straits including a five-fold
increase in passage tariffs to help pay for shiptganeasures. Both the regulations in 1994 and
1998 were supported by the United Nations Inteonali Maritime Organisation (IMO). Turkey has
also recently completed installation of a new vesseeking System (VTS) which should help

further reduce the risk of accidents.

2.3. Aegean Sea
The Aegean Sea is located between the coasts ec&@nd Turkey and the islands of Crete and

Rhodes. It covers an area of 210 square kilometnek contains over two thousand islands of
varying sizes, most of which belong to Greece. Abgean is also filled with submerged rocks and
island populations that depend on fishing and soarfor their livelihood. It has been named as a key
area of the Mediterranean in need of protectiothieyWorld Wildlife Fund.

This area of the Mediterranean has a massive anautainker traffic, as it is here that tankers

travelling from the Black Sea and the Suez canaverye, increasing the likelihood of a collision.

1 on 9" November 2005, a project for a new bypass pipdiietereen Samsun (on the Black Sea) and Ceyharhéon t
Mediterranean) was announced. Once realised, ipdsime will substantially relieve (by removing 1itign bpd from
the Turkish Straits traffic) but not completely solthe problem, if the projections of sustained deingrowth for
Russian and Caspian oil prove correct.
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2.4. Augusta
The port of Augusta in Sicily is the third largestlitaly after Trieste and Genoa in terms of oil

imports. It can handle tankers of up to 385000 dndl serves the ISAB refinery, Italy’s second
largest. The port is situated in the Marina di Midlietween Siracusa and Augusta. The area is one
often frequented by tourists most of the year, ngde is a nature reserve on the coast just sduth o

the port. In 2003, 31 million tonnes of oil werepanted through Augusta.

3. Methodology

The risk analysis proceeds via the following frarngwpathway.

Stage 1 Stage 2 Stage 3 Result
Identification Environmental/
of System il fl Distribution Economic Overall Risk
Failures and > Oil Outflow »{ of Oil in the » Effects P Assessment
Sequences Environment
A
Assignment
of Probability
Values

Figure 1. Outline of risk analysis methodology

3.1. Stage 1. Causes and probabilities of oil spill s
The first task is to identify the possible causearooil spill. Ship-related oil pollution is atuted

mostly to operational discharges which have coasikt overshadowed accidental discharges.
Apparently the majority of these discharges hapitrer close to the mainland or within port areas
and terminal stations resulting usually in smaillspvhich are dealt with by the local authoritiasd

are seldom reported. Less frequently, the causmdil spill from a tanker is an accidental event.
The most likely causes of accidental oil spills greunding and ship to ship collision. Fire and
explosion used to be significant causes of accidéwir importance is now negligible, due to recent
changes in unloading regulations that prevent tlmdtion of explosive gas mixtures in the hull.
Structural failures, foundering and loading-unloggderrors can also cause sizeable spills; in these
cases the human element, which can play a roldéralsa@se of grounding and collision is particularly
important.

The rest of this paper focuses gnoundingsandcollisionsas these are the two most likely sources

of accidental oil spills.



The probabilities of a grounding or collision inerd occurring and causing oil to be spilled are
calculated via Fault Tree Analysis (FTA). The proitides were calculated using data from Bréwn
using human error performance values under vasiuations and previous oil spill statistics.
The Fault Trees in the Appendix show the possibt@dent trajectory of opportunity which could
lead to an oil spill, and standard probabilitiesravattributed to the initiator events. These are
combined using Boolean algebra techniques. Ifaforevent to occur, two or more causal events
need to happen (or not happen as the case mayhba)the probabilities of these two events are
multiplied together. This new value gives the ptlality of each events occurring, commonly
known in Boolean algebra as the intersect of evditis is represented by an AND gate in the Fault
Tree. For example, in the Fault tree for groundimthe Appendix, for drift grounding to occur, four
events must happen simultaneously:

1. There is a loss of steering or propulsion.

2. There is an anchor failure.

3. There is a failure in the ability of assistancg@tevent the grounding.

4. There is an unsafe wind or current which propedsviéissel into a place where it grounds.
Only if all of these factors occur at the same timilé grounding occur.
If, on the other hand, for an event to occur omig of any number of casual events is requiredror a
event to occur, these probabilities are added hegetn Boolean algebra this is the union of events
and is represented by an OR gate.
For there to be a failure of assistance to pregeminding, any one of these events is sufficient.

1. Assistance is not requested.

2. Assistance does not arrive.

3. Assistance unable to prevent grounding.
For the sake of simplicity, where there is a pathwat is far more important (difference is more
than two orders of magnitude) than the others wloelg one is necessary (OR gate), only that
pathway is considered. These probabilities aré¢gréeer passage.
These probabilities are then multiplied by the-specific weightings which are listed in Table 1.
The weightings take into account the physical vemes between the sites. For example, the chance
of assistance not arriving in the Bosphorus i éolwer than it is for the Aegean. This is becatinse

Bosphorus is very highly monitored and there iswpyleof assistance available along it. The Aegean

2 [25]

% To be precise, the union is the sum of the protigisiiminus the probability that the events ocdmustaneously
(intersect). As the probabilities used in this gisi@l were quite small, the intersect was negligdoie therefore not
considered.
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on the other hand is very large, less well mondomed assistance is more scattered. The Aegean
therefore has a higher weighting factor for thisréwhan the Bosphorus.

The pathways in the fault trees in the Appendixolhare coloured light blue from the initiating
event through to the grounding/collision occurreng generic faults which are independent of the
location, i.e. they could happen anywhere alongrthege. Elements shaded in grey have a site-
specific weighting and as such shall be differemt dach location. The probability values on the
fault tree will be multiplied by the factors in tf@lowing Table to give the relative site probayil

of this accident trajectory of opportunity.

Factor Novorossiysk Turkish Straits | Aegean Sea Augtes

Wis Assistance unable to help 2 4 1 1
Wos Non Arrival of Assistance 2 1 4 1
Wag Desired track unsafe 4 5 2 4
Wias Grounding obstacle 4 5 1 4
Wss Other vessel 3 5 2 3
Wes Vision impairment 3 4 1 1
Wos Erroneous/untimely action 1 3 1 1
Was Bad weather/currents 2 4 1 1
Wos Manoeuvre not possible 3 4 1 3
hs Passage Time (hours) 8 20 100 8

Table 1. Site specific factor weighting

Where:

1 = No increased risk 4 = High increased risk

2 = Slight increased risk 5 = Acute increased risk

3 = Medium increased risk

Combining FTA with site-specific weightings accargito Equations (1) to (4) below, leads to the
probabilities of an accident occurring as at tharfeselected locations follows. The computed

probabilities are reported in Table 2
P(Collision) =
wss * P(vessel in erroneous position)afgs *

P(Manoeuvre not possible)ws * P(Remedial action not taken) + P(Error not ddtst) (2)

P(Grounding) = P(Drift Grounding) + P(Powered Grodimg) (2)



Where:

P(Drift Grounding) =

hs*P(Lost

Steering/Propulsion)*P(Anchor

Failure)*[P¢aistance

not

requestedys*

P(Assistance does not arrivejs*(Assistance unable to help)igs *P(Unsafe wind/Currentg3);

P(Powered Grounding) =

P(Course Leaves Desired Track)x*P(Desired Track Unsafe ) 4)
Location Grounding Collision
Computation Result Computation Result
Novorossiysk| [8 *8.4E-4%0.25* (0.1 +2*0.1+2* | 1.68E-4+ |3*2371E-4*3*0.01+| 2.57E-4
0.1) *2*0.01]+[1 * 1.95E-4 + 4.11F5 +| 2.65E-4 = | 1.95E-4 + 4.11E-5
4*2,371E-4* 3 *0.01] 4.33E-4
Turkish [20*8.4E-4*0.25* (0.1 +4*0.1+ 1% 1.01E-3+ |5*2371E-4*4*0.01+| 2.84E-4
Straits 0.1) *4*0.01]+[ 3 * 1.95E-4 * 0.9999 4 6.73E-4 = | 1.95E-4 + 4.11E-5
4.11E-5 +5* 2,371E-4 * 4 * 0.01] 1.68E-3
Aegean Sea | [100*8.4E-4*0.25* (0.1 +1*0.1 +4[*1.26E-4+ | 1*2371E-4*1*0.01 +| 2.38E-4
0.1) *1*0.01] +[1 * 1.95E-4 * 0.9999 + 2.38E-4 = | 1.95E-4 + 4.11E-5
4.11E-5 + 1 * 2,371E-4 * 1 * 0.01] 3.64E-4
Augusta [8*8.4E-4*0.25*(0.1+1*0.1+1* | 5.04E-6+ |3*2371E-4*3*0.01+| 5.04E-6
0.1) *1*0.01] + [1 * 1.95E-4 * 0.9999 + 2.65E-4 = | 1.95E-4 + 4.11E-5
4.11E-5 + 4 * 2,371E-4 * 3 * 0.01] 2.70E-4

Table 2. Probability computations for Grounding andCollision.

Two calculations were made for each site, the gitiba of a spill occurring and being of an

Average size and the probability of a “Worst Caserfario”.

A Worst Case Scenario is defined as 90% of cardosis(spill size =130’000 tonne) and cargo is

100% crude oil.

The probable spill size and the likelihood thatiacident came under the Worst Case Scenario

category were taken from statistics of previouskeéaraccidents. The probability that, once an oil

spill has occurred, it results in a Worst Case 8denis computed as follows: (from Table 4):

P(>100'000 tonnes spilt) = Expected value * 0dd&nding OR 0.0coliision

The fact that not every grounding or collision whioccurs causes a spill is then also taken into

account (Table 3).

()




3.2. Stage 2. Qil outflow assessment.
Once the probabilities of each initiator event hdeen established, they are multiplied by a

weighting factor for each site, usually based @nghysical characteristics, preventive measures and
level of spill preparedness of the location. THisves us to determine:

1. given that grounding or a collision has occurréd, grobability that oil is spilt, and then,

2. given that oil is lost, the probabilities of diféert amounts of oil being spilt.
From 1993, all new tankers above 5’000 dwt werealireg to have double hulls or equivalent. 39%
of all tankers had double hulls in 2002 report commissioned in the US after the Exxordéa
disaster in Alaska showed that double-hull desigrkiced the number of spills (over the single-
hulls) by 54 percent for the 150'000-dwt tankerswidver in collisions, the double-hull vessels had
a larger average spill size (given a spill) thaa #ingle-hulls, but the single-hulls had a larger
maximum spill. For the grounding scenarios, in canmg average spill size given a spill, the single-
hull vessel had a larger average spill than thebl@shbull in the 150'000-dwt size. The double-hull
designs had a larger maximum spill than the sihgks®

Ship Size (dwt) | Cargo Spill Probability
Collision Grounding Average | Average
single | double | single[ double | Collision | Grounding
hull hull hull | hull
0 -2,000 0.52 0.364 0.19 0.171 0.45916 0.18259
2,000-5,000 0.56 0.392 0.19 0.171 0.49448 0.18259
5,000-20,000 0.24 0.168 0.35 0.315 0.21192 0.33635
20,000 — 50,000 | 0.24 0.168 0.35 0.315 0.21192 0.33635
> 50,000 0.31 0.217 0.39 0.351 0.27373 0.37479
Average 0.39 0.273 0.3 0.27 0.34437 0.2883

Table 3. Spill probabilities for oil tanker collisions and groundings (data 1980 - 1995)

Table 3 calculates the probability of a tankerismh or grounding provoking an oil spill. The
average probability takes into account the perggentd tankers with double hulls and their reduced
susceptibility to loss of cargo.

From the data available, it appears that the aeetagker travelling from Novorossiysk to Augusta
is a Suezmax class tanker with a size of 145’000 @iven there is an oil spill due to a collision o

grounding, the likelihoods of different quantitigisoil being released are shown in Table 4.

[19]
°[19]
°[20]



Type of Probability of Spill Size (tonnes)

Accident 0-1'000 1’000- 10'000— 50’000- >100'000
10’000 50’000 100’000

Collision 0.65 0.22 0.07 0.05 0.01

Grounding | 0.68 0.24 0.05 0.02 0.02

Table 4. Spill size probability for 145’000 tankef

Values for Average and Worst Case scenario incigeoibabilities are calculated for each of the
selected sites per tanker passage. In the nexbisette (cargo loss and cleanup) costs related to
these probabilities are combined with them in aswdant way in order to evaluate the risk an

expected cost per passage.

Collision Grounding
Collision [ + Spill Grounding| + Spill Total

Novorossiysk

Average 2.57E-04 | 7.03E-0%4.33E-04 | 1.62E-04| 2.49E-04

Worst Case | 5.14E-06 | 1.41E-06 8.66E-06 | 3.25E-06| 3.28E-06
Turkish Straits

Average 2.84E-04 | 7.77E-0% 1.68E-03 | 6.30E-04 | 7.43E-04

Worst Case | 5.68E-06 | 1.55E-06 3.36E-05 | 1.26E-05| 8.31E-06
Aegean Sea

Average 2.38E-04 | 6.51E-0% 3.64E-04 | 1.36E-04| 2.16E-04

Worst Case | 4.76E-06 | 1.30E-06 7.28E-06 | 2.73E-06| 2.90E-06

Augusta
Average 2.57E-04 | 7.03E-0%2.70E-04 | 1.01E-04| 1.85E-04
Worst Case | 5.14E-06 | 1.41E-06 5.40E-06 | 2.02E-06| 2.65E-06

Table 5. Grounding and collision spill probabilities

The average spill size for a tanker collision igrfd to be 8175 tonnes. The equivalent for a spill
caused by grounding is 6790 tonhelm 2% of grounding spills and 1% of collision ki the
outflow will be of a “Worst Case Scenario” variety.

From Table 5, it follows that, along the whole muthe probability of an Average size spill is
1.39E-3 while the probability of a Worst Case spilllig 1E-5

7

[20]
® Average grounding oil spill size = 500* 0.68 + B)80.24 + 25'000*0.05 + 75'000*0.02 +125’000*0.02 6790
tonnes. Average collision oil spill size =500* 0.6%,000*0.22 + 25'000*0.07 + 75'000*0.05 +125'0@DO1 = 8175
tonnes
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3.3. Stage 3. Distribution of Oil in the Environmen t, Environmental and
Economic Effects

The European average cleanup cost per tonne ot aildspilt is $10'800. This value was then
adjusted using a modification factor again basedhenphysical characteristics of the environment
and the gravity of the impact an oil spill couldveaon them. The weightings (Table 7) vary
significantly depending on factors such as type qudntity of oil, location type, environmental
sensitivity, economic use and the response capeabilon site. These weighting factors and the
cleanup costs per tonne are listed in Table 8.

Combining weighting factors, cleanup cost per toané the quantity of oil spilt respectively in case
of grounding and collision, yields the total cleprzosts for Worst Case Scenario and Average size

spills in the different locations listed the thadd sixth column of Table 9.

The cost of lost revenue is computed taking antraryi value of $50 per barrel ($370/tonne). For
Average size spills, this equates to $630'850 isecaf collision and to $518’'000 in case of
grounding. For the Worst Case Scenario (the sg#l 5 independent from the cause in this case) the
loss in revenue rises to 48.1 million. The totadtdo the carrier is the sum of the cleanup casts a
the loss in revenue.

The costs computed in this section will be thenduseSection 4, where expected costs will be
computed as the product of the probability of ooerce and its monetised consequences at each

locatior? and then summed over the whole route.

3.3.1. Modification Factors

The cleanup cost are based on the European aveoasg®f $10'800 per tonh®spilt!! This has
been adjusted by the following modification factargich were calculated using previous oil spill
statistics. The ratings given are based on datidaél@on the sites under scrutiny.
* Oil Type. This is the factor by which different types of affect the spill cost. Cleanup costs
for lighter crude and refined oils tend to be belthe average spill cleanup cost. Heavier
crude and fuel oils, as well as emulsions, areidensbly more persistent and viscous. These

oils are difficult to clean up using dispersant&imsners and pumps, resulting in

° To anticipate, for revenue loss this is dealt witBection 4.2, while for cleanup costs, this iswsh in Table 9.

1 This assumption is likely to be too high, espegiédr a spill in the Russian Black Sea; however enprecise data
was not available at the time of writing.

11 [23]
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considerably higher cleanup cdétsTypically only 10 — 20% of spilled oil is contaid and
recovered?

» Spill Size.As Figure 2 demonstrates, the cost of a spill dessincrease linearly with the
size of the spill. Obviously a larger spill costenato clean up than a smaller one, but there

is a maximum cost per tonne which occurs at arqutmhnes, after which the cost of dealing

142

- i

BDBS

Gl on

B0 AT
D &2 4

§D30 4

D 32

with the extra oil diminishes.
Figure 2. Spill unit cleanup cost (1 gallon = 0.003@nnes}*

Table 6 show the shares of different oil types il size. As the average spill size is greatentha

700 tonnes we shall assume that 75% of the cargwdg oil and the other 25% is refined products.

% Bunkers Crude Ol Refinery Other
Products

< 7 tonnes 22 51 15.7 11.3

7 —700 tonnes | 8 44 34.7 13.3

> 700 tonnes | 3.6 67.8 25 3.6

Table 6. Oil spill sizes by oil typ&

* Location Type. This factor accounts for whether the spill is fourghr a shoreline or in a
port.

12 [21]
13 [16]
14 [24]
15 [22]
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» Area Sensitivity. Here the presence of national parks, areas offgpecbplogical interest are
accounted for as a potential to experience lormg ttlamage (months to years).

* PreparednessThis factor takes into consideration the avail&piif cleanup equipment and
personnel etc. and their efficiency (effectiveadanup).

* Response TimeThe time taken for a cleanup operation to commence.

* Human Use.The presence of habitations or economic activigh{ig/tourism) on the site
and their potential to experience long term damage.

« Weather. Previous spill¥ have shown that weather can be counted as nexsrileither
helps to naturally disperse the oil or hinders rlga

Table 7 shows the modification factors by which $pél cost/tonne should be adjusted for Average
and Worst Case Scenarios for each location. In€eT@&bthe weightings are multiplied with the
European cost per tonne ($10'80783)f the Average and Worst Case Scenario to giveltanup
cost per tonne of such a spill.

% The Braer spill in the Shetland Islands was onéheflargest spills ever. Bad weather prevented jarmatrieval
operation from being put into effect through ulttels this same bad weather dispersed the spilith &in extent that
major environmental damage was avoided.

"¢ = US Dollar = € 0.8211 (21/09/2005)
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Weighting
Novorossiysk
Average 0.5675| 0.27 | 1.28 1.2 0.8 1.15 1 0.2165253
Worst Case 065 | 0.01| 1.28 1.2 0.8 1.15 1 0.009185]
Turkish Straits
Average 0.5675| 0.27 | 1.46 3.8 0.8 1.15 3 2.3462547
Worst Case 065 | 0.01| 1.46 3.8 0.8 1.15 3 0.099531]
Aegean Sea
Average 0.5675| 0.27 | 0.46 3.2 0.97 1 1.7 0.3719273
Worst Case 0.65 | 0.01| 0.46 3.2 0.97 1 1.7 0.0157776¢
Augusta
Average 0.5675| 0.27 | 1.28 1.2 1.15 1 1 0.2706566
Worst Case 065 | 0.01| 1.28 1.2 1.15 1 1 0.0114814

Table 7. Weightings for Average and Worst Case spiscenarios

Weighting | Cost/tonne
Novorossiysk
Average 0.216 2338.47337
Worst Case | 0.009 99.201024
Turkish Straits
Average 2.346 25339.55128
Worst Case | 0.099 1074.936096
Aegean Sea
Average 0.372 4016.815194
Worst Case | 0.015 170.3984256
Augusta
Average 0.271 2923.091712
Worst Case | 0.011 124.00128

Table 8. cleanup costs for Average and Worst Caspill scenarios.
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4. Results

4.1 Inherent risk
The expected damage, or “risk” can be defined asettpected unwanted consequences. Here the

unwanted consequences for the carrier are the pleloasts that would have to be paid for cleanup
and loss of revenue. In this analysis the risk W@l taken as product of the calculated spill

probabilities multiplied by the relevant damagetsos

Mlng?Di (6)

whereP = Probability of a spillD = damage cost and= the site being assessed. The risk for the
whole route §) is the sum of these component risks.

Values for Average and Worst Case scenario incigenivabilities are here calculated for each of
the selected sites per tanker passage, along kétikdnsequent costs. The risk is then evaluated as

an expected cost per passage.

4.2. Loss in Revenue
When thinking about the total cost of a spill, twst of the oil lost must also be taken into actoun

Due to the highly fluctuating oil prices, an araiy value of $50 per barrel ($370/tonne) was ueed t

calculate loss in revenue.

Average l0ss in revenugiision =8175* 370 =$3'024’'750 (7)
Average |0ss in revenuounding = 6790 * 370= $2'512'300 (8)
Worst case scenario loss in Revenue = 130’000 *=3%48'100'000 (9)

4.3. Total Cost
Total Average and Worst Case Scenario costs caalbelated for each location.

For example, if there was a Worst Case Scenaribisphe Bosphorus then the total cost would be
the sum of the cleanup cost and the loss in revenue
Total Cost  =48'100000 + 140’000'000 = $188'10M0 (10)
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4.4. Risk
The risk calculated here is the risk for the carménich is different than the risk for society.r@ars

are only likely to be liable for cleanup and lostvenue costs. The risk is the product of the
probability of occurrence and their monetised cquoseces. The tables below show the monetised
risk per transit for grounding and collision pecdtion in US dollars.

The cleanup risk would be the amount a tanker shexpect to pay in remediation of the damages
due to an oil spill caused by grounding or collisai each location.

Grounding Collision
Probability Cost($) Expected Cos{($) | Probability | Cost($) | Expected Cost($)

Novorossiysk

Average |1,62E-04 1,59E+07 2,57E+03 7,03E-09  1,91EKDB4E+03

Worst

case 3,25E-06 1,29E+07 4,19E+01 1,41E-04  1,29EFDB1E+01
Turkish Straits

Average |6,30E-04 1,72E+08 1,08E+05 7,77E-09  2,07EKD81E+04

Worst

case 1,26E-05 1,40E+08 1,76E+03 1,55E-04  1,40EfD87E+02
Aegean Sea

Average |1,36E-04 2,73E+07 3,71E+03 6,51E-09  3,28EHDT4E+03

Worst

case 2,73E-06 2,22E+07 6,04E+01 1,30E-04  2,22EFDBIE+01

Augusta

Average |1,01E-04 1,98E+07 2,00E+03 7,03E-0§  2,39EFDBSE+03

Worst

case 2,02E-06 1,61E+07 3,26E+01 1,41E-04  1,61EFD27E+01

Table 9. Expected cleanup costs for oil spills caed by groundings and collisions

The total cleanup expected cost is the sum of tbengling and collision clanup expected costs.
Figure 3 shows the expected cleanup costs of tleeaye and Worst Case Scenario spills for each

site.
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Figure 3. Expected cleanup costs for oil spills caed by groundings and collisions

The expected loss in revenue for an Average siileisf 1.39E-3 * 2'778'015 = $3861The
expected loss in revenue for a Worst Case Scespitlo= 1.71E-5 * 48'100'000 = $822.
The total expected costs under the two scenarasaftanker travelling from Novorossiysk to

Augusta due to a collision or grounding is the safrthe expected loss in revenue due to the loss of

cargo and the expected cleanup costs for grouratidgollision:

TOta| ROUte EXpeCtEd Cmgrage 3pi||):
3916 + 124'491+5847 + 3685 +3861 = $141'800 (11)

Total Route Expected CQ@brst case scenariat
6.00E+01 + 1.98E+03 +8.93E+01 + 5.53E+01 + 822 =202. (12)

4.5. Discussion
Using the professional judgement risk equivaleradeas from the table below, we can say that there

is a “high” to “very high” risk of a spill occurrgalong this route(~1.0E-3 — 1.0E-4), and a medium

8 The revenue loss figure of $2'778'015 is compuisdh weighted average of the figures computed)iar(@ (8) for
average size spills. The weights (approximatel3D#r grounding and 0.519 for collision) are dedwy comparing

the relative shares of these events as accidesgsau
17



risk of a Worst Case Scenario accident (~1.0E-@)s Ts corroborated by the data on previous

tanker spills in the Black Sea and Mediterraneaasr

Rating Categories

Probability of Occurrence

Professional Judgment ol
Risk Equivalence- Chance
That Spill Will Occur

Will never occur

None

Zero

Very low or no risk Rarely if Ever occurs 1x10
Low Unlikely to occur 1X10
Medium May occur 1X10
High Likely to occur 1x1d
Very High Most likely to occur 1X16

Table 10. Professional judgement risk categorié$

Unsurprisingly given their special nature and lawat the Turkish Straits have the highest
probability of a spill occurring along with the gest consequences. In fact, the Turkish Straits
account for over 70% of the risk of an oil spilbag the route. This, and the fact that a majoi &pil

likely to occur due to a collision, is borne out psevious spill data — two of the largest spills on

record, thdndependentand theNassiawere both caused by collisions in the Bosphorus.

4.5.1. Comparison of spill costs
It is interesting to look at how the spill costaxgqmare to other historical spills. The Exxon Valdez

tanker disaster which happened off the coast ofk&dan 1989, spilling 35’000 tonnes of oil, had a
cleanup cost of roughly $2 billiéh($2.73 billion in today’s money when adjustedifdtation).

A Worst Case Scenario spill in the Bosphorus wHe&@000 tonnes of oil are lost would have a
calculated cleanup cost of $0.14 billion.

There is an order of magnitude difference in the tleanup costs which can only partially be
explained, and this despite the higher spill volumthe case of the Bosphorus. One factor not taken
into account is the higher base per-unit oil sgélanup costs in North America ($19'814.63). This i
roughly twice that of Europe ($10'807.83). A prolebiscrepancy arises from the incompleteness
of the weighting system. The data comes from theEd@ronmental Protection Agency (EPA) and
was meant to be used for mapping out oil spillgiskUS waters. As the Bosphorus Strait is unique
in that it has very high tanker density, passesutin the centre of Istanbul, and is difficult to
navigate, it is reasonable to assume that the EBighting factors do not take these circumstances
into account with sufficient emphasis. Unfortungtetleanup data for actual accidents in the

Bosphorus is not available.

19 [3]
20 [26]
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5. Conclusions

The route analysed appears to be a risky onermstef professional judgement risk equivalence
values used in a similar context by Hildrew (2004¢, can say that there is a “high” to “very high”
risk of a spill occurring along this route(~1.0E-31.0E-4), and a medium risk of a Worst Case
Scenario accident (~1.0E-6). This is corroboratgdhle data on previous tanker spills in the Black
Sea and Mediterranean areas.

The total cost of transporting a Suezmax tankes twfecrude oil from Novorossiysk to Augusta is in
the order of $1'200°008. Therefore, the expected cleanup cost per paskagyéo tanker collisions
and groundings ($141’800) represents approximdi&)g% of the total cost. This cost can in a sense
be regarded as a lower bound for the premium amranse company should charge to insure each
tanker passage along the route against cleanuas@f revenue due to spills caused by collisions
and groundings.

It is quite conclusive from the results that thakKish Straits are the major danger point along the
route, both in terms of occurrence probability apdl impact. However it is interesting to notettha
there is no obvious hierarchy amongst the othessikhe fact that, for example, Novorossiysk has a
comparatively high spill occurrence probability yetomparatively low impact, should, in principle,
provide reliable guidance to decision makers whensiering investments into either spill
prevention or spill response programs.

The costs for cleanups and revenue losses duakertaccidents are enormous, running into billions
of dollars in Worst Case scenarios. There have bege improvements in tanker safety in the last
decade or so, as oil carriers realise that it tha@r own interest as much as the public to agoich
accidents as far as possible. As engineering stdedenprove, so the rate of accidents should
decrease. The analysis initiated with this paper leelp making rational decisions about where
future investments into oil transit safety and Hert regulations from national and supra-national
authorities should be focused.

The analysis is currently being extended. Our meseagenda includes the following issues:

* Refining the methodologgxtend to other accident causes, anchor spibigbilities on more
recent data, create weightings from European sfalfistics, use more accurate European
data for specific cleanup costs, factor in techgpldevelopments for spill prevention and
cleanup;

» Extending the coverage of the evaluation exeraseersify by actual spill and tanker size,

apply the methodology to other tanker routes, adagdtapply the methodology to pipelines;

215
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* Extending the scope of the evaluation exercigelude impacts on the environment and
socioeconomic activities, include risk aversionplgenefit transfer methodology for the
evaluation of non-monetized impacts.

We expect the impact of these developments to bsiderable. By way of illustration, consider that
back-of-the-envelope application of benefit transfeethodology indicates a willingness to pay for

Istanbul inhabitants up to 400 million dollars, ander to avoid an Average size spill in the
Bosphorus.
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