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Abstract

The occurrence of oil spills in the seas and oceans causes many short-term
and long-term damages to the coasts and marine ecosystems. Therefore, in
order to reduce the damage, comprehensive coastal vulnerability maps can be
provided to coastal management decision-makers as well as the emergency
response team as a powerful tool. In the present study, by combining the
mathematical model of oil slick routing and ArcGIS software, the northern
coasts of the Persian Gulf were evaluated based on exposure to oil pollution.
For this purpose, 20 hypothetical fall scenarios with oil type and time of
random occurrence in summer and winter were designed. Then, using
GNOME Lagrangian software, the path of the oil slick and its arrival time to
the shores were simulated, and based on that, the matrix of exposure of each
coastal area to pollution was formed. Finally, the northern shores of the Gulf
were classified into five levels of vulnerability. The results showed that in
summer Assaluyeh and Bushehr ports with a cumulative probability of 120
and 94%, respectively, and in winter Assaluyeh port with a cumulative
probability of 119% in all scenarios were in a very high vulnerability. In
addition, the ports of Bushehr and Assaluyeh had the highest potential for
damage to the region. According to the results of this study, coastal
vulnerability is significantly affected by seasonal changes in climatic
conditions and flow conditions.
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Introduction

The occurance of oil spill in marine environment
can cause short-term and long-term irreparable
damage to coasts, ports, and especially to aquatic
ecosystems. In order to minimize the harmful
effects, it is essential to have basic management
tools to support emergency response actions. One
of the most important strategies is to determine
the vulnerability of areas to accidents. Due to the
importance of the northern coasts of the Persian
Gulf in terms of exposure to various types of oil
pollution, providing a support system using
GNOME processor mathematical model and GIS
capabilities to determine the vulnerability of
these areas was determined as the main objective
of this research work.

Methodology

To implement the stochastic modeling process,
first, a database of environmental data and
physicochemical properties of the type of oil
transported by ships in the region were prepared.
During the simulation, the input data of the
models were randomly collected from this bank.
Moreover, the areas with the highest potential for
oil spills were identified as pollution release
points and the areas with the highest probability
of receiving oil pollution were identified as
pollution receiving areas. Accordingly, in order
to cover the maximum possible uncertainties in
the studies, hypothetical oil spill scenarios were
designed in which the behavior of oil in the days
after the spill was simulated using GNOME
software. The outputs of the mathematical model
used are not presented quantitatively. Therefore,
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by entering the model outputs into the ArcGIS
environment, the amount of oil distribution in
each area and the amount of pollution exposure
of the coastlines were calculated. Thus, based on
criteria such as the frequency of exposure to oil
pollution and the retention time of oil slicks in
selected areas, the vulnerability of each area to
oil spills and high-risk scenarios were evaluated.
By transferring the quantitative analysis data to
the ArcGIS environment, a map of the
vulnerability of the northern coasts of the Persian
Gulf to oil spills was prepared.

Results

According to the scenarios defined in this study,
the northern coast of Qeshm Island and the areas
around Imam Khomeini Port in both seasons
(summer and winter) have the lowest
vulnerability to oil spills. In addition, in summer,
Genaveh, Bushehr, Assaluyeh and Kangan ports
and in winter, the Assaluyeh port area are at the
highest level of wvulnerability. In fact, as
expected, most of the coastal areas are in the
range of moderate to high vulnerability due to
the diversion of oil to the coast in summer.
According to the results, the ports of Assaluyeh
and Bushehr and the point near the Strait of
Hormuz in both summer and winter are among
the areas with high damage levels. In other
words, in the event of an accident, oil could
contaminate a large part of the Gulf coast. Fig. 1
shows the cumulative exposure of each zone
to the oil spills for different senarios.
Moreover, the Classification of oil spill points in
designed scenarios are maped in Fig. 2.
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Fig. 1 Cumulative exposure of each zone to oil spills for different scenarios
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A Vulnerability of the Persian Gulf Coasts to Oil Spills
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Conclusions

In summer, the ports of Genaveh, Bushehr,
Assaluyeh and Kangan and in winter, the port of
Assaluyeh are at the highest level of
vulnerability. Based on the oil retention time in
different areas, the southern areas of Qeshm
Island, and Kangan and Bushehr Port with the
highest average oil retention time in all scenarios
are introduced as the most vulnerable areas. In
both summer and winter, in the event of an
accident in the area of Qeshm Island and the
ports of Bushehr and Assaluyeh, it can cause the

Environment and Water Engineering

Fig. 2 Classification of oil spill points in designed scenarios: a) Summer and b) Winter

most damage to the northern shores of the Gulf.
Therefore, it is necessary to adopt more detailed
instructions to maintain safety in the area.
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Table 1 Designed oil spill scenarios

. . . Season

Location Longitude Latitude .
Summer Winter
Bushehr 50° 47 28° 57 Sc0l-a Sc01-b
Assaluyeh 52° 31 27° 28' Sc02-a Sc02-b
Point 1 49° 22 29° 59' Sc03-a Sc03-b
Point 2 49° 37 29° 32' Sc04-a Sc04-b
Point 3 50° 27 28° 31 Sc05-a Sc05-b
Point 4 51°13' 27° 33' Sc06-a Sc06-b
Point 5 52° 26' 26° 42" Sc07-a Sc07-b
Point 6 52° 27" 26°19' Sc08-a Sc08-b
Point 7 54° 49' 26° 51" Sc09-a Sc09-b
Point 8 56° 59' 26° 31' Scl0-a Scl10-b
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