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SUMMARY 

The Turkish strait is one of the most important routes of oil transportation.  It connects the Black Sea and the 
Mediterranean, and it enables to transport the oil produced in the north of Black Sea to Europe directly.  This route 
transports approximately 15 000 tankers per year, and which are going up continuously.  This fact has inevitably 
increased the risk of a catastrophic accident and consequent oil spill, especially in the Istanbul strait.  There have been 
large accidents occurred beside a mega city, Istanbul, which has thirteen million of inhabitants. 
The tanker accident in Istanbul strait can be a great disaster that directly attacks on the life in city.  Therefore, in case of 
an accident, efforts should be made to contain the spilled oil so that damage is minimized. 

This paper describes the numerical simulation of oil spill for two different areas which are called 
Büyükdere&Tarabya and Çubuklu&Beykoz in Istanbul strait for that enables us to estimate the effect of oil spill if tanker 
accident occurs.  The output of the numerical simulation can be used to define and specify the proper methodology and 
procedures for the “Oil Spill Contingency Plan of Istanbul strait”. 
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1. INTRODUCTION 
 

The Turkish straits consist of two parts, and the 
northern half is called the Istanbul strait.  It has lain 
beside a mega-city, Istanbul, where thirteen million 
people lives. Disasters based on the tanker accidents have 
happened several times in this strait, and they directly 
attacked on the life of this city.  One of the essential 
problems is to analyze the tanker accidents and oil spill 
problem, and to consider the safe ship operation in the 
Turkish straits.  In this paper, the basic features of 
Istanbul strait were described, and a numerical simulation 
of oil spill originated from tanker accident is presented.  

The main objective of the computer modeling is the 
prediction of the oil slicks behavior, which is the key 
element for oil pollution control in case of an accident. 
This provides the opportunity to take necessary 
immediate precautions.  Once the model grids are 
developed, this study enables to develop scenarios for 
different environmental conditions in Istanbul Strait 
(current speed and direction, boundary conditions, type 
and amount the spill etc.).   

The International Maritime Organization (IMO), in 
order to establish a global procedure in preventing and 
minimizing the impacts of pollution incidents, has 
adopted in 1990 the OPRC (Oil Pollution Preparedness, 
Response and Cooperation) Convention, which requires 
from the authorities that handle hazardous substances the 

development of Contingency Plans [1]. Spill simulation 
models are increasingly used in the development of these 
plans, to provide preventive measures in assessing risks 
and damage to natural resources from actual and 
potential spills, and also in assisting emergency staff in 
their development strategies for oil spill planning and 
response.  

In this study, the 3d model was generated using the 
geometrical data of Istanbul Strait by GAMBIT which is 
a pre-processor of Fluent programme. 
The simulation was performed for two different areas in 
Istanbul Strait, which are called Büyükdere&Tarabya and 
Çubuklu&Beykoz. 

 

2. MATERIAL AND METHODS 

2.1 ISTANBUL STRAIT 
Istanbul strait is a narrow and winding route.  Total 

length of Istanbul strait is 32km, and the narrowest point 
of the strait is about 800m width.  Fig.1 shows the 
coastline of the Istanbul strait.  The Black Sea lies on the 
north side of the strait, and the southern area is called the 
Marmara Sea.  Istanbul lies on the both side of the strait, 
and the center of the Istanbul city locates at the south end 
of the strait.   
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Figure 1. Coastline of Istanbul strait [2] 

 
Both side of the strait is steep, and complicated 

bottom configuration is observed.  The bottom 
configuration contributes to make complex flow field 
together with the high speed current.  The current inside 
the strait is mostly based on the difference of water 
density between the Black Sea and the Mediterranean.  
The maximum current speed in the strait becomes over 
1m/s. The following current acting on the full loaded 
tanker makes the maneuverability unsteady.  As the main 
factor of the current is the difference of the water density, 
the counter current exists at the bottom.  Then a shear 
flow would exist in the middle of the section, and there 
are possibilities that the counter flow and strong shear 
layer attacks the full loaded tanker. 
 

2.2 NUMERICAL METHOD 
 

The multiphase flow model was used to analysis of 
liquid-liquid flows and the finite volume method was 
employed to obtain the solution of Navier-Stokes 
equations.  From the perspective of the physics modeling 
of the process the flow was assumed to be 
incompressible and turbulent. Due to the nature of 
processing, the simulation was performed in unsteady 
mode. The time marching method was the fully implicit 
method, and the solution algorithm was the PISO solver. 
The time step size was 10 seconds and 1500 time-steps 
are employed. The solution was considered converged 
when the continuity residual was lower than 10-5 and 
velocity residuals were lower than 10-6. All calculations 
were performed using Fluent 6.2 which is a commercial 
CFD code. The detailed descriptions of the numerical 
method can be found in the Fluent 6.2 User’s Guide [3]. 

The Realizable k-ε was chosen as the turbulence 
model (Shih et al., 1995) [4]. Viscous model constants 
are taken as defaults.  

The geometrical data used to create model supplied 
by The Turkish Navy Department of Navigation, 

Hydrography and Oceanography was used for the grid 
generation [5]. 
 

2.3 NUMERICAL CONDITIONS 
 
The paper about risk factor in Istanbul Strait which 

was studied by Yurtören (2003) used when defining to 
the case areas depending on the risk ratio of collision [6]. 
Fig. 2 shows the case areas that are called 
Büyükdere&Tarabya and Çubuklu&Beykoz as 1 and 2. 

 

 
 

Figure 2. The case areas for simulation in Istanbul Strait 
 

As a initial condition, water inlet velocity was chosen 
as 0.5 m/s from north end of strait to south end direction 
and wind velocity was chosen as 1.9 m/s same direction 
with water velocity. The oil inlet velocity was chosen 
0.05m/s from water surface to the bottom direction. The 
oil inlet time was assumed 2500s and amount of total oil 
was assumed 50000 m3 for both of cases. All detail 
descriptions can be seen in Table 1. 

 
Table 1. The case properties for oil spill simulation 

In Istanbul Strait 

CASE Station 

Risk 
ratio of 
collision 

(%) 

Water 
İnlet 

Velocity 
(m/s) 

Wind  
Velocity 

(m/s) 

Oil 
Inlet 

Velocity 
(m/s) 

Oil 
Inlet 
Time 

(s) 

Total 
Oil   

(m3) 

1 Büyükdere & 
Tarabya 5 V= - 0.5 V= - 1.9 W= - 

0.05 2500 50 000

2 Çubuklu & 
Beykoz 4.5 V= - 0.5 V= - 1.9 W= - 

0.05 2500 50 000

 
For the grid generation of the model, GAMBIT is 

used which is a pre-processor of Fluent. The number of 
total cells in volume mesh is 324780. Fig. 3 shows the 
grid generation of model defined for Istanbul Strait. 
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Figure 3. The grid generation for Istanbul Strait. 

 
The coastline of the model consists of vertical walls.  

The bottom of strait assumed as flat surface since the 
initial aim of present simulation is related with the 
surface flow.  The non-slip condition was applied to the 
sidewalls, and the wall-slip condition was used for the 
water surface including wind stress.  The wall-no slip 
condition was applied to the bottom boundary by 
considering the limitation of resolution, and it means that 
present simulation simulates the quasi 2D-flow field. 

As the one way current exists on the surface of 
Istanbul strait, the inlet condition was applied to the 
north section, and the pressure outlet was used for the 
southern end section. Oil spill was given from small inlet 
at the sidewall.  The inlet speed of oil is shown as a 
Velocity-Time table in Table-2 is 1/10 of main current 
inlet. The detail of oil spill condition in the case accident 
is not clear, but present simulation enables us to know 
the basic feature of oil spill. 

Table 2. Oil inlet velocity and time 

T(s) 0 2000 2500 

U(m/s) 0.05 0.05 0 
 

3. RESULTS AND DISCUSSIONS 
Transient calculation was carried out to obtain the 

behavior of spilled oil.  The density ratio of oil/water was 
0.87, and the inlet speed of oil was 1/10 of main current 
inlet. The oil flow was in continuous in this stage as 
shown in Table-2 then the total amount of oil in the 
calculation domain keep increase.   

The most important point for case 1 is even though 
the simulation was started on the left side of strait, the oil 
slick can be seen on the right side around Beykoz about 
4000s. 

Around 8000s, the oil slick can be seen still in 
Beykoz area. It means that although the accident 
happened on the left side, the oil slick moves to right side 
taking opposite direction because of the counter current. 
As shown in figures 4, 5, 6, 7 oil moves to south end of 
strait and both of side have pollution. 
 

 
Figure 4. Case 1 time step 3000s 

 

 

Beykoz Beykoz 

Figure 5. Case 1 time step 4000s 
 

 
Figure 6. Case 1 time step 5000s 

Beykoz 
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Figure 7. Case 1 time step 8000s 

 

 
Figure 8. Case 2 time step 3000s 

 
For case 2, the simulation was started right side of 

strait around Beykoz. After 4000s, the both side of strait 
had been polluted by oil slick towards to south of strait. 
As same as Case1, Beykoz area had oil slick because of 
the counter current and it was possible still to see oil 
slick end of simulation time. 

The results show that Beykoz is very vulnerable to 
oil spill regardless of the accident occurring on left or 
right side of the strait 
 

 
Figure 9. Case 2 time step 7000s 

 
Figure 10. Case 2 time step 8000s 

Beykoz 

 

 

Beykoz 
Beykoz 

Figure 11. Case 2 time step 12000s 

4. CONCLUSIONS 
 
Safety of Turkish Straits is very important and in 

case of a great tanker accident, whole economies can be 
affected considerably. 

In this study, two different cases have been run using 
the complete model of Istanbul Strait. Differently from 
the previous studies, the entire domain is simulated and 
the wind effects have been included. It is possible to 
pinpoint polluted areas based on simulation results. The 
simulation results have facilitated contingency planning. 

The results show that the tanker accident happened 
inside the Istanbul Strait could threaten the life in city 
largely, and the quick response to prevent the oil spill 
will be required and Beykoz is a really risky area for oil 
spill regardless of the accident occurring on left or right 
side of the strait.  Such simulation models can be used as 
a basis for an Oil Spill Contingency Plan for Istanbul 
Strait. 

Beykoz 
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