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Abstract

As oil rig started in open seas in paralel with energy need in our day, the risks towards sea ecosystem and the
environment increase. The negative examples experienced in recent years show that a possible accident during
oil rig and shipment give irrevocable damages to environment and organism lives. In this study, the risks of oil
rigs being planned to be made in Black Sea on coastal area or sea environment are determined through 5
different scenarios. In addition to possible effects on endemic and economic species, the procedures that should
be conducted to reduce these effects have been discussed. Being one of the most specia water basins of the
world, the Black Sea is a unique ecosystem which involves endangered species in addition to endemic and
economic species according to IUCN. It is only possible to foreseen irrevocable damages against such an
important ecosystem through accident scenarios being developed under different conditions. Therefore, to
assess possible scenarios for a certain area during the studies of oil exploration and oil rig will minimize the
damage to sensitive coasta ecosystem.
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1 Introduction vertical nutrient transport mechanisms [9]. The
The Black Sea is land-locked basin and a unique upper layer waters of the Black Sea are
sea with a physical and chemical structure [1-4]. It characterized by a predominantly cyclonic, strongly
has an oxygenated surface layer overlaying a time-dependent and spatially-structured basin wide
sulfide containing (anoxic) deep layer [5]. The circulation [10]. As a result, the major part of the
Black Sea presently faces strong ecologica Black Sea has become critically eutrophic and
disequilibria owing to eutrophication and pollution hypoxic [11]. In the northeastern Black Sea, hyper
aising  from many contaminants  injected eutrophication is one of the main causes of
principally from rivers discharging into the basin, plankton blooms and there is occasiona local
atmospheric deposition, direct discharges from hypoxia [12]. Despite al these negative factors, in
point and non-point coastal sources and occasional ecologic terms, Black Sea marine area has marine
accidents at sea [6]. Major contaminants include oil living resources of the sea trade conjunction which
residues, pesticides, hydrocarbons, nutrients and heavily benefits from high economic and ecological
heavy metals. The Black Sea has suffered from value. Even more, fishing in Black Seais one of the
extensive pollution during the last 30 years due to most important means of livelihood for both
unmanaged fishing, unrestricted shipping, minera Turkey and na_ghbormg countries [13]. The annual
exploitation, dumping of toxic wastes, discharge of fishery production of Turkey is about 514,755 tons
domestic wastes from coastal cities and the load of (2011); 432,442 tons (2012) and more than 80% of
pollutants from rivers discharging into the the total_ fishing in Turkey is produced in j[he Black
northwestern region of the sea[1,3,7-8]. Sea region [14]. Fishery plays such an important
The coastal waters of the Black Sea are principally role in the region’s economy and the biological
fed with the input from the rivers especially in the community has been so heavily impacted over the
northeastern shelf and with the lateral aswell asthe past decades [10]. It hosts very productive fish
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types having economic value such as Mullus
barbatus, Sorattus sprattus, Engraulis
encrasicolus, Trachurus mediterraneus, Trachurus
trachurus, Dicentrarchus labrax, Pomatomus
saltatrix, Merlangius merlangus, Sarda sarda,
Sardina pilchardus, Mullus surmuletus, Alosa
fallax nilotica and Belone belone [15].

Black Sea has biological, physiographical and
hydrologica characteristics which combine to form
amargina ecosystem [12]. The Black Sea has been
used by six state countries for export and import, as
well as transportation and living resources
constituted underground origins and significance in
the recent years. Particularly in the oil exploration,
activities come to the forefront in this sea. Areas of
oil exploration in the Black Sea, north-south
transition areas that have intense ship traffic and oil
rigs increase the risk of accidents. The rigs, which
will be distributed at the same time following an
accident caused by an environmenta point of fact
poses significant risks and challenges. This
situation poses a considerable threat on the Black
Sea ecosystem which is one of the most important
migration routes of Mediterranean and Black Sea
fish species.

Table.1 Oil Input to the Black Sea (ton yr?) [6].

Accidenta spills of the contaminants pose a very
high level of risk for the marine ecosystem and
coastline, and economic fish species are very
sengitive to continued high fluxes of contamination
as the Black Sea is essentially a closed basin [6].
Among the most damaging spills, those resulting
from collisions and groundings of oil tankers whilst
in transit as well as accidental spills at oil terminals
bring damage to coastal pipelines [16]. The annua
amount of oil released into the Black Sea is
~110000 tons [17]. Table 1 summarizes the
estimates of oil contamination emanating from the
countries surrounding the Black Sea. A rising threat
of sea borne accidents emerges as oil tanker traffic
increases from accelerated exploitation of the oil
fields of Azerbaijan, Kazakhstan, the Russian
Federation, and Turkmenistan [6].

During the next decade, industry projections
indicate that about 2 billion tons of oil will be
extracted and processed in the countries presented
in Table 1. Transporting this cargo by ship across
the Black Sea to Mediterranean ports and beyond
will require more than 32000 additiona oil tanker
trips. The danger of oil spills will inevitably raise,
particularly during extreme weather events [6].

Sour ces of Bulgaria Georgia Romania Russian Turkey Ukraine Total
Pollution Federation
Domestic 5469.00 3144.10 7.30 2121590 30016.30
Industrial 2.72 78.00 4052.50 52.78 752.86 10441.00 15379.86
Land-based 4200.00 5169.20 9369.20
Rivers 1000.00 165.00 1473.00 2638.70
Total 6651.72 78.00 7196.60 4418.48 760.16 38299.10 57404.06

As shown Fig. 1 is a generalized composite image
of surface circulation in the Black Sea, based on

historica measurements, satellite imagery and
numerical models [6,18-23].

1:mean position of the cyclonic Rim Current jet
current; 2:Rim Current meanders; 3 anticyclonic
coastal eddies (ACES); 4: cyclonic eddies (CESs);
5. Batumi anticyclonic eddy; 6: Kalikara
anticyclonic eddy; 7 Sebastopal anticyclonic eddy:
8; Crimea anticyclonic eddy; and 9: quasi-
stationary cyclonic gyres.

Fig.1 Schematic image of the Black Sea circulation during summer based observations [6,19]

In this study, possible accident scenarios of oil
drills and platform to be conducted within the
previoudy detected oil reserve area in Black Sea
where is an intense ship traffic. It was aimed to
determine pressure and ecologic impacts that may
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arise from the results of these scenarios in Black
Sea marine ecosystem. In addition, possible threats
to fish migration roads were tried to be detected in
this specia ecosystem which hosts endemic fish
speci es having ecol ogic and economic importance.
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2 Materialsand Methods
2.1 Study Area

Being prioritized and intensely used for the
commerce by countries having coastline to Black
Sea such Turkey, Georgia, Russia, Ukraine,
Romania and Bulgaria, Black Sea has a strategic
importance as it can be opened to oceans through
Mediterranean and to Aegean Sea through Turkish
Straits  System.  Particularly, harbors  in
Novorossiysk, Russia; Odesa, Ukraine; Constanta,
Romania and also Varna, Bulgaria; Batum, Georgia
and Istanbul, Samsun and Trabzon, Turkey are the
most intense harbors for marine trade and ship
traffic [24]. Oil drill lands being constructed or to
be constructed within the oil areas detected in the
roads where intense ship traffic is seen will create a
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new pressure on ship traffic. The study
coordinations were detected by matching both ship
traffic roads (Fig. 2) and ail areas (Fig 4) as special
area to study on scenarios. At the same time, these
areas host species which emigrate from
Mediterranean to Marmara and then to Black Seg;
or within Black Sea for spawning as well.
(Migration and spawning of fishes in the Turkish
straits system) Of these species, the most important
ones are as follows, Engraulis encrasicolus
ponticus, Trachurus trachurus, Sprattus sprattus
phalericus, Belone belone, Alosa fallax,
Pomatomus saltatrix, Scomber japonicus, Sarda
sadra[12,25].
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Fig. 2 Ship traffic roads [24]

There are pre-determined areas of oil exploration in
the Black Sea. TPAO ail exploration in these areas
and work continue today, in partnership with
international companies presented in Fig. 3. In this

study to be conducted in these areas, the resulting
impact of vessd traffic accidents rigs after spill ail
spill in the fields have been identified.
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Fig.3 Schematic of the Black Sea exploration activities areas [ 26]
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2.2 Method and Scenario

GNOME™ developed by NOAA was used to
simulate spatial and temporal distribution of ail
[27]. This software uses wind, tide, and current
values to calculate the movement of oil at sea
surface [28-29]. The smulation code GNOME™
version 1.3.3 is utilized to generate the oil spill
scenarios. In order to input straits data into
GNOME, map with Mercator projection was
digitized at 1000 latitude and longitude points.
Currents data for smulation were input as 100 x 70
matrices with the special format. Current values
were u and v (m/s) a x and y directions,
respectively. Oil spill distribution for some seas
was determined through this simulation. It can be
observed that the simulation is especially used in
areas being close to Black Sea such as Marmara
Sea and Istanbul Strait [30].

Basar et d., (2006), smulated risky areas for oil
spillage following the tanker accidents at Istanbul
Strait [31]. Asit iswell known, the major factor for
distribution of oil is the sea surface current [32].
Krivosheya et a., (2000), modeled current of the
Black Sea surface water in Fig. 1 [19]. Simulations

Table 2. Coordinates of Scenarios

were run for oil rig areas of Black Sea. It is
assumed that 10000 tonnes of medium crude oil
may be spilled in the aftermath of an accident. The
oil spill isthen determined with respect to time and
gpace in consideration of wind directions (NW) and
speed (5 knots) as presented in Table 2. In
determination of wind direction and force, generd
wind direction and force observed in south regions
of Black Sea were considered as basis. Wind
direction and force may differ by hourly-changing
climate conditions. In this study stable direction
and force were considered for all scenarios.
Scenarios were run for 5 coordinates at the Black
Sea (Figure 4). It means that a tanker collided at
that coordinate (at oil rigs) after beginning of the
oil spillage from rig. It is thought that oil spill may
occur at the end of an accident in rigs that can be
found in these coordinates and also tankers which
come to these platforms to get oil and ships which
navigate to the region may result in the accident.
Starting points of these scenarios were detected as
distribution starting point. All simulations were
running for 10 days.

Rig Areas Lat Wind Direction Wind Speed
Scenarios (knot)
Scenario 1 41°34'37" N 40°40'19" E NW 5

Scenario 2 41°45'49" N 38°3047" E NW 5

Scenario 3 43°11°07" N 35°44'38” E NW 5

Scenario 4 42°56'29" N 31°58'36" E NW 5

Scenario 5 41°47'33" N 30°29'24" E NW 5

3 Results

In the analysis on the results of the possible
scenarios, the effects that may emerge in Black Sea
ecosystem can be clearly observed. Although the
completion period for scenarios were determined as
10 days; effectsin coastal area were determined on
4th day in 1st and 2nd scenarios; at the end of 6th
day in 5th scenario and the oil reached the coast
easily. Oil digribution and connection areas with
the coast in these scenarios created in southeastern
and western parts of the Black Sea (1st, 2nd and 5th
Scenarios) are presented in Figure 56 and 9.
However, in the scenarios conducted with Central
Black Sea locations (3rd and 4th Scenarios), it was
found that the oil does not contact with the cost
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even at the end of 10th day and the oil spill mostly
expands under the effect of current (Fig 7 and 8).

The first smulation was run at 5 knots wind
speed and northwest wind direction at the east of
Black Sea. As aresult of the first simulation, which
ran for 4 days, the oil spill affected south east beach
considering the necessary action was not taken, ail
spill were not under the control as presented in Fig.
5. The second scenario was to run same condition
and second rig area in Fig 6. Oil beached after 6
days on the south of Black Sea coast. Third
scenario was to run 3 rig area. In this scenario, oil
spill affected the center of the Black Seain 10 days
(Fig. 7). Forth scenario was to run the same
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environmental condition. As seen from Figure 8, the characteristics of the area determined for the
the spill was moved to Black Sea offshore. Fifth scenario, the distribution mostly affects a much
scenario was to run 5" rig area at the west of Black wider area with the effect of current and wind
Sea. In this region, it was observed that the oil effect. For that reason, 5th scenario was detected to
contact with the coast on 6th day. Oil spill affected be the one which affects the coastal area most.

Turkish coast as presented in Fig 9. Depending on

™ Rig
5= Rig 4™ Rig

Fig. 4 Points of accident scenarios area

Fig.5 Distribution of crude oil at 1st. Scenario Fig.6 Distribution of crude oil at 2nd. Scenario
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Fig.7 Distribution of crude oil at 3rd. Scenario

Fig.8 Distribution of crude oil at 4th. Scenario

Fig. 9 Distribution of crude oil at 5th. Scenario

4 Discussion

In recent years, many studies have been conducted
through the results of the accidents or by the
support of scenarios in order to prevent accidents
related to, oil exploration, drill in seas and
transportation [30-31,33]. The priority, in these
studies, isto determine the effects on sea ecosystem
reveal threats against biodiversity, reduce short and
long-term damages. The ever growing demand for
energy in the modern world continues to increase
the risks of magjor oil spills during the lengthy travel
of this natural resource along global sea routes.
Despite al these studies, oil spills/accidents is the
inevitable result of oil rig, storage and shipment.
Black Sea is under ever increasing ship traffic and
ail rig.

In ail spills, as soon as the oil contacts with the
water, it tends to swim without being mixed with
the water and to spread on the surface due to the

ISBN: 978-1-61804-280-4

63

physical specifications such as surface tension,
viscosity, density etc.  Owing to this characteristic,
it affects costs and poses a vital threat for the
organisms using the sea surface. Direct fatal toxic
effect of oil products on sea organisms results from
the impact on accumulation and physiologic
activities in tissues and cells. Such contaminators
affect eggs, larva and young members of living
sources more. Sustainable generations of living
sources and their chance to maintain their
generations are under threat [34]. Physiologica
effects of contaminators can be ranged as follows;
causing delay and prevention for cell division in
planktonic  organisms; dietary changes in
crustaceans, abnormal spawning and change in
spawning periods in fish; formation of cancer

tumors. The highest effect is observed in living
communities living in high tide-low tide line of the
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sea. Especially, photosynthetic plants which play a
significant role in sea ecosystem and provide
oxygen for the water are contaminated with the ail
film spreading on the surface and they die [35]. 1st
and 2nd scenarios which affect the coastal area
most started to threat the coastal area on 4th day;
5th scenario started to affect on 6th day through
direct distribution. These areas are located within
the Eastern Black Sea Region of Turkey being the
most important fishery area of Turkey.
Approximately 65% of the production obtained
through fishery in Black Sea is obtained from the
Eastern Black Sea Region. It is also an important
coastal structure where the mostly fished, economic
fish species such as in terms of fishery anchovy
(Engraulis encrasicolus), saurel (Trachurus
trachurus), haddock (Merlangius merlangus),
mullus (Mullus barbatus), acorn (Sarda sarda) and
bluefish (Pomatomus saltatrix) [25]. In addition,
there are macro and meiobentic organisms for
Arthropoda, Mollusca, Annelida and Nematoda
groups which take place on soft ground. Among
these forms, the dominant one; Rapana venosa is
an economic species. Other endemic species are
Tricolia pullus and Rissoa splendida [36]. The
effect of the oil which reaches coastal areas is not
limited with aguatic organisms; it can aso reach
birds and terrestrial-origin organisms which use the
environment for feeding. It can also interact with
human beginning from the very first step of the
food chain.

Especialy, acorn (Sarda sarda) and bluefish
(Pomatomus saltatrix), which arrive Black Sea for
feeding and spawning through maturing their
gonads in spring months are the mostly preferred
fish species by public [37]. The oil which takes
place on migration roads of these fish speciesand is
observed to spread in 3rd and 4th scenarios has a
very clear effect on the species. In addition,
dolphins which take place in Black Searegion as a
sea mammal species and are registered to be under
threat by IUCN (International Union for
Conservation of Nature) face the smilar effect
[38-39]. The most recent example for the fact that
other economic fish species and birds which feed in
the same area can be the accident in Mexico Gulf.
In the oil platform accident which took place in
Mexico Gulf in 2010; 780000 m® crude oil were
spilt on the gulf and this pollution which covers the
whole gulf reached until the coasts of the United
States of America. In addition to its effect on
senditive coastal aress, it affected many endangered
species as well. It caused the death of economic
fish species and irrevocable contamination for
environment [40-41]. The scenarios showed that
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the similar effects may be observed in Eastern
Black Sea being one of the most specia areas for
fishery aswell.

5 Conclusion

The increase in the use of fossil fuels bears great
risks that can adversdy affect the coastad
ecosystems. In this study, the petrol platforms
which are planned to be made in Black Sea are
known to be located in the regions where ship
traffic is intense. The crash of oil-loaded ships to
the platform, spills that may arise during oil
transfer and platform derived possible risks are the
first threats to come to mind. Following these
possible accident scenarios, it is clear that there will
be an oail distribution/spreading to the sea
ecosystem intensdly. It is foreseen that this
situation will worsen the Black Sea ecosystem
which is dready affected by the current
contamination. To be prepared for the possible
accidents, to place required emergency plans and
equipments in right places are very important to
reduce the possible effects to ecosystem. These
precautions will be an effective way to prevent
and/or limit distribution thanks to rapid
intervention. To store sufficient oil  spill
intervention equipment in risky coastal areas will
be useful to minimize the possible contamination.
When the oil contact with coastal regions, cleanup
process gets longer and the costs increase. The
effect on ecosystem isrelatively lessin the scenario
of disintegration process in open sea and
diffusibility of oil. For that reason, open sea
intervention should be conducted more effectively
in order to prevent platform derived distribution
from reaching to coastal areas. In these areas,
different scenarios can be run and risk assessment
can be made based on the effect on next stages and
recreation areas. The possible scenarios will ensure
to conduct legal and administrative regulations
required to conduct the follow-up and practice of
the national sanctions.

References

[1] Tugrul, S., Bastiirk, O., Saydam, C. and
Yilmaz, A., Changes in the hydrochemistry of
the Black Sea inferred from water density
profiles, Nature, 359, 1992, pp.137-139.

[2] Bastiirk, O., Tugrul, S. and Salihoglu, 1.,
Effects of circulation on the spatid
digribution of principal chemical properties
and unexpected short and long term changesin
the Black Sea. Ivanov, L.I. and Oguz T. (Eds.)
Ecosystem modeling as management tool for



Advances in Environmental Science and Energy Planning

the Black Sea (pp. 39-54), KluwerAcademic
publishers, 1998.

[3] Konovalov, S. K. and Murray, J. W.,
Variations in the chemistry of the Black Sea
on a time scale of decades (1960-1995).
Journal of Marine Systems, 31(1-3), 2001,
pp.217-243.

[4] Murray, J. W., Konovalov, S. K., Romanov,
A., Luther, G., Tebo, B., Friederich, G., Oguz,
T., Besiktepe, S., Tugrul, S. and Yakushev, E.,
2001 R/V Knorr Cruises New Observations
and Variations in the Structure of the Suboxic
Zone, A. Yilmaz (Eds.), Oceanography of the
Eastern Mediterranean and Black Sea:
Smilarities and Differences of Two
I nterconnected Basins (pp.545-557),
TUBITAK Publishers, 2003.

[5] Murray, J. W., Stewart, K., Kassakian, S,
Krynytzky, M. and Di Julio, D., Oxic, suboxic,
and anoxic conditions in the Black Sea. V. Y.
Hombach, A.S. Gilbert, N. Panin and
P.M.Dolukhanov (Eds.), The Black Sea Flood
Question: Changes in Coastline, Climate, and
Human Settlement (pp.1-21), Springer, 2007.

[6] Korotenko, K. A., Bowman, M. J. and Dietrich,
D. E.i High-resolution numerical model for
predicting the transport and dispersal of ail
spilled in the Black Sea. Terr. Atmos. Ocean.
., 21(1), 2010, pp.123-136.

[7] Kiigiiksezgin, F., Uluturhan E., Kontas, A. and
Altay, O., A comparative study on trace
element distribution in fish of Black Sea and
Agean Sea, A. Yilmaz (Ed.), Oceanography of
the Eastern Mediterranean and Black Sea:
Smilarities and Differences of Two
Interconnected Basins (pp.662-669),
TUBITAK Publishers, 2003.

[8] Yemencioglu, S., Tugrul, A. and Salihoglu, I.,
Distrubition of mercury: its sources and
dispersal in the Marmara Sea, Black Sea and
Mediterranean  Sea, A. Yilmaz (Ed.),
Oceanography of the Eastern Mediterranean
and Black Sea: Smilarities and Differences of
Two Interconnected Basins (pp. 655-661),
TUBITAK Publishers, 2003.

[9] Yilmaz, A., Coban-Yildiz, Y., Morkog, E. and
Bologa, A., Surface and midwater sources of
organic carbon by photo and chemo-
autotrophic production in the Black Sea, A.
Yilmaz (Ed.), Oceanography of the Eastern
Mediterranean and Black Sea: Smilarities
and Differences of Two Interconnected Basins
(pp. 615-623), TUBITAK Publishers, 2003.

[10] Oguz, T., Tugrul, S, Kideys, E. A., Ediger, D.
and Kubilay, N., Physical and biogeochemical

ISBN: 978-1-61804-280-4

65

characteristics of the Black Sea, A.R.
Robinson and K. H. Brink (Ed.), The Sea
(pp.1331-1369), President and Fellows of
Harvard College, 2006.

[11] Zaitsev, Yu. and Mamaev, V., Biologia
diversity in the Black Sea. A study of change
and decline, Black Sea Environmental Series,
United Nations Publications, 1997.

[12] Ozturk, B., Biological diversity in the Black
Sea: A study of change and decline, Black Sea
Environmental ~ Series, United Nations
Publishing, 1999.

[13]Cdikkale, M.S., Basic Factors Affecting the
Productivity of the Black Sea, Proceedings of
the Black Sea Symposium, Ecologica
Problems and Economical Prospects, Istanbul,
Turkey (pp. 223-234), 1999.

[14] TUIK (Turkish Statistical Institute), Fishery
Statistics 2013, No: 4349, ISBN 978-975-19-
6242-3, 2014

[15]Bat, L., Sezgin, M., Sahin, F., Birinci Ozdemir,
Z. and Urkmez, D., Sinop City Fishery of the
Black Sea, Marine Science, 3(3), 2013, pp.55-
64.

[16]Korotenko, K. A., Bowman, M. J. and Dietrich,
D.E., Modeling of the circulation and transport
of oil spillsin the Black Sea. Oceanology, 43,
2003, pp.367-378.

[17]Stoyanov, D., Dorogan, P. and Jelescu, S. The
Black Sea contingency planning for marine ail
spills, S. T. Besiktepe, U. Unluata, and A. S.
Bologa (Eds.), Environmental Degradation of
the Black Sea: Challenges and Remedies
(pp.351-367), Kluwer Academic publishers,
1999.

[18]Oguz, T., Aubrey, D.G., Latun, V.S., Demirov,
E., Kolesnikov, L., Sur, H., Diaconu, V.,
Besiktepe, S., Duman, M., Limeburner, R.,
and Eremeev, V., Mesoscale circulation and
thermohaline sructure of the Black Sea
observed during Hydro Black’9l, Deep-Sea
Res., 1(41), 1994, pp.603-628.

[19] Krivosheya, V.G., Titov, V.B., Ovchinnikov,
.M., Kos'yan, R.D. and Skirta, A.Y., The
influence of circulation and eddies on the
depth of the upper boundary of the hydrogen
sulfide zone and ventilation of aerobic waters
in the Black Sea, Oceanology, 40, 2000,
pp.767-776.

[20] Staneva, J.V., Dietrich, D.E., Stanev, E.V. and
Bowman, M.J., Mesoscale circulation in the
Black Sea: New results from DieCAST model
simulations., J. Mar. Syst., 31, 2001, pp.137-
157.



Advances in Environmental Science and Energy Planning

[21] Ginzburg, A.l., Kostianoy, A.G., Nezlin, N.P.,
Soloviev, D.M. and Stanichny, SV,
Anticyclonic eddies in the northwestern Black
Sea, J. Mar. Syst., 32, 2002, pp.91-106.

[22] Zatsepin, A G., Ginzburg, A.l., Kostianoy,
A.G., Kremenetskiy, V.V., Krivosheya, V.G.,
Stanichny, SV. and Poulain, P.M.
Observations of Black Sea mesoscale eddies
and associated horizontal mixing, J. Geophys.
Res., 108(C8), 2003, pp.1-27.

[23]Capet, A., Barth, A., Beckers, JM. and
Marilaure, G., Interannual variability of Black
Sea's hydrodynamics and connection to
atmospheric patterns, Deep Sea Research Part
Il: Topical Sudies in Oceanography, 77, 2012

pp.128-142.
[24] Basar, E. and Erol, S., Karadeniz' deki Tanker
Trafiginin ~ Belirlenerek ~ Tahmini  Kaza

Alanlarinin Tespiti, Kiy1 Alanlart Konferansi,
Trabzon, 2010.

[25] Ak, O., Kutlu, S. and Aydin, 1., Distribition of
demersal species and density of the economic
fishes in the coastal Trabzon, TrJFAS 5(2),
2011, 99-106.

[26] Energy365, 2014, http://www.energy-pedia.
com/news /turkey/ turkey-to-spend-usd450-
million-on-black-sea-oil-exploration

[27INOAA, User’'s Manual, General NOAA Oil
Modeling Environment, Coast Guard National,
2001.

[28] NOAA, User’s Guide and Examples, General
NOAA Oil Modeding Environment, Coast
Guard National, 2001.

[29]Beegle-Krause, CJ. and O'Connor, C.,

GNOME Data Formats and Associated

Example Data Files, NOAA, 2005.

Basar, E., Wesathering And Oil Spill

Simulations In The Aftermath Of Tanker

Accidents At The Junction Points In The

Marmara Sea, Fresenius Environmental

Bulletin, 19, 2010, pp.260-265.

[31] Basar, E., Kose, E. and Giineroglu, A. Finding
risky areas for oil spillage after tanker
accidents at Istanbul strait. Int. J. Environment
and Pollution, 27(4), 2006, pp.388-400.

[32] Fingas, M., The Basics of Oil Spill Cleanup,
Lewis publishers, 2001.

[33] Brovchenko I., Kuschan A., Maderich, V.,
Shliakhtun, M., Yuschenko, S., Zheleznyak,
M., The modelling system for simulation of
the ail spills in the Black Sea, Building the
European Capacity in Operational
Oceanography Proceedings of the Third
International Conference on EuroGOOS
Athens, 2003.

[30]

ISBN: 978-1-61804-280-4

66

[34] llgar, R. and Given, K. C., Canakkale Bogazi
petrol kirlilik diizeyinin saptanmasi, Marmara
Cografya Dergisi, 15, 2007, pp. 117-130.

[35]Artlz, M.L., Perol Kirlenmesi Agisindan
Denizlerimizde Durum. M. B. B. Natural
Resources, 12(1), 1991.

[36]Anistratenko, V.V., Lectotypes for Tricolia
pullus, Gibbula Divaricata and Theodoxus
fluviatilis (Mollusca, Gastropoda), Vestnik
zoologii, 39(6), 2005, pp.3-10.

[37]Polat, H. and Erglin, H., Karadeniz'in Pelgjik
Baliklari. SUMAE Yunus Arastirma Biilteni,
8(1), 2008, pp.1-5.

[38] Reeves, R.R. and Notarbartolo di Sciara, G.,
The status and distribution of cetaceans in the
Black Sea and Mediterranean Sea, The World
Conservation Union, 2006.

[39]IUCN, 2014,  http://www.iucnredlist.org/
detail5/41762/0

[40)Fardll, C., Gulf of Mexico Oil Spill, ABDO,
2011.

[41] Landau, E., Oil Spill!: Disaster in the Gulf of
Mexico, Millbrok Press, 2011.


http://www.sciencedirect.com/science/article/pii/S0967064512000586�
http://www.sciencedirect.com/science/article/pii/S0967064512000586�
http://www.sciencedirect.com/science/journal/09670645�
http://www.sciencedirect.com/science/journal/09670645�
http://www.sciencedirect.com/science/journal/09670645�
http://www.sciencedirect.com/science/journal/09670645/77/supp/C�
http://www.sciencedirect.com/science/article/pii/S0422989403800958�
http://www.sciencedirect.com/science/article/pii/S0422989403800958�
http://www.sciencedirect.com/science/article/pii/S0422989403800958�
http://www.sciencedirect.com/science/article/pii/S0422989403800958�
http://www.sciencedirect.com/science/article/pii/S0422989403800958�
http://www.iucnredlist.org/�



