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ABSTRAcT

The coupled DieCAST-SSBOM (Shirshov-Stony Brook Oil spill transport Model) circulation-oil spill transport model 
is used to predict the transport and dispersal of contaminants resulting from representative hypothetical oil spills in the Black 
Sea. With climatological forcing, the DieCAST model realistically simulates many of the dominant mesoscale features of 
seasonally-varying large scale circulation and meso-scale features of the circulation including the Rim Current, anticyclonic 
coastal eddies, headland eddy shedding and vertical stratification. The oil spill model ingests DieCAST surface currents 
and employs a Lagrangian tracking algorithm to predict the motion of a large number of seeded particles, the sum of which  
(~1 million) form the oil plume. Basic processes affecting the transport of oil and its fate (advection, sinking, evaporation, 
etc.) are included as parameters. Various scenarios of hypothetical blowouts of oil in different regions of the sea are simulated 
and discussed as to their structure, transport and likelihood of coastal contamination. The ultimate objective is to develop an 
operational oil slick model forced with synoptic winds and air-sea interaction.
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1. INTRODucTION
1.1 Oil Pollution in the Black Sea 

The Black Sea presently faces strong ecological dis-
equilibria owing to eutrophication and pollution arising 
from many contaminants injected principally from rivers 
discharging into the basin, atmospheric deposition, direct 
discharges from point and non-point coastal sources and 
occasional accidents at sea. Major contaminants include 
oil residues, pesticides, hydrocarbons, nutrients and heavy  
metals. Accidental spills of the contaminants pose a very 
high level of risk for the marine environment and coastline, 
as the Black Sea is essentially a closed basin and thus very 
sensitive to continued high fluxes of contamination. 

Among the most damaging spills are those resulting 
from collisions and groundings of oil tankers whilst in tran-
sit as well as accidental spills at oil terminals and damage 

to coastal pipelines (Korotenko et al. 2003). The annual 
amount of oil released into the Black Sea is ~110000 tons 
(Stoyanov et al. 1999). Table 1 summarizes estimates of oil 
contamination emanating from those countries surround-
ing the Black Sea. A rising threat of sea borne accidents 
is emerging as oil tanker traffic increases from accelerated 
exploitation of the oil fields of Azerbaijan, Kazakhstan, the 
Russian Federation, and Turkmenistan. 

During the next decade, industry projections indicate 
that about 2 billion tons of oil will be extracted and pro-
cessed in these countries. Transporting this cargo by ship 
across the Black Sea to Mediterranean ports and beyond 
will require more than 32000 additional oil tanker trips. In-
evitably, the danger of oil spills will rise, particularly during 
extreme weather events. 

As an example, on 12 November 2007, a serious series 
of accidents occurred in the Kerch Strait during a violent 
storm wherein strong winds, gusting to 75 mph, coupled 
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with high surf caused ten vessels to sink and many others 
to run aground in the strait and the northern Black Sea re-
gion. This included the sunk tanker Volganeft-139, which 
was loaded with nearly 1.3 million gallons (~5000 tons) of 
fuel oil. Nearly half that amount spilled into the strait and 
washed up on nearby shorelines. The Nakhichevan, one of 
two freighters that broke up, split in two, spilling ~2000 
tons of fuel oil into the Kerch Strait. 

The plume moved generally toward the Ukrainian 
coast, consistent with the mean circulation of the Black Sea. 
According to Oleg Mitvol (former deputy head of Russia’s 
environmental regulator and a member of the United Na-
tions’ International Panel for Sustainable Resource Man-
agement), at the time stated that the sinking of the ships in 
the Kerch Strait was a serious disaster and that it could take 
10 to 15 years to clean up the strait and its coastline (http://
edition.cnn.com/2007/WORLD/europe/11/12/russia.ships/
index.html).

The transport and dispersal of oil in a marine environ-
ment are complex processes that depend on a number of 
factors determined by the ambient environmental conditions 
and the properties of the oil, itself. To formulate a realistic 
model of the transport and fate of oil slicks in the sea, it is 
necessary to accurately reproduce circulation and exchange 
processes, coupled with an adequate description of the 
physico-chemical properties of oil, and the environmental 
characteristics of its sources and sinks.

1.2 Mesoscale Features of the Black Sea

Figure 1 is a generalized composite image of surface 
circulation in the Black Sea, based on historical measure-
ments, satellite imagery and numerical models (e.g., Oguz 
et al. 1994; Krivosheya et al. 2000; Staneva et al. 2001; 
Ginsburg et al. 2002a, b; Zatsepin et al. 2003). Basically, the 
structure of the circulation is composed of a seasonally vary-
ing (weaker in summer, stronger in winter) counter-rotating 
(cyclonic) Rim Current (RC) surrounded by many predomi-
nantly anticyclonic coastal eddies (ACEs) wedged between 
the RC and the continental shelf (not all those eddies shown 

in Fig. 1 occur at the same time, but they are very persistent 
features). The structure of the RC and its contribution to oil 
spill transport is discussed in Korotenko et al. (2003). 

Based on the climatology of the RC, it is possible to ar-
rive at first order estimates of the general trajectory of an oil 
spill plume released at a specific point in the interior of the 
Sea. Improved estimates would be obtained using observed 
the weather conditions at the time of the spill, hydrography 
(especially stratification of the water column in the upper 
100 m), circulation and mixing processes of the Black Sea, 
including its cyclonic interior, the RC itself and the coastal 
eddies with their associated exchange of near-shore and 
slope waters. The latter is especially important since most 
accidents occur near and in ports, sea straits and oil termi-
nals. Also, as stated above, many pollutants enter the sea via 
river discharges. 

Observations show that the ACEs have a preponder-
ance to form in the summer and autumn. Typically, ACEs 
are close to circular in shape with diameter ~30 - 60 km. 
After their formation from baroclinic instabilities and von 
Karman-type shedding from south of the Crimean peninsula 
near Sebastopol (Fig. 1), most of the ACEs remain trapped 
and “roll” along the coast like “lubrication eddies” in the 
same direction as the RC (counterclockwise). In the far east-
ern reaches of the Black Sea, ACEs can grow and fill the en-
tire eastern corner of the Black Sea, remaining trapped there 
for several months. The so-called Batumi anticyclonic eddy 
(BAE - Fig. 1) may grow to a terminal diameter of ~100 km 
over some months as a result of mergers of smaller, deac-
celerating anticyclonic eddies and filaments arriving from 
upstream (imbedded in slope waters to the west) before be-
ing absorbed back into the Rim Current. The so-called Se-
bastopol anticyclonic eddy (SAE) is periodically generated 
(with a period of ~3 weeks) by intense vorticity generation 
over the very steep continental margin lying to the south 
of the Crimea Peninsula. The largest SAEs grow to ~100 -  
150 km in diameter, with a thickness of ~100 - 200 m (Ko-
rotenko et al. 2003). 

Once shed, these eddies are then embedded into the 
Rim Current and transported around the northeastern slopes, 

Table 1. Oil Input to the Black Sea (tons yr-1).

Sources of Pollution Bulgaria Georgia Romania
Russian

Federation
Turkey ukraine Total

Domestic 5649.00 3144.10 7.30 21215.90 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
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grazing the Romanian and Bulgarian coasts, where they are 
eventually absorbed back into the gyre. Unlike the Batumi 
eddy, the SAE is relatively unbounded in size and once shed 
from the peninsula, is transported as a closed vortex by the 
RC as it circulates along the continental slope towards the 
southwest. An analysis of eddy trajectories from satellite 
imagery (Ginzburg et al. 2002a) shows that the Sebastopol 
eddies drift to Bulgaria’s Kaliakra Cape (Fig. 1) in about 
three months, agreeing well with DieCAST climatological 
predictions (Staneva et al. 2001).

Mesoscale features such as anticyclonic and cyclonic 
eddies, squirts and jets, all play an important role in the cir-
culation, mixing and marine ecology of the Black Sea (BS). 
The aperiodic baroclinic instability of the currents and the 
ensuing generation of eddies, filaments, and mushroom-
like currents significantly contribute to the hydrographic, 
hydro-biological and hydro-chemical exchanges between 
the near-shore zone and the open sea. Figure 2 is a SeaWiFS 
enhanced image of sea-surface color taken on 11 June 2000, 
which illustrates many of these processes. 

Episodic wind forcing intensifies the vertical stirring 
and mixing, which significantly enhance the effect of me-
soscale structures on the general dynamics and exchange, as 
well as the dispersion of oil plumes in the BS. For example, 
the Sebastopol Eddy’s swirling motion accumulates con-
taminants from the heavily polluted northwestern region of 
the Sea and eventually delivers its entrained pollutant load 
along the Turkish coast. In addition, small ACEs aperiodi-
cally appear along the Turkish and Caucasus coasts, which 
can trap pollution, and subsequentially transport and deliver 
these contaminants to beaches far from their origin. 

As it is logistically difficult to obtain synoptic ocean-
ographic and meteorological observations in and over the 
Black Sea, at this early stage of development of SSBOM, a 
better approach is to run representative high-resolution, low-
dissipation numerical simulations of mesoscale processes 
with DieCAST forced by climatology, coupled with the oil 
plume module. Various oil spill accident scenarios can then 
be run for a variety of locations and seasons, to build up an 
understanding of where the most critical sites are located 
and what the expected pathways and rates of dissipation of 
oil slicks might be. This method thus builds an atlas of ge-
neric simulations which provides the foundation for more 
sophisticated simulations run in an operational mode with 
observed winds, hydrography and river discharges. 

This paper is structured as follows: In section 2, the de-
scription of the coupled circulation/particle tracking trans-
port model is presented. In section 3, results of transport 
simulations for a number of injection scenarios in represen-
tative regions of the Sea over two seasons are discussed. A 
summary is presented in section 4.

2. DeScRIPTION OF THe cOuPleD MODel
2.1 The DiecAST circulation Model

A primary reference for the DieCAST ocean circula-
tion model is Dietrich et al. (1997). For this application a 
1/30 deg. lateral resolution (Mercator grid), 30 vertical z-
layer version was developed. This is significantly higher 
than the Black Sea 1/12°, 20 vertical layer version described 
in Staneva et al. (2001). This lower resolution model of-
fered promising results for oil mass transport under condi-

Fig. 1. Schematic of the Black Sea circulation during summer based observations (after Krivosheya et al. 2000). 1: mean position of the cyclonic 
Rim Current jet current; 2: Rim Current meanders; 3: anticyclonic coastal eddies (ACEs); 4: cyclonic eddies (CEs); 5: Batumi anticyclonic eddy; 6: 
Kaliakra anticyclonic eddy; 7: Sebastopol anticyclonic eddy; 8: Crimea anticyclonic eddy; and 9: quasi-stationary cyclonic gyres.
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tions of general Black Sea circulation, but lacked sufficient 
resolution to realistically reproduce details of oil plumes at 
the low end of the mesoscale. Basic details of the coupled 
DieCAST/oil spill model is described in Korotenko et al. 
(2003).

The present model covers the entire Black Sea basin 
from 27.7 to 19.6°E and from 40.9 to 41.8°N, and contains a 
total of 426 × 238 rectangular grids, with 30 unevenly spaced 
levels in the vertical. Interfacial depths increase geometri-
cally (rounded) at ~0, 3, 6, 10, 14, 18, 23, 29, ..., 1355, 1645, 
and 2000 m. Maximum vertical resolution in the upper 100 
m provides better representation of near-surface dynamics 
and oil dispersion processes. The integration time step for 
both models was 6 min. DieCAST was spun up from rest 
over a time T ~5 years (with same wind and hydrographic 
data as in Staneva et al. 2001). Oil slick runs were normally 
run for an additional 15 days, see below.

The model has been validated by a variety of compari-
sons with satellite based and in situ data (e.g., Staneva et al. 
2001). This validation included all known significant Black 
Sea general circulation characteristics needed to describe 
the “underlying flow” (i.e., circulation in the upper mixed 
layer) at a given place and time. The underlying general cir-
culation is important, especially when oil is leaking from a 
shipwreck at the ocean bottom (e.g., the Prestige oil spill 
disaster). The underlying flow does not include: 

(a) fast barotropic mode surface gravity waves which have 
little effect on oil material displacement unless they 
break in the region containing oil material, which hap-
pens only in the shallow littoral regions and requires 
specialized subgridscale parameterization and ultra-high 
resolution;

(b) the surface mixed layer, which has a fast time scale re-
sponse to wind events lasting at most a few days. It is 
easily validated separately; and is only weakly coupled 
to the underlying general circulation currents that are 
little affected by major storm events, responding mainly 
to much longer time scale wind forcing (that is, having 
time scales >> 5 days).

 The model uses no data assimilation, so the good 
comparison with a wide variety of observations shown by 
Staneva et al. (2001) demonstrates the dynamic similarity 
of the model simulated Black Sea general circulation to the 
observed Black Sea general circulation, as will be required 
for oil spill response applications.

Cushman-Roisin et al. (2007) and Cushman-Roisin and 
Korotenko (2007) report on apparently realistic DieCAST 
simulations in the Adriatic Sea where the grid size was sig-
nificantly less than the first internal baroclinic deformation 
radius R to adequately resolve coastal mesoscale structures 
and their variability (for the Black Sea R ~5 - 20 km, de-
pending on location and season). 

The model was initialized with January-averaged 
temperature and salinity data and forced with climatologi-
cal winds and surface buoyancy (heat) fluxes, evaporation 
minus precipitation and with river runoff from 31 rivers  
(Jaoshvily 2003). The discharges from each of the 10 major  
river sources are varied as monthly climatological means 
derived from gauged discharges (Jaoshvily 2003). Two-
layered exchange through the Bosphorus is specified to 
maintain conservation of water and salt (Staneva et al. 
2001). Note that the climatological data provided from the 
CoMSBlack surveys have been prepared in the context of 
the NATO Black Sea project (cf. Staneva et al. 2001) and 

Fig. 2. Enhanced SeaWiFS sea surface color image, 11 June 2000.

126



Modeling Oil Spill Plumes in the Black Sea 127

river discharges were specified from Jaoshvily (2003). 
The DieCAST model reproduces fundamental physical 

features of the Black Sea: seasonal fluctuations in the quasi-
permanent cyclonic Rim Current, Rossby waves propagat-
ing westward across the basin, coastally trapped waves, and 
the annual cycle of vertical mixing (Staneva 2001). Due to 
high resolution and extremely low horizontal dissipation (5 - 
10 m2 s-1), the model reproduces numerous mesoscale struc-
tures: cyclonic eddies and meanders lying between the Rim 
Current and open sea, anticyclonic meanders and eddies ly-
ing between the Rim Current and the coast, mushroom-like 
instabilities, jets and filaments. The low dissipation allows 
mesoscale instabilities to develop at length scales of 5 -  
20 km and over time scales of a few days.

The main features of basin and mesoscale circulations 
predicted by DieCAST have been compared with NOAA 
satellite images of sea surface temperature (Ginsburg et al. 
2002a, b), and derived surface current velocities obtained 
from observations (Oguz et al. 1994; Krivosheya et al. 
2003) and drifter experiments (Zatsepin et al. 2003; Zhur-
bas et al. 2004). 

2.2 The Oil Spill Model

The SSBOM uses the same 426 × 238 grid as DieCAST. 
The vertical resolution is uniform at 0.1 m over the upper 
100 m for a total of 1000 layers. Oil sinking below that 
depth is lost to the system. Once oil is discharged onto the 
sea surface, many factors affect its properties, transport and 
dispersal. Processes of evaporation, emulsification, dissolu-
tion, photolysis, and biodegradation are controlled by prop-
erties of the oil itself (Wheeler 1978). Different processes 
sequentially dominate as the plume evolves over time fol-
lowing the spill, eventually lead to a complete loss of the 
oil mass. The relative importance over time, of the various 
processes active on the mass of an oil spill, is sketched in 
Fig. 3. For example, evaporation, dispersion, and emulsi-
fication are important in the early stages, while biodegra-
dation, photolysis, sinking, and tar-ball formation become 
important later over a period of days and months and even 
years (Wheeler 1978). Depending on the grade of the oil, 
the relative effects of photolysis and biodegradation to the 
mass balance may be small in comparison with the evapora-
tion, dispersion, and emulsification processes. 

Special attention is paid to advection processes that act 
over all phases of the slick dispersion process. Advective 
transport is accounted for by following the movement of the 
centroid of the oil slick by the seasonal circulation buoyan-
cy-driven and wind-induced currents. In the most general 
case, advection due to the combination of these components 
is described by their vector sum
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i
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where Vi
wid  and Vi

wad  correspond to velocity due to wind drift 
and wave (Stokes) drift component, respectively which, 
generally, do not coincide in direction; Vi

d  is the time aver-
age velocity of the wind-induced component, Vi
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climatological average component, and Vi

B  is the buoyancy 
driven component. Following (Elliott 1986), for the sum of 
the wind-induced and Stokes drift components, V Vi
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the water surface as .V V U0 03i
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A+ = . Gravitational 
spreading generally plays a dominant role in the first few 
hours following the spill. In the present version of the SS-
BOM model spreading is treated as a sub grid process and is 
not resolved (Korotenko et al. 2001, 2002). 

The basic concept of the oil transport and dispersal 
model is similar to that presented in Korotenko et al. (2003), 
in which oil is initially divided into fractional hydrocarbon 
groups in order to describe the evaporation process with 
more accuracy (Mackay and McAuliffe 1988). The hydro-
carbon groups C1 - C8 were chosen for typical crude oil (Ko-
rotenko et al. 2001, 2004). 

The procedure of predicting oil spill behavior is divid-
ed into two parts: i) predetermination of surface and vertical 
currents, temperature and salinity with the DieCAST hydro-
dynamic model; and ii) applying these three-dimensional 
motions to the behavior of individual oil droplets, the aggre-
gate of which constitutes the oil plume. The model thus sim-
ulates the advection, turbulent diffusion and physicochemi-
cal decay processes that change the oil plume’s structure 
and properties. Emulsification is modeled on the approach 
suggested by Fingas and Mullin (1999) which describes the 
process of formation of “water-in-oil” mousse.

In the random walk approach used, the displacements of 
each oil droplet are estimated as (Korotenko et al. 2003):

   

, , ..., ; , , ..., )k N f1 2 1 2 8= =

x V t, , ,i j k i j j i j k

t

f f

hD D= +

( ; , , ... ;i j N1 3 1 2= - =
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In Eq. (2), the displacements x ,i j kD^ h  are defined as the de-
terministic part of the motion due to the mean velocity field, 
V ,i j  and the random displacement, ,i j kh^ h  is due to velocity 
fluctuations and denotes the displacement of the k-th par-
ticle moving along the xi - axis at the j-th instant of time, Nt 

is the total number of time steps, ∆t is the time step, Nf is 
the number of particles in each fraction, and the subscript f 
denotes a particle fraction. 

The distribution of the number of particles in fractions 
is based on eight hydrocarbon groups; initially assigned and 
distributed randomly depending on the type of oil. The total 
number of the particles launched in the model usually does 
not exceed 107; nevertheless, the behavior of the tracked 
particles proved to be representative of the entire spill, even 
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though each droplet represents only an infinitesimal part of 
the total oil volume. Within each fraction, each droplet is 
also randomly distributed to have its own half-life accord-
ing to empirical exponential laws (Yang and Wang 1977).

At the moment of each injection of particles (for a con-
tinuous release), the distribution of their “half-life” in frac-
tions/hydrocarbon groups is assigned randomly by a random 
number generator. The generator gives uniform choices dis-
tributed uniformly between 0 and 1. The initial uniform dis-
tribution is transformed into an exponential distribution with 
a weight dependent on current wind speed magnitude at the 
sea surface and oil temperature (see Mackay and Matsugu 
1973). This approach is very important for realistic model-
ing of evaporation processes. The “long-living” oil fractions 
are randomly and exponentially distributed within a range 
corresponding to the slow effects of total degradation, typi-
cally ~250 hr “half-life” (Korotenko et al. 2003).

In addition to the deterministic movements due to mean 
current velocity, oil droplets experience a random diffusion 
due to velocity fluctuations, the distribution law of which 
is represented by the term, ,i j kh^ h , generally a function of 
time and space. The character of ,i j kh^ h  is determined by 
the statistical structure of the velocity fluctuations around 
its mean value at each time step ∆t. Since these fluctuations 
are considered independent, the law for ,i j kh^ h  is considered 
to be Gaussian (Monin and Yaglom 1965). In this case, the 

,i j kh^ h  can be represented as K t2, , ,i j k j k i j
1 2h c D=^ ^h h , where 

,j kc  is a random vector normally distributed with an aver-
aged value of zero and unit standard deviation; K ,i j  repre-
sents coefficients of diffusion along the xi - axis at the time 
t t j tj 0 D= + . The random vector, ,j kc , is obtained with the 
use of the random number generator, giving a homogeneous 
distribution of random numbers between 0 and 1, with con-
sequent transformation to the Gaussian law. 

The horizontal and vertical diffusion coefficients, K ,x j ,  
K ,y j , and K ,z j , are calculated with a special turbulence sub-
model incorporated into SSBOM, while the mean current 
velocity Ui

j  and density t  are provided by the DieCAST 
circulation model. The turbulence sub-model is developed 
on the base of the k - ε - τ turbulence model and described in 
detail by Korotenko (1992).

In addition to diffusion, oil is vertically dispersed in the 
water column by wind-generated breaking waves. In high 
seas when a slick is subject to continual turbulent stirring by 
wind shear and breaking waves, the oil may be rapidly dis-
persed into small drops 0.01 to 1.0 mm in diameter, which 
populate the subsurface layers. One common approach em-
ployed to describe this process is based on tabulations of 
dispersion as a function of sea state and elapsed time after 
oil release (Audunson 1979). 

The natural dispersion process is very complicated and 
the exact nature of the fluid mechanics involved is not well 
understood. The most common supposition is that breaking 
waves or turbulence causes the oil layer to be propelled into 
the water column thus forming a “shower” of oil droplets. 
Most of the oil particles rise again to the slick and coalesce 
there, but some of the smaller droplets diffuse downward 
and become permanently incorporated into the water layer. 
This makes the process of oil transport in the sea essentially 
three-dimensional with in-situ measurements detecting oil 
droplets down to 20 m (Genders 1988).

As was shown by Aravamudan et al. (1982), the dis-
persion rate is a function of the oil slick thickness, oil-water 
interfacial tension, sea state, and, in particular, the fraction 
of the sea which is covered by breaking waves. According 
to a series of laboratory investigations on the natural disper-
sion of oil on the surface and in the water column, a surface 
oil slick breaks up into droplets and penetrates into the wa-
ter under the action of the turbulence generated by breaking 
waves. Then, the turbulence in the ambient water breaks up 
the submerged oil parcels into droplets. Hence, the disper-
sion process due to the turbulence might be treated as the 
result of a continuous surface source supplying oil droplets 
with different sizes. 

According to laboratory experiments by Delvigne 
(1993), the dispersed mass of oil droplets per unit surface 
rate and per dispersion event M(d) [kg m-2], is given by 

( ) ( )M d C D S d d0 . .
covBA

0 57 0 7D=        (3)

where C(0) is a proportionality constant dependent on the 
temperature and viscosity of oil, .D 0 0034 . . .BA r m s= 2tgH  
is the average energy dissipation per unit surface area in 
a overturning wave, H . . .r m s  is the r.m.s. value of the wave 
height in the wave field, Scov is the fraction the sea surface 
covered by oil, g is the acceleration due to gravity, and t  is 
the density and v the viscosity of water. The droplet diam-

Fig. 3. Schematic representation of the relative importance of spill pro-
cesses over elapsed time (modified from Wheeler 1978).
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eter, ∆d, in the experiments was found to lie in the range of 
to 1130 μm, with most of the droplets were concentrated in 
the range between 75 and 320 μm with a slight tendency for 
the median of the droplet size distribution to shift to smaller 
sizes with increasing turbulence duration.

In the SSBOM model, the particles’ diameters, d are as-
signed randomly in the range (dmax - dmin), where dmin and dmax 
are minimum and maximum diameters of oil droplets. The 
critical diameter, dc , (Aravamudan et al. 1982) is given by  

the expression .d g
v

1
9 52

c 2 3
0

1 3

2 3

t t
= -^ h , where 0t  is density 

of oil droplets, v  is viscosity of ambient water. The buoy-
ancy force depends on  0t  and size, d of the droplets and the 
vertical sinking velocity, w. The latter, according to Proctor  

et al. (1994), can be estimated as w v
gd

18
12

0t t
=

-^ h for 

small droplets d ≤ dc, and as w gd3
8 1 0

1 2
t t= -^ h: D  for 

large droplets d > dc. Hence, the larger droplet sizes are 
more buoyant and tend to remain near the sea surface, while 
the smaller droplets are less buoyant and may be transported 
downward due to turbulence and vertical convection at, for 
example, fronts. 

Each particle, droplet k belonging to fraction f is char-
acterized by its size, density, position X ,i j

k , age and its own 
“half-life”, the latter being assigned a priori when the par-

ticle is launched. 
Algorithms for evaporation, emulsification and decom-

position (the latter due to biochemical and physical degra-
dation) are incorporated in an ancillary sub-model; they 
are parameterized in terms of “half-life” time filters, which 
compare current time and the “half-life” time assigned for 
each particle. Only particles that occur within the subsur-
face “evaporation layer” of thickness, zev ~0.1 m, experience 
evaporative decay, while particles at all depths in the water 
column experience disintegration and dispersion due to am-
bient turbulence.

In the SSBOM, counting algorithms are used to deter-
mine the number of oil droplets that are deposited into sedi-
ments or beached. Should a droplet reach the coastline or 
bottom, it is marked as deposited or beached; its coordinates 
are fixed at the point where the droplet reached that bound-
ary. This procedure accounts for the redistribution of the 
total oil mass in different part: oil evaporated, oil beached 
and oil deposited that obviously very important for an as-
sessment of the risks of coastline contamination (Korotenko 
et al. 2002, 2004). 

Operationally, the coupled model is controlled primar-
ily through the “Oil Spill Model” graphical user interface 
(GUI) dialog with a map of the Black Sea (Fig. 4). The mod-
el is started with “Update and Run” button, which ingests 
bathymetry, DieCAST-predetermined current velocities, 

Fig. 4. Graphical User Interface (GUI) of the Shirshov-Stony Brook Oil spill transport Model (SSBOM). A detailed description of user defined 
controls and variables is Korotenko (2002).
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and various model and source parameters. A source posi-
tion is pre-assigned by the mouse pointer location; in doing 
so the latitude and longitude coordinates and depth will be 
displayed. The operator may choose whether the spill is in-
stantaneous or continuous, specifying the blowout period. 

Once the model is running, the user may also specify 
current wind and wave and other external and forcing con-
ditions as well as components of oil mass balance, i.e., oil 
evaporated, oil beached, oil deposited, etc. could be dis-
plaied during the calculations. Using the GUI, it is possible 
to switch between direct wind forcing of the plume via a 
linear wind stress formulation as described in section 2.2, or 
indirectly through the upper layer velocities of DieCAST. 
Also, Stokes’ drift can be switched on and off depending on 
wave conditions. It should be noted that once the “Update 
and Run” button is clicked, it runs a separate graphic window 
which displays real-time motion of particles. The concentra-
tion of oil recalculated from particle density and oil fraction 
distributions during the spilling and dispersing process are 
displayed on the map and in corresponding frames at the up-
per right corner of the GUI. A second GUI, which appears 
by clicking “Setup Hydrocarbon Groups” button, allows the 
user to input the type and known properties of oil. 

3. ReSulTS
3.1 Modeling the Black Sea circulation at High Resolu-

tion

The high resolution DieCAST simulations of velocity, 
temperature and salinity confirm that the Black Sea circu-
lation is dominated by meanders, eddies, filaments and di-

pole structures with scales comparable to those found dur-
ing ocean surveys (e.g., Oguz et al. 1994; Krivosheya et al. 
2000) and from analysis of satellite images (e.g., Ginzburg 
et al. 2002a, b; Zatsepin et al. 2003; this paper). The model 
faithfully produces about twelve coastal anticyclonic me-
soscale eddies during an annual run (Fig. 5) and predicts the 
general characteristics and seasonal variability of the major 
mesoscale structures: Rim Current meandering, generation 
of coastal anticyclonic and cyclonic eddies including Sebas-
topol, Kerch and Batumi eddies. 

In accordance with the observations (e.g., Krivosheya 
et al. 2000) our numerical experiments show that during the 
warmer months of April through October, the intensity of the 
RC’s meandering is greater than in the winter period. It is 
this intense meandering that triggers the anticyclogenesis of 
ACEs. During the winter months, surface cooling decreases 
the vertical stratification, but has less effect on horizontal 
buoyancy gradients, which are controlled mainly by the en-
trainment of river water into the coastal currents. Figure 5 is 
a surface velocity snapshot for Julian Day 10 (January 10), 
indicating that the high-resolution DieCAST model resolves 
the important mesoscale features of the Black Sea circula-
tion. The weakly stratified winter environment favors the 
generation of anticyclonic headland wake eddies, such as 
the Sebastopol eddy to the west of the Crimean Peninsula 
(Fig. 5). 

Numbers 1 - 9, identifying major features, are inserted 
in Figs. 1 and 5 for comparison. Plots of sea surface tem-
peratures (SSTs) for climatic January and July are presented 
in Figs. 6a and b, respectively, using a banded grayscale 
palette to better sharply define meso-structures. The Sebas-

Fig. 5. Snapshot pattern of the sea surface circulation forced by climatic January winds. The numbers identify several significant circulation patterns 
shown in Fig. 1.
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topol (7) and Batumi eddies (5) are clearly identified for 
January, while for July a greater instability is apparent in the 
Rim Current and the generation of ACEs along the Turkish 
and Caucasus coasts. A comparison of Figs. 2 and 6b shows 
a number of identical mesoscale structures such as ACEs 
along the Caucasus and Turkish coasts, chaotic filaments 
and mushroom currents located along the Romanian and 
Bulgarian coasts. It is interesting that both panels show that 
the SAE and the BAE are absent during the spring-summer 
period. Note that in Figs. 5 and 6a a dipole structure associ-
ated with the BAE is evident, accompanied by an adjacent 
smaller cyclonic eddy (marked by “4” in Fig. 5). DieCAST 
is the first circulation model to resolve these features in this 
area. 

As the modeling shows, the genesis and evolution of 
the BAE typically has three phases: i) it initially appears as 
an instability of the meandering Rim Current west of Trab-
zon, Turkey (Figs. 2 and 5), and propagates as a small ACE 

moving eastward along the Turkish coast; ii) the BAE grows 
in size and strength as it travels to the easternmost part of 
the sea where the distance between the RC and the Geor-
gian coast is a maximum; iii) the dissipation (senescent) 
phase typically occurs in the region to the north of Sukhumi  
(Figs. 1 and 5) where the BAE is absorbed back into the 
RC. 

The life span of the BAE is ~3.5 months (both ob-
served and modeled), usually existing from November 
through February (Ginsburg et al. 2002a). A cyclonic eddy 
following the demise of the BAE usually appears during the 
second phase but subsequentially dissipates several weeks 
after the BAE has dissipated.

Coastal cyclonic eddies are rare, but when they occa-
sionally occur, they are critical for the health of the local en-
vironment since due to surface divergence, they enhance the 
self-depuration processes in highly polluted coastal zones 
(I. Ovchinnikov, priv. comm.).

Fig. 6. Plot of sea surface temperature for (a) climatic January forcing; (b) climatic July forcing. The numbers identify several significant circulation 
features shown in Fig. 1.

(a)

(b)
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Incidentally, the previous coarser 5-min version of 
DieCAST (Staneva et al. 2001; Korotenko et al. 2003) was 
unable to resolve fine dipole structures formed in the narrow 
area between the Georgian coast and the RC. Observations 
in the region of the Batumi eddy show that currents at vari-
ous times can change their sign of rotation from cyclonic to 
anticyclonic (Staneva et al. 2001).

3.2 Modeling Oil Spills from Hypothetical Accidents

As a preliminary step towards a comprehensive atlas 
of characteristic oil spill trajectories in the Black Sea, sev-
eral scenarios were chosen with four hypothetical acciden-
tal oil releases which might occur along heavily-trafficked 
shipping routes between the ports of Novorossiysk and the 
Bosphorus Strait (see Fig. 1 and “Source Locations” in the 
insert in Fig. 7, Site 1), especially as the transportation of oil 
may pose serious hazards to the beaches of Russia, Ukraine 
and Turkey. 

To contrast seasonal effects, the experiments were per-
formed for climatological conditions found in January and 
July. Ten-day blowouts, each releasing 240 tons of oil per 
day were chosen as representative, with the computations 
performed over 15 days, i.e., finishing 5 days after the oil 
spill ceased. In the experiments, during the period of the 
blowout 1000 particles were released at each time step,  
∆t = 6 min, for a total number of particles ~2.4 · 106 so that 
each launched particle “carries” 1 kg of oil. Since such a 
size and weight of oil droplets are hugely unrealistic, it is as-
sumed that such a “macro” particle will represent a cluster of 
droplets with a size that is randomly chosen for this “macro” 
particle at the moment of its release, within the range (dmin, 
dmax). This approach is computationally efficient. 

In the oil spill experiments, oil characteristics (light 
crude) were chosen as follows:

- oil density = 872 kg m-3; 
- droplet diameters: dmin = 60 μm and dmax = 600 μm; 
- evaporation times, and “half-life”: Tev1 = 20 hr, Tev3 = 30 hr, 

Tev5 = 10 hr, for the fractions C1, C3, and C5, respectively. 
For the “longer-lived” fractions, C2, C4, C6, C7, and C8, Tev4 
= 250 hr. The percentage ratio between the C fractions, 
established as the initial condition for the distribution of 
droplets was: 15% of C1, C2, and C8, 20% of C3 and C4, 5% 
of C5, 3% of C6 and 7% of C7. 

Test computations showed that ~40% of such the oil evapo-
rated within the first 5 days.

3.2.1 Results for climatic January

Figure 7 depicts the distribution of the oil plume resid-
ual (concentration integrated through the water column) re-
maining 15 days after release for sites 1 - 4. Site 1 is situated 
within the RC which is intensified during winter. The oil 

plume has an elongated form with its leading edge stretch-
ing to 31.5°E. Meandering of the RC produces patchiness in 
the plume which was analytically described by Korotenko 
(1988). This scenario presents a hazardous situation mainly 
for the Russian and Ukrainian coasts. By day 15, over 30 
tons of oil has washed up on Ukrainian beaches (see Fig. 8,  
Site 1). 

For Site 2, coinciding with the central cyclonic gyre 
(locations #9 in Figs. 1 and 5), the shape of the oil spill has 
an almost a circular form. Concentrations in the center of 
the spill are relatively higher than those for site 1. Since the 
cyclonic center of the RC is a quasi-isolated structure, the 
oil spill remains trapped by it. In this case the oil has no op-
portunity to pollute the coastline.

Site 3 is situated close to the southern side of the west-
ern cyclonic gyre of the RC. The patch remains geographi-
cally isolated, with a tongue penetrating eastward. Despite 
the proximity of the Turkish coast, the oil seems unlikely to 
be beached.

Site 4 is situated in the proximity of the Bosphorus 
Strait on the Turkish coast. The oil slick has an irregular 
form. The plume spreads toward the northeast until it en-
counters the RC and the western cyclonic gyre. Then the 
leading edge of the plume splits into two branches. Despite 
the proximity of the Site 4 to the Turkish coast not much oil 
is expected to be delivered to the shoreline, with ~20 tons 
predicted to be washed up onto the beaches.

3.2.2 Results for climatic July

Figure 8 depicts a similar set of circumstances for the 
oil residue remaining 15 days after release from sites 1 - 4 
for climatic July. The left upper panel of Fig. 8 demonstrates 
the final stages of the plume of oil released at Site 1. The 
length and surface area of the plume is shorter than that for 
the winter period. Weakening winds during spring and sum-
mer cause instabilities and meandering of the RC. Intensive 
generation of ACEs in this period arrest the spread of oil 
slicks as compared to winter conditions, with a possibility 
of entrainment into the Kerch Strait (Figs. 1 and 5). 

Oil released at Site 2 is again trapped by the central 
anticyclonic gyre, which keeps the concentration high in the 
center of the plume. At the northern periphery of the plume, 
some oil is entrained into the RC and transported eastward. 

Releases at sites 3 and 4 are likely to represent serious 
environment hazards for a considerable length of the Turk-
ish coast as the plume is stretched in the direction of the RC. 
The simulations predict that ~20 and 10 tons of oil could be 
beached in the first and second cases respectively. 

Figure 9 shows how an oil spill released into a devel-
oping Sebastopol eddy swirls around the intense vortex  
(location #7 in Figs. 1 and 5). In this experiment, a con-
tinuous point source was placed in the center of the SAE at 
an epoch when it has recently separated from the western 

132



Modeling Oil Spill Plumes in the Black Sea 133

Fig. 8. Oil spill plumes for four experimental release sites during summer circulation. Oil concentrations are based on the vertical integration of oil 
particles over the upper 100 m.

Fig. 7. Oil spill plumes for four experimental release sites during winter circulation. Oil concentrations are based on the vertical integration of oil 
particles over the upper 100 m. The inset for Site 1 demarks the busy shipping lane between the Russian oil port of Novorossiysk (busiest port in 
the Black Sea) and the Bosporus Strait.

Crimean peninsula. Most of the released oil fractions remain 
inside the eddy, even after 15 days. As the eddy migrates in 
a southeasterly direction, it creates a perfect vehicle for the 

transport of contaminates. 
Figure 10 demonstrates how the model typically par-

titions the oil mass over time: those fractions respectively 
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evaporated, dispersed within the water column, suspended 
at the sea surface, deposited on the bottom and discharged 
onto the beach. This example is based on the site 1 experi-
ment during winter. There are two ordinate concentration 
scales: left for the principal components, and right for the 
auxiliary losses (deposited to the sediment and beached 
fractions). 

The contamination of the coast begins after day 9 and 
then rapidly increases. By the end of day 15, ~31 tons of 
oil is discharged along the shoreline, while ~36 tons set-
tles to the bottom. While the source is actively discharging  
(10 days), both evaporated and dispersed components in-
crease with time. However, on the sea surface, the quantity 

of oil grows much more slowly in comparison with the wa-
ter-column dispersed fraction due to evaporation to the at-
mosphere (the total amount of oil “In Sea” is the sum of the 
dispersed and the “At Surface” minus “Evaporated”). After 
the oil spill dries up at day 10, the amount of oil floating on 
the surface decreases asymptotically as evaporation, settling 
on the bottom, and coastal contamination continue. 

The exponential growth of the beached and deposit 
amounts (days 9 - 12) is followed by more or less linear 
growth (days 12 - 14). This reflects the period of approach 
of the leading edge of the plume to the Crimea Peninsula 
and a corresponding decrease in the total amount of oil re-
maining at sea.

Fig. 9. Swirling oil plume resulting from a continuous point source positioned in the center of the Sebastopol anticyclonic eddy (see Fig. 1). Most 
of the released oil fractions remain inside the eddy, even after 15 days of discharge. As the eddy migrates in a southeasterly direction, it maintains 
high concentrations of oil residue within its closed surface convergence. 

Fig. 10. Varying oil mass balance components in a typical aging oil plume. The plume fractions are evaporated, dispersed within the water column, 
suspended at the sea surface, deposited on the bottom and discharged on to the coastline (beached). This example is based on the Site 1 experiment, 
conducted during winter.
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4. DIScuSSION AND cONcluSIONS

This paper describes a new pre-operational mesoscale-
resolving DieCAST-SSBOM coupled oil-spill transport 
model based on specified wind forcing. Climatological 
annual-cycle winds (rather than observed winds) were used 
in model development since a major oil spill event has yet 
to occur which might be used for model validation (for-
tunately for the environment and unfortunately for model 
validation). This new high resolution/low dissipation ver-
sion of the DieCAST circulation model produces realistic 
mesoscale circulation and variability features of the Black 
Sea which form the basis of water motion that transport and 
dissipate the oil slick in our experiments. These mesoscale 
structures play a significant role in the coastal and open wa-
ter dynamics of the Black Sea and have a great impact on 
the ecology and pollution transport within the Sea. 

Obviously the exact form of the oil plume will depend 
on the location, time and duration of the oil spill. The model 
is based on cyclical, climatological monthly forcing which 
leads to seasonal circulation patterns, which do not exactly 
repeat on an annual basis due to inertia and non linearities, 
but nevertheless the model produces characteristic, well 
defined, repeatable features year after year. This is a con-
sequence of the closed nature of the basin, its characteris-
tic topography and coastline features (such as the Crimean 
peninsula, for example). These circulation features are ro-
bust enough so that similar general plume patterns emerge 
for releases made at the same location and the same month, 
whatever the year. The next step in the model development 
is to run the integrated circulation-oil spill model forced by 
observed or reformulated winds such as COAMPS, NCEP 
or ECMWF winds (http://www.ecmwf.int/). This will be re-
ported elsewhere.
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