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Figure 2. ECOS-TELEMAC-3D Coupling.

The module called Environment has the function to
gather the environmental variables. The hydrological
parameters used by this module are the velocity fields, water
temperature, water salinity, water levels, water density and
winds. This is the most important module of ECOS since it
acts like a data source for the whole rest of the model. It is
also the starting point for coupling with hydrodynamic
models. Oil weathering is evaluated in a module called
Weathering, which receives the information from the
Environment module after parameterization. Here the
phenomena of evaporation and emulsification are evaluated
and the oil density is estimated. The oil slick transport is
evaluated by the module called Lagrangian which receives
information of the velocity fields from the Environment
module and evaluates the phenomena of spreading and
turbulent diffusion.

C. Coupling between TELEMAC-3D and ECOS

The ECOS code was directly coupled to the TELEMAC-
3D source code. Hydrodynamics and the wind information
from TELEMAC-3D are transferred to ECOS’ Lagrangian
module for the evaluation of the tracer positions at each time
step. After all the properties have been evaluated, the final
position of each tracer is integrated in time using a second
order Runge-Kutta method. Salinity, temperature, and the
water density are transferred to ECOS’ weathering module,
which evaluates the oil evaporation, emulsification and
density. Fig.2 shows the coupling between these models.
For more details regarding the coupling procedure see [4].

III. NUMERICAL DOMAIN, BOUNDARY AND INITIAL

CONDITIONS

The numerical domain (presented at Fig. 1 B, 1 C and 3)
consists of a triangular mesh produced with the pre-
processor MATISSE. There are 426210 nodes and 771694
elements within the three-dimensional mesh implying a
resolution of 100 meters on the coastal region of Tramandai
and around 0.25 degree at the coarser portions of the mesh at
the open ocean.

In order to evaluate the hydrodynamics of the SBS, the
oceanographic  parameters from HYCOM (HYbrid
Coordinate Ocean Model, http://hycom.org) were used in
this work as boundary conditions. These data sets present
moderate temporal and spatial resolution and also have been
used worldwide. Fig. 3 shows the boundary conditions
implemented in TELEMAC-3D in which the red line
indicates temperature and salinity values, the yellow line
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indicates the oceanic currents which are prescribed at
Northern and Southern boundaries, the blue line indicates
tides and low frequency ocean levels which are prescribed
only at the Eastern boundary and finally the arrows indicate
the air temperature and winds which are prescribed for the
whole numerical domain.

The three major river discharges of this region were
considered as liquid boundary conditions of the Patos
Lagoon through the usage of climatologic data provided by
the Brazilian National Water Agency (ANA,
http://www.ana.gov.br). Ocean currents, low frequency
water levels, temperature and salinity with a temporal
resolution of 24 hours and a spatial resolution of 0.25 degree
were interpolated to each boundary node of the numerical
domain. The five major components of the astronomical
tides (K1, M2, N2, Ol and S2) were extracted from the
Grenoble Model (FES95.2, Finite Element Solution v.95.2)
and also interpolated to the boundary nodes of the numerical
domain. The outer boundary was forced with winds and air
temperature from NOAA reanalysis
(www.cdc.noaa.gov/cdc/reanalysis)  with a  temporal
resolution of 6 hours and spatial resolution of 0.5 degree.
These data were interpolated through the whole numerical
domain.
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Figure 3. TELEMAC-3D boundary conditions.

TELEMAC-3D was initialized with temperature, salinity
and velocity varying spatially. A "hot-start" procedure was
used: A simulation was carried out between 1* and
31" December of 2011, then the last time-step of this
simulation was considered as the initial condition for the
simulation used in this work, starting at 1** January of 2012.

ECOS uses the Fay formulation [11] to simulate the
initial condition for an accidental punctual spill with circular
shape. This formulation takes in account the differences
between oil and water density and the oil volume to estimate
the initial area of the slick based on the different superficial
tensions and diffusion coefficients. The initial oil density
was 912 kg/m?; the standard water density was 1025 kg/m?
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and the spilled oil volume was 13.42 m®. The information
regarding the spill was cordially given by the Brazilian
Environmental protection Agencies and the Brazilian Navy.

IV. RESULTS AND DISCUSSION

A. Hydrodynamic

Because the major influences on the oil path in this
region are the winds and currents [12], the hydrodynamic
results of this work are focused on the behaviour of the
costal wind-driven currents and the sea surface height (SSH).
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Figure 4. Temporal variability of: A) Sea surface height; B) Wind speed
and direction; C) Surface currents speed and direction.

Fig. 4 shows temporal series of SSH, winds and surface
currents. These time series were obtained at the buoy region
shown in Fig. 1 C and indicated by the “+” marker. The SSH
is in the expected theoretical range for this region with
values around 1.0 m. Throughout the simulation a
bidirectional behaviour of coastal currents is observed. This
pattern relies on the interchange of wind direction due to the
passage of frontal meteorological system in this region. This
pattern of the wind circulation was identified before for the
SBS [5, 6, and 13] and the bidirectional behaviour of the
coastal currents was presented at Tramandai coast by [14,
15].

Fig. 5 to 10 show the variability of the coastal currents
and SSH in intervals of ten days. Colour gradients and
vectors indicate the intensity and direction of the currents
whereas white contours indicate values for SSH.
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Figure 5. Spatial variably of surface currents and SSH for 1* of January.
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Figure 6. Spatial variably of surface currents and SSH for 10" of January.
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Figure 7. Spatial variably of surface currents and SSH for 20™ of January.
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Figure 8. Spatial variably of surface currents and SSH for 30" of January.

While whether looking at Fig. 5 and 6 it is possible to see
a change in current directions, all other Fig. (6-8) show a
pattern with orientation Northeast-Southwest. Where the
variations of SSH are more abrupt and the values are lower,
the intensity of currents are higher due to the mass
conservation and the barotropic transport. Having a look at
Fig. 6 it is possible to see meanders, probably caused by the
bottom influence. Moreover, the southern portion of the
region has strong currents which is probably also related to
the bottom topography. The influence of the bottom
topography modulating the coastal circulation is discussed
for the region by [15]. Unfortunately, there was no
hydrodynamic data available for the region for a comparison;
however, the values found for the currents intensity and
direction are compatible with the literature [13, 14, and 15]
and also the major qualitative features of the austral summer
conditions are well represented for the model. In addition,
TELEMAC-3D was calibrated and validated for the
investigation of the hydrodynamic, morphodynamic and
wave processes along the SBS in previous studies [5, 6, 7
and 8].

B. Oil drifi and Weathering

ECOS was started for the 26 of January at 12:00
(Brazilian time) and computed tracer positions and oil
weathering over the entire spill event. Fig. 9 shows the
evolution of oil drift for intervals of 1 hour (grey scale). The
oil spill follows the direction of mean surface currents and
winds, reaching the shore after 10 hours. The extension of
the coastal region affected is dislocated circa 5 km more to
the south than reported by the Brazilian environmental
authorities, even though the final position of the tracers are
dislocated the dimensions of the spill are very much similar
to the reported.

The oil field clearly follows the resulting direction
between the wind field and the current field according to the
influence of momentum transfer coefficient which was set to
35% to winds and 100 % for currents. It is also possible to
infer that the tracer velocities reduce near the coastline
because of the reduction of the current velocities caused by
the increase of the bottom stress.
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Figure 10. Temporal evolution of oil weathering properties. Red line:
emulsification, blue line: increase in density and black line: evaporation.
All values are expressed in percentage.

The oil weathering is represented by the evaporation,
emulsification and density shown in Fig. 10. The
emulsification rapidly increases from the initial state to
approximately 80% while the evaporation slightly increases
to approximately 10 % within 10 hours. The changes of the
oil properties affect directly the oil density which increases
4.6% within 10 hours resulting in a final value of
1016.5 kg/m™. This could lead to a sinking process since this
value is closer to the salt water density.

Finally, an initial development of a “risk map” was
carried out. The map shown in Fig. 11 evaluates the risk
(probability) of the oil slick reaching the coast line. The
method is based on the volume spilled, the number of
particles and geographic location of the coastline and the
tracers [16]. The result shows that the region with the highest
risk is a sand dune field near Cidreira city.
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Figure 11. Risk (or probability) map for the oil spill event reaching the
coastline.

V. FINAL CONSIDERATIONS
The conclusions of this work are:

e The hydrodynamic behaviour is regulated by the
winds and Dbottom topography showing a
bidirectional pattern throughout the simulation;

e The major features of the coastal circulation were
well represented by TELEMAC-3D, such as the
alternation of the current directions due to the wind
field, the coastal meanders and the bottom induced

topography.

e The oil slick reaches the coast line after 10 hours
induced by the averaged currents and wind field;

e The oil weathering is responsible to an increase of
4% in oil density leading the vertical circulation
processes of the oil spilled;

e The main endangered area is a sand dune field near
Cidreira city.
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