
Computational Modelling and Field Experiments for Studying the Spreading of Oil
Slicks in Vitória Bay Channel, Brazil

INTRODUCTION

The booming oil and gas exploration and production
activities on the Espirito Santo State shelf have been demanding
specialised ports to supply the necessary equipment and
materials and available areas to store the oil and gas produced.
The Vitoria Bay port area has already been used for such
purposes and there are plans to enhance its capabilities by the
construction of another port. However the risk of accidental oil
spills in the region poses a threat to the contamination of many
sensitive areas as beaches, mangroves and swamps.

This motivated the use of a computational system as a tool in
order to simulate some oil spill scenarios and assess the
likelihood of oil reaching environmental sensitive areas
( and , 2000) like those of mangrove swamps
existing in the Vitoria Bay. Three field experiments were also
carried out in the Vitoria Bay channel, under different
environmental conditions and locations in the channel. The
influence of tidal currents and wind on the spreading of the
plume of the tracer were analysed as simulations of oil spill,
using tracer technique (L , 1997) to check whether or not it
would reach theArabiri river mangrove area.
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THE STUDY AREA

METHODS

Computational Modelling

Figure 1 shows a satellite image comprising part of Vitoria
City Metropolitan area in which features Vitoria Island, Espirito
Santo and Vitoria Bays and the access channel to Vitoria Port.
The study area is limited by a rectangle. Despite its busy port
area, in fact one of the busiest in Brazil, Vitoria Bay hosts
important ecosystems like mangrove swamps.

, 2003).
The access to Vitória Port area is a natural channel located in

an East-West direction (between 40º17'W - 40º21'W and
20º18,5'S - 20º20'S). It extends along approximately 8 km. Its
width ranges from 150m at Penedo Hill to 1,300m near Darcy
Castello Mendonça Bridge (Terceira Ponte).
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This work uses computational modelling and tracer technique in order to study the spreading of oil patches caused by
accidental oil spills. The region chosen for case study is the port area of Vitória city in the Espirito Santo State Brazil,
where field experiments using tracers were carried out and computational simulations of the spreading of oil patches
originated from hypothetical accidents were made. Hydrodynamics and spreading of tracers were studied using a
computational system called SisBAHIA. A 3D hydro dynamical model was used together with a Lagrangean
particle-tracking model. The region covered by the study was discretised by means of the creation of a quadrangular
finite-element non-structured mesh. Three field experiments using tracers were carried out in the Vitoria Port
channel for the tracking of plumes generated. The influence of meteorological and oceanographic conditions such as
winds and tides on the development of plume spreading was evaluated. The results from the plume tracking shows
that winds greatly influenced plumes shape and direction. It was observed that winds are the main forcing in the
determination of tracer plumes shape and path. Aerial photographs were taken in order to evaluate tracer plumes
development, and then their areas were compared with results from oil slicks spreading experiments found in the
literature. Results from this study provide means for the preparation of prevention planning and response activities
for oil spills occurring in the Vitoria Bay channel. The use of computational modelling may help the simulation of
scenarios that can possibly be used in the enhancement of operational safety of activities that involves loading and
unloading of oil in ports in the region.
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Figure 1. A satellite image comprising a part of Vitoria City
Metropolitan area in which features Vitoria Island, Espirito
Santo and Vitoria Bays and the access channel to Vitoria Port.
The study area is limited by a rectangle.
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computational system was the modelling tool used for
simulating oil spills in the vitoria bay channel.

It is a three dimensional hydrodynamic model developed for
coastal waters and estuaries. And has been used successfully in
a number of studies in Brazil. It was used in Todos os Santos
Bay in the Bahia State to study salt distribution and the
behaviour of Vermelho River effluent plume; in Guanabara
Bay, Rio de Janeiro, where it was used for an Environmental
Impact Study required for a pipeline construction for alcohol,
gasoline and oil transportation through that bay, and in Ipanema
Beach, in order to check the efficiency of an outflow and the
beach bathing suitability ( , 2000).

Its Lagrangean Particle Tracking module allows the user
simulate different scenarios by allowing him/her to change the
contaminant density, the number of particles to be traced, one or
multiple sources, instantaneous or continuous contaminant
releases. Weather conditions like wind speed and direction can
also be changed, as well as tidal movements ebb and flood.

At first, a quadrangular non-structured mesh was generated
for the region surrounding the Vitoria Island. It comprised 5,092
nodes and 1,064 elements (see Figure 2). The mesh was
intentionally refined along the channel in order to obtain more
accurate results.

A flood tide was simulated using SisBAHIA using actual
data collected from a tidal gauge deployed at a tidal gauge
station located at the entrance to the Vitoria Bay channel.

Wind speed and direction were changed in order to assess the
likelihood of contaminant like oil reaching the Aribiri river
mangrove area.

Instantaneous releases were simulated, using 1,500 particles
whose density resembled light crudes 0.95.

In order to prepare the personnel involved and avoid
unnecessary expenditures concerning materials and equipment,
two preliminary experiments were set out in the Vitoria Bay
channel.

The first experiment was carried out on the 3 October 2001.
The main objective was to check the tracer's patch behaviour
along the first minutes of the flood of a spring tide in the middle
of the channel near the strait in the vicinity of Penedo hill.

Floating materials were used to simulate an oil spill. An
operator equipped with a GPS (Global Positioning System)
device had been instructed to record four extreme points on the
patch contour, which would help to map the plume. The pilot
had to navigate carefully around the plume keeping a distance
of approximately 3m away from the plume in order to disturb
the spreading of the tracer plume.

At 10:42 a.m. at the day of the experiment, fifty-four floating
materials were thrown in the channel and seven minutes later
the GPS operator began the recordings. From the top of

different buildings near the channel film shootings and
photographs were taken.

On the 19 January 2002, a second experiment simulating an
oil spill was carried out during an ebb period of a neap tide. The
location chosen was near the Flexibras port. An anemometer
was deployed in the area of the Viola Maio Company on the
channel side.

Two current meters were deployed near the release area to
check the vertical velocity profile; one positioned at 1.5m and
the other at 6m below sea level.

Four boats were used this time. One travelled ahead of the
plume, one behind, one on the left and the last one on the right.
GPS operators recorded the plume limits. Approximately one
hundred floating materials were used this time.

Four releases were carried out along the channel following
the ebb direction. By the time of the first release at 9:08 a.m. the
flow was slow. The plume spreading following the first and the
second releases took a skewed direction relative to channel
centre line.

The third release took place about 500m from the collection
point, in the centre of the channel. The current speed was very
fast this time. The plume path followed almost a line parallel to
the channel longitudinal line.

The fourth and final release was set in the channel strait near
the Morro do Penedo (Penedo hill).As the traffic on the channel
grew more intense the experiment had to be stopped thirty
minutes after release.

On the 2 February 2002 a third field experiment was carried
out in the Vitoria Bay Port channel. Another accidental oil spill
was simulated in order to study the spreading of the patch and
check a possible threat of contamination to the Aribiri river
mangrove area.

The experiment was scheduled for two hours after the
beginning of the flood period, when the flow would be strong
enough to force the spreading along the channel. An Iroquois
drogue was used to check the right time of the tide shift. Two
current meters were deployed in the channel, in the vicinity of
the release area, away from the ships and boats route, in order to
check the vertical velocity profile. An anemometer was
deployed on land at Praça do Papa (Pope Square) to record the
wind behaviour during the experiment (Figure 5).
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Aerial photographs of the plume were taken from a
helicopter in order to provide a less distorted view of the patch.
Photographs were taken since the particles release and so on in a
ten-minute time step through the experiment. Four boats were
used to measure the patch limits through the experiment.

About thirty minutes after the release the patch almost
reached the channel right edge near Clube Alvares (Alvares
Club). Then, the plume changed direction heading the centre of
the channel, crossing the usual track followed by ships and
boats in the channel.

Two hours after release, part of the plume had reached the
region near the CPVV Port, a petroleum and gas exploration and
production supply port, which is located near the Aribiri river
mangrove area.

Most of the particles headed the channel strait passing by the
Morro do Penedo (Penedo hill) on its left, while a few remained
in the CPVV Port vicinity. Thus, the experiment was finished
and the particles collected. The spreading proved to be so
intense that only part of the particles could be recovered and
returned to shore

The experiment period was dominated by easterly winds,
mainly from the southeast and only a very small period from the
northeast about two hours after the release. Wind speed ranged
0.5-2.5 m/s, while current speed ranged 0.4-0,5m/s. The initial
current velocity recorded by current meter # 1 deployed at
5.40m below sea level was about 0.10m/s, while current meter #
2 deployed at 1.60m below sea level was about 0.45m/s.
Through the experiment current meter # 1 velocity increased
gradually reaching about 0.40m/s by the end of the experiment,

.

while current meter # 2, almost kept a constant value of 0.45m/s.

Computational Modelling and Field Experiments of Oil Slicks

Figure 2. Quadrangular finite element mesh covering the region
surrounding Vitória Island and Espirito Santo Bay. The mesh is
refined along the channel and coarse in the other areas.
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Figure 4. Computational modelling of the third field experiment
using the Lagrangean particle-tracking module using actual tide
data from the period of the third experiment. a) no wind, random
deviation set to 0.5. b) actual wind data, except for wind forcing
of a 6 ms Northerly wind, during 40-70 min after release,
random deviation set to 1. c) actual wind data, except for 7ms
Northerly wind, during 40-70 min after release, random
deviation set to 0.5.
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Figure 3. Velocity field of the third experiment obtained from
actual tide condition, time? 50 min after tracers release,
16:45. a) wind speed set to zero. b) a 7 m/s Northwesterly wind
was set this time.

i.e.

although the behaviour of the patch spreading could be easily
explained by the wind forcing at the beginning of the
experiment, the change in direction occurred in the vicinity of
theAlvares Club is still under investigation.

Data collected during this experiment associated with the
channel bathymetry and tidal cycle data were used in the
numerical simulations performed by SisBAHIA computational
model.

The main results from the computational modelling using
SisBAHIA are shown in Figures 3-7. The simulations were
based on actual tide and wind field data collected from the day
of the third experiment and on arbitrary wind velocities.
Two examples of velocity fields obtained using SisBAHIA
computational model can be seen in Figures 3 and 4. Figure 3
shows the velocity field for the third experiment obtained from
actual tide condition, but wind velocity set to zero. Time? 50
min after tracers release, 1645. Figure 4 presents the
velocity field of the third experiment obtained from actual tide
condition. Time? 50 minutes after tracers release, 1645. A 7
m/s Northwesterly wind was set this time.

Simulations using the Lagrangean particle-tracking module
can be seen in Figures 5-7. All of them show different patch
behaviours depending on setting the desired wind speed and
direction. Figure 5 shows the computational modelling result
for actual tide data, but with no wind. The random deviation was
set to 0.5. Figure 6 shows computational modelling result for
actual tide and wind conditions, except for the forcing of 6 m/s
Northwesterly wind within the period 40-70min. The random
deviation set to 1. Figure 7 shows the computational modelling
result for actual tide and wind conditions, except for the forcing
of 7 m/s Northwesterly wind within the period 40-70min. The
random deviation was set to 0.5.

Some results from the third experiment are shown in Figures

RESULTS

Computational Modelling

Field Experiments

CONCLUSIONS
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5-7. Figure 7 shows a picture taken from one of the boats at the

very moment of tracers release. Tracers were confined into a
3.0m x 3.0m source-cell.At the release time the source-cell was
lifted by means of a lifting device. The introduction of this
technique led to a minimum disturbance to the initial tracer
patch spreading.

Figure 6 shows a GPS mapping of the four boats path
following the tracers patch along the channel during the third
field experiment.

Figure 7 shows an aerial photograph of the third field
experiment taken thirty minutes after tracers release. The
helicopter was stationed at approximately 150 m from sea level.
The white spots shows an elongated tracer patch.

The first attempt to use the SisBAHIA 3D Lagrangean
particle-tracking computational system in the Vitoria Bay

planning tools. Besides, it showed that it can help in the
environmental management of the region.

channel revealed the potentiality of models to be used as

Figure 4a

Figure 4b

Figure 4c



Field experiments showed that wind direction and velocities
are very important factors for the dispersion of contaminants on
Vitoria Bay. Wind tends to elongate the plume in its direction
while lateral spreading remains very small.Results from field
experiments showed wind direction and velocity are very
important factors for defining the arrival of floating materials
(pollutants) to Aribiri mangrove area. The path behaviour of
tracers of different sizes was almost the same, while their
spreading showed that the lesser the density, the faster the
spreading.
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From the field experiments some behaviour similarities
could be found between tracers and oil slicks the path is
influenced by the wind, the elongation is directed to the
prevailing wind direction, and the lateral spreading is much
reduced compared with the elongation.
Planning and execution of future similar field experiments in
the region may take advantage of the experience acquired in the
realization of those three experiments.

Experiments helped understanding of association between
meteorological and oceanographic variables with dispersion

phenomenon in the Vitoria Bay. They also showed oil spilled in
the channel might possibly contaminate Aribiri river mangrove
area.

e.g.
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Figure 7. Aerial photograph of the third field experiment taken
thirty minutes after tracers release.

Figure 5. Tracers release time during the third field experiment.

Figure 6. GPS mapping of the four boats path following the
tracers patch along the channel during the third field experiment.
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