Chapter 8

Application of Hydrodynamic, Pollution
Drift and Wave Models as Tools for Better
Environmental Management of Ports

Vasko Galabov, Anna Kortcheva, Elisaveta Peneva, Georgi Kortchev,
Marieta Dimitrova and Jordan Marinski

Abstract Numerical modelling provides additional information useful for imple-
mentation of the sustainable model for environmental-friendly development of the
port networks. This chapter presents an improved modelling approach using better
interconnections between the components of the system. The input data has been
produced by the usage of an operational hydrodynamic model for the areas in the
vicinity of ports, which makes the system applicable in case of extreme situations.
This provides the decision makers with examples of worst-case scenarios of pollu-
tion drifts during extreme cases like combinations of strong winds, high waves and
storm surges.
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8.1 Introduction

Providing information about the vulnerability in case of storm weather and ocean-
ographic conditions is essential for the proper environmental management of
ports. One of the major problems along the coast is the insufficient data sets of
measurements. Numerical modelling provides additional information useful for
implementation of the sustainable model for environment-friendly development of
the port networks. Ports are vulnerable to severe meteorological and oceanographic
conditions that may affect their operability and may increase the environmental
risks due to increasing probability for disasters in ports and in the coastal areas.
The capabilities to monitor such conditions are limited and therefore the numerical
modelling is the primary tool to assess and predict such extreme situations. The
study of these extreme situations is important for efficient environmental manage-
ment of port areas. The output of such 2D and 3D hydrodynamic, pollution drift
and wave models in case of severe weather may be used by the port authorities to
improve the preparedness and awareness in case of extreme hydro-meteorological
events (extreme winds, waves and storm surge sea level rise) by means of proper
forecasts. In our previous study (Galabov et al. 2012a, 2013), we evaluated the risk
of oil pollution for the Port of Bourgas in case of ship accident under normal me-
teorological conditions using climatic data for the sea currents. This chapter pres-
ents an improved modelling approach using better interconnections between the
components of the system and hydrodynamic model data as an input to the system.
The input data has been produced by the usage of an operational atmospheric and
hydrodynamic models for the areas in the vicinity of ports, which makes the system
applicable in case of extreme situations, because it provides the decision makers
with examples of worst case scenarios of pollution drifts during extreme cases of
combinations of strong winds, extreme waves and storm surge.

8.2 The Modelling System

The meteorological and oceanographic conditions in case of extremes may increase
significantly the probability for the occurrence of accidents not only in open waters,
but also in harbours, ports and in the coastal area outside the ports. Some notable ex-
amples of accidents with oil pollution, caused by extreme weather and sea hazards
that are further worsened by the weather conditions include the Prestige accident
in 2002, the Erika Accident in 1999 and more recently the Kerch Strait disaster
(Matishov et al. 2013). The studies (Daniel et al. 2004) of such accidents confirmed
that proper numerical simulation of the winds, sea waves and currents are crucial
not only prior to the accident, but also during the liquidation of consequences.

Based on the knowledge gathered during such cases and the practices in other
countries, we implemented the modelling system consisting of the following four
components:
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* A hydrodynamic 3D model for the Bay of Bourgas and the Bay of Varna with
high spatial resolution nested within a lower resolution hydrodynamic model for
the entire Black Sea. The coarser resolution model for the entire Black Sea is the
NEMO model (Nucleus for European Modelling of the Ocean; Madec 2006).
The model to represent adequately the Black Sea hydrodynamics has to permit
eddy resolving resolution. It also has to provide a good representation of the
vertical processes in order to represent adequately the stratification, the perma-
nent picnocline and the existence of a layer of cold intermediate water persisting
during the summer. It also has to represent the fresh water inflow in the northern
part of the western Black Sea shelf and the Bosporus plume of Mediterranean
saline water. The NEMO model is such a model—a primitive equation model—
adapted not only to global, but also to regional scales. The setup of the model
for the entire Black Sea is with a spatial resolution of 1/27 by 1/36° in zonal and
meridional directions (about 3 km horizontal resolution) and 31 vertical levels.
It is initialized by the monthly mean temperature and salinity 3D fields. The
atmospheric forcing comes from the operational model of the European Centre
for Medium Range Forecasts (ECMWF): the output is every 6 h with 0.25° reso-
lution, including information about the air pressure, temperature, humidity and
wind on the sea surface, as well as cloud cover. In order to ensure the fresh water
fluxes budget vs. evaporation, the ECMWF precipitation is used and also the
river runoff of 40 rivers along the Black Sea coast. The runoff is balanced by the
Bosporus Straits transport, which is treated in the same way as rivers. The areas
of the bays of Varna and Bourgas are resolved with a horizontal resolution of 20”
(approximately 500 m) using a nested GETM model (General Estuary Trans-
port Model; Bruchard and Bolding 2011) due to the fact that it is more adapted
for such shallow water areas and includes the flooding and drying mechanism.
The NEMO model was integrated for 2012 and the results represent adequately
the seasonal variation in the Black Sea circulation. The dominating Rim cur-
rent is evident, enhancing the speed in winter. Around Cape Kaliakra the current
accelerates throughout the year (Fig. 8.1).

The implementation of NEMO and GETM for the port areas provides a state of
art information for the sea currents, temperature, salinity and other hydro physical
fields in terms of climatic seasonal means and actual values during extreme sea
storms. The model output serves as an input to the wave model and the pollution
drift model. Example of the output of the model is presented in Fig. 8.1 for the cur-
rents during the extreme storm of February 2012 and the variation of the current
speed for a selected point (location of a ship accident that is mentioned later in the
chapter). The atmospheric forcing that is used in the frame of the present study is
the operational model of the European Centre for Medium Range Forecasts (EC-
MWF) for the entire system when we are evaluating potential pollution scenarios
or the operational regional model of NIMH-BAS which is an implementation of the
ALADIN Model—for more details see Bogatchev (2008), for operational forecasts.

* A sea wave model implemented for the western part of the Black Sea is SWAN
(simulating waves nearshore; Booij et al. 1999). The SWAN model provides
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Fig. 8.1 The NEMO hydrodynamic model: the upper graphic—the surface currents during the
storm of 06—08 February 2012 around the Bulgarian coast; down—the current speed variation dur-

ing 2012 for a point close to Kaliakra Cape—notice the significant difference of the current speed
from the mean seasonal value

forecast of significant wave height and direction for the whole area and time
series for the wave heights at the entrance of three ports: Bourgas, Varna and
Constanta (Fig. 8.2—the upper three graphics).The model has been validated
and calibrated for the open sea, using satellite data and coastal locations, using
the observations in the coastal stations of NIMH-BAS (Galabov et al. 2012b).
SWAN is also used for similar systems providing sea state information for the
needs of ports like the systems presented in Rusu and Guedes Soares (2011,
2012). The operational SWAN implementation is based on SWAN version 40.91.
The horizontal resolution is 1/30°. Also for the Bays of Bourgas and Varna a
nested implementations are available with a horizontal resolution of 1/180°
(approximately 3 km).
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Fig. 8.2 The storm of 06-08 February 2012: the first three graphs represent the forecast of the sig-
nificant wave height at the entrance of the ports of Constanta, Varna and Bourgas. The last graph
represents the storm surge forecast for the area of the port of Bourgas and the town of Bourgas

* A storm surge model implemented for the Black Sea by Mungov and Daniel
(2000). The modification to the model consists in the interconnection (one way
coupling) between the storm surge and the wave model. In order to account prop-
erly the air—sea interaction we use the sea state parameters and wave radiation
stress in the storm surge model. An example of the model time series output for
the area port of Bourgas is shown in Fig. 8.2 (the last graph). Together with the
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previous two graphs, these are examples of an extreme weather and sea situation,
causing significant damages around the Bulgarian coast.

* The MOTHY model (Daniel 1996). The model simulates the evolution of oil
spills and other floating pollutant spills. In our previous research (Galabov et al.
2012a, 2013) we evaluated the vulnerability of the Bourgas port to oil pollution
under different typical weather conditions by using MOTHY and the model was
used as a standalone model, while in the present study we are using the informa-
tion from the wave model and the hydrodynamic model (in the previous work we
used climatic currents while here we use a nonstationary time evolving currents
from the hydrodynamic model). The variation of the surface currents speeds in
Fig. 8.1 shows that a significant difference between the mean seasonal current
speeds especially under stormy conditions may lead to significant changes in the
numerical simulations of the drift pollution under such conditions. The stand-
alone version of the MOTHY system for the Bulgarian coast takes into account
the differences in the wind driven currents by the usage of two dimensional depth
integrated circulation model (the OCEAN2D component of the system) but it
does not take into account that difference of the thermohaline circulation under
such conditions are also expected. Another advantage of the approach with the
usage of three dimensional hydrodynamic model is that it explicitly resolves
the stratification and the mixed layer depth, while the two dimensional model
requires a preliminary setup of the mixed layer depth of the Black Sea as a single
parameter or as two dimensional matrix. By the usage of three dimensional hy-
drodynamic model a new mean seasonal currents are also produced which may
also be used in the future studies (like risk analysis and real accidents).

Two examples of pollution drift are presented in Fig. 8.3. The source location is
the actual location of a sunken ship that may cause pollution if the heavy bunker
fuel that is still in the ship leaks in the water. NIMH-BAS providing the Bulgarian
authorities (the Maritime Administration) with numerous simulations of the behav-
iour of a possible spill under different meteorological (different wind speeds from
different directions) and oceanographic conditions (presence or absence of an an-
ticyclonic eddy). The left part of Fig. 8.3 shows the behaviour of the spill in calm
weather using the mean seasonal currents. The right part of Fig. 8.3 also presents
a simulation for calm weather but for a situation when the Kaliakra anticyclonic
eddy is not present but the circulation is cyclonic. As it may be seen, the simulation
with the mean seasonal currents suggests that there is a significant risk for a pol-
lution of the area of Constanta (including the Constanta port) while the simulation
without the presence of the anticyclonic eddy leads to a significantly lower risk for
a pollution of Constanta (and the Romanian coast in general).

The pollution drift model in the present version of the model system uses not
only information from the atmospheric and the hydrodynamic model, but also from
the wave model. Two different approaches were tested to calculate the wind drag
coefficient Cd. First approach is by the usage of the friction velocity from the model
(computed explicitly when the Janssen’s parameterization (Janssen 1991) of the
wind input is used) and the second using the wave steepness, following the results
of Guan and Xie (2004). Explicit calculation of the drag coefficient is expected to
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improve the calculation of the surface currents for strong wind conditions for which
the drag coefficient deviates from the linear approximations. SWAN wave model
also provides to MOTHY the components of the wave radiation stress. MOTHY
takes into account the Stokes drift. While usually the most widely used pollution
drift models do not take into account the Stokes drift, to use it is justified because
thereby the prediction of the spills behaviour in shallow water depend also on the
Stokes drift.

8.3 Conclusions

In order to provide fast predictions of potential impacts for different environmental
scenarios information about the vulnerability in case of typical and extreme weather
and oceanographic conditions to the South East European ports of western Black
Sea area a modelling system has been implemented. The system consists of inter-
connected modules based on input information from the state-of-art ocean model
and possible usage of various atmospheric models. The applications of modelling
system produce the following results:

1. The sea wave model implemented for the western part of the Black Sea (SWAN)
provides forecast of significant wave height and direction at the entrance of three
ports: Bourgas, Varna and Constanta which are included in TEN ECOPORT
project. The model has been validated and calibrated using satellite data and the
observations in the coastal stations of NIMH-BAS.

2. The MOTHY model was implemented for numerous simulations of the behav-
iour of oil spills caused by sunken ship if the heavy bunker fuel leaks in the water
under different meteorological (different wind speeds from different directions)
and oceanographic conditions (presence or absence of an anticyclone eddy). The
simulation with the mean seasonal currents suggests that there is a significant
risk for a pollution of the coast area of Constanta (including the Constanta port)
and the Romanian Black Sea coast in general.
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