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ABSTRACT





	Tanker transportation and oil platforms are sources of potential risks of oil pollution. In case of accidental marine pollution, the authorities in charge of pollution response need oil spill trajectory predictions. A collaboration between the National Meteorological Services of Bulgaria (National Institute of Meteorology and Hydrology : NIMH) and France (Meteo-France) led to an oil spill response system for the Black Sea. The Météo-France oil spill model MOTHY has been configured and adapted for the specific conditions of the Black Sea area by NIMH. The paper presents the key features of the model and an example of application. The model is now included in the operational system for numerical marine forecasts of the Bulgarian Hydrometeorological Services (NIMH) and can be used in case of an accident, for contingency planning and risk assessment.








1. Background





Météo-France has national and international responsibilities to agencies fighting marine oil pollution. Météo-France can intervene at a national level within the spill response plan POLMAR-MER in case of a threat for the French coastline, and at an international level within the Marine Pollution Emergency Response Support System (MPERSS) for the high seas.
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Figure 1 : MPERSS areas 








The MPERSS is a World Meteorological Organisation (WMO) system implemented on an experimental basis since 1 january 1994. The purpose of this system is to provide a meteorological support to marine pollution emergency response operations on the high seas. The oceans and seas are divided into areas of responsibility where a national meteorological service is designated as area co-ordinator. Météo-France is the co-ordinator in area II and a supporting service in areas I, III, VII B and VIII C (figure 1). The support to emergency operations may include a variety of elements such as: basic meteorological forecasts and warning for the area concerned, observation, analysis and forecasting of the values of specific meteorological and oceanographic variables required as input to marine pollution models, operation of such models and access to national and international telecommunication facilities.


Because of these commitments, Météo-France has developed an oil spill response model (MOTHY), designed to simulate the transport of oil in three dimensions. A hydrodynamic ocean model is linked to an oil spill model including current shear, vertical movements and fate of the oil. The model was calibrated on a few well documented pollution incidents such as Torrey Canyon (1967), Amoco Cadiz (1978), Tanio (1980), Gulf War (1991), Aegean Sea (1992).(Daniel, 1995, 1996, 1998)


This oil spill response system has been operational since February 1994. In case of marine pollution, Météo-France send meteorological forecasts and oil spill drift forecasts to Cedre who acts for national organisations (such as the French Navy or Civil Security). About five interventions each year are conducted in real-time. In return, by its experimentations and interventions on actual pollutions, Cedre is contributing to the improvement and validation of the model. New developments, exercises and training are conducted jointly. 


Since 1993, a close collaboration between Météo-France and NIMH has set-up a modern system of operational models, such as wave model, storm surge model and oil spill model, for the Black Sea. The system, which is now in operation at NIMH, will help to ensure new level of safety and efficiency of marine activities in the Black Sea region.








     2. Main patterns of the Black Sea





The black Sea is the world’s largest inland basin. It is connected to the Mediterranean Sea by a narrow passage : the Bosphorus Strait. Black Sea is a dilution basin where large freshwater input from large rivers such as Danube produces a positive freshwater balance. There is a surface freshwater outflow and a bottom salty Mediterranean water inflow through the Bosphorus Strait. That gives the hydrographic properties of the Black Sea with a surface layer of mixed, low-salinity water above more dense, stratified waters (figure 2).
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Figure 2 : hydrographic profile in the Black Sea








3. Key features of the oil spill model





3.1 Currents computation





Seasonal mean permanent currents and wind currents are linearly combined to represent the total currents. Seasonal mean permanent currents are extracted from a monthly data base (Oguz et al., 1995). Wind currents are computed from a hydrodynamic, limited area, ocean model driven by the winds and sea level pressure forecasts from a global atmospheric model.


The model is depth-integrated and solves the non-linear shallow water equations on a fixed grid mesh:


�INCORPORER Equation.2 ���





where t denotes time, q the depth-integrated current, �INCORPORER Equation.2 ��� the sea surface elevation, H the total water depth, f the Coriolis parameter, k a unit vector in the vertical, �INCORPORER Equation.2 ��� the atmospheric surface pressure, �CARSPECIAUX 116 \f "Symbol" \s 12��s the surface wind stress, �CARSPECIAUX 116 \f "Symbol" \s 12��b the bottom frictional stress, �CARSPECIAUX 114 \f "Symbol" \s 12�� the density of water, g the gravitational acceleration, A the horizontal diffusion coefficient ( 2000 m2/s )


These equations, written in spherical polar co-ordinates, are integrated forward in time on an Arakawa C-grid using a split-explicit finite difference scheme.


The surface wind stress components are computed using the quadratic relationship:


�INCORPORER Equation.2 ����INCORPORER Equation.2 ���,


	


where  �INCORPORER Equation.2 ��� are the horizontal components of wind velocity 10 m above the sea surface, �INCORPORER Equation.2 ��� is the air density and �INCORPORER Equation.2 ��� is the drag coefficient calculated by the Smith and Banke formulation.


The bottom stress is computed from the depth-integrated current using a quadratic relationship with a depth dependent bottom friction coefficient (figure 3)
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Figure 3 :  bottom friction coefficient values.





The atmospheric forcing is provided by the winds and sea level pressure forecasts from a global atmospheric model. This atmospheric model can be the European Centre for Medium-Range Weather Forecasts (ECMWF) model or the Météo-France model (ARPEGE). The bathymetry has been hand extracted from nautical charts. The grid mesh is 2’ in latitude and longitude which is about 3.7 km x 2.6 km.


The model was calibrated on several storm situations by comparison between tide gauges observations and model simulations.








3.2 Oil spill model





The oil spill is modelled as a distribution of independent droplets which move in response to shear current, turbulence and buoyancy. This approach to follow the movement of individual oil droplets has already been used in a number of oil spill models (Elliot, 1986; Venkatesh, 1990; Proctor et al., 1994) but with a crude formulation of the shear current.


Here, the shear current is calculated analytically for each droplet with a bilinear eddy viscosity model that assumes the vertical eddy viscosity to increase linearly with the distance from both the water surface and the bottom boundary (Poon and Madsen, 1991). The governing equation is:


�INCORPORER Equation.2 ���


in which �INCORPORER Equation.2 ��� is the horizontal velocity (u and v are the components of current), �INCORPORER Equation.2 ��� is an eddy viscosity and : �INCORPORER Equation.2 ���





The model is coupled to the ocean model by :





�INCORPORER Equation.2 ���





The turbulence (diffusion) is represented by a three-dimensional random walk technique.


In the horizontal, for a time step �INCORPORER Equation.2 ���, the motion is given by :





�INCORPORER Equation.2 ���





in the direction : �INCORPORER Equation.2 ���





Where �INCORPORER Equation.2 ��� is the horizontal diffusion coefficient and R a random number between 0 and 1.





In the vertical, the motion is:





�INCORPORER Equation.2 ���





where �INCORPORER Equation.2 ��� is the vertical diffusion coefficient.





The buoyancy force depends on the density and size of the oil droplets so that larger, more buoyant, ones tend to remain in the surface layer whereas the smaller droplets are mixed downwards.


The vertical speed �INCORPORER Equation.2 ��� is (Elliot, 1986):





		�INCORPORER Equation.2 ���		for the small droplets �INCORPORER Equation.2 ���





		�INCORPORER Equation.2 ���	for the large droplets �INCORPORER Equation.2 ���





The critical diameter �INCORPORER Equation.2 ��� is:





		�INCORPORER Equation.2 ���





With �CARSPECIAUX 114 \f "Symbol"�� sea water density and �CARSPECIAUX 110 \f "Symbol"�� viscosity.


About 65 to 70% of the droplets remain on the sea surface.





If a droplet is moved on to land, then that droplet is considered beached and takes no further part in the simulation.








4. Simulation example





A few areas in the Black Sea are potential sources of accidental marine oil pollution. Some of them are identified as potential risk for Bulgaria : drilling platform Gloria offshore Romania, a tanker terminal in the Gulf of Burgas, tanker routes between Novorosisk and Burgas. Simulations were carried out for these locations for several meteorological situations. An example is presented for the Gulf of Burgas (figure 4). 
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Figure 4 : 48 hours model simulation in the Gulf of Burgas area. A star figures the position of the release. The trajectories of the droplets are in grey and their final position in black.








5. Conclusion





The oil spill model MOTHY is an integrated system that include hydrodynamic coastal ocean modelling and real time atmospheric forcing with a global atmospheric model. MOTHY demonstrated its capacity to predict accurately the transport of oil in three dimensions in the English Channel and the Bay of Biscay. A specific version for the Black Sea has been developed  by NIMH and several pollution scenario has been investigated.
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