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1. Objective  
The aim of the activity was the production of oil spill density maps  of  oil 
spill dispersion scenario. 

 
These objectives have been reached through the implementation of  4 
scenario simulations of: 

 
1) Surface oil spill from the main routes of oil tankers in the Adriatic Sea; 
2) Surface oil spill from a tanker accident in the Gulf of Trieste (I); 
3) Surface oil spill from a tanker accident in the Bay of Split (HR); 
4) Surface oil spill from an oil platform during discharge operations with 
FSO. 
5) Numerical dispersion Produced Formation Water from offshore oil and 
gas extraction platforms in the Adriatic Sea. 

 

2. Approach  
The oil spill simulations have been carried out by applying the oil spill model 
OILTRANS (Berry et al., 2012) and the oil transport model, the  lagrangian 
LTRANS v.Zlev model (Laurent et al., 2019) to a set of  meteo-marine  
conditions: wind fields and current fields produced with the MIT General 
Circulation Model (Querin et al., 2016,  Querin et al., 2013). The simulations   
are run on the model domains presented in the Deliverable 3.1.2: the Adriatic- 
Ionian region with a horizontal resolution of 1/32 (3.4  2.4 km), the Gulf of 
Trieste and of the Bay of Split at the high resolution of 1/320, the Gulf of  
Patras at the resolution of 1/128. The wind forcing was provided by the 
meteorological forcing fields produced by the 2016 version of the Regional 
Climate Modeling system RegCM4, which was developed at the Abdus Salam 
International Centre for Theoretical Physics (ICTP) and described by Giorgi et   
al. (2012). 
The statistical approach proposed by Melaku Canu et al., 2015 was applied by 
performing, for each domain, a set of 357 oil spill releases,  one per each day   
of the year, followed for the next 10 days, up to the end of the  year.  The 
results were therefore aggregated in order to provide oil density maps,  
mediated over the year of simulation, representing the oil density at each site, 
at 240 time intervals (one per hour) for ten days after the spill. 
These results give the indication of the probability of the  hazard  of  oil 
pollution related to an oil spilled from the selected points, considering the 
average meto-marine conditions of each area, during 10 consecutive days after 
the spill. 
Examples of the results are presented in section 3, with the color maps, 
showing the average (yearly) qualitative contamination hazard index, from low 
(blue) to high (red). The maps can be interpreted as the probability to find the 
oil (after fixed times after the spill) at the sea surface surface oil, eventually 
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emulsificated), below surface (dispersed oil) in the water column, beached 
along the coasts. 

3. Synthesis of work done – example of results  
 

The simulations were done by setting the oil spill from the chosen points, and 
following its transformation and dispersion during the following ten days. Each 
simulation consisted in the release of a certain number of particles 
corresponding to the release of 3000 m3 of Arabian light oil each. 

 
Specificities of this oil were taken from the database available on the web: 

 
http://www.etc-cte.ec.gc.ca/databases/oilproperties/pdf/WEB_Arabian_Light.pdf. 

 
We choose the Arabian crude light oil type, that is among the most common 
crude oil transported by the Tankers in the Mediterranean waters, which was 
parameterised in the model as described in Table 1. 

 
The evaporation was computed in the model using the Fingas  (1999) 
formulation, given by: 

 
%Ev = (CB  + CT T) ln(t) Eq. 1 

 
where T is temperature, t is time, CB CT are constants,  that for  the Arabian  
light oil are, respectively, 2.52 and 0.037. 

 
For each domain of the simulations 2,3 and 5, 357 oil  spill  modelling  
simulations were run, setting an oil spill per each day of the year. For  
simulation 1 the oil spills were released every 7 days from 840 points along the 
tranker routes, for a total of 43920 simulations.  Every  simulation  was 
computed by simulating the weathering (spreading, evaporation, dispersion in 
the water column, emulsification) and transportation for the following 10 days. 
Transports and oil degradation are therefore dependent on the meteo-marine 
conditions encountered by the particle during the  simulation,  and  therefore 
ary with the day of release. Whenever a particle arrives  at less than 100  m  
from the coast, or reaches the open boundary of the water basin, it stops (but  
its weathering continues). 

 
OIL PROPERTIES 
API 33.4 
Dynamic viscosity 14 cP at 15°C 
asphaltenes 3% 
resin content: 6% 
saturated contents 51% 
aromatics 39% 
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Table 1. Oil properties 
http://www.mckinseyenergyinsights.com/resources/refinery-reference- 
desk/arab-light-crude/ 

 

 

 
0 50 100 150km 

Fig. 1. Main marine traffic routes source: 
http://data.adriplan.eu/layers/geonode:bs_motorway_sea_ln 

 
 
 

Fig. 2. Shipping vessel density. Source: https://www.emodnet- 
humanactivities.eu/view-data.php 
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Adriatic/Ionian Sea 
The simulations were performed for the shipping route (Fig. 3) setting the oil 
spill from 840 chosen points, as represented Fig.3, and following its 
transformation and dispersion during the following seven days. Each simulation 
consisted in the release of 200 particles, weighted by a weight proportional to 
the traffic density shown in Fig. 3. In this way, the hazard index can  be  
stimated in m3 of released oil times the traffic density (hours/km2/months 

The data uploaded in the Geoportal are in ASCII format.  The  dataset  
contains 30 text files, one for each day after the spill, for ten consecutive 
days, for: 

1) oil at surface; 
2) oil dispersed in the water column; 
3) oil slicked at the coast. 

 

The surface oil and the dispersed oil in the water column after 1 day (24 h) 
after the spill, are presented in figures 4 and 5. 

 
 
 

Fig. 3. Oil spill release points, with weighted tanker density, for the 
shipping route scenario. 
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Fig. 4. Surface oil spill density maps after 24 hours for the shipping route 
scenario. (blue, low hazard index, red high hazard index). 

 
Fig. 5. Oil dispersed in the water column 24 hours for the shipping route 
scenario. (blue, low hazard index, red high hazard index). 



T3.1.3 - Oil spill dispersion and extension of mixing zone maps 

 

 
 

Gulf of Trieste (I) 
The simulations were performed for the Gulf of Trieste, (Figure 5), setting the 
oil spill from the chosen point (Lat: 45.6264, Lon:13.6996) , and following its 
transformation and dispersion during the following ten days. Each simulation 
consisted in the release of 1000 particles, corresponding to the release of 3000 
m3. 

The data uploaded in the Geoportal are in ASCII format.  The  dataset  
contains 30 text files, one for each day after the spill, for ten consecutive 
days, for: 

1) oil at surface; 
2) oil dispersed in the water column; 
3) oil slicked at the coast. 

 

The surface oil, the dispersed oil in the water column, and the slicked oil at 
the coast after 1 day (24 h) after the spill, are presented in figure 7. 

 

Fig. 6 Oil spill release point for the Gulf of Trieste scenario 
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Fig. 7 Oil spill in the Gulf of Trieste scenario, after 24 hours: top: surface  
oil, center: dispersed oil, down: beached oil. (blue, low hazard index, red 
high hazard index). 
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Bay of Split (HR) 
The simulations were performed for the Bay of Split, (Figure 8), setting the oil 
spill from the chosen point (Lat=43.521796, Lon=16.385317) and following its 
transformation and dispersion during the following ten days. Each simulation 
consisted in the release of 1000 particles, corresponding to the release of 3000 
m3. 

The data uploaded in the Geoportal are in ASCII format.  The  dataset  
contains 30 text files, one for each day after the spill, for ten consecutive 
days, for: 

1) oil at surface; 
2) oil dispersed in the water column; 
3) oil slicked at the coast. 

 

The surface oil, the dispersed oil in the water column, and the slicked oil at 
the coast after 1 day (24 h) after the spill, are presented in figures 9. 

 

Fig. 8. Oil spill release point for the Gulf of Split scenario 
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Fig. 9. Oil spill in the Gulf of Split scenario, after 24 hours: top: surface oil, 
center: dispersed oil, down: beached oil. (blue, low hazard index, red high 
hazard index). 

 

 
Gulf of Patras (GR) 
The simulations were performed for the Gulf of Patras, (Figure 10), setting the 
oil spill from the chosen  point (Lat=38.241007, Lon=20.867395)  and following  
its transformation and dispersion during the following  ten  days.  Each 
simulation consisted in the release of 1000 particles, corresponding to the 
release of 3000 m3. 

The data uploaded in the Geoportal are in ASCII format.  The  dataset  
contains 30 text files, one for each day after the spill, for ten consecutive 
days, for: 

1) oil at surface; 
2) oil dispersed in the water column; 
3) oil slicked at the coast. 

 

The surface oil, the dispersed oil in the water column, and the slicked oil at 
the coast after 1 day (24 h) after the spill, are presented in figure 11. 
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Fig. 10 Oil spill release point for the Gulf of Patras scenario 
 
 

 



T3.1.3 - Oil spill dispersion and extension of mixing zone maps 

 

 

 
Fig. 11. Oil spill in the Gulf of Patras scenario, after 24 hours: top: surface 
oil, center: dispersed oil, down: beached oil. (blue, low hazard index, red 
high hazard index). 
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Disposal of Produced Formation Water from offshore oil  and  gas 
extraction platforms in the Adriatic Sea 
In order to consolidate a transnational common approach to assess 
contaminant dispersion and thereof contribute to the definition of a shared 
strategy for the evaluation of the risk due to contaminant dispersion from 
different sources of pollution, discharges of produced formation water have 
also to be taken into account. 
In fact, the wide range of potential impacts of offshore oil and gas activities 
requires specific management measures and crucial impacts  may  derive  
from offshore installations that physically disturb seabed habitats, cause 
atmospheric emissions, noise, discharge cuttings piles and produced  
formation water (PFW) (OSPAR, 2009; Manfra et al, 2010; Manfra and Maggi, 
2012). Origin, characterization and disposal of PFW represent a key issue to 
assess contaminant dispersion due to offshore platforms. 
The PFW is a by-product of oil and gas extraction, which to date represents 
the largest volume waste from the production phase of the offshore oil and 
gas facilities, constituting approximately 80 % of the wastes and residuals 
yield from natural oil and gas production operations (McCormack  et  al., 
2001, Berry, 2005). The PFW is usually a saline water that may contain a 
number of potential contaminants such as heavy metals, hydrocarbons, 
phenols, ammonia, radionuclides and chemicals (demulsifiers and corrosion 
inhibitors) added at times during the operation of the  well  (OGP,  2005; 
Scott et al., 2007). The concentrations of these compounds are tipically high 
when compared to the receiving environment (Manfra et al., 2007). 
The disposal of PFW is carried out through the reinjection into the reservoir, 
the transport onshore or the discharge into the ocean. After the release into 
the sea, PFW undergoes several different processes such as dilution into the 
ambient fluid, evaporation and biodegradation, volatilization towards the 
atmosphere and settling at the bottom. 
The impact of PFW discharges  on  the marine environment strictly depends  
on the characteristics of the effluent and the receiving ambient fluid. In  
order to assess the potential effects and risks for marine ecosystems it is of 
the utmost importance to schedule specific monitoring plans. 
Monitoring programmes have been developed worldwide in  all  the  areas 
(e.g. North Sea, Gulf of Mexico, Adriatic Sea) characterised by an intense oil 
and gas extraction and production activity. These monitoring  programmes  
are mainly aimed at: establishing the environmental  background  level  
before the PFW discharge; identifying spatial and temporal evolution of 
physical, chemical and biological parameters during the PFW discharge; 
assessing mitigation measures and defining guidelines supporting regulations 
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and decisions. The complex dispersion processes  which determines  the fate 
of the effluents discharged into the marine environment makes it difficult to 
assess the behaviour of the PFW only by means of  field  observations  
(Cianelli et al., 2011). 
Therefore, these need be integrated with application  of  numerical  
dispersion models to simulate transport and fate process determining the 
dilution of PFW in the sea water, namely the mixing of the effluent with the 
ambient fluid (e.g. Baumgartner et al., 1994). Such a dispersion process 
occurs in two phases: a rapid initial (near-field) mixing phase taking place 
immediately after the release within the first tens of meters from the 
discharge point, and the subsequent far-field passive dispersal phase that 
evolves at larger distance over time scales of hours or days. 
The results of three works of Cianelli et al.  (2008, 2009, 2013)  focused on 
the Adriatic Sea are summarized. In these studies, a numerical model (UM3 
Three-dimensional Updated Merge) was applied to  simulate  the  temporal 
and spatial distribution of the PFW plume discharged from offshore gas 
platforms in the Adriatic Sea, identifying the main environmental factors 
affecting plume behaviour. 
UM3 is a mathematical Lagrangian model commonly used by US EPA  for 
marine discharges and available in the software application Visual Plumes 
(e.g. Frick et al., 2004). It uses as initial conditions the measured data on 
currents and density profiles of the receiving water column as well as the 
measured PFW concentrations and flow and the outfall pipe geometrical 
features. This model allows to consider the diameter, the orientation of the 
port and the depth of discharge as further outfall features which may affect 
the effluent velocity and the plume trajectory. The numerical output  
provides the following wastefield characteristics at the border of the near 
field: the average dilution factor, the plume rise height, thickness and 
diameter, the length of the near field and the initial mixing time. In order    
to simulate the PFW plume performance under  a  range of  environmental 
and discharge conditions, the model is initialized with several field data 
collected during the monitoring surveys; UM3 addresses this issue  allowing 
the use of time series data as input parameters. Ambient properties such as 
currents velocity and stratification conditions also affect the rate of dilution 
thus determining the concentration of contaminants in the receiving waters. 
The ambient salinity and temperature influence the plume buoyancy 
determining the equilibrium density of the plume in the water column. UM3 
has proven to provide the  best simulation of  the initial dilution and length  
of near field zone. 
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As indicated in Fig. 12, Cianelli et al. (2008, 2009, 2013) results are 
summarized as follows: 
- In high stability conditions of water column (summer) the simulations 
showed low dilution due to the limited extent of the initial mixing zone of  
the PFW plume, whereas during winter the weak stratification sustained the 
dilution of the plume over a wide zone of the water column. 
- The highest PFW concentrations, within the nearfield zone, are found 
with strong stratification and low current velocity. Discharging higher  
volumes of PFW during the winter period could be a good practice, as it  
would promote the dilution in the near-field. 

Fig. 12. The vertical section of the plume vs, the horizontal distance from  
the releasing point in summer (grey lines) and winter (black  lines)  
conditions. The solid line represents the centreline of the  plume,  the  
dashed lines represent the plume boundaries. 

 
Such results may play a crucial role in a “prevention first” policy and 
represent an important tool in the design of a decision-making action to 
protect the marine ecosystems from the impacts of the offshore platform 
operations. 



T3.1.3 - Oil spill dispersion and extension of mixing zone maps 

 

 

4. References  

 
Baumgartner, D. J., Frick, W. E., Roberts, P. J. W.; Dilution models for 
effluent discharges (3rd Edition), Pacific Ecosystems Branch, ERL-N, 
Newport, 1994; EPA/600/R-94/086. 

Berry, A. Dabrowski, T. and Lyons, K. (2012). The oil spill model OILTRANS 
and its application to the Celtic Sea. Marine Pollution Bulletin, 
64(11):2489{2501. 

Berry, J. A. In Offshore Oil and Gas Environmental Effects Monitoring - 
Approaches and Technologies; S. L. Armsworthy, P. J. Cranford, & K. Lee 
(Eds.), Battelle Press: Columbus, 2005; 111-129. 

BP; What’s inside? BP Statistical Review of World Energy;2011; pp.49- 
bp.com/statisticalreview 

Cianelli, D., Manfra, L., Maggi, C., Zambianchi, E.; Exploration and 
Production: Oil and Gas Review 2009; 7(2), 129-132. 

Cianelli, D., Manfra, L., Zambianchi, E., Maggi, C.,  Cappiello,  A., 
Famiglini, G., Mannozzi, M., Cicero, A. M.; Mar. Env. Res., 2008a; 65, 325- 
337. 

Cianelli, D., Manfra, L., Zambianchi, E., Maggi, C., Cicero, A.M. In: Fluid 
Waste Disposal, Kay W. Canton (Ed.), 2011; Chapter 4, 113-135, Nova 
Science Publishers, Hauppauge, NY. 

Cianelli, D., Scotti, T., Zambianchi, E., Manfra, L., Cicero, A.M.; XVII AIOL 
Conference Proceedings, 2008b; 19(1), 137-141. 

Cushman-Roisin, B., Gacic M., Poulain, P-M., and Artegiani, A. Physical 
Oceanography of the Adriatic Sea. Past, Present and Future; Kluwer 
Academic Publishers, Dordecht / Boston / London 2001. 

Di Mento, R., Mannozzi, M., Mafra, L., Gulia, P., Linee guida per la 
redazione del piano di monitoraggio volto a verificare "l'assenza di pericoli 
per le acque e  per gli ecosistemi acquatici" derivanti dallo scarico diretto   
a mare delle acque risultanti dall'estrazione di idrocarburi, 2009 ISPRA, 
www.isprambiente.it. 

Enerdata, Global Energy Statistical Yearbook 2011- yearbook.enerdata.net 

Environmental Modelling and Software. Modelling  marine  particle  
dynamics with LTRANS-Zlev: implementation and validation. (under  
review). 

Falco, P., Griffa, A., Poulain, P., Zambianchi, E.; J Phys.  Ocean., 2000;  
30, 2055–2071. 



T3.1.3 - Oil spill dispersion and extension of mixing zone maps 

 

 

Fingas, M. (1999). The Evaporation of Oil Spills: Development and 
Implementation of New Prediction Methodology. International Oil Spill 
Conference Proceedings. 1999. 281-287. 10.7901/2169-3358-1999-1-281. 

Frick, W.E., Roberts, P.J.W., Davis, L.R., Keyes, J., Baumgartner, D.J., 
George, K.P.; Dilution models for effluent discharges, 4th ed., Visual 
Plumes. Ecosystems Research Div., NERL, U.S. EPA, 2002; EPA/ 600/R- 
03/025, Athens, GA. 

Frick, W.E.; Env. Model. Soft., 2004; 19, 645–654. 

Giorgi, F., et al. (2012), RegCM4: Model description and preliminary tests 
over multiple CORDEX domains, Clim.  Res.,  52,  7–29, 
doi:10.3354/cr01018. 

Janeković, I., H. Mihanović, I. Vilibić, and M. Tudor (2014),  Extreme  
cooling and dense water formation estimates in open and coastal regions   
of the Adriatic Sea during the winter of 2012, J. Geophys. Res. Oceans,  
119, 3200– 3218, doi:10.1002/2014JC009865. 

Laurent C., Querin C., Solidoro C., Melaku Canu C.. (submitted 2019). 

Maggi, C., Trabucco, B., Mannozzi, M., Manfra, L.,  Gabellini,  M.,  Di 
Mento, R., Nonnis, O., Virno Lamberti, C. and Cicero, A.M.; Rapport de la 
Commission Internationale pour l’Exploration Scientifique de la Mer 
Méditerranée, 2007; 38, 688. 

Manfra L., De Nicola, E., Maggi, C., Zambianchi, E., Caramiello, D., 
Toscano, A., Cianelli, D., Cicero, A.M.; J. Mar. Biol. Assoc. UK 2010; 
doi:10.1017/S0025315410001037. 

Manfra, L. and Maggi, C. In Advanced in Natural Gas Tecnology, H.A. Al- 
Megren (Ed), InTech, Croatia, 2012; 271-284. 

Manfra, L., Moltedo, G., Virno Lamberti, C., Maggi, C., Finoia, M.G., 
Gabellini, M., Giuliani, S., Onorati, F., Di Mento, R.  and Cicero, A.M.;  
Arch. Environ. Contam. Toxic., 2007; 53, 183-190. 

McCormack, P., Jones, P., Hetheridge, M.J., Rowland, S.J.; Water Res., 
2001; 35 (15), 3567–3578. 

Melaku Canu D., Solidoro C., Bandelj V., Quattrocchi  G.,  Sorgente  R., 
Olita A., Fazioli L., Cucco A. 2015. Assessment of oil click hazard and risk  
at vulnerable coastal sites. Marine pollution bulletin. Vol., 94, issue 1-2,   
15 May 2015, Pages 84-95. 

North, E. W., Adams, E., Schlag, S., Sherwood, C., He, R., and Socolofsky, 
S. (2011). Simulating oil droplet dispersal from  the  deepwater  horizon 
spill with a lagrangian approach. AGU Book Series:  Monitoring  and  
Modeling the Deepwater Horizon Oil Spill: A Record Breaking Enterprise. 



T3.1.3 - Oil spill dispersion and extension of mixing zone maps 

 

 

OGP Fate and effects of naturally occurring substances in produced water 
on the marine environment, International Association of Oil & Gas 
Producers, 364/2005. 

OSPAR Assessment of impacts of offshore oil and gas activities in the North-
East Atlantic; Ospar Commission, London, 453/2009, ISBN 978- 1- 906840-
93-8, 40 pp. 

Pinder, D.; Ocean & Coastal Manag., 2001; 44, 579-600. 

Querin, S., Bensi, M., Cardin, V., Solidoro, C., Bacer, S., Mariotti, L., Stel, 
F., and Malačič, V.: Saw-tooth modulation  of  the  deep-water 
thermohaline properties in the southern Adriatic Sea, J. Geophys. Res.: 
Oceans. DOI: 10.1002/2015JC011522, 2016. 

Querin, S., Cossarini, G., Solidoro, C. (2013).  Simulating  the  formation 
and fate of dense water in a midlatitude marginal sea during normal and 
warm winter conditions. Journal of Geophysical  Research:  Oceans,  118 
(2), pp. 885-900. 

Roberts, P. J. W., Snyder, W. H., and Baumgartner, D. J.; J. Hydr. 
Engr.,1989; ASCE,115(1), 1-25. 

Roberts, P.J.W., Tian, X., Env. Model. Soft., 2004; 19, 691–699. 

Russo, A., and A. Artegiani, Sci. Mar., 1996, 60(2), 33-43. 

Scott, K.A., Yeats, P., Wohlgeschaffen, G., Dalziel, J., Niven, S. & Lee K.; 
Mar. Env. Res., 2007; 63, 146-167. 

Trabucco B., Maggi, C., Manfra, L. Nonnis O., Di Mento R., Mannozzi M., 
Virno Lamberti C., Cicero A.M. and Gabellini M. In Advances in Natural Gas 
Technology, H.A. Al-Megren (Ed), InTech, Croatia, 2012; 285-300. 

Wilson III, C.A. & Heath, J.W. In Encyclopedia of Ocean Science, Steele 
J.H., Thorpe S.A., Turekian K.K.(Eds), Academic Press, Orlando, 2008; 2414-
2419. 



 

  
Harmonization and Networking for 

contaminant assessment in the Ionian and 
Adriatic Seas 

 
 
 
 

Screening and bibliographic research on the 
oil spill risk index and on oil spill modelling 
and related parameters. 
– Annex to Deliverable T3.1.3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Contributors: 
D. Melaku Canu, S. Querin, C. Laurent, V. Bandelj, C. Solidoro, (OGS) 

 
 
 

September 2018 

Work Package T3 – Case study of contaminant 
dispersion 



Annex to T3.1.3 - Screening and bibliographic research 
on the oil spill risk index and on oil spill modelling and 

related parameters 

 

1. Revision of oil spill models 

 

1. Objective  
The objective of the first 6 months of work was the preparation of the 
working tools for the analysis of dispersion of oil spills, and the contribution 
to the identification of the oil spill risk index. These objectives have been 
reached by developing different activities, such as modelling tests, and desk 
based data search. 

 
 

The revision of the oil spill risk models and of their processes (represented 
in figure 4) has been started, making comparisons with different, and 
parameterizations (Fig. 5). In particular, comparisons between MedslikII and 
OILTRANS have been performed, and the OILTRANS module has been tested. 

 

Fig. 1. Oil in sea water: dynamics and processes. 
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Fig. 2. Oil spill models and their processes. 
 
 

2. Identification of oil spill risk indexes  
The screening and bibliographic research on the oil spill risk index has been 
started, focusing on the risk index introduce in the Italian regulations with 
the DLGS 145, 18/8/2015. (Fig.6) 
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Fig. 3. Identification of oil spill risk index. 
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