AEITOYPTIKA MONTEAA TIA THN KPHTH

OaAdacola KukAodopia: POM, Kupatikd: WAM 4t cycle, SWAN
(POM, WAM riAeyua 1x1 km, xpnotuormotovvtatl otnv untnpeoia COASTAL CRETE,
SWAN oe tepapyiko mAeyua 5x5 kat 1.5x1.5 km)

Qaldooila puraven: MEDSLIK-II
(mAeyua POM, yio avaktnon pEUUATWY)
kot Delft3D (ypnowonoteital ota 9 napatnpntnpte: tng OAY2SEIAZ)

CYCOFOS Wave Forecast for Date: 07/02/2019 Hour: 12:00 Surface Temperature and Water Velocity Forecast from File: C\viod2SRy\medf18042912.mom

Draw  Scale Velocity ContourLevels Animation Options  Help

36.5

36

w
o
3

Lat (deg.)

35

345

\gM&e@—é—é&w&%&M&-&W

L Vﬁ\ &\,;\ 3 5 “
@&g o | SR
S e

e

Meploxn epappoyng yupw amo tn Kprytn

25

e A e B

Gy
rrrrr

Lon (deg.)

- o N

Pointer Coordinates
Latiude Longhude
BN 2575045

Welocity at Painter
Speed [/s) 0.0
Diection E/N 1800

Value at Pointer
207759

Contou levels

2737

23046

235

21664
20972
20280
1959
19399
18.207
17516
16.825
M fckerd
Minimu: 16625



YMHPEZIA COASTAL CRETE
v' Xpnuatodotnon and MERCATOR Ocean International, CMEMS

v' MNpoBAePn PEUUATWV-KURATWY YUPW aro tn KpAtn He Endacn oTo TopAKTLO XWPO,
XPNOLUOTIOLWVTOC TtEpLoXLKA dedopeva Kal mpoiovta CMEMS

v' Awpeav vnnpeoia yia e€otkeiwon pe ta mpoiovto CMEMS, mpoo£Akuon VEwV xpnotwv otn Kpntn.
Yriootnpilel Staxeipton & oxedlaouo os napaktio & BaAdoolo Touplopo, Baddooteg petadopEg,
BaAaocola emitipnon kot a.odpaAela (avtipetwriton KA & pumoveong)

Copernicus
Marine Service
3D regional
products

Copernicus
Marine Service

wave regional
products

Copernicus

Data
Web > Marine Service

interface Management i g s o . e
- and nationa
MERCAYOR Platform .
< LaM T surface forcing = >
. lustrations Video s User’s faedbock geosfes  pamens  Contser
. ” i - Copernicus 5 B Y i ¥ A
N\ I A ‘ 4 = P 2

A

Marine Service
and local in-situ

BN COASTAL
Y roducts o
i\ CRETE 3D ccc)ssTTtE\L p >
~\N 4 hydrodynamic COASTAL
- model CRETE Wave model

oil spill &
floating objects
model



ATAAZ AIOAIKOY & KYMATIKOY AYNAMIKOQY A TO AITAIO
v Xpnuoatodotnon oo EAIAE/TTET (ZupBaon 1237)

v EKTIHNON HETEWPOAOYLIKWV TIOPOUETPWY KoL UPOUC KUHOTOC Yo uTtnpecia nowcasting (6
wpwv) Kot TpoBAsdnc (3 & 6 nuepwv), emoxLakeC TIPORAEPELC KAl ATIOKALMAKWON OF
TOPAKTLEC TTEPLOXEC TNC KpNTNng, pe xpron TN yla eAaxlotonoinon tng aBeBatotnrog

v Avarttuén unnpeoLwyv SES0UEVWV YLOL TOV TOUPLONO, Baldoota Emtripnon Kot aodaleLa

27° Hs (m)

. <42 g 160 %é%‘
s @ R e K
135 )
R, 125 »
m«g/.// 115 .
1.10 36° : 36°
1

1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.30 35°

36°

?27/ 36°

35°

A

23 29° 25° 26° 27°

0.20
0.09

{ s

30 i 23° 24° 25° 26° 27°

0.00 B [ [ [ T T - e
00 03 0.6 09 12 15 1.8 21 24 27 3.0 3.3 3.6 3.9 42 45 48

[ JEEEEEEEEEENN

Mean Winter Distribution of Significant Wave Height (Hs) Mean Annual Wave Power Distribution per Unit Crest



Data Information
Model identier

5 -
Available Varablss Sael?nlievel (m), current speed (ms-1), current direction (°), sea water temperature (°C), sea water

Geographical coverage

10 100 1000
tons/km2
|Vertialcoverage | From 4372000m
|dndeest ey
|
|Updste froquency | aiy




DECATASTROPHIZE EU Humanitarian Aid and Civil Protection
200TNUA UTTOOTNPLENC amodAoewv/mpoTacnc SPATEWV YLO TNV AVTLUETWITLON TIOAAATTAWY
KQTAOTPOPWV (MANUUUPQ, TTUPKAYLA, OELOUOC, TteTpeAatoknAida). MoAukAadikr) aoknon TTX
TTX 21/11/2017

nietpelatoknAida (MEDSLIK)-ITE, toouvaut (ComMIT), mupkayta (FARSITE)-MoAK
Yuppetexovtec: MK-MNM, A-H&M&X, mupooBeotikn, Alpeviko, EKAB, aotuvopia, EEX, OAH, otpatog

T ) - Data v DECAT DSS English m TTX3-FORTH-v
X 4 o, = \0,‘
sssssssssssssssss

\\\\\\\\\ . y . . .

\ :‘ j & Y “ . . " " n
-
NauTtko atuxnua BopeLa tou 37 ‘ | 3 j
HpakAeiou pe pumavaon otn akth L i)/ S e-roll S o L S S L) . Ll

‘EVOETN N QKTOYPOLUN TTOU TIANTTETAL




“*_ COASTAL ® MARINE

Modelling of oil spills from deep sea releases

Katerina Spanoudaki {1), Nikolaos Kampanis (1), Nicolas Kalogerakis {2}, George Zodiatis {3) and George Kozyrakis (1)
(1) Coastal & Marine Research Laboratory, Institute of Applied and Computational Mathematics, Foundation for Research and Technology-Hellas (kspanoudaki@gmail.com),

{2) School of Environmental Engineering, Technical University of Crete, Greece,
(3) Oceanography Center University of Cyprus, Nicosia, Cyprus

1. Aim & Scope

Accidental deep-sea oil releases are of particular concern, as the
potential for such accidents increases dramatically with the expansion of
the offshore industry to more extreme and demanding environments.
During the 2010 DWH accident, huge amounts of oil were released into
the Gulf of Mexico, adversely affecting marine wildlife. What prevented a
worse outcome was the ability of nature to degrade oil: hydrocarbon-
degrading microbes can feed on the crude oil.

Although oil biodegradation by native bacteria is one of the most
important natural processes that can attenuate the environmental
impacts of marine oil spills, very few oil spill models include
biodegradation kinetics of spilled oil, mostly represented as a first order
decay process.

To this end, and prompted by the international tenders for granting
exploration and exploitation rights for the block areas of Southwest and
West Crete, a new Lagrangian deep-water oil release module has been
developed.

Biodegradation kinetics of oil droplets are represented in the model, to
enhance prediction of fate and transport of deep sea oil spills.

2. Model Description

Representing oil biodegradation as a 1% order decay process neglects
the effect of several important parameters that can limit biodegradation
rate, such as oil composition, microbial population, availability of
dissolved oxygen and nutrients and oil droplets-water interface.

To this end, MEDSLIK-II (http:/#medslikii.bo ingvit/) has been recently
modified in the frame of the EU project Kill-Spill (http:/Awnaw killspill eus),
to incorporate biodegradation kinetics of oil droplets (MEDSLIK-I1).

The "pseudo-component” approach has been adopted for simulating oil
weathering processes: chemicals in the oil mixture are grouped by
physical-chemical properties. The fate of each component is then tracked
separately.

Biodegradation of oil droplets is modelled by Monod kinetics.

The kinetics of oil particles size reduction due to the microbe-mediated
degradation at water-oil particle interface is represented by the shrinking
core model.

A new Lagrangian deep-water oil release module, namely MEDSLIK-
DeepSea, has been developed, for predicting the fate of the spill until
reaching the sea surface.

The Lagrangian plume model is represented by elements that trace the
plume's trajectory. Each Lagrangian element represents a mixture of
water, oil and gas, where the gas might be present in different states, i.e.
as free gas in gas bubbles, dissolved in the water phase, or bound in gas
hydrates.

Q Changes in the mass and composition of the element are accounted for by the
turbulent entrainment of ambient water, and by other processes such as
leakage of gas bubbles and oil droplets from the plume, dissolution of gas in
seawater, and formation or disintegration of gas hydrates.

We are modeling the
flow and microbial

7] decay of suspended oil
droplets and dissolved
.] oil and natural gas.

Q The motion of the element is computed from the conservation equations for
mass, momentum and buoyancy.

O Biodegradation kinetics of oil droplets are also represented in the model, to
enhance prediction of fate and transport of deep sea oil spills.

O Based on the rate of the crude oil release and the type of pipe failure, the initial
droplet size distribution generated by the jet of crude oil can be estimated.
Furthermore, using existing models of dispersants’ action, the effect of
mitigation measures on biodegradation rates can be quantified.

3. Results & Conclusions

Q The new integrated model has been used to simulate the pollution hazard for the
coasts of Crete.

Q Several scenarios have been considered to assess the interactive effects of
initial droplet size distribution, dispersants’ action, and biodegradation on
the fate and transport of the subsurface spill.
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Q |Indicative results are shown for a hypothetical spill, southwest of Crete, of 6000
tons/day of oil and 4000 tons/day of methane.

Q An initial droplet size distribution of 10-300 pm is assumed, consistent with
droplet sizes of dispersant-treated oil.

Q Oil droplets with 300 pm initial diameter rise rapidly to the surface.

Q Oil droplets with initial diameter of 30 um are found mostly in the
subsurface after 30 days of spill.

Q Differences in  horizontal and vertical transport when oil
biodegradation is not considered and when biodegradation kinetics
are included is related to how long a droplet remains before becoming
dissolved.

no biodegradaion biodegradaion

0-400m

Iatitude
|=atitude

ES
longitude

ES £

longitude

s =
longitude

S E

longitude

0-1000n

longitude .. a— longitude

Wy xbsn camsenaton ks

O The figure shows predicted hydrocarbon concentrations after 30 days
of spill, at selected depths, for 2 model scenarios: (a) when oil
biodegradation is not considered and (b) when biodegradation
kinetics are included.

O Results indicate that biodegradation considerably affects oil transport,
increasing depth distributions and decreasing the honzontal
distribution of oil droplets.

Q Model results when no biodegradation is considered show
considerably higher concentrations in mid-depth and, especially, near-
surface waters, with a significantly larger horizontal distribution.

O This research indicates that improvement in knowledge of
biodegradation processes is important for accurate prediction of
subsurface oil spills fate and transport. The integrated model can be
used for assessing different bioremediation strategies under deep sea
conditions of high pressure and low temperature.
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Long-term modelling of the Corsica oil spill fate and transport incorporating

EGU2019

1. Aim & Scope

On the morning of October 7t 2018, the Tunisian vessel Ulysse collided
with the Cypriot container ship CSL Virginia around 28 km north of Cap
Corse, causing the leak of 530 m3 of Bunker fuel. That day the spill
spread over 25 km and formed 7 distinct slicks.

On the same day, the RAMOGEPOL Agreement between France,
Monaco and Italy was and offshore response operations began.

During the operational phase (11-16 October) 12 spill response vessels
recovered over 1,000 m® of oily water. On October 16t oil began to
wash up on the shores, along the stretch of the coastline from Cap
Lardier to the Gulf of Saint-Tropez. By October 25™ it had affected 49
beaches. 7 ]

In the present work the spill has been reconstructed using a modified
version of the Lagrangian oil spill model MEDSLIK-II.

The model has been forced using hourly ocean currents at a horizontal
resolution of 1/24° provided by CMEMS and ECMWF 6hr analysis

atmospheric fields.
Model results have been corrected by reinitializing oil spill simulations
from the observed locations.

2. Model Description

Q Biodegradation of oil droplets is modelled by Monod kinetics. The kinetics
of oil particles size reduction due to the microbe-mediated degradation at
water-oil particle interface is represented by the shrinking core model.

O A pseudo-component evaporation model (Jones, 1997) is used in the
new version of the model.
Q The initial spill has been categorized in 4 aliphatic and 4 aromatic

pseudo-components as shown in Table 1. The fate of each component
(evaporation, dispersion, emulsification, dissolution, biodegradation) is
tracked separately.

Table 1: PCs used in the modified MEDSLIK-II for the Corsica oil spill

Distillation cut 1 (high volatility |2 (semi-volatile 3 (low volatility 4 (non-volatile,
and solubility) and soluble) and solubility) insoluble)

Boiling Point <180 °C 180-265 °C 265-380 °C >380 °C

I CWTIETAVET | 8 50-125 125-168 152-215 >215

Aliphatic C4-C10 C10-C15 C15-C20 >C20
compounds (PC1) (PC2) (PC3) (PC 4)
PC percentage in E¥) 5% 18% 23%
oil mixture

MAHS: BTEX and C4 benzenes, 2 C3-, C4- 2C4 ring aromatics
substituted ring PAHSs (- to C2- naphthalenes, 3- (PC 8)

benzenes (-to C3- naphthalenes) ring PAHs

benzenes) (PC 6) (PC7)

(PC 5)

PC percentage in K3 3% 12% 10%
oil mixture

3. Results & Discussion

MEDSLIK-II (http://medslikii.bo.ingv.it/) has been recently modified in the
frame of the EU project Kill-Spill (http://www.killspill.eu/), to incorporate
biodegradation kinetics of oil droplets (MEDSLIK-III).

The “pseudo-component” approach has been adopted for simulating oil
weathering processes: chemicals in the oil mixture are grouped by
physical-chemical properties. The fate of each component is then
tracked separately.

Q Image of the spill captured by Snetinel-1 are edited to capture geometric
characteristics and reinitialize the model.

8 October - 07:28 CEST 9 October - 19:14 CEST

Q Simulation of oil slick trajectory
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The dispersion of radioactive effluent in the Eastern Mediterranean
from a hypothetical accidental spill from the nuclear power plant at Akkyyu

George Zodiatis*?, Robin Lardner32 Katerina Spanoudaki?,

EGUﬁ??ﬁmMyzm 9 Vienna | Austra | 7-12 April 2019

083.5 : Marine Pollution Assessment, Predictions and Risk Mapping

George Kozyrakis! and Nikos Kampanis!

Background and objectives:

The Fukushima radioactive effluent leakage in the Pacific Ocean was caused primary as a result of the
catastrophic tsunami affected the Japanese coast, following the offshore Téhoku earthquake on 11 March
2011. The Eastern Mediterranean Levantine Basin is considered an area with high seismicity, while in the
past centuries the historical sources reported coastal mass disasters, from the nowadays known

phenomenon of tsunami.

The consequences of a possible radioactive accident from the planned nuclear power plant at Akkyyu,
located at the southern coast of Turkey in the Cilician Levantine Basin, has been first investigated during a
multi-disciplinary approach back in 2000, in the frame of the “Radiological Impact Assessment in the
Southeastern Mediterranean Area” (Vosniakos et af. 2000; Zodiatis and Lardner 2000).

Nowadays, the construction activities of the Akkyyu nuclear power plant are taking place and is important to
re-examine the dispersion simulations using new and high resolution met-ocean data, in-contrary to those
simulations carried out two decades ago with limited available, those days, climatological data and low
resolution met-ocean data.

The objective of the present work is to investigate the extend of the radicactive effluent leakage in the
Cilician Levantine basin, following a hypothetical accident from the cooling system of the Akkyyu nuclear
power plant, similar to the Fukushima accident, using high resolution 3D sea currents, winds and waves
data downscaled from the CMEMS-Med MFC Copernicus Marine Environment Monitoring Service of the
Mediterranean Monitoring and Forecasting Center and the general dispersion module MEDPOL of the well
established MEDSLIK model.

Methodology

The data from the CYCOFOS Levantine hydrodynamical model (Zodiatis et al., 2018) downscaled from the
CMEMS Med MFC products at a resolution of 1.8 km were used for the radioactive effluent dispersion
simulations for 3 periods, winter, summer and spring characterizing the general circulation in the Eastern
Mediterranean Levantine basin. The Asia Minor current is the dominant feature of the circulation pattern in
the Cilician Levantine area, flowing along the southern coast of Turkey. Periodically, offshore cyclonic and
anticyclonic eddies are generated in the sea area between Turkey and Cyprus, as a result of the fluctuation
of the Asia Minor current. Moreover, the SKIRON 5 km resolution winds and the CYCOFOS 6 km
resolution wave data for the entire Mediterranean Sea were used.

The current dispersion simulations followed the scenarios as those that were used in the frame of the
“Radiological Impact A t in the Southeast Mediterranean Area”. The radioactive effluent
leakage is assumed to be continues for a period of 30 days with a rate of leakage of 5 m® /hour for 20
days of water containing an initial concentration of Cs,4; radioactivity of 800 MBqg/Kg. Three seasons of
the year have been considered, winter, spring and summer. Moreover, additional scenarios were
examined considering the effluent leakage to be at different locations from the Akkyyu coastal zone.

Fig. 1) Schematic circulation of the Eastern
Mediterranean based on MFS modeling
with assimilation of in-situ data, showing
the Asia Minor current in the Cilician
Levantine basin (Pinardi et af., 2015).

Fig. 2) The MEDPOL module of MEDSLIK interface with
the Akkyyu dispersion modeling parameters.

Results:

The physiographic of the Akkyyy coastal area with a small bay at the east, the strong Asia Minor
current flowing westward along the Turkish coast and the periodically generation of temporal small
scale anticyclonic vortices in the very near coastal area of Akkyyy, restricted the extend of the
dispersion of the radioactive effluent leakage of the Cs137, presumably along the coastal zone of
Turkey, with higher concentrations in the vicinity of the small bay of the Akkyyy area, as during
winter 2013.

The fluctuation of the Asia Minor current during summer 2013 was mainly responsible for
the generation of an anticyclonic eddy in the middle of the Cilician basin, opposite the
Akkyyy side. This flow pattern resulted in the extend of the dispersion of the radioactive
effluent offshore south, along the eastern periphery of the eddy. Nevertheless, the
coastal areas affected during this period was the southemn coastal area of Turkey.

Fig. 3) Left: dispersion of Cs137 after 20 days with a leakage of 5mh.
Right: dispersion of Cs137, after 30 days, winter 2013.

Fig. 4) The extend of the affected coastal area from the dispersion of Cs137,
after 30 days, winter 2013

Fig. 5) Left: dispersion of Cs137 after 20 days with a leakage of 5m/h.
Right: dispersion of Cs137, after 30 days, summer 2013.

Fig. 6) The extend of the affected coastal area from the dispersion of Cs137,
after 30 days, summer 2013

Fig. 7) Left: dispersion of Cs137 after 20 days with a leakage of 5m%h.
Right: dispersion of Cs137, after 30 days, spring 2015.

Fig. 8) The extend of the affected coastal area from the dispersion of Cs137,
after 30 days, spring 2015

Similar dispersion patterns of the radioactive effluent shown also when a reversal
of the Asia Minor Current is occurred, as in March 2015, with the extend of the
dispersion to be restricted again along the coastal zone of Turkey.

Conclusions:

The dispersion of radioactive effluents of Cs137 from a hypothetical accident through
the cooling system of the planned Akkyyu power plant, using higher resolution met-
ocean data from the CMEMS Med MFC and the dispersion module of MEDSLIK,
shown that the dispersion is dominated presumably by the Asia Minor current, the
temporal coastal small scale anticyclonic vortices, the offshore seasonal cyclonic and
anticyclonic eddies in the Cilician Levantine basin and the physiography of the coastal
Akkyyy area, in respect to the location of the effluent outfall. All the examined
scenarios shown that after 30 days of simulations the most affected area is the
southern coast of Turkey with higher concentrations at the vicinity of the coastal area
of Akkyyy.
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