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1. ΢ΤΝΟΠΣΙΚΗ ΠΔΡΙΓΡΑΦΗ 

1.1. ΔΙ΢ΑΓΩΓΗ 

Αληηθείκελν ηνπ παξόληνο Σεύρνπο είλαη ε πξνζνκνίσζε ησλ θπκαηηθώλ ζπλζεθώλ 
εηζόδνπ ζηνλ ιηκέλα Βαζηιηθνύ, θαη ηεο θπκαηηθήο δηείζδπζεο ζηελ ιηκελνιεθάλε, πξηλ 
θαη κεηά ηελ ζρεδηαδόκελε επέθηαζε ηνπ πξνο ηα Αλαηνιηθά. Ζ κειέηε εθπνλείηαη κε ηελ 
ρξήζε εμειηγκέλσλ Αξηζκεηηθώλ Μνληέισλ. 
 

 
Ζ παξνύζα κειέηε εθπνλήζεθε από ηελ Δηαηξεία ΢πκβνύισλ  Μεραληθώλ "ROGAN 

Associates S.A.", κέινο ηεο Κ/Ξίαο «Γηνλ. Σνπκαδήο θαη ΢πλεξγάηεο – Ρνγθάλ θαη 

΢πλεξγάηεο ΑΔ» ζην πιαίζην ηεο κειέηεο « ΔΠΗΚΑΗΡΟΠΟΗΖΜΈΝΖ ΜΔΛΈΣΖ 

ΔΚΣΊΜΖ΢Ζ΢ ΠΔΡΗΒΑΛΛΟΝΣΗΚΏΝ ΔΠΗΠΣΏ΢ΔΩΝ (ΜΔΔΠ) ΓΗΑ ΣΖΝ ΔΠΈΚΣΑ΢Ζ ΣΟΤ 

ΛΗΜΈΝΑ ΒΑ΢ΗΛΗΚΟΎ» .  

 

Ζ κειέηε ιακβάλεη σο δεδνκέλα ην θπκαηηθό θιίκα ηεο πεξηνρήο θαη ηηο ελαιιαθηηθέο 

πξνηάζεηο γηα ηεο επέθηαζε ηνπ ιηκέλα ηνπ Βαζηιηθνύ θαη παξέρεη σο απνηειέζκαηα ηηο 

θπκαηηθέο ζπλζήθεο πνπ επηθξαηνύλ ζηελ είζνδν θαη εληόο ηεο ιηκελνιεθάλεο γηα θάζε 

πηζαλό ζελάξην θπκαηηζκώλ πνπ επηθξαηνύλ ζηελ πεξηνρή. Σα ύςε ησλ θπκάησλ ζηηο 

δηαθνξεηηθέο ιηκελνιεθάλεο ηνπ ιηκαληνύ θαζνξίδνληαη ππό δηάθνξεο ζπλζήθεο 

εηζεξρόκελσλ αλέκσλ πνπ πξνθαινύλ θύκαηα θαη δηαθνξεηηθνύο βαζκνύο 

απνξξόθεζεο ησλ εμσηεξηθώλ αιιά θαη εζσηεξηθώλ νξίσλ ηεο ιηκελνιεθάλεο. 

 

Ο ζθνπόο ηεο παξνύζαο κειέηεο είλαη λα ππνζηεξίμεη ηε δηαδηθαζία ζρεδίαζεο ησλ 

πξνηεηλόκελσλ έξγσλ ηνπ ιηκέλα, θπξίσο όζνλ αθνξά ζηελ δηάηαμε ησλ εμσηεξηθώλ 

έξγσλ ηνπ (θπκαηνζξαπζηώλ, κε ζηόρν ηελ ειαρηζηνπνίεζε ηεο θπκαηηθήο δηαηαξαρήο 

ζηελ πεξηνρή ηα εηζόδνπ θαη ζηηο ιηκελνιεθάλεο.  

 

1.2. ΠΡΟΣΔΙΝΟΜΔΝΔ΢ ΔΝΑΛΛΑΚΣΙΚΔ΢ ΓΙΑΣΑΞΔΙ΢ 

 

Πξνηείλνληαη ελαιιαθηηθέο δηαηάμεηο γηα ηελ βέιηηζηε επίηεπμε ηεο θπκαηηθήο εξεκίαο 

εληόο ησλ δύν ιηκελνιεθάλσλ ηνπ ιηκέλα ηνπ Βαζηιηθνύ. ΢ηελ πξώηε ελαιιαθηηθή ιύζε 

πξνηείλεηαη ε πξνέθηαζε ηνπ πξνζήλεκνπ θπκαηνζξαύζηε θαη ε δεκηνπξγία 

θξεπηδώκαηνο ζηελ ππήλεκε πιεπξά ηνπ. Δπίζεο ζηελ ζέζε ηνπ ππήλεκνπ 

θπκαηνζξαύζηε ζα δεκηνπξγεζεί κία λένο Πξνβιήηαο πνπ ζα εμππεξεηεί ρύδελ θνξηία. 

Ο πξνζήλεκνο θπκαηνζξαύζηεο ζα επεθηαζεί θαηά 1155 κέηξα. Ο λένο ππήλεκνο 

θπκαηνζξαύζηεο πνπ ζα δεκηνπξγεζεί ζα εθηείλεηαη ζηα 275 κέηξα. ΢ηνλ ιηκέλα ηνπ 

βαζηιηθνύ ζα δεκηνπξγεζνύλ δύν ιηκελνιεθάλεο κία κε βάζνο ησλ -9 κέηξσλ από ηελ 

Κ.Ρ. θαη κία ησλ -15 κέηξσλ. 

 

΢ηελ δεύηεξε ελαιιαθηηθή δηάηαμε ζα δηεξεπλεζεί ε ρξήζε απνξξνθεηηθώλ 

θξεπηδσκάησλ ζηα θξεπηδώκαηα ζηελ ππήλεκε πιεπξά ηνπ πξνζήλεκνπ 

θπκαηνζξαύζηε γηα ηελ ιεθάλε ησλ -9 κέηξσλ θαη ζηνλ πξνβιήηα πνπ ζα θαηαζθεπαζηεί 

ζηελ Αλαηνιηθή θαη Νόηηα πιεπξά ηνπ.  



ΡΟΓΚΑΝ ΑΛΚ- ΔΠΔΚΣΑ΢Η ΛΙΜΔΝΑ ΛΔΜΔ΢ΟΤ-ΣΔΡΜΑΣΙΚΟ 2 (ΒΑ΢ΙΛΙΚΟ) 20.12.2023 

TOΥMAZΗΣ ΠΑΡΑΡΣΗΜΑ 3 - ΜΔΛΔΣΗ ΚΤΜΑΣΙΚΗ΢ ΓΙΑΣΑΡΑΥΗ΢ 1184-A3-E2 

 

 

5 

 

 
Σέινο ζα δηεξεπλεζεί κία επηπιένλ δηάηαμε  γηα ηελ επέθηαζε ηνπ πξνζήλεκνπ 

θπκαηνζξαύζηε πνπ πξνηάζεθε ζηελ πξώηε ελαιιαθηηθή ώζηε λα κεηώζεη επηπιένλ ηελ 

θπκαηηθή δηαηαξαρή πνπ κπνξεί λα ππάξρεη εληόο ηεο ιηκελνιεθάλεο ηνπ ιηκέλα ηνπ 

Βαζηιηθνύ θαη γηα λα παξνπζηαζηνύλ ζπγθξηηηθά απνηειέζκαηα ζε ζρέζε κε ηελ ρξήζε 

απνξξνθεηηθώλ Κξεπηδσκάησλ.  

 

 

1.3. ΜΔΘΟΓΟΛΟΓΙΑ ΚΑΙ ΔΠΙ΢ΣΗΜΟΝΙΚΟ ΤΠΟΒΑΘΡΟ ΑΡΙΘΜΗΣΙΚΩΝ 

ΜΟΝΣΔΛΩΝ 

 

Ζ κεζνδνινγία πνπ εθαξκόδεηαη ζηελ παξνύζα κειέηε πεξηιακβάλεη ηα εμήο: 

 

Ζ παξνύζα κειέηε ρξεζηκνπνηεί ηα ππάξρνληα δεδνκέλα θπκάησλ πνπ αλαπηύρζεθαλ 

από ην Κέληξν Τδξαπιηθώλ Δξεπλώλ ηνπ Delft ζην πιαίζην ηεο κειέηεο "Γηαρείξηζεο 

Παξάθηηαο Εώλεο γηα ηελ Κύπξν: Αλάιπζε ηνπ Κιίκαηνο ησλ Κπκάησλ θνληά ζηελ Αθηή 

από ηνπο Xenia Loizidou θαη John Dekker (Delft Hydraulics), Μάξηηνο 1994". Οη 

θαηεπζύλζεηο ηνπ αλέκνπ πνπ κπνξνύλ λα πξνθαιέζνπλ θύκαηα πνπ δηεηζδύνπλ ζην 

ιηκάλη είλαη Αλαηνιηθέο, Ννηηναλαηνιηθέο, Νόηηεο θαη Ννηηνδπηηθέο. 

 

Ζ κέγηζηε ηηκή ζεκαληηθνύ ύςνπο θπκάησλ Hs γηα ηηο πξναλαθεξζείζεο θαηεπζύλζεηο 

αλέκνπ είλαη ίζε κε 5,75 κέηξα, κε αληίζηνηρε θνξπθαία πεξίνδν 9,59 δεπηεξνιέπησλ. 

Σα ραξαθηεξηζηηθά ηνπ θπκαηηθνύ θιίκαηνο ζηε ζάιαζζα θαη ηα δηαγξάκκαηα 

βαζπκεηξίαο ρξεζηκεύνπλ σο δεδνκέλα εηζόδνπ ζην αξηζκεηηθό κνληέιν γηα ηελ 

πξνζνκνίσζε ηεο δηάδνζεο ησλ θπκάησλ, ιακβάλνληαο ππόςε όια ηα θπξίαξρα 

θαηλόκελα όπσο ε αλάθιαζε, ε δηάζιαζε, ε πεξίζιαζε, ε ξήρσζε θαη ε ζξαύζε.  

Οη πξνζνκνηώζεηο πξαγκαηνπνηνύληαη γηα ηελ ππάξρνπζα θαηάζηαζε (Do-Nothing 

ζελάξην), αιιά θαη ζηηο ελαιιαθηηθέο δηαηάμεηο  πνπ πξνηείλνληαη γηα ηελ επίηεπμε ηεο 

θπκαηηθήο εξεκίαο εληόο ηεο ιηκελνιεθάλεο. 

 

΢ε απηή ηε κειέηε, ρξεζηκνπνηείηαη ην καζεκαηηθό κνληέιν δηάδνζεο θπκάησλ, Maris 

HMS (κε γξακκηθό ππεξβνιηθό κνληέιν ήπηαο θιίζεο), πνπ αλαπηύρζεθε από ηε 

Scientia Maris. Αληηπξνζσπεύεη έλα πξνεγκέλν κε γξακκηθό κνληέιν ησλ θπκαηηθώλ 

εμηζώζεσλ ήπηαο θιίζεο πνπ πξνζνκνηώλεη ηελ ρώξν-ρξνληθή δηάδνζε ησλ θαζκαηηθώλ 

θπκαηηζκώλ ζε παξάθηηεο πεξηνρέο θαη ιηκέλεο. Αλαπαξηζηά κε αθξίβεηα όια ηα 

πεξίπινθα θαηλόκελα πνπ ζπκβαίλνπλ ζε κηα παξάθηηα πεξηνρή, 

ζπκπεξηιακβαλνκέλσλ: 

 

 Γηάδνζε πνιύπινθσλ κε γξακκηθώλ θπκάησλ 

 Ρήρσζε 

 Γηάζιαζε 

 Πεξίζιαζε 

 Μεξηθή ή νιηθή αλάθιαζε 

 Γηάρπζε ελέξγεηαο ιόγσ ηξηβώλ ππζκέλα θαη ζξαύζε 
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Απηό ην κνληέιν απνηειεί έλα πνιύηηκν εξγαιείν γηα ηε δηεμαγσγή κειεηώλ θπκαηηθώλ 

δηαηαξαρώλ ζε θιεηζηέο ζαιάζζηεο πεξηνρέο (όπσο θόιπνη, ιηκάληα) θαη ηελ 

πξνζνκνίσζε θαηλνκέλσλ όπσο ν ζπληνληζκόο ησλ θπκάησλ κέζα ζε κία 

ιηκελνιεθάλε. Δπηπιένλ, κπνξεί λα εθαξκνζηεί ζε παξάθηηεο δώλεο όπνπ ε αλάθιαζε 

ησλ θπκάησλ επεξεάδεη ζεκαληηθά ηηο αθηνκεραληθέο κειέηεο. Οη κεηαβιεηέο πνπ 

ππνινγίδνληαη από απηό ην κνληέιν πεξηιακβάλνπλ ην ύςνο ησλ θπκάησλ, ηελ πεξίνδν 

θαη ηελ θαηεύζπλζε ησλ θπκάησλ, θαζώο θαη ην ύςνο ηεο ειεύζεξεο επηθάλεηαο ηνπ 

λεξνύ θαη ηηο ηάζεηο ηεο αθηηλνβνιίαο. 

 

1.4. ΢ΤΜΠΔΡΑ΢ΜΑΣΑ 

 

 Αλεμάξηεηα από ην κήθνο ηνπ θπκαηνζξαύζηε, ηα θύκαηα πνπ εηζέξρνληαη από 

ηηο αλαηνιηθέο-λνηηναλαηνιηθέο θαηεπζύλζεηο ζα εκπνδίζνπλ ηε ιεηηνπξγία ηνπ 

αλαηνιηθνύ θξεπηδώκαηνο γηα εηήζην πνζνζηό 1,73%. Απηά ηα θύκαηα πνπ 

δηαδίδνληαη αλαθιόληαη ζηελ αλαηνιηθή πιεπξά ηνπ πξνηεηλόκελνπ πξνβιήηα 

ρύδελ μεξνύ θνξηίνπ θαη δεκηνπξγνύλ θπκαηηθή δηαηαξαρή ζην εζσηεξηθό ηεο 

ιεθάλεο. Ζ ζύγθξηζε ησλ απνηειεζκάησλ πνπ ελζσκαηώλνπλ 

απνξξνθεηηθνύο θξεπηδόηνηρνπο κε ηα αληίζηνηρα πνπ ελζσκαηώλνπλ πιήξσο 

αλαθιαζηηθνύο θξεπηδόηνηρνπο, θαηαδεηθλύεη ηε κείσζε ηεο θπκαηηθήο 

δηαηαξαρήο ζην εζσηεξηθό ηεο ιηκεληθήο ιεθάλεο. Ωο εθ ηνύηνπ, ε παξνύζα 

κειέηε ππνγξακκίδεη ηε ρξήζε ηέηνησλ θξεπηδσκάησλ ζηελ αλαηνιηθή πιεπξά 

ηνπ πξνβιήηα ρύδελ μεξνύ θνξηίνπ. 

 Τπάξρεη δηάδνζε θπκαηηζκώλ ζην αλαηνιηθό θξεπίδσκα  θπξίσο γηα 

θπκαηηζκνύο Αλαηνιηθήο-ΝόηηνΑλαηνιηθήο, Νόηηαο-ΝόηηνΑλαηνιηθήο, Νόηηαο θαη 

Νόηην-ΝνηηνΓπηηθήο πξνέιεπζεο. Σν αλαηνιηθό θαηαθόξπθν κέησπν ηνπ 

πξνηεηλόκελνπ πξνβιήηα είλαη εθηεζεηκέλν ζηνπο παξαπάλσ εηζεξρόκελνπο 

θπκαηηζκνύο. 

 Ζ ελαιιαθηηθή κε απνξξνθεηηθά θξεπηδώκαηα δελ παξέρεη βειηίσζε ηνπ 

ρξόλνπ ιεηηνπξγίαο ηνπ ιηκέλα ζε ζύγθξηζε κε ηελ επηινγή Β παξόιν πνπ ην 

ύςνο θύκαηνο κεηώλεηαη 

 ΢ύμθωνα με ηα αποηελέζμαηα ηηρ κςμαηικήρ διαηαπασήρ επιλέγεηαι η 

Δναλλακηική Γιάηαξη 2 καθώρ παπέσει ηη μικπόηεπη κςμαηική διαηαπασή 

ανεξάπηηηα από ηα ζκάθη πος είναι ελλιμενιζμένα 
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2. INTRODUCTION 

 

2.1. GENERAL 

 

An investigation of wave disturbance is carried out, by means of numerical simulation, 

for the proposed expansion of Limassol Port – Terminal 2 (Vassilikos).  

 

The present study is prepared by the Consulting Engineering Firms "ROGAN & 

Associates S.A. and Dion. Toumazis & Associates" for the Cyprus Ports Authority. 

 

The wave disturbance study takes as input the prevailing wave pattern and provides as 

output the annual percentage of time during which the port, or individual sections of it 

can be operational. The wave heights in sections of the harbor basin are determined 

under various incident wind-generated wave conditions and degrees of absorption of the 

solid boundaries.  

 

This study concerns the expansion of the Port of Vasilikos in Cyprus to the East. It is 

prepared within the framework of the project titled: "UPDATED ENVIRONMENTAL 

IMPACT ASSESSMENT STUDY (EIAS) FOR THE EXPANSION OF THE PORT OF 

VASILIKOS," assigned by the Cyprus Ports Authority to the consortium of companies 

consisting of Dion. Toumazis and Associates and Rogan and Associates S.A. 

 

2.2. OBJECTIVE 

 

The scope of the preset study is to support the design process of the proposed port 

expansion works in attaining the necessary tranquility of the sea surface in the harbor 

basin. 

 

The numerical simulations are carried out using the advanced numerical model of high 

precision, the Maris HMS, which employs equations of mild slope hyperbolic 

approximation. This model, developed by Scientia Maris, is capable of simulating the 

propagation of complex nonlinear wave phenomena by simulating the entirety of 

physical phenomena occurring within and around the port. This includes shoaling, 

diffraction, refraction, reflection, and energy dissipation due to bottom friction and 

breaking. This model has been published and presented in numerous publications in 

international scientific journals and proceedings of international conferences. It has been 

applied in a multitude of approved studies related to wave and coastal engineering. 

 

 

 



ΡΟΓΚΑΝ ΑΛΚ- ΔΠΔΚΣΑ΢Η ΛΙΜΔΝΑ ΛΔΜΔ΢ΟΤ-ΣΔΡΜΑΣΙΚΟ 2 (ΒΑ΢ΙΛΙΚΟ) 20.12.2023 

TOΥMAZΗΣ ΠΑΡΑΡΣΗΜΑ 3 - ΜΔΛΔΣΗ ΚΤΜΑΣΙΚΗ΢ ΓΙΑΣΑΡΑΥΗ΢ 1184-A3-E2 

 

 

8 

 

2.3. AVAILABLE DATA 

 

The data considered in this study includes: 

 

 Satellite imagery obtained from the internet and the Google Earth application. 

 Digital topographic and bathymetric data delivered from the topographic and 

bathymetric survey. 

 Wave data spanning from 1993 to 2021 sourced from the Copernicus Marine 

Service database (https://marine.copernicus.eu/). 

 Bathymetric data from Navionics sources (navionics.com). 

 

 

 

2.4. WORKING GROUP 

 

The present Wave Disturbance Study was conducted by the Consulting Engineers of 

ROGAN AND ASSOCIATES S.A. 

 

The working team for this study comprises: 

 

Dr. Christos Solomonidis, Civil Engineer – Port Engineer 

George Fotis, M.Sc., Survey Engineer – Port Engineer 

Polyvios Sotirakopoulos, M.Sc., Civil Engineer – Port Engineer 

Achilles Stamatiadis, M.Sc., Civil Engineer – Port Engineer 

Apostolos Kalpias, M.Sc., Civil Engineer – Port Engineer 
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3. DESCRIPTION OF EXISTING PORT INFRASTRUCTURE AND FUTURE EXPANSION 

 

3.1. EXISTING PORT INFRASTRUCTURE 

Vassilikos Port is located at the eastern side of Vassiliko Bay (see Figure 3.1). It is 

currently operated by Vassiliko Cement Works under a concession agreement with  the 

Cyprus Ports Authority for a period of 50 years, i.e. until  2032. The port is capable to 

handle dry and liquid bulk cargoes. 

 

 
Figure 3.1. Location of Vassilikos Port (indicated with yellow circle).  

 

The port is protected by two breakwaters, the southern (windward) and the eastern 

(leeside). The port entrance is orientated eastwards (see Figure 3.2). There are two 

main quays, the northern of 360m length and the western of 125m. It has a turning circle 

of 280m diameter, and the water depth is about 9m.  

 

The main activity within the port of Vassilikos is the import and export of cement and 

bulk aggregate cargoes. Vassilikos Cement Works has primary operating rights within 

the port and has a fixed loading elevator structure on the main quayside within the port. 

In year 2014 Vassilikos Port handled about 244 ships and 1.630.000 tons of dry bulk 

cargo were imported/exported (Cyprus Ports Authority data). 

The port has a roll on/roll off (Ro/Ro) ramp located at the extreme western end of the 

quayside and can be used by vessels fitted with a stern door ramp berthed at the west 

berth.  
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Fuel oil (e.g. Jet fuel) is imported over the west berth in Vassilikos Port in small vessels. 

 
Figure 3.2. Existing Port Infrastructure of Vassiliko.   

 

3.2. FUTURE EXPANSION 

The Cyprus Ports Authority (CPA) appointed the joint venture of Rogan & Associates 

S.A. and Dion. Toumazis & Associates as consultants for the preparation of the 

Environmental Impact Assessment Study (EIA) for the expansion of Limassol Port 

Terminal 2 (Vassilikos). 

 

The main works are: 

 Extension of the existing main breakwater by approximately 720m 

 Construction of a new leeside breakwater 

 Deepening of the sea bed so that the water depth in the new basin and the 

approach channel is 15m below Chart Datum (CD) 

 

 

 

 

 

 

Windward 

breakwater  

Leeside 

breakwater  

Quaywall  

Cement 

factory  

Port Basin  
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4. METHODOLOGY OF WAVE STUDY 

 

The methodology employed in the current study is based on the following four distinct 

stages: 

 

- The first stage involves the collection and evaluation of available data aiming to 

identify meteorological, marine, and geomorphological conditions in the study 

area. Specifically, the following are identified and assessed: 

•  Bathymetry of the study area 

•  Open-sea wave climate from the European Copernicus Marine Service 

database 

 

- In the second stage, a computational framework representing the geomorphology 

of the area of interest is created. Utilizing the wave characteristics in the deep 

waters obtained from the previous stage, numerical simulations are conducted 

using an appropriate high-precision nonlinear wave model to simulate wave 

penetration and disturbance for the existing condition (Do Nothing Scenario). 

 

- In the third stage, a new set of simulations is developed in alignment with the 

second stage. This includes the incorporation of new port structures and coastal 

interventions of the proposed arrangement (Arrangements: W1, W2). 

 

- Finally, in the fourth stage, a comparison between the results of the third and 

fourth stages (Arrangements DN and W1, W2) is conducted to evaluate the 

impact of the new projects on the port basin of the Port of Vasilikos. The aim is to 

select the optimal alternative solution for redevelopment projects. 

 

It's worth noting, as previously mentioned, that the numerical simulations of wave 

disturbance are conducted using the advanced high-precision numerical model Maris 

HMS developed by Scientia Maris. This model can simulate the propagation of complex 

nonlinear waves by emulating the entirety of natural phenomena occurring within and 

around the port. 

 

The above methodology of this wave study is summarized in the flowchart depicted in 

Figure 4.1. 
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Figure 4.1 Methodology of wave Study 

Stage 4. Comparison of Stage 2 and 3 results in Critical Areas (CA) 

Stage 3. Simulation of the wave disturbance with the proposed works and all the 
alternative Arrangements (A, B, C) 

Stage 2. Simulation of the wave disturbance of the existing layout (DN layout) 

Stage 1. Collection and evaluation of available oceanographic and 
geomorphological data..  

Repeat for all 

wave scenarios  
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5. WAVE CLIMATE 

 

5.1. WAVE CONDITIONS IN THE OPEN SEA OF THE STUDY AREA 

 

Taking into account the orientation of the Port of Vasilikos, the waves that affect the new 

installation have the following incident directions: 

 

 Southwest 

 South 

 Southeast 

 East 

 

To determine the wave characteristics of the study area, available wave data from the 

study 'Coastal Zone Management for Cyprus: Nearshore Wave Climate Analysis by 

Xenia Loizidou and John Dekker (Delft Hydraulics), March 1994' were utilized. The table 

below presents the annual probabilities of wave occurrence for specific wave height 

ranges and specific directions at the depth contour of -20m." 

 

Table 5-1 Annual probabilities of wave occurrence for specific wave height ranges and 

specific directions at the isobath of -20m (Delft Hydraulics). 
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5.2. WAVE INPUT DATA INTO THE NUMERICAL MODEL 

 

Taking into consideration the aforementioned data and the directions that can cause 

disturbance within the port, Table 5-2 presents the wave characteristics provided as 

input data into the numerical simulation model. It is noted that a conservative approach 

is applied in selecting wave heights. From the ranges of wave heights categorized, the 

upper limit is chosen each time (e.g., from the range 4.75-5.75, a wave height of 5.75m 

is selected for simulation) For the SSW waves, which have the highest wave heights and 

the highest frequency of occurrence, a wave condition with wave height, Hs = 2.75m 

period Tp = 6.63sec, was additionally examined in order to test the wave conditions both 

at the dry bulk’s berthing position, during moderate wave phenomena. 

 

Table 5-2 Wave input data into the numerical model 

 

 Ηs (m) Tp 

(sec) 

Dir (°) 

1 3.25 7.21 90 

2 2.75 6.63 135 

3 3.75 7.74 180 

4 5.75 9.59 210 

5 2.75 6.63 210 
6 3.25 7.21 240 
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6. METHODOLOGY APPLIED AND SCIENTIFIC BACKGROUND OF NUMERICAL 

MODELS 

 

The mathematical background of the advanced wave model Maris HMS by Scientia 

Maris is used in this wave disturbance study. This model has been published and 

presented in numerous publications in international scientific journals and proceedings of 

international conferences, and has been applied in a multitude of approved studies 

concerning wave and coastal engineering 

6.1. SIMULATION PHENOMENA AND APPLICATION AREAS 

In this study, the mathematical wave propagation model, Maris HMS (nonlinear 

Hyperbolic Mild-Slope), developed by Scientia Maris, is used. It represents an advanced 

nonlinear model of mild-slope equations that simulate the spatiotemporal propagation of 

complex waves in coastal areas and harbors. It accurately simulates all the intricate 

phenomena occurring in a coastal domain, including: 

 

- Propagation of complex nonlinear waves 

- Shoaling 

- Diffraction 

- Refraction 

- Partial or total reflection 

- Energy dissipation due to bottom friction and breaking 

 

This model serves as a valuable tool for conducting wave disturbance studies in 

enclosed marine areas (such as bays, harbors) and simulating phenomena like 

resonance and seiching within a port. Furthermore, it can be applied in coastal zones 

where wave reflection significantly impacts coastal engineering studies. The variables 

computed by this model include wave height, period, direction, as well as the elevation 

of the free water surface and radiation stresses. 

 

6.2. BASIC MODEL FUNCTIONS 

 

 

This mathematical model is based on mild-slope equations initially formulated by Booij 

(1972) and later expanded by Booij (1981) by adding energy diffusion terms. Further 

development was achieved by Massel (1993) and Suh et al. (1997) to incorporate the 

effects of sudden changes in the seabed. These mild-slope equations are elliptic partial 

differential equations with complex variables. Solving them requires significant 

computational time, especially for large coastal areas. Therefore, various approximate 

methodologies have been proposed for their solution. 

 

This specific model is based on mild-slope equations, hyperbolic form (Copeland, 1985; 

Karambas et al., 2010, 2013). The equations are written as follows: 
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Here, δ represents the free surface elevation due to waves,            (     ), 

           (where d is the water depth),     (     ),     and    are the depth-

averaged horizontal velocities, c is the wave celerity,   is the group celerity, and    is the 

turbulent eddy viscosity coefficient that incorporates energy diffusion due to breaking 

and partial or total reflection. 

 

The energy loss due to wave breaking at the shore or over breakwaters is introduced 

into the model through the simulation of Reynolds stresses, with the turbulent eddy 

viscosity coefficient     in the right-hand side of the momentum equations. The turbulent 

eddy viscosity coefficient    is calculated as follows (Battjes, 1975): 

 

     (
 

 
)
   

 

 

Where D is the energy loss due to the breaking of random waves. 

 

  
 

 
        

                                                                                                                   

 

 

where     is the mean spectral frequency,    is the maximum possible wave height 

(=γ∙h, with γ a constant, γ≈0.6), and    is a coefficient related to the probability of wave 

breaking. Following the assumption of Rayleigh distribution, the coefficient    is given by 

the solution of the following equation: 

 

 

    
    

 (
    
  

)
 

 

 

 

 

Where Hrms is the root mean square wave height (calculated in the program as 

    =2(<2δ2>)1/2 , where the brackets ⟨⟩ denote the mean temporal value). 

It is evident that the maximum value of Qb is unity (all waves are breaking), and when 

    <<  , ηόηε   <<1 (non-breaking waves). The above equation for the loss D can 

describe the loss of random wave energy in any complex bathymetry, including the 

elongated bars of the breaker zone (longshore bars). 
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The loss of energy due to bottom friction is simulated by linear terms on the right-hand 

side of the momentum equations. The linear friction coefficient fb is related to the wave 

friction coefficient fw by the equation: 

 

 

    

 
   √  

     

 
 

 

 

In the above equations, phase velocity, group velocity, and wave number are variables 

directly dependent on the selected dispersion relationship. Widely used internationally, 

mild-slope mathematical models adopt a linear dispersion relationship, even in 

intermediate and deep waters, significantly compromising result accuracy due to 

nonlinearity impacting wave characteristics, especially wave height, which is crucial for 

applications. 

 

Conversely, the advanced Maris HMS model (Chondros et al., 2021; 2019, Metallinos et 

al., 2019) outperforms comparable models circulating globally, offering more precise 

outcomes. This is achieved by embracing the philosophy of an innovative methodology 

proposed by Chondros and Memos (2014) for computing parameters k and C appearing 

in fundamental equations. This methodology resolves higher-order spatiotemporal 

nonlinear Stokes 2nd and 5th order theories, Cnoidal, and Solitary. 

 

Specifically, to account for the propagation of nonlinear waves, the Maris HMS model 

follows an analytical approach to compute dispersion relationships, thus incorporating 

nonlinearity at any water depth. Initially, the Ursell parameter is calculated: Ur=(HL^2) ⁄ 

h^3 (where H is wave height, and L is wave length), and the parameter expressing 

frequency dispersion, s=H/L, in each cell of the computational domain. Subsequently, 

considering these parameters and the applicable domains of various wave propagation 

theories proposed by Hedges (1995), nonlinear dispersion is computed in relation to 

Stokes 2nd or 5th order waves, Cnoidal theory, or solitary wave theory as follows: 

 

 

Areas of wave propagation theory 

application. 

Dispersion relationship 

 

      

  

    

Stokes 

1st 

         (  ) 

 

      

  

    

Stokes 

higher 

     (     )    (  ) 

 

      

  

   

      

Cnoidal 

       (      (        )), 

where  ,   are the complete elliptic 

functions of the first and second kind, 

respectively. The parameter   is the 

modulus of the elliptic functions. 
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Alternatively, the modified Cnoidal 

equation is used herein:     

    (   ( )   ), Bell et al. (2004) 

assumed a value of 0.4 for  ( ) 

 

      

  

      
Solitary 

       (     ) 

 

 

 

The radiation stresses are calculated using the following relationships (Copeland 1985): 
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Where the symbols <> denote integration over the wave period and  
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It's worth noting that computing and incorporating nonlinear velocities in the above-

mentioned manner make the model highly accurate without dramatically increasing the 

required computational load and time. 
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6.3. NUMERIC APPLICATION 

 

 

The method used to solve the basic equations of the model is that of finite differences 

applied to a Cartesian grid with constant spatial and temporal steps that satisfy the 

Courant criterion. The algorithm solves the equations, initially assuming linear velocities 

until the entire numerical field stabilizes, meaning the wave height in each grid cell does 

not differ by more than 0.5% from the immediately preceding time step. Once the first 

stage of stabilization is achieved, velocities are recalculated, incorporating non-linearity, 

and the field is re-solved until stabilization is reached. 

 

To generate wave disturbance within the study area, the method of internal generation is 

employed: 

 

   
  

 
   (         ) 

  

  
      

 

At boundaries where total reflection is expected (e.g., vertical faces or seawalls), the 

condition is applied: 

 
  

  
      

 

Finally, the Maris HMS model takes as input a two-dimensional file that specifies, near 

the solid boundaries of the study area, the turbulent eddy viscosity coefficient 

   simulating energy diffusion due to partial or total wave reflection. Proper estimation of 

the reflection coefficients r (defined as the ratio of incident to reflected waves      ⁄ )) 

and the corresponding eddy viscosity coefficients    in each segment of the solid 

boundary is crucial for the model's effectiveness. Typical coefficients for wave periods 

less than 20 s are provided in the following figure (Thompson et al., 1996). 
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6.4. REQUIRED INPUT DATA AND RESULTS 

 

The required input data for the model to be applied are as follows:  

 The bathymetry of the study area is provided as a two-dimensional numerical 

grid where each cell represents either a depth value or a dry cell. 

 Selection of boundary conditions at the boundaries of the numerical field 

(damping).  

 Determination of wave characteristics in the wave generator of the numerical 

field, height, period, and direction. 

 Definition of coordinates for the starting and ending points of the wave generator.  

 Simulation or not of seabed friction and bottom friction.  

 Map of the spatial distribution of the turbulent diffusion coefficient and bottom 

friction.  

 

 

The results of the mathematical model are provided in the form of two-dimensional files 

containing wave height at all points of the numerical grid. 
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7. NUMERICAL SIMULATION OF WAVE DISTURBANCE  

 

EXISTING CONDITION 

 

 

The following subsections present the results and corresponding commentary of the 

numerical simulations regarding wave penetration in the harbor basin of the Port of 

Vasiliko for the existing condition scenario (Arrangement DN). 

 

 

7.1. INPUT DATA TO THE NUMERICAL MODEL: EXISTING CONDITION 

 

7.1.1. BATHYMETRY 

 

 

 

For the existing condition scenario, bathymetric data resulting from the bathymetric 

survey conducted within the scope of this project, along with open-source bathymetric 

databases (Navionics) for the broader study area, were utilized. Combining these 

sources, the bathymetric grid BATH_DN  was generated.  

 

The bathymetric grid inputted into the numerical simulation model covers an area of 

approximately 3.75 km x 6.2 km. A small spatial step (dx = dy = 2.5 m) was chosen to 

compute results with high precision. 

 

 

 

7.1.2. DEFINING REFLECTION COEFFICIENTS 

 
The MARIS HMS wave propagation simulation model utilizes, in addition to the 

bathymetric file, a second two-dimensional file specifying near the solid boundaries (4 

grid cells) of the study area, the turbulent diffusion coefficients   , artificially simulating 

the energy diffusion of incident waves at the front. These coefficients are calculated from 

an initial set of simulations applying the model based on the wave period T, wave height 

H, and a constant depth d at the project site. Accurately estimating the reflection 

coefficients r (defined as the ratio of incident wave height to reflected      ⁄ ) and the 

corresponding    coefficients at each segment of the solid boundary is crucial for the 

model's effectiveness. 

 

In this study, the following reflection coefficients are considered for various types of solid 

boundaries, and the corresponding turbulent diffusion coefficients are estimated: 
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 Vertical walls - Quay walls, r = 1.0 

 

 Natural Rock Armor, r = 0.5 - 0.60 

 

 Vertical walls – Energy- Dissipator, r = 0.40 

 
 

In the existing conditions of the port of Vasiliko natural rock armor exists in the windward 

and leeward breakwaters on the windward and leeward sides of them. Also the existing 

vertical quay walls have been designed in order to dissipate the energy of the incoming 

wave and decrease the wave height that may occur due to consecutive reflections. 

 

 

7.1.3. WAVE INPUT DATA 

 
The waves were simulated as selected in Chapter 5.2. The following table presents the 

wave characteristics provided as input data into the numerical simulation model. 

 

Table 7-1 Wave input data into the numerical model 

 

 Ηs (m) Tp 

(sec) 

Dir (°) 

1 3.25 7.21 90 

2 2.75 6.63 135 

3 3.75 7.74 180 

4 5.75 9.59 210 

5 2.75 6.63 210 
6 3.25 7.21 240 
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8. INVESTIGATION OF EXISTING PORT BASIN’S WAVE DISTURBANCE 

 

The first scenario investigated is the existing port layout, which is, without any extension 

of the windward breakwater. This case is the “Do Nothing” scenario (DN hereafter).  

 

As mentioned in Chapter 2, the port is protected by two breakwaters, the southern 

(windward) and the eastern (leeside). The port entrance is orientated eastwards (see 

Figure 3.2). There are two main quays, the northern of 360m length and the western of 

125m. It has a turning circle of 280m diameter, and the water depth is about 9m. 

 

The DN layout is depicted in the following figure. 

 

8.1. Numerical Simulation of Wave Penetration with Scientia Maris HMS Model 

The wave disturbance inside the port basin is simulated by applying the Scientia Maris 

HMS. HMS is based on an efficient numerical solution of the so-called “mild-slope” wave 

equation, which governs the motion of time harmonic water waves of infinitesimal height 

(linear waves) on a gently sloping bathymetry with arbitrary water depth. 

 

 

 
Figure 8.1. Layout of alternative DN.  
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8.2. Input Data 

Under the framework of the present study, the consultants were provided with 

topographic and bathymetric surveys in the area of Vassilikos, both by the Cyprus Ports 

Authority and by the Department of Lands and Surveys.  The two sets of data were in 

close agreement, and the ones provided by CPA were the governing ones. 

 

The specific data are used for construction of numerical grids representing the sea 

bottom inside the port basin and in the vicinity of the port. The following bathymetric grid 

was constructed, BATH_DN, (see Appendix) covering an area of approximately 6.2km x 

3.75 km, with equal spatial steps dx = dy=2.5 m in two horizontal axes x- and y-. 

 

The breakwaters and revetments were assumed to have 0.6 reflection coefficient. while 

the rocky shorelines were set to have reflection coefficient equal to 0.6. Sponge layers 

were used at the offshore boundaries to absorb waves traveling outside the model 

domain. Because the model’s offshore boundaries were closed, using the sponge layers 

allowed the model to dissipate waves which would travel away from the model domain 

without letting them to reflect from the boundaries. The sponge layer is a numerical 

analog to wave absorber in wave tank. 

 

8.3. Results of Numerical Simulations for DN Layout 

Drawings (WV_DN_1 up to WV_DN_6, see Appendix) for each incoming wave case 

and for each alternative were created, depicting the wave height distribution all over the 

examined area. Drawings WV_DN_1 illustrate the wave propagation and port 

penetration from E inside the port basin for waves propagating from SE WV_DN_2 

illustrates the wave propagation. Drawings WV_DN_3 represents the wave from the 

South its propagation and port penetration, drawings WV_DN_4,5 presents in the same 

manner the SSW wave. Finally, the drawings WV_DN_6 illustrate the wave field for 

incoming waves with WSW direction. 

 

General observations and comments on the results: 

 A partial reflection of incoming waves is taking place on the windward breakwater. 

 There is wave penetration into the port basin especially for waves coming from   S, E,  

SSW and SE directions.  

 The eastern side of the proposed dry bulk pier is exposed to S, SSE and ESE incident 

waves.  

 For waves travelling from WSW, the poRt basin is well protected. Consequently, 

further simulations for all the examined alternatives, will not be executed for this 

direction. 

 As waves approach the shoreline, the wave heights are decreasing due to depth 

induced wave breaking heights. The mean wave direction tend to be vertical to the 

shoreline due to diffraction effects.  
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The basic conclusion arising from the investigation on the DN alternative (current 

situation, without any extension of the windward breakwater) has as follows: 

 

Taking into consideration the numerical results, the east side of the proposed pier 

(i.e. the quay wall at -13m) will be exposed to wave disturbance, preventing the 

port operations for 18.67% of the year (or 1 in 5 days). Therefore the extension of 

the breakwater is of crucial importance. 
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9. ALTERNATIVE LAYOUTS OF THE OUTER WORKS 

 

Apart from the DN scenario, two (2) alternative layouts of the outer works, i.e. the 

extension of the windward breakwater, and the construction of a new leeside 

breakwater, are investigated with numerical simulations, namely A and B.  

 

It has to be mentioned that each alternative will include the following proposed works: 

 Dredging of an area close to 300.000 sq.m. to -15m CD in order to create the 

required navigational depths for the maximum LNGC vessel that may visit the area 

ships. This area includes the approach channel and the maneuvering area inside 

the port basin. The dredging area outside the port (navigational channel) may be 

slightly different for each layout according to the design of the port entrance. 

 Demolition of the leeside breakwater and construction of a new dry bulk cargo pier 

with an approximate length of 230m and width of 125m. 

 

However, the major changes between the alternative scenarios (options) correspond to 

the length and shape of the windward and leeside breakwaters. The following options 

(Table 2) are considered in the present study, and the drawings are given in the 

following figures: 

 

Table 2. Length of windward and leeside breakwaters extension for each option. 

Alternative Length of windward 

breakwater extension (m) 

Length of leeside 

breakwater extension (m) 

DN - - 

Α 1155 275 

Β 1240 275 
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Figure 9.1. Layout of alternative A 
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Figure 9.2. Layout of alternative B. 
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10. NUMERICAL SIMULATION OF ALTERNATIVE LAYOUTS 

 

In the following paragraphs the summarized results of the numerical simulations are 

shown, in terms of idle times (% per year) of the Port as determined for inspection area 

1. It is noted that this area is critical for port operations (dry bulk loading / unloading), 

whereas for inspection area 2, the acceptable wave height limit is higher (1.5m) thus not 

critical for the selection of the optimal outer works layout 

10.1. Alternative A 

Drawings (WV_A_1 up to WV_A_6, see Appendix) for each incoming wave case and 

for each alternative were created, depicting the wave height distribution all over the 

examined area. Drawings WV_A_1 illustrate the wave propagation and port penetration 

from E inside the port basin for waves propagating from SE WV_A_2 illustrates the wave 

propagation. Drawings WV_A_3 represents the wave from the South its propagation and 

port penetration, drawings WV_A_4 presents in the same manner the SSW wave. 

Finally, the drawings WV_A_5 illustrate the wave field for incoming waves with WSW 

direction. 

 

10.2. Alternative B 

Drawings (WV_B_1 up to WV_B_6, see Appendix) for each incoming wave case and 

for each alternative were created, depicting the wave height distribution all over the 

examined area. Drawings WV_B_1 illustrate the wave propagation and port penetration 

from E inside the port basin for waves propagating from SE WV_B_2 illustrates the wave 

propagation. Drawings WV_B_3 represents the wave from the South its propagation and 

port penetration, drawings WV_B_4,5 presents in the same manner the SSW wave. 

Finally, the drawings WV_B_6 illustrate the wave field for incoming waves with WSW 

direction. 

 

10.3. Alternative C 

As for alternative C there is no major change corresponding to the first alternative A. The 

changes tha happen in the Alternative C focus on the energy dissipation quaywalls, 

instead of fully reflective , at the corner of the quawall inside of the windward breakwater 

as well as in the east and the south view of the new pier built in the port basin as shown 

in the following figure.  
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Figure 10.1 Alternative C with energy dissipation Quaywalls 

 

Drawings (WV_C_1 up to WV_C_6, see Appendix) for each incoming wave case and 

for each alternative were created, depicting the wave height distribution all over the 

examined area. Drawings WV_C_1 illustrate the wave propagation and port penetration 

from E inside the port basin for waves propagating from SE WV_C_2 illustrates the wave 

propagation. Drawings WV_C_3 represents the wave from the South its propagation and 

port penetration, drawings WV_C_4,5 presents in the same manner the SSW wave. 

Finally, the drawings WV_C_6 illustrate the wave field for incoming waves with WSW 

direction. 

10.4. Comments on the Results  

As it is obvious from the above results, there is wave penetration into the port basin for 

waves coming from  E and SE directions, for all the examined alternatives. These 

propagating waves reflect on the eastern side of the proposed dry bulk pier and create 

wave disturbance inside the basin. 

 

Hence, a solution based on less reflective structures would be advantageous. Non-

conventional vertical structures, i.e. absorbing quay walls can represent an alternative, 

by absorbing incoming wave energy.  Examples of such structrures include but are not 

limited to quays with MONOBAR blocks, quays with perforated caisson (Jarlan) etc. 

In order to highlight the advantageous performance of such absorbing quays, further 

numerical simulations have been carried out in the alternative C, where the eastern side 

of the dry bulk pier has been simulated as an absorbing quaywall (assuming a reflection 

coefficient equal to 0.4, instead of 1.0 indicating a total reflection). 

 

. 
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A comparison of the results incorporating abosorbing quay walls with that incorporate 

totally reflective quay walls, illustrate the reduction of the wave disturbance inside the 

port basin. Therefore, the present study highlights the use of such quays at the eastern 

side of the dry bulk pier and the west side of the the quay of the windward breakwater in 

the basin of the -13meters.  
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11. CONCLUSIONS – SELECTION OF OPTIMUM ALTERNATIVE 

The basic conclusion arising from the investigation on the DN alternative (current 

situation, without any extension of the windward breakwater) has as follows: 

 

 Taking into consideration the numerical results, the east side of the proposed pier 

will be exposed to wave disturbance, preventing the port operations for 18.67% of 

the year (or 1 in 5 days). Therefore, the extension of the breakwater is of crucial 

importance.  

 Wave heights decrease towards the shallows once they reach the shoreline east of 

the harbour due to the breaking effect. The mean direction of wave propagation 

(shown by arrows) tends to become perpendicular to the shoreline as we move 

towards the shallows, due to the refraction effect 

 For extreme West-South-West incoming waves, the existing infrastructure is not 

sufficient to provide wave tranuility in the port basin 

 

The basic conclusions that can be drawn from the investigation of the three alternative 

scenarios (A, B, and C) are summarized as follows: 

 There is wave propagation on the eastern shelf mainly for East-South-East, South-

South-East, South and South-South-West waves. The eastern vertical front of the 

proposed pier is exposed to the above incoming waves. 

 Regardless extension length of breakwater, waves incoming from ESE directions 

will prevent the operations of the eastern berth for an annual rate of 1.73%. These 

propagating waves reflect on the eastern side of the proposed dry bulk pier and 

create wave disturbance inside the basin. A comparison of the results incorporating 

abosorbing quay walls with the respective that incorporate totally reflective quay 

walls, illustrate the reduction of the wave disturbance inside the port basin. 

Therefore, the present study highlights the use of such quays at the eastern side of 

the dry bulk pier.  

 Option C does not provide any additional improvement in the operational time of the 

port compared to option B despite the fact that there is a reduction in wave height 

inside the port basin. 

 Options A and B provide similar results regarding the down time of the harbor 

operations.  However, option B provides safer approach in extreme weather 

conditions.  

 According to the wave disturbance results, Alternative B’ is selected as it 

provides the minimum wave disturbance in the Port’s basin and quaywalls 

and the possibility of an all-weather operation for all vessels.  

  



ΡΟΓΚΑΝ ΑΛΚ- ΔΠΔΚΣΑ΢Η ΛΙΜΔΝΑ ΛΔΜΔ΢ΟΤ-ΣΔΡΜΑΣΙΚΟ 2 (ΒΑ΢ΙΛΙΚΟ) 20.12.2023 

TOΥMAZΗΣ ΠΑΡΑΡΣΗΜΑ 3 - ΜΔΛΔΣΗ ΚΤΜΑΣΙΚΗ΢ ΓΙΑΣΑΡΑΥΗ΢ 1184-A3-E2 

 

 

33 

 

APPENDIX:  



 

 

CONSULTANT:  

 

PROJECT TITLE: 

UPDATED ENVIRONMENTAL IMPACT ASSESSMENT STUDY (EIAS) FOR THE 

EXPANSION OF THE PORT OF VASILIKOS. 

FIGURE NUMBER: 

BATH_DN 

MODEL APPLIED: 

 

FIGURE DESCRIPTION: 

GRID OF EQUAL SPATIAL STEPS DX=DY=2.5M REPRESENTING BATHYMETRY 

OF DN ALTERNATIVE 

 

 

DO NOTHING ALTERNATIVE (CURRENT SITUATION) 

FIGURE TITLE: 

BATHYMETRY 

CLIENT: 

 

 

DATE: 

DECEMBER 2023 
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PROJECT TITLE: 

UPDATED ENVIRONMENTAL IMPACT ASSESSMENT STUDY (EIAS) FOR THE 

EXPANSION OF THE PORT OF VASILIKOS. 

FIGURE NUMBER: 

WV_DN_1 

MODEL APPLIED: 

 

FIGURE DESCRIPTION: 

SPATIAL DISTRIBUTION OF WAVE HEIGHTS FOR INCOMING WAVE 

CHARACTERISTICS:  

 

Hs=3,25 m, Tp=7,21 sec, θο= 90 DEGREES 

 

DO NOTHING ALTERNATIVE (CURRENT SITUATION) 

FIGURE TITLE: 

WAVE FIELD 

CLIENT: 

 

 

DATE: 

DECEMBER 2023 
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PROJECT TITLE: 

UPDATED ENVIRONMENTAL IMPACT ASSESSMENT STUDY (EIAS) FOR THE 

EXPANSION OF THE PORT OF VASILIKOS. 

FIGURE NUMBER: 

WV_DN_2 

MODEL APPLIED: 

 

FIGURE DESCRIPTION: 

SPATIAL DISTRIBUTION OF WAVE HEIGHTS FOR INCOMING WAVE 

CHARACTERISTICS:  

 

Hs=2,75 m, Tp=6,63 sec, θο= 135 DEGREES 

 

DO NOTHING ALTERNATIVE (CURRENT SITUATION) 

FIGURE TITLE: 

WAVE FIELD 

CLIENT: 

 

 

DATE: 

DECEMBER 2023 
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PROJECT TITLE: 

UPDATED ENVIRONMENTAL IMPACT ASSESSMENT STUDY (EIAS) FOR THE 

EXPANSION OF THE PORT OF VASILIKOS. 

FIGURE NUMBER: 

WV_DN_3 

MODEL APPLIED: 

 

FIGURE DESCRIPTION: 

SPATIAL DISTRIBUTION OF WAVE HEIGHTS FOR INCOMING WAVE 

CHARACTERISTICS:  

 

Hs=3,75 m, Tp=7,74 sec, θο= 180 DEGREES 

 

DO NOTHING ALTERNATIVE (CURRENT SITUATION) 

FIGURE TITLE: 

WAVE FIELD 

CLIENT: 

 

 

DATE: 

DECEMBER 2023 
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PROJECT TITLE: 

UPDATED ENVIRONMENTAL IMPACT ASSESSMENT STUDY (EIAS) FOR THE 

EXPANSION OF THE PORT OF VASILIKOS. 

FIGURE NUMBER: 

WV_DN_4 

MODEL APPLIED: 

 

FIGURE DESCRIPTION: 

SPATIAL DISTRIBUTION OF WAVE HEIGHTS FOR INCOMING WAVE 

CHARACTERISTICS:  

 

Hs=5,75 m, Tp=9,59 sec, θο=210 DEGREES  

 

DO NOTHING ALTERNATIVE (CURRENT SITUATION) 

FIGURE TITLE: 

WAVE FIELD 

CLIENT: 

 

 

DATE: 

DECEMBER 2023 
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PROJECT TITLE: 

UPDATED ENVIRONMENTAL IMPACT ASSESSMENT STUDY (EIAS) FOR THE 

EXPANSION OF THE PORT OF VASILIKOS. 

FIGURE NUMBER: 

WV_DN_5 

MODEL APPLIED: 

 

FIGURE DESCRIPTION: 

SPATIAL DISTRIBUTION OF WAVE HEIGHTS FOR INCOMING WAVE 

CHARACTERISTICS:  

 

Hs=2,75 m, Tp=6,63 sec, θο=210 DEGREES  

 

DO NOTHING ALTERNATIVE (CURRENT SITUATION) 

FIGURE TITLE: 

WAVE FIELD 

CLIENT: 

 

 

DATE: 

DECEMBER 2023 
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UPDATED ENVIRONMENTAL IMPACT ASSESSMENT STUDY (EIAS) FOR THE 

EXPANSION OF THE PORT OF VASILIKOS. 

FIGURE NUMBER: 

WV_DN_6 

MODEL APPLIED: 

 

FIGURE DESCRIPTION: 

SPATIAL DISTRIBUTION OF WAVE HEIGHTS FOR INCOMING WAVE 

CHARACTERISTICS: 

 

Hs=3,25 m, Tp=7,21 sec, θο= 240 DEGREES 

 

ΠΡΟΤΕΙΝΟΜΕΝΩΝ ΕΡΓΩΝ ΧΩΡΙΣ ΕΠΕΚΤΑΣΗ 

FIGURE TITLE: 

WAVE FIELD 

CLIENT: 

 

 

DATE: 

DECEMBER 2023 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

CONSULTANT:  

 

PROJECT TITLE: 

UPDATED ENVIRONMENTAL IMPACT ASSESSMENT STUDY (EIAS) FOR THE 

EXPANSION OF THE PORT OF VASILIKOS. 

FIGURE NUMBER: 

BATH_Α 

MODEL APPLIED: 

 

FIGURE DESCRIPTION: 

GRID OF EQUAL SPATIAL STEPS DX=DY=2.5M REPRESENTING BATHYMETRY 

OF A ALTERNATIVE 

 

 

PROPOSED CIVIL WORKS WITHOUT EXTENSION OF THE WINDWARD 

BREAKWATER AND WITHOUT ENERGY-DISSIPATION QUAYWALLS 

FIGURE TITLE: 

BATHYMETRY 

CLIENT: 

 

 

DATE: 

DECEMBER 2023 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

CONSULTANT:  

 

PROJECT TITLE: 

UPDATED ENVIRONMENTAL IMPACT ASSESSMENT STUDY (EIAS) FOR THE 

EXPANSION OF THE PORT OF VASILIKOS. 

FIGURE NUMBER: 

WV_Α_1 

MODEL APPLIED: 

 

FIGURE DESCRIPTION: 

SPATIAL DISTRIBUTION OF WAVE HEIGHTS FOR INCOMING WAVE 

CHARACTERISTICS:  

 

Hs=3,25 m, Tp=7,21 sec, θο= 90 DEGREES 

 

PROPOSED CIVIL WORKS WITHOUT EXTENSION OF THE WINDWARD 

BREAKWATER AND WITHOUT ENERGY-DISSIPATION QUAYWALLS 

FIGURE TITLE: 

WAVE FIELD 

CLIENT: 

 

 

DATE: 

DECEMBER 2023 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

CONSULTANT:  

 

PROJECT TITLE: 

UPDATED ENVIRONMENTAL IMPACT ASSESSMENT STUDY (EIAS) FOR THE 

EXPANSION OF THE PORT OF VASILIKOS. 

FIGURE NUMBER: 

WV_Α_2 

MODEL APPLIED: 

 

FIGURE DESCRIPTION: 

SPATIAL DISTRIBUTION OF WAVE HEIGHTS FOR INCOMING WAVE 

CHARACTERISTICS:  

 

Hs=2,75 m, Tp=6,63 sec, θο= 135 DEGREES 

 

PROPOSED CIVIL WORKS WITHOUT EXTENSION OF THE WINDWARD 

BREAKWATER AND WITHOUT ENERGY-DISSIPATION QUAYWALLS 

FIGURE TITLE: 

WAVE FIELD 

CLIENT: 

 

 

DATE: 

DECEMBER 2023 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

CONSULTANT:  

 

PROJECT TITLE: 

UPDATED ENVIRONMENTAL IMPACT ASSESSMENT STUDY (EIAS) FOR THE 

EXPANSION OF THE PORT OF VASILIKOS. 

FIGURE NUMBER: 

WV_Α_3 

MODEL APPLIED: 

 

FIGURE DESCRIPTION: 

SPATIAL DISTRIBUTION OF WAVE HEIGHTS FOR INCOMING WAVE 

CHARACTERISTICS:  

 

Hs=3,75 m, Tp=7,74 sec, θο= 180 DEGREES 

 

PROPOSED CIVIL WORKS WITHOUT EXTENSION OF THE WINDWARD 

BREAKWATER AND WITHOUT ENERGY-DISSIPATION QUAYWALLS 

FIGURE TITLE: 

WAVE FIELD 

CLIENT: 

 

 

DATE: 

DECEMBER 2023 

 

 

 

 

 

 

 



 

CONSULTANT:  

 

PROJECT TITLE: 

UPDATED ENVIRONMENTAL IMPACT ASSESSMENT STUDY (EIAS) FOR THE 

EXPANSION OF THE PORT OF VASILIKOS. 

FIGURE NUMBER: 

WV_Α_4 

MODEL APPLIED: 

 

FIGURE DESCRIPTION: 

SPATIAL DISTRIBUTION OF WAVE HEIGHTS FOR INCOMING WAVE 

CHARACTERISTICS:  

 

Hs=5,75 m, Tp=9,59 sec, θο= 210 DEGREES 

 

PROPOSED CIVIL WORKS WITHOUT EXTENSION OF THE WINDWARD 

BREAKWATER AND WITHOUT ENERGY-DISSIPATION QUAYWALLS 

FIGURE TITLE: 

WAVE FIELD 

CLIENT: 

 

 

DATE: 

DECEMBER 2023 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

CONSULTANT:  

 

PROJECT TITLE: 

UPDATED ENVIRONMENTAL IMPACT ASSESSMENT STUDY (EIAS) FOR THE 

EXPANSION OF THE PORT OF VASILIKOS. 

FIGURE NUMBER: 

WV_Α_5 

MODEL APPLIED: 

 

FIGURE DESCRIPTION: 

SPATIAL DISTRIBUTION OF WAVE HEIGHTS FOR INCOMING WAVE 

CHARACTERISTICS:  

 

Hs=2,75 m, Tp=6,63 sec, θο= 210 DEGREES 

 

PROPOSED CIVIL WORKS WITHOUT EXTENSION OF THE WINDWARD 

BREAKWATER AND WITHOUT ENERGY-DISSIPATION QUAYWALLS 

FIGURE TITLE: 

WAVE FIELD 

CLIENT: 

 

 

DATE: 

DECEMBER 2023 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

CONSULTANT:  

 

PROJECT TITLE: 

UPDATED ENVIRONMENTAL IMPACT ASSESSMENT STUDY (EIAS) FOR THE 

EXPANSION OF THE PORT OF VASILIKOS. 

FIGURE NUMBER: 

WV_Α_6 

MODEL APPLIED: 

 

FIGURE DESCRIPTION: 

SPATIAL DISTRIBUTION OF WAVE HEIGHTS FOR INCOMING WAVE 

CHARACTERISTICS:  

 

Hs=3,25 m, Tp=7,21 sec, θο= 240 DEGREES 

 

PROPOSED CIVIL WORKS WITHOUT EXTENSION OF THE WINDWARD 

BREAKWATER AND WITHOUT ENERGY-DISSIPATION QUAYWALLS 

FIGURE TITLE: 

WAVE FIELD 

CLIENT: 

 

 

DATE: 

DECEMBER 2023 

 

  



 

CONSULTANT:  

 

PROJECT TITLE: 

UPDATED ENVIRONMENTAL IMPACT ASSESSMENT STUDY (EIAS) FOR THE 

EXPANSION OF THE PORT OF VASILIKOS. 

FIGURE NUMBER: 

BATH_B 

MODEL APPLIED: 

 

FIGURE DESCRIPTION: 

GRID OF EQUAL SPATIAL STEPS DX=DY=2.5M REPRESENTING BATHYMETRY 

OF B ALTERNATIVE 

 

 

PROPOSED WORKS WITH THE EXTENSION OF THE WINDWARD 

BREAKWATER AND WITHOUT ENERGY DISSIPATION QUAYWALLS 

FIGURE TITLE: 

BATHYMETRY 

CLIENT: 

 

 

DATE: 

DECEMBER 2023 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

CONSULTANT:  

 

PROJECT TITLE: 

UPDATED ENVIRONMENTAL IMPACT ASSESSMENT STUDY (EIAS) FOR THE 

EXPANSION OF THE PORT OF VASILIKOS. 

FIGURE NUMBER: 

WV_Β_1 

MODEL APPLIED: 

 

FIGURE DESCRIPTION: 

SPATIAL DISTRIBUTION OF WAVE HEIGHTS FOR INCOMING WAVE 

CHARACTERISTICS:  

 

Hs=3,25 m, Tp=7,21 sec, θο= 90 DEGREES 

 

PROPOSED WORKS WITH THE EXTENSION OF THE WINDWARD 

BREAKWATER AND WITHOUT ENERGY DISSIPATION QUAYWALLS 

FIGURE TITLE: 

WAVE FIELD 

CLIENT: 

 

 

DATE: 

DECEMBER 2023 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

CONSULTANT:  

 

PROJECT TITLE: 

UPDATED ENVIRONMENTAL IMPACT ASSESSMENT STUDY (EIAS) FOR THE 

EXPANSION OF THE PORT OF VASILIKOS. 

FIGURE NUMBER: 

WV_Β_2 

MODEL APPLIED: 

 

FIGURE DESCRIPTION: 

SPATIAL DISTRIBUTION OF WAVE HEIGHTS FOR INCOMING WAVE 

CHARACTERISTICS:  

 

Hs=2,75 m, Tp=6,63 sec, θο= 135 DEGREES 

 

PROPOSED WORKS WITH THE EXTENSION OF THE WINDWARD 

BREAKWATER AND WITHOUT ENERGY DISSIPATION QUAYWALLS 

FIGURE TITLE: 

WAVE FIELD 

CLIENT: 

 

 

DATE: 

DECEMBER 2023 

 

 



 

CONSULTANT:  

 

PROJECT TITLE: 

UPDATED ENVIRONMENTAL IMPACT ASSESSMENT STUDY (EIAS) FOR THE 

EXPANSION OF THE PORT OF VASILIKOS. 

FIGURE NUMBER: 

WV_Β_3 

MODEL APPLIED: 

 

FIGURE DESCRIPTION: 

SPATIAL DISTRIBUTION OF WAVE HEIGHTS FOR INCOMING WAVE 

CHARACTERISTICS:  

 

Hs=3,75 m, Tp=7,74 sec, θο= 180 DEGREES 

 

PROPOSED WORKS WITH THE EXTENSION OF THE WINDWARD 

BREAKWATER AND WITHOUT ENERGY DISSIPATION QUAYWALLS 

FIGURE TITLE: 

WAVE FIELD 

CLIENT: 

 

 

DATE: 

DECEMBER 2023 

 



 

CONSULTANT:  

 

PROJECT TITLE: 

UPDATED ENVIRONMENTAL IMPACT ASSESSMENT STUDY (EIAS) FOR THE 

EXPANSION OF THE PORT OF VASILIKOS. 

FIGURE NUMBER: 

WV_Β_4 

MODEL APPLIED: 

 

FIGURE DESCRIPTION: 

SPATIAL DISTRIBUTION OF WAVE HEIGHTS FOR INCOMING WAVE 

CHARACTERISTICS:  

 

Hs=5,75 m, Tp=9,59 sec, θο= 210 DEGREES 

 

PROPOSED WORKS WITH THE EXTENSION OF THE WINDWARD 

BREAKWATER AND WITHOUT ENERGY DISSIPATION QUAYWALLS 

FIGURE TITLE: 

WAVE FIELD 

CLIENT: 

 

 

DATE: 

DECEMBER 2023 

 



 

CONSULTANT:  

 

PROJECT TITLE: 

UPDATED ENVIRONMENTAL IMPACT ASSESSMENT STUDY (EIAS) FOR THE 

EXPANSION OF THE PORT OF VASILIKOS. 

FIGURE NUMBER: 

WV_Β_5 

MODEL APPLIED: 

 

FIGURE DESCRIPTION: 

SPATIAL DISTRIBUTION OF WAVE HEIGHTS FOR INCOMING WAVE 

CHARACTERISTICS:  

 

Hs=2,75 m, Tp=6,63 sec, θο= 210 DEGREES 

 

PROPOSED WORKS WITH THE EXTENSION OF THE WINDWARD 

BREAKWATER AND WITHOUT ENERGY DISSIPATION QUAYWALLS 

FIGURE TITLE: 

WAVE FIELD 

CLIENT: 

 

 

DATE: 

DECEMBER 2023 

 



 

CONSULTANT:  

 

PROJECT TITLE: 

UPDATED ENVIRONMENTAL IMPACT ASSESSMENT STUDY (EIAS) FOR THE 

EXPANSION OF THE PORT OF VASILIKOS. 

FIGURE NUMBER: 

WV_Β_6 

MODEL APPLIED: 

 

FIGURE DESCRIPTION: 

SPATIAL DISTRIBUTION OF WAVE HEIGHTS FOR INCOMING WAVE 

CHARACTERISTICS:  

 

Hs=3,25 m, Tp=7,21 sec, θο= 240 DEGREES 

 

PROPOSED WORKS WITH THE EXTENSION OF THE WINDWARD 

BREAKWATER AND WITHOUT ENERGY DISSIPATION QUAYWALLS 

FIGURE TITLE: 

WAVE FIELD 

CLIENT: 

 

 

DATE: 

DECEMBER 2023 

 

  



 

CONSULTANT:  

 

PROJECT TITLE: 

UPDATED ENVIRONMENTAL IMPACT ASSESSMENT STUDY (EIAS) FOR THE 

EXPANSION OF THE PORT OF VASILIKOS. 

FIGURE NUMBER: 

WV_C_1 

MODEL APPLIED: 

 

FIGURE DESCRIPTION: 

SPATIAL DISTRIBUTION OF WAVE HEIGHTS FOR INCOMING WAVE 

CHARACTERISTICS:  

 

Hs=3,25 m, Tp=7,21 sec, θο= 90 DEGREES 

 

PROPOSED WORKS WITHOUT EXTENSION OF THE WINDWARD 

BREAKWATER BUT WITH ENERGY DISSIPATION QUAYWALLS 

FIGURE TITLE: 

WAVE FIELD 

CLIENT: 

 

 

DATE: 

DECEMBER 2023 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

CONSULTANT:  

 

PROJECT TITLE: 

UPDATED ENVIRONMENTAL IMPACT ASSESSMENT STUDY (EIAS) FOR THE 

EXPANSION OF THE PORT OF VASILIKOS. 

FIGURE NUMBER: 

WV_C_2 

MODEL APPLIED: 

 

FIGURE DESCRIPTION: 

SPATIAL DISTRIBUTION OF WAVE HEIGHTS FOR INCOMING WAVE 

CHARACTERISTICS:  

 

Hs=2,75 m, Tp=6,63 sec, θο= 135 DEGREES 

 

PROPOSED WORKS WITHOUT EXTENSION OF THE WINDWARD 

BREAKWATER BUT WITH ENERGY DISSIPATION QUAYWALLS 

FIGURE TITLE: 

WAVE FIELD 

CLIENT: 

 

 

DATE: 

DECEMBER 2023 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

CONSULTANT:  

 

PROJECT TITLE: 

UPDATED ENVIRONMENTAL IMPACT ASSESSMENT STUDY (EIAS) FOR THE 

EXPANSION OF THE PORT OF VASILIKOS. 

FIGURE NUMBER: 

WV_C_3 

MODEL APPLIED: 

 

FIGURE DESCRIPTION: 

SPATIAL DISTRIBUTION OF WAVE HEIGHTS FOR INCOMING WAVE 

CHARACTERISTICS:  

 

Hs=3,75 m, Tp=7,74 sec, θο= 180 DEGREES 

 

PROPOSED WORKS WITHOUT EXTENSION OF THE WINDWARD 

BREAKWATER BUT WITH ENERGY DISSIPATION QUAYWALLS 

FIGURE TITLE: 

WAVE FIELD 

CLIENT: 

 

 

DATE: 

DECEMBER 2023 

 

 



 

CONSULTANT:  

 

PROJECT TITLE: 

UPDATED ENVIRONMENTAL IMPACT ASSESSMENT STUDY (EIAS) FOR THE 

EXPANSION OF THE PORT OF VASILIKOS. 

FIGURE NUMBER: 

WV_C_4 

MODEL APPLIED: 

 

FIGURE DESCRIPTION: 

SPATIAL DISTRIBUTION OF WAVE HEIGHTS FOR INCOMING WAVE 

CHARACTERISTICS:  

 

Hs=5,75 m, Tp=9,59 sec, θο= 210 DEGREES 

 

PROPOSED WORKS WITHOUT EXTENSION OF THE WINDWARD 

BREAKWATER BUT WITH ENERGY DISSIPATION QUAYWALLS 

FIGURE TITLE: 

WAVE FIELD 

CLIENT: 

 

 

DATE: 

DECEMBER 2023 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

CONSULTANT:  

 

PROJECT TITLE: 

UPDATED ENVIRONMENTAL IMPACT ASSESSMENT STUDY (EIAS) FOR THE 

EXPANSION OF THE PORT OF VASILIKOS. 

FIGURE NUMBER: 

WV_C_5 

MODEL APPLIED: 

 

FIGURE DESCRIPTION: 

SPATIAL DISTRIBUTION OF WAVE HEIGHTS FOR INCOMING WAVE 

CHARACTERISTICS:  

 

Hs=2,75 m, Tp=6,63  sec, θο= 210 DEGREES 

 

PROPOSED WORKS WITHOUT EXTENSION OF THE WINDWARD 

BREAKWATER BUT WITH ENERGY DISSIPATION QUAYWALLS 

FIGURE TITLE: 

WAVE FIELD 

CLIENT: 

 

 

DATE: 

DECEMBER 2023 

 



 

CONSULTANT:  

 

PROJECT TITLE: 

UPDATED ENVIRONMENTAL IMPACT ASSESSMENT STUDY (EIAS) FOR THE 

EXPANSION OF THE PORT OF VASILIKOS. 

FIGURE NUMBER: 

WV_C_5 

MODEL APPLIED: 

 

FIGURE DESCRIPTION: 

SPATIAL DISTRIBUTION OF WAVE HEIGHTS FOR INCOMING WAVE 

CHARACTERISTICS:  

 

Hs=3,25 m, Tp=7,21 sec, θο= 240 DEGREES 

 

PROPOSED WORKS WITHOUT EXTENSION OF THE WINDWARD 

BREAKWATER BUT WITH ENERGY DISSIPATION QUAYWALLS 

FIGURE TITLE: 

WAVE FIELD 

CLIENT: 

 

 

DATE: 

DECEMBER 2023 

 


