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EXTENDED ABSTRACT
1. Introduction

Wavessignificanty affectthe coastal zonand causesrosion. Thenecessityof simulaingthe
natural processes of the coastal zas@normous especially in countriegth a long coastline
like Greecein order to understad their sequence and thegffect on the coastal front and
to proposeappropriate protection projects.

The purpose of thithesisis to examinewave propagationprocessescurrently occurringin
the areaaround! @f A Rl Quad the Bripadtikthat alternatie critical interventions may
have Secifically the study includeshe development of a mathematical simulagj model
appliedto the wider area of Southern Evia aridcuseson the critical areaf Avlida so that
important wave parameters caoe examired like the significant wave heighthe velocityof
currents and sediment transportCoastal armoring and interventional methods aim to
prevent coastakrosion.

MIKE 21,a numerical wave model developed by DHbs been applied to predicivave

characterisics and hydrodynamiparametersin the nearshore and coast regions. Four
alternative coastal protection methods are proposed and simulatéturthermore, a

comparative assessment of the four alternativakesplaceso as to evaluatéhe advantages
and dsadvantages of eaahethod.

2. Case study

Avlida is sitedn the Region of Evig&reece and number8306 inhabitants (Census 2017).

The total area is estimated at 16.8 kemd the length of the coastline, which is the case study,
is estimated to approximaly 6.5 km. The investigated area includes the Port of Avlida and
the adjacent coastal ardaom north tosouth. During the ossite autopsy in the area a fishing
shelter, a beach formation, mamade interventions as groins, coastal stairways and a
protective vertical walivere recorded. At some sp®the wall and the groinsere ineffective

Figure 2.1The location of the investigated study
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Subsequently a comparative evaluation of aerial photographs for the ye&4% 2010 and
2015 takes placelhe bcations of erosion and deposition have beesordedand areshown
in Figure 2.2:

Area of
erosion

Figure 2.2Thecomparisorof the coastlinedbetween 2004 and 2015

Smulationof the natural processes at theoastal zone requires the collection and processing
of wind and wave data for the study areamtist be notedhat because of the increased tidal
activity of this particular area, data on sea level chamg@lso collected. The frequency of
each wave direction is shown in Figure 2.3a where N wind is pritnenhost frequent and S
the least

The data, which define the wave characteristics at the entrance of the study area (deep water
offshore), is the wind speed U, the fetch F and the duration of wind D. The wave
characteristics which are the wave height (HBg period (Ts) and the length (L) of the
significantwave in deep water areare calculated for each relevant wind direction according

to the SMB model (Etemad Shahidi et al, 2009). Wave climate conditions are simulated for 48
h using the average annuaduivalent waves per wind direction for the most critical directions
(Karabas et al.,2010)vhich in this case refer to the Northeast, East and Southeast winds. The
characteristics of the equivalent annual waves are shown in Table 2.1.

Furthermore the acceanographic sector of the Navy Hydrographic Service provided daily sea
level values for the periobdetween Septenber 2010 andVarch 2011, which are taken into
account during the simulation. The elevation of the free surface is plotted as a result of time

16



series analysis ahown in figure 2.3b. Finally, the bathymetric curves of the study area are
the result of the digitization othe sonar mapwhich is included at Navionics electronic
applicationand it is shown in figure 2.3c.

Table 2.1 Characteristicef equivalent annual waves

; : Frequenc
Direction E(m) Te(s) quency
f (%)
Northeast 0,42 2,33 2,35
East 0,64 3,11 0,28
Southeast 0,73 3,04 0,46
[m]
B
40% b | \ H
4250500 - +esmennsdeme s S
8o 309§ \ BA . . !
NG A oy 4252000 - o SR TR R
L : :
a ;\/;‘j A 4251500 e -eeonfeaneanenS
K X L e R, e
Na< “na 4250500..,,,..,,.“; ......................
(:) 5000 S . Bathymetry [m]
: I ~oove 00
12 4249500 Joecucmaasioncncaenacoer-- - S B 15 00
: ] -30- 115
] -45- 30
4249000 fsm=sznestntemcae oo oot - ] -60- 45
c B 75- 60
% 4248500 - --e-eeeeteeeeeaes A = =11§§ ;3
2 B -120--105
w 4208000 eseoanenesiznenaecaaces ieeeeee- =1§g1§g
E : ; : =-15.5»1so
S ISR SO . L. 180--165
® — : : : Il 195--180
' : - 210-195
4247000 F--=-nceeesh o beeanensado Eﬂelowmo
; : ; Undefined Value
02 ‘ 466000 467000 468000
“Sep 2010 Nov 2010 Jan 2011 Mar 2011 [m]
(b) (c)

Figure 2.3a) Mean annual wind direction b) The elevation of the free surface c) Bathymetry
as shown on MIKE 21

3. Model application

In this thesis, tb MIKE 21/3 Coupled Model FM program is used in order to simulate the wave
and hydrodynamic field as well as the sediment transport at the area of Avlida. Specifically,
the Spectral Waves Moduis used to calculate the wave characteristics in the studg ahe
Hydrodynamic Module for the calculation of wave curramd the Sand Transport Module

for the estimation of the sediment transport and the bottom erosion.

Wk OKe@YSGONE A& FLILXASR Ayid2 GKS LINRPAINIY AY
mesh is chosen because it allows densification depending on the need for precision.
Additionally, the flexible mesh makes it possible to plot various port ardtabstuctures
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without requiring any changesit easily adapts to bathymetric data.

The densification chosen is at 100x1Gor the grid in the open sea and at 10x19for the
grid close to the coastline. The boundaries of the area are also chosenetadnthed
whether they are close or reflective boundary or opemundarywith wave parameters as
shown in figure 3.1:

[m]

4257000 -
4256000 -
4255000 -
4254000 -
4253000 -
4252000 -
4251000 -
4250000 -
4243000 -
4243000 -
4247000 -
4246000 -

4245000 7

%)

ode value

=

4244000 ]

4243000 ]

T

—— T
465000 470000 475000
[m]

Figure 3.1Flexible mesh with boundaries
4. Results and discussion

The resultsof the evaluationfor the evolution of the significant wavheightin the current
situationshowsthat there is anincreasen the wave characteristics as the wave approaches
the coast at some critical points of the shoreline. It is clear that the phenomenon concerns all
the points where a vertical wall has beeonstructed. The existence of a vertical wall implies

a very low permeability coefficient for construction and a very high reflection coefficient
(Goda et al, 1967). The incident waves are reflected and their contribution to the upcoming
causes astationaty wave and therefore intensifiehe wave energy while increasing the
elevation of the free surface. The hydrodynamic circulation is characterized by coastal current
that is intensified atthe part of the coastline where the vertical wall is constructede T
confluence of two currents with opposite orientation across the coastline diverts the flow
towards the open sea by means of a rip current. The vectors of sediment transport generally
follow the hydrodynanic circulation. Particularly they follothe curentsacross the coakhe

as the creation of the rip current. The results of the most critical area are shown in figure 4.1
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Four alternatives structures are proposdd order to protect the area that recegs the
heaviestloads. The coastal protection structures aim at #renoring of the coatal front in
order to avoid further erosion tohe front of the coastal roadAdditionally they also airto
eliminate the underground excavations identified in the tsegof the coastawall, whichare
responsible for the damagén construction,and protect the coastfrom erosion The
alternativesconsidered for the protection of the coadtsystemare shown in table 4.1:

Table 4.1 Characteristics of alternative coasfprotection structures

: Distance
AIterngtlve Type L between Height (m)
Solutions (m)
structures (m)
1 Armoring & Groins 30 60 1,50
2 Armoring & Groins 60 120 1,50
3 Armoring & Breakwaters 90 28 0,40
4 Armaring & Waterline 90 o8 0.00

Breakwaters

According to the results a comparative evaluation of the four alternativessialkee in order

to select the one witithe mostadvantages anthigher efficiencyin terms of the wave and
hydrodynamic characteristics of the study area as well as on the bédise sediment
transport. Initially the comparison holds in terms of wave characteribs®d on the type of
structure aboutthe selection of structures parallel to the coastline or vertical. Regarding the
wave characteristics, and more specificallg twave height, as shown in Figure 4.2, both
structures combined with the coast armoring appear to be efficient. In the case of groins in
combination with armoring, they have helped to eliminate the reflectisogesscreated in

the current situation, whiclprovoke an increase of the wave heights near the coast. In the
shade of the groins, the waves have a lower height due to diffraction. In the case of
breakwaters they act as a barrier to the propagation of the waves, the wave heights
downstream of the stratures show a significant reduction. Consequently, in both cases the
structures contribute tathe reduction of high values ithe significant wave height close to

the coastline.

[KS O2YLI NRA2ya 0SG6SSyYy a0 NYzOéveaNtatgonga®dins2 y 3 Ay 3
are considered to be more efficient as they are ifigiglaced over longer distan@nd as a
result they provide protection over a longer shoreline while adequately covering the entire
breaking zone creatingalm conditions to a greater extd than groins withshorter length.

For structures parallel to the coastline, higher breakwaters are more efficient as they absorb
a higher percentage of wave energy.
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Regarding the wve currents as shown in Figure 4.3, the choice between the two types of
structures, the vertical and the parallel structures to the shoreliaéy conjunction wittthe
analysis of the current situation. Consequently, the characteristich@fekistingsituation
determinethe choice of the most efficient structure asirrents along the coasire mainly
recordedin the current situation. The presence of the groins reduces the vertical velocity of
the currents, diverts thenfrom the coastand directs thento the open sea. Turbines are
created in the shade of the groins, which are characterized by relatively slow velocity. The
type of parallel structure on the coastline is more efficient in the case of vertical currents,
whichare not represented itthe resuts of this investigationAboutthe comparison between

the structures of different dimensions, the long groins are considered more efficient. Apart
from their advantage of protecting a longer coastline, it is observed #fieevaluation of
Figure 4.3 tht the longer groins do not contribute to the creation of a rip current, which
diverts the currents towards the open sea with the risk of erosion.

The interaction of structures with the currents also determines the phenomenon of sediment
transport, which $ the most critical and is shown in figure 4.4. Hence, in the case of vertical
groins, coastal sediment transport parallel to the coast is interrupted and the sediments are
deposited upstream of the groins. There is a risk of corrosion in the downstraghe tase

of breakwaters along the coastline, the currents created by the break of waves increase
sediment transport and the sediment is deposited where there is relativercadsit causes

a change in the morphology of the coast by initially formingakest, which can result in
tombolo formation if the breakwater is near the coast. We also see the formation of rip
currents that divert the sediment.

Aboutthe comparison between the groins of different dimensions, the longer groins are more
efficient asthe short groins while preventing the corrosion downstream do not provide
adequate protection as they marginattpverthe width of the breaker zone.

In conjunction with the above, constructions along the shoreline have a higher cost.
Additionally, the fat that the design of thestructuresis near the port of Avlidaan cause
problemsin maritime transport as theestructuringof the study areaims to attractboats.

In this case, the parallel breakwaters as they desigred in deeper watercan create an
obstacle to navigation.

22



(m)

[m)
4249400
4249400
: Alternative
4249300 Alternative
4249200 t Il
Structure | Structure
4249100
4249100
4249000
4249000 0%
Sans 4248900 Currest speed |
4248900 et speed (mvs) ABOVe
Adove 19 4248800 40
4248800 1415 1214
1314 12-13
- 4240700
-, 1912 1011
4248700 10-11 o910
0910 on.-00
- o8.-09 4248600 o7-08
4248600 0r.08 0s.07
06-07 o 05.00
05.00 4248500 0408
4248500 04-0% 03-04
03-04 020
02.03 4248400 01.02
4248400 4 01-02 Oatow 0.1
Below 0V Undefined Value
r @ Vab 4248300
¥ 467200 467400 467600 467800 l'“]
(m) [m]
4249400 4249400 It t'
4243200 Alternative prrLe A
PR Structure Il s Structure IV
4249100 4249100
4249000 4249000
> o5
4248900 4248900
Curtent speed (rvs]
Above 15
4248000 14.15 4248800
4248700 19.12
o 1011 4248700
4248000 07-08 4248600
05-00
4248500 04-0% 4248500
4248400 0r .02 4248400
Betow 0 Y Deolow 0 1
830 ndetnedvetes Undefinea Value
4248300 4248300
467200 467400 467600 ‘p‘-‘{:“m 267200 467400 467600

Figure 4.3Results of alternative solution€urrent vectors



m) =

4249400

Alternative I B : Alternative
Structure | 4209200 oo ARaan ey Structure ||

42491004 oon

s ANRE NN BN
4249000 4 i sssmemsnsersmy

4248900 - oceiiin

0.00016

Above
000015 - 0.00016 42438800 7

4248700
4248600
4248500 4 rreriiaann

4248900 4 - v v iiaann

D

4248300
467200

-
2
=

Alternative
Structure IV

Alternative
Structure Il

o0pe0600
.;-igi !

fii

|
i

Figure 4.4Results of alternative solutionSedimentransport

24



5. Conclusions

Thecoastal zonef Avlidacome up against serious damages because of the ergsmess,

which is provoked by the effect of the waveBhe singularity of this area is that there is
increased tidal activity. The simulation of the study area, which is based on climate and wave
conditions, gives results about the evolution of significant wasight, currents and sediment
transport. Because of the necessity of coastal protection structures four different alternative
scenarios are recommended. The simulation of these structures led to the conclusion that
longer groins are more efficient thandlother proposals. These groins protect a larger wide

of coastal zone, they are not so expensive and finally they are more appropriate according to
the hydrodynamicconditionswhich are characterized by currents across the coastline. The
aim of these intetions is also to give access to the s@a to enhance the value of the overall
region
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