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ABSTRACT

The aim of this study is to examine the bathymetric changes of the coastal zone surrounding the
harbour of Alexandroupolis, in relation to its successive expansions between 1960 and 2004. Qualita-
tive and quantitative assessments of the bottom relief changes have been based upon the compari-
son, with the use of GIS, of the hydrographic charts published in 1960, 1973, 1987 and 2004 by the
Hellenic Navy Hydrographic Service. Sampling and analyses of the surficial bottom sediments were
used to study the sedimentological properties of the nearshore bottom. The results show that the
area is characterised mainly by fine-grained sediments, originating from the River Evros, whose ac-
tive delta area is located 15 km to the easl of the harbour, and secondarily by sediments transported
by the wave action and the nearshore patterns of water circulation. Bathymetric changes (accretion
andfor erosion), ranging from -70cm to +40cm, are associated with the expansion of harbour break-
waters and the reduction of sediment supply by the Evros River.
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NEPIAHYH

ZKOTIOG TNG TapoUoas YEAETNG £ival n eEE1a0n Twy yEWHOPQOAOYIKWY KaI BUBOLETPIKWY aMAa-
ylwv g TIapaknag {wvng yupw améd o Aipdvi g AefavpoutroAng, e oxéon pe Ta aTddia emt-
k1aang Tou, amé 1o 1960 péxpr 1o 2004. H moloTikA kal TOCOTIKY EKTIUNGCT Twy peTaBokwy Tou uTio-
Bakaaaiou avayAUgou £xer BaciaTei atn alykpian, Pe Tn xpan tou GIS, Twv yaptuv g udpoypa-
@IkA¢ YTnpeoiag Tou moAepikoU NautikoU Twy ety 1960, 1973, 1987 xai 2004. Tia T peAém Twv
i{nuaroAoyikwy SroTrTwy EAaBe xwpa SElyHaToANWIa KAl avaAuon Twv EmQavelakwy IENudTwy 1oy
TuBpéva. Zopguva pe Ta amoTeAEouara n TEPIoKN XapakTnEileTal amé AcTrokokka I{para, TPoep=
XOpeva kupiwg amé tov ERpo Trotapd, Tou oTtoiou To evepyd Sehta TommoBeTeiTal 15km avaroAika Tou
Alpaviol kal SEUTEPEUOVTWS amo TN KivnTomoinan inuaTwy Adyw NG KupaTikhig Spaang kai mg ma-
pakTiag kukhopopiag. O BuBopetpikég arhayic (améBeon n SiaBpwan) oxeti(oviar agevog pe TV
£TEKTAON TWwy MUevOBpayIOVWY KAl G@ETEPOU U TN PEIWOT] TG TTAPOXAG UAIKOU aTrd Tov TroTapd:
EBpo. :

Aeteic kheidia: AkebavbpoUmohn, Aipavi, BuBoperpia, Iffuara,

nificance, with the aim of becoming the principal’
1. INTRODUCTION commercial harbour in the NE Aegean Sea,
In 1870 the present harbour of Alexandrou-  serving not only NE Greece but also the sur-
polis was a small piscatorial shelter. Since the  rounding Balkan countries,
1950s it has been developed further, due to its However, the construction of ports and har-
national and international socio-economic sig-  bours in sandy coast zones has often proved fo
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be problemalic 'As early as 1934, ER. Mat-

" thews.stated that: “The construction of-harbours

« Upon-a’sandy Coast is‘always risky, ‘resulting in

no end of ffouble and expense... The interfer-
ence with_the natural sand-travellupon. @ coast
cannotsbut belinjurious; the breaking of any of
Nature's [aws -has a defrimental effect” (Komar,
1983). Well known examples of such problems
come from the Madras harbour, at the east
coast of India and from Santa Barbara, in Cali-
fornia (Komar, 1983), whilst a more recent ex-
ample is that of the New Damietta harbour at the
Nile Delta, in Egypt (Asmar & White, 2002).

The scope of the present investigation is to
assess qualitatively and quantitatively the
coastal and seabed morphological changes
caused by the successive seaward extensions
of the harbour breakwaters of the port of Alex-
androupolis between 1960 and 2004,

2. STUDY AREA

The study area extends 5 km on either side
of the harbour of Alexandroupolis from the
shoreline to the bathymetric contour of 15 m
(Figure 1). The Gulf of Alexandroupolis is lo-
cated on the inner continental shelf of the NE
Aegean (Samothraki Plateau). The seabed relief
is smooth with very low gradients (<1%) extend-
ing several kilometres offshore.

The seabed consists of fine-grained sedi-
ments, showing a zonal distribution parallel to
the coastline and fining seawards (from sand to
clay). The shore zone consists primarily of
sandy material whilst in places east o the har-
bour includes low-relief sandy bodies. Relict
sand deposits cover the largest part of the outer
continental shelf (Pehlivanoglou, 1995 and Peh-
livanoglou et al., 2000). The harbour area is at a
distance of 15 km west of the mouth of the River
Evros, which fransports annually some 3.2x10°
tonnes of sediment (Pehlivanoglou, 1989), func-
tioning as the main source of fine-grained sedi-
ment for the area. The gulf of Alexandroupolis is
exposed to waves caused predominantly by S
and SW winds, whilst the dominant direction of
coastal sediment lranspaort is E to W, especially
for the region to the east of the harbour (Pehli-
vanoglou, 1989).
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Wavye heights induced by average wind
speéds (4-5 B) are in the order of 1.3 m, reach-
ing"5=m during storms (Athanasoulis & Skar-
soulis, 1992); these waves are expected fo
break in water depths of about 2.5 m and 6.5 m,
respectively,sbeing also capable to resuspend
the surficial-bottom sediments (Karditsa, 2006).
Offshofe _circulation is controlled by the
Samothraki anticyclone.

3. METHODOLOGY
The study of the bathymetric changes of the gulf
of Alexandroupolis, focusing on the area sur-
rounding the harbour, was based on the com-
parison of bathymetric charts of scale 1:10,000,
which were produced and published by the Hel-
lenic Navy Hydrographic Service (HNHS) in
1960, 1973, 1987 and 2004. The charls were
digitised and imported into a GIS (ArcMap 8.3)
and a digital elevation model (DEM) of the sea
bottom was constructed for each charl. Succes-
sive charts were compared to each other, by
subtracting each DEM from the previous one,
with the use of the GIS function named "cut and
fill" and three differential surfaces were com-
puted, representing the bathymetric changes in
the vicinity of the harbour. The total error, due to
digitisation, registration and surface fitling, was
estimated to be less than £10-15cm for any
point of the differential surfaces. It is assumed
that the original bathymetric charts are of similar
accuracy and free of any systematic errors, so
that no additional errors are induced in the com-
putation of the differential surfaces. This is a
reasonable assumption, taking into account that
all charts are of the same scale, produced by the
same organization and depict a harbour area
and its vicinities, where extra care is taken in the
preparation of bathymetric maps. Consequently,
bathymetric changes in excess of + 15cm are
considered significant in this study.

The morphodynamic study includes topog-
raphic cross-sections in combination with sedi-
ment sampling and geomorphologic observa-
tions in the coastal areas on either side of the
harbour. Grain size analyses have been carried
out at the Laboratory of Physical Geography and
the results are presented acoordmg to Folk's
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Figure 1: Exerpt of the hydrographic chart XEE 64 (3221) (HNHS, 2003) showing the study area (boxed) and tﬁél
locations of cross sections A and B of the sandy deposits (described in the text).

4. RESULTS AND DISCUSSION

The eastern coaslal zone is almost horizon-
lal, characterised by very low gradients {0.3%)
as shown in Figure 2. The nearshore botlom
along section A consists of sand, whilst the
subaerial part of the beach, as well as the trough
landwards of the breaking zone (water depths
about 1.5 m) consisl of coarser material ((g)S-
gS). In addition, extensive (>150 m long, 2-5 m
wide) shore-parallel sandy deposits are present
within the swash zone, in the form of emergent
longitudinal bars, incipient barrier islands and
spits (Figure 3). Their formation 1s most likely the
combined result of the westward transport of
sediments supplied by the River Evros, the on-
offshore transport due to heavily refracted

waves and the fluctuation of sea level due to
astronomic and meteorological tides.

On the western side of the harbour, the
overall bottom morphology appears to be mucﬂ
steeper and irregular (see section B, in Figure 4)
in comparison to the shore zone to the east of
the harbour. Here, gradients are about 2
with the characteristic presence of two lo g-
shore bars at water depths of 0.5-1 m and 1.51
and at a distance of 40m and 190m from the
shoreline, respectively, separated by a trough
where water depth exceeds 2m. The subaeria
part of the shore zone consists of gravely sand
whilst the nearshore zone consists of gra
and slightly gravely sand. At distances g
than 200 m from the shoreline sand-sized
ments are the dominant seabed material.
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Figure 2 Beach and nearshore bottom morphology and grain size charactensation according to Folk :
along section A, to the East of the harbour (for location see Fig 1) (s stands for sand, g for gravel).
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Figure 3: Nearshore sandy deposits, to the east of the harbour (for location see Fig.1).

The increased bed gradients, comparatively
to the east side, together with the reduced pres-
ence of fine-grained sediment close to the
shoreline, indicate the presence of erosional
processes at the west side of the harbour,

The above observations and results are in
agreement with the study of Xeidakis et al.
(2006), according to which the coastal zone to
the west of the harbour of Alexandroupolis is
under erosion, whilst the east side is under ac-
cretion with almost horizontal nearshore bottom.

The bathymetric changes of the whole study
area, related to harbour works, are shown sche-
matically in Figures 5, 6 and 7. In all figures, the
harbour area has been excluded from the calcu-
lations so that changes related to harbour works,
such as breakwater expansions and dredging,

will not be taken into account. Thus, by compar-
ing the bathymetric charts of 1960 and 1973
(Fig 5) itis evident that the area 1o the west of
the harbour is characterised, mainly, by deposi-
tion (40cm), with some erosion present very
close to the shoreline. In contrast, on the east
side of the harbour a zone of erosion is ob-
served, exlending up to a water depth of 7m:
most probably, this has been caused by the
reduction of sediment fluxes of the River Evros,
following dam constructions in the 1950s and
1960s. According to our calculations, the water
depths in the nearshore zone have increased by
20-70 cm, whilst some deposition (up to 40 cm)
has occurred further offshore and adjacent to
the east breakwater of the harbour.

Elevation (cm)

ideacn ®d nearshore bottom morphology and grain size characterisation according to Folk (1974)

a
along section B, to the west of the harbour (for location see Fig. 1) (s stands for sand, g for gravel).
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The comparison of the bathymetric charts of
1973 and 1987 (Fig. 6), shows that there are no
extreme bathymetric changes in the study area
during this peried, which is characterised by
further (but less intensive) erosion, as water
depths have generally increased by approxi-
mately 10-20 cm, whilst the sporadic patches of
deposition (decreased depths) are of the order
of a few mm and, therefore, considered to be
negligible.

Following the completion of the harbour
works in 2004, the dredged harbour basin and
the associaled navigational channel have water
depths between 6m and 7m. The comparison

Figure 5: Bathymetric changes obtained by comparison of the hydrographic charts of 1960 and 1973.

between the charts of 1987 and 2004 (Fig. 7)
shows that after the last expansion of the har
bour and the seaward extension of the harbour
breakwaters (today, the W breakwater, di
to the ESE, has a length of 2 km), the dep
outside the harbour have increased by app
mately 50cm. This erosion is obviously related
the nearshore hydrodynamics which, after the
harbour expansion and the new transport
ways, tend to redistribute sea bed sedime
trying to establish a new hydrodynamic and
morphodynamic equilibrium in the area.
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Figure 6: Bathymetric changes obtained by comparison of the hydrographic charts of 1973 and 1987,
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Figure 7: Bathymetric changes obtained by companson of the hydrographic charts of 1987 and 2004.

5. CONCLUSIONS

The observed bathymetric changes, rang-
ing from -70cm to +40cm, around the Alexan-
droupolis harbour, are mainly associated with
the shallowness of the inner shelf, the proximity
lo the mouth of the River Evros and the pres-
ence of fine-grained sediments that are resus-
pended and redistributed by the waves and the
wave-induced nearshore currents. On the basis
of the above, it seems that the position of such a
large harbour is rather unsuitable and its opera-
tion problematic, at least from a sedimentologi-
cal and geomorphologic point of view.
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