CHANGES IN THE COASTAL MORPHOLOGY OF VRACHATI, GREECE

by
C.I. Moutzouris*
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ABSTRACT

The coastal morphology of Vrachati, which lays on the south-
eastern coast of the Corinthiakos Gulf, has considerably
changed since the construction of two successive coastal
structures. The present paper describes these changes and
attempts to estimate the rate of longshore drifting sediment
load. The description of the changes and the estimation of
the rate are based on observations of aerial photographs of
the area and on extensive bottom sediment sampling.

1. INTRODUCTION

The Corinthiakos Gulf lays between Peloponnesos and the main-
land of Greece (see Fig. 1). According to Piper et al.,
1980, it is a major late Cenozoic graben with maximum depth
of 860m in its eastern part. It communicates with the Pa-
traikos Gulf through the Rion Straits and with the Saronikos
Gulf through the Canal of Corinthos. Beaches are coarsest
and steepest where exposed to the prevailing winds.

Vrachati lays on the southern coast of the southeastern part
of the Corinthiakos Gulf (see Fig. 2). The coast there has
a mild slope mostly due to prodelta platforms from torrents
draining into the sea and to accumulation of sediments. Cir-
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rial photographs taken regularlyduring the same period

pernit the study of the evolution of the shoreline.

The system of the two structures acts as a trap and al-
lows the study of longghore drifting small-sized sedi-
ments,

The first part of the present paper describes the evolution
of the shoreline at Vrachati due to the construction of the
two coastal structures. Then an estimation of the rate of
longshore drifting sediments is made.

2. EVOLUTION OF THE SHORELINE

The shoreline of Vrachati was straight before the construc-
tion of the breakwater, which was built in 1939 perpendicu-
lar to the shoreline (see Fig. 4). Its total length is 189
m. Intense accretion to its left and right occurred after
the construction of the breakwater. The zone of accretion
to the left had a length of approximately 750m. Longshore
drifting sediments were deposited there, due mainly to the
presence of the breakwater which was a form of littoral bar-
rier. The zone of accretion to the right was extending up
to a torrent draining to the sea and had a length of appro-
ximately 330 m. Sediments were accumulating there mainly
from the torrent. A part of the load deposited there is be-
lieved to have its origins also from the longshore drifting
load. The general shape of accretion around the breakwater
indicates that the main direction of drift of longshore se-
diments past the Vrachati coast is from left to right.

In order to protect the coast from the aforementioned accre-
tion, a groin of 135m was built in 1967 perpendicular to
the shoreline at a distance of 158m to the left of the break-
water. As a result, further accretion occurred to the left
of the groin, because the longshore drifting sediments were
now obstructed by the new littoral barrier. The shoreline
started to retreat in the zone between the two structures.
This is due to the decreased quantities of longshore drif-
ting sediments by-passing the groin and being deposited in
the zone. The evolution of the shoreline to the right of
the breakwater has not shown any clear tendencies.A remark-
able difference between the two beaches upstreams and down-
streams of the two structures is noted here : the upstream
beach is made of pebbles, while the downstream beach is ma-
de of fine sand.

Long observations in-situ under wave attack conditions led
the writers to the conclusion that the longshore drift of
sediments is partially interrupted by the groin. The groin
is a classical partial littoral barrier. Most of the sus-
pended load by-pass the groin and are partially deposited
in the zone between the groin and the breakwater and in the
zone protected by the breakwater. If there were only the
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Fig. 4. ~Evolution of the shoreline at Vrachati

groin, an erosion would have occurred downstream of the groin.
Because of the presence of two successive structures (groin,
breakwater), part of the suspended load is trapped in-between
The above qualitative observations are confirmed also by the
grain-size analysis of the sediments, as it is analysed la-
ter.

3. MODEL APPLIED

It is commonplace to state that the second best method for
estimating the rate of longshore drifting sediments, in cases
where no data exist, is to study in detail the shoreline evo-
lution as well as the sediments accumulated in the area.Fol-
lowing the above statement and according to the visual cbser—
vations reported previously, the model chosen to apply for
the estimation of the total rate of longshore drifting sedi-
ments was based partially on the shoreline evolution and par-
tially on the sediment sizes (see Fig. 5). This model is
somehow consistent with the Baker "two line theory" on par-
tial transport blockage. The net total longshore drifting
load S is composed of two components

(1) S=Sb+Ss

S, is the net bedload and SS is the net suspended load. By
definition, the grains of SS are finer than those of Sb.

The bedload is estimated according to the shoreline evoluti-
on on the upstream sides of the two structures, because the
structures act as littoral barriers and the accreted shore-
line has not yet reached their heads. In order to apply the
Pelnard-Consid@re method, as presented by Bijker, 1972, two
time periods have been selected :

- period_a (1939-58), when only the breakwater existed.
(1967-81), when both structures existed.
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The suspended load is estimated according to the size of sand
sediments, which are deposited in the 2zone between the two
structures. This zone is a natural trap for fine grains,
because of decreased current action.

S
S
5% L A PERIOD a (1939-58)
SR RS |
t1:1year(1940)
S
s \
§=8_+5y e ] s/
s v i r\‘ M. 2:15years
tfﬂgear(1968) PERTOD b (1967-81)

Fig. 5.~ Model applied for the estimation of S

4. TECHNIQUES USED

The following techniques have been used for the application
of the model : analysis of successive aerial photographs,
sediment sampling and analysis and wave hindcasting.

4.1. Aerial photographs

Many sequences of aerial photographs were examined. They
had been taken in successive years by the Directorate of Ae-
rial Photographing, Ministry of Regional Planning, Housing
and Environment. The examination permitted to follow the
shoreline evolution as function of time and presence of co=-
astal structures.

It was found that the shoreline progressed as follows (see
Fig. 5) =

AY=35m during period a (upstreams of the breakwater)
4Y=27m during period b (upstreams of the groin)

4.2. Sediment sampling and analysis

Many spot samples have been collected from various locations
in the surf zone along the coast, because spot samples are



1034 COASTAL ENGINEERING—1982

usually representative of one sedimentation unit (see Fig.
6). For comparison reasons, some of the samples have been
collected from on-shore. In order to check the influence

of the changing wave climate, samples have also been collec-
ted in summer and autumn times.

CORINTHIAKOS GULF

VRACHATI

off-shore garple 0 100m

e on-shore sample

Fig. 6.- Sites of sampling along the coast

The samples were prepared for grain-size analysis and then
analysed in the laboratory of the Chair of Foundations, CED/
NTUA. sSize distribution was determined by standard sieve
analysis techniques. The size analysis data were plotted as
cumulative curves with arithmetic ordinate, which is a com-~
monly used method of graphic presentation (see Constantini-—
dis and Mavromatos, 1982, and Markoulidis and Zissis, 1983).
The material was found to range mainly from fine sand to gra-
vel. The particle sizes and statistical parameters of the
samples were found to change along the coast. The grain-si-
ze cumulative curves may be classified into 5 families :

Samples 1, 2, 3, 4,5, 6, 7 (see Fig. 7)

They are coarse grained because they come from the exposed
coast upstreams of the structures. Large quantities of the
material existed there even before the erection of the stru—
ctures : particles with diametres as big as 40mm cannot be
transported by wave-induced currents. The population of
these samples characterises most of the exposed beaches of
Corinthiakos : it is a poorly sorted beach with strongly fi-
ne-skewed and mesokurtic population.

Samples 8, a, b (see Fig. 7)

They are characteristically bi-modal, because fine grains
were trapped by the groin. Curve 8 is met in almost every
samples from the zone upstreams of a littoral barrier.
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Samples 9, 10, 11, 12, 13 (see Fig. 7)

They are fine grained because of extensive accretion in this
area of reduced wave and current action. They characterize
a moderately sorted beach with coarse-skewed and leptokurtic
population.

They range from fine-grained (in the protected zone) to me-
dian-grained (in the zone of restored. current action).Sam-
ples 14 and 15 are well sorted with coarse-skewed and platy=-
kurtic population.

They are very coarse-grained, due to the contribution of the
torrent.

No significant seasonal change has been detected in the size

distribution curves of the samples, especially in the pro-
tected zones (see Fig. 9).

4.3. Wave hindcasting

Wave data do not exist in the area under examination. For
this reason wave characteristics in deep sea were computed
according to the SMB method. Wind data are regularly taken
in the area by the National Meteorological Service (EMY}.
Annual frequencies of occurrence of winds, which generate
waves in the Vrachati area, are shown in Table 1. The ef-
fective fetch F from these directions and the correspon-
ding wave heigh¥s Ho and periods T are given in Table 2.

Refraction diagrams for the most frequent waves from E, NE,
N and NW were computed according to a numerical method used
at the Chatou Research Center~CREC (see Lepetit, 1964). Ac-
cording to this method the refraction coefficient is analy-
sed in two partial coefficients. The first is related to
the variation of distance between the orthogonals. The se-
cond depends on the modification of the phase velocity. The
data introduced for the numerical analysis of the differen-
tial equation were the bottom topography, the deep sea cha-
racteristics of the monochromatic waves and the phase velo-
city of the waves. The equation was solved numerically by
computer (see Petridis, 1982). Resulting refraction diag-
rams for waves from E and NE are shown in Fig. 10.
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WIND Nty N NE N
Beaufort
4 3.2 1.9 0.5 0.4
5 1.4 1.2 0.4 0.7
6 0.4 0.4 0.3 -
7 0.02 0.04 0.03 -
8 - - 0.01 -
TOTAL 5.02 3.54 1.24 1.1
Table 1.- Annual frequency (%) of occurrence of off-
shore winds (data from EMY)
WIND NW N
Beaufort |(knots) Fef Ho T Fef Ho T
(n.m.) (m) (sec) (n.m.)| (m) (sec)
4 13 9.8 0.51 2.8 14.82 | 0.58 2.1
5 19 0.82 3.5 0.91 3.4
6 24 1.06 4.0 1.25 3.8
7 30 1.4 4.5 1.65 4.4
8 37 - - - -
WIND NE E
Beaufort |(knots) Fef Ho T Fef Ho T
(n.m.) (m) (sec) (n.m.)! (m) (sec)
4 13 7.98 0.46 2.7 4.62] 0.41 2.5
5 19 0.76 3.4 0.64 3.1
6 24 0.98 3.8 0.85 3.5
7 30 1.28 4.4 1.13 4.0
8 37 1.65 4.9 - -
Table 2.- Wave characteristics in deep sea at the Vrachati
area
5. RESULTS
5.1. Bedload

The net load S

AY of the shoréline during a certain number of years.

was evaluated from the measured progression

Ac-

cording to results reported earlier, the shoreline progres-
sed 35m in 19 years {(period a) and 27m in 14 years {(period
b). Surveys made in-situ indicated that the depth of active
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Sediment transport h is of the order of only 3m.

The angle of incidence a of each monochromatic wave is de-
fined as the angle between the wavecrests and the shoreline.
a is the value of a in deep sea. The average angles a, of
wave incidence from each direction at the depth contour of
-3m were evaluated from the refraction computations and are
presented in Table 3. Positive (negative) values of a indi
cate incidence from the left (right) to the right (left) of
Fig. 4. The average angle @ of wave incidence from all di-
rections at the depth contour of -3m was evaluated according
to the frequencies of occurrence of Table 1. & was found
equal to +1.21°.

DIRECTION | FREQUENCY (6;3: (ao?
MW 0.0502 +67.5° +33.50
N 0.0354 +22.5° +12.92
NE 0.0124 -22.5° -21.38
E 0.0110 -67.5° -60.00

Table 3.- Average angles of wave incidence at -3m

After introducing the above values to the equations of pel-
nard-Considére, it was found that

Sb=36.5x103m3/year

Sb=31.8X103m3/year
As it can be seen S, was higher in period a than in period
b, due to the obstruction from the groin.

during period a

during period b

The above method of estimation of S, has several weak points.
But it is undeniable that most exis%ing data of longshore
drifting sediments quantities have been gathered from sur-
veys of the accumulated material in littoral barriers (Bru-
un, 1976).

For comparison reasons, S, was next computed according to a
second method. 1In a very recent paper Hallermeier, 1982,
proposed a method of computation of bedload, which accounts
for the sediment sizes, the bottom slope and configuration,
the wave diffraction, etc. According to this approach, Sb
depends upon some characteristic parameters : the wave
height He’ length L_ and angle A at the seaward limit to
littoral zone, the water depth 4~ at the same limit, the pa—
rameter © (=d_/H_), the median sédiment grain diameter M_,
the wave reflexidn and the bottom angle. Table 4 presen%s
the analytical computations of §,_ according to Hallermeier
for each monochromatic wave givefi in Table 2. Local surveys
indicated that the average bottom angle in the area is of
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WIND £ T de He | Lo e %e Q
(sec) | (m) {(m) (m) (°) (m® /yr)
Nw 0.0321]2.8 0.92]10.490| 7.76[/0.533] 29.34 14668.7
0.014 | 3.5 1.48(0.786]12.28]0.531| 30.46 17641.6
0.004 | 4.0 1.9111.018[15.92]0.533] 31.32 8535.4
0.0002f 4.5 2.5001.339}20.4410.535( 32.50 768.6
N 0.019 | 2.1 1.21]0.538| 8.28[0.445] 10.956 6449.8
0.012 | 3.4 1.57/0.861]12.12[0.548| 11.352 5531.3
0.004 | 3.8 2.11[1.173[15.55[0.556| 11.946 3540.1
0.0004] 4.4 2.8011.550120.80{0.554} 12.705 668.9
NE 0.005 | 2.7 0.84[0.443| 7.14;0.528{-20.025 1237.7
0.004 | 3.4 1.37{0.73 |11.46/0.533|-20.356 2688.6
0.003 1| 3.8 1.7610.938114.50|0.533[~-20.6 3423.3
0.0003] 4.4 2.31{1.228|19.25{0.532{-20.944 595.7
0.0001 4.9 2,9411.50 |24.10{0.537}~-21.338 289.9
B 0.004 ] 2.5 0.74|0.394] 6.19|/0.532{~-50.583 1449.0
0.007 { 3.1 1.1510.614] 9.54|0.534}~52.292 5793.6

Table 4.- Computation of bedload according to the Haller-—
meier equation

the order of 2°. The corresponding average wave reflexion
coefficient is of the order of 3%. For the evaluation of
the median diameter it was considered that the samples 18,
19 and 20 are the most representative : their grain-size
cumulative curves agree well with the corresponding curves
of samples from undisturbed areas. For this reason, M, was

D
taken equal to 0.3mm.

According to the computations in Table 4 the gross loads are
as follows

Sb’=57.8X103m3/year from left to right
Sb‘=15.5x103m3/year from right to left
The net bedload is

Sy, =42.3X10°m* /year from left to right

The load according to Hallermeier apparently represents the
net bedload during the last years, because the estimation
was based on recent field data.

5.2. Suspended load

For the computation of the net suspended load 8, which is
transported along the coast, information was ne&ded on the
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grains trapped between the two structures. Finally it was
assumed that the graphic mean diameter M_, as defined by
Folk, 1974, 1s representative of the diafeters ensemble :

u 2167050 %84
b4

(4)
3

@ is the grains diameter expressed in the phi-scale. The
average M_ for the samples 9, 10, 11, 12 and 13 is computed
from equ.”{4) and Fig. 7 :

(5) Mz=0.14mm

An equation proposed by the Laboratoire Central d' Hydrau-
lique de France-LCHF was the computation of SS (see Leclerc
et al., 1976) :

(6) SS=KgHLTf(a)

g is the gravitational acceleration, H and L are the wave

height and length at a water depth of 15m, 615 is the angle
of incidence at the same depth, f{a) is a funttion of the

angle a - The coefficient K is given by equ. (7) :
(1) k=0.18x107°> p~0°
D 1s the grain diameter (gimm). In the present study it is

considered that the average graphic mean diameter of the sam-
ples corresponds with D.

The computations of suspended loads for each monochromatic
wave given in Table 2 are shown in Table 5. The gross loads
are as follows :

SS’ =2,2X10°m* /year from left to right
SS“=0.7X103m’/year from right to left

The net suspended load is :

Sq =1.5X10°nm? /year from left to right

5.3. Total load

The net total sediment load drifts from left to right past
Vrachati and is equal to :

S =38.0X10°m® /year during period a

S =33.3X10°m* /year during period b
The computation of S was based on a wide range of data :

wind, sediment, bottom and shoreline progression data.The
difference between period a and b is due to the different
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WIND £ Ho T L, £la) Q
(m) (sec) (m) (m® /yr)
NW 0.032 0.51 2.8 12.25 0.36 298.7
0.014 0.82 3.5 19.14 " 410.3
0.004 1.06 4.0 24.99 " 226.1
0.0002 1.4 4.5 31.63 " 21.3
N 0.019 0.58 2.1 11.30 0.6 233.0
0.012 0.91 3.4 18.06 " 596.3
0.004 1.25 3.8 22.56 " 3817.2
0.0004 1.65 4.4 30.24 " 78.1
NE 0.005 0.46 2.7 11.39 0.6 62.9
0.004 0.76 3.4 18.06 " 166.0
0.003 0.98 3.8 22.56 " 224 .1
0.0003 | 1.28 4.4 30.24 " 45.4
0.0001 1.65 4.9 37.51 " 26.9
E 0.004 0.41 2.5 9.82 0.36 21.5
0.007 0.64 3.1 15.11 " 111.9

Table 5.- Computation of suspended load

rates of shoreline progression during these periods.

For comparison reasons S was then computed according to the
well known method of the Coastal Engineering Research Center
CERC, as it is presented in the Coastal Protection Manual,
1976. This method ignores the sizes of the transported se-
diments and the bottom slope. The rate of longshore trans-
port is proportional to the longshore wave energy flux. 1In
other terms, the transport depends exclusively upon the wa
ve climate in the area. The computation of S according to
this method is shown analytically in Table 6. The gross lo-
ads are as follows.

S~ =51.7x10%m* /year from left to right

$°°=12.3x10°m® /year from right to left
The net load S is

S =39.4x10°m®/year from left to right

The above value refers to time periods a and b, because it
was computed from wind data covering both periods.
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WIND £ H, o]
(m) (m* /yr)
Nu 0.032 0.51 6756.7
0.014 0.82 6990.0
0.004 1.06 5260.0
0.0002 1.40 527.2
N 0.019 0.58 6897.5
0.012 0.91 13432.4
0.004 1.25 9901.6
0.0004 1.65 1982.2
NE 0.005 0.46 1016.8
0.004 0.76 2854.1
0.003 0.98 4041.6
0.0003 1.28 788.0
0.0001 1.65 495.5
E 0.004 0.41 489.3
0.007 0.64 2607.4

Table 6.- Computation of total load according

to

the CERC equation
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The above computed values of net longshore drifting loads are
shown in Fig. 11.
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Fig.11.~ Net longshore drifting load
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6. CONCLUSIONS

The adopted method of estimation of the net longshore drift-
ing load is the second best to direct measuring the load,
because it is based on a wide range of data:wind, sediment,
bottom, shoreline progression data.It can be applied when time
presses, although many parameters are neglected. This met-
hod gives results averaged in time, while measurements. of on-
ly one year or less may give very erroneous results.

The research described in the present paper will be continu-

ed with load measurements, in order to check the accuracy of
the results.
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