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Various measures have been used to protect coastal areas controlling
beach erosion. During the last decades, all over the world there has been a
gradual change from engineering to soft coastal defense techniques, among
which artificial beach nourishment is particularly popular. This study evalu-
ates the suitability of the shoreface nourishment, when borrow materials are
placed to form a nearshore berm, for the Lithuanian coast of the Baltic Sea.
The analysis is based on the results of the MIKE 21 modeling system for
sediment transport, bottom erosion and dynamic equilibrium processes under
varying climatic conditions, first of all in stormy weather that has the major
impact on hydrodynamic and sediment processes. The current study aims to
demonstrate the importance of the nourishment project assessment prior to its
actual implementation and to provide an example of methodology for such an
assessment which demonstrates the importance of climatic data and possibi-

lities of modelling.
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1. INTRODUCTION

Extreme storms have caused the changes of hydrodyna-
mic and sediment processes in the Baltic Sea. These
investigations are described by many researchers (Bo-
bertz, 2005; Harff, 2001; Harff, 2005; Kaczmarek, 2005;
Pruszak, 2004; Szmytkiewicz, 2000). Lithuanian nears-
hore is a part of the Baltic Sea and has a short sandy
coastline of approximately 94 km (Gudelis, 1998). The
main harbor of the country, Klaipéda State Seaport, is
located in the Klaipéda Strait on the eastern coast of
the sea, which connects it with the Curonian Lagoon.
During the recent decade the port has been rapidly de-
veloping and thus required several major reconstruction
projects, including construction of new quays and fair-
way dredging. These works have significantly altered
sediment transport processes in the Klaipéda Strait and
nearshore (Pustelnikovas, 2002; Gailiusis, 2000; Kriau-
¢itiniené, 2000; Trimonis, 2000, Trimonis, 2005). The
consequential activation of coastal processes is also pre-

sumed to be associated with the global climate change
and a significant increase of stormy days observed in
Lithuania for the last 20-30 years. The state of the
beach has particularly worsened in the recent years.
There are various possible measures to control beach
erosion. During the last decades, all over the world there
has been a gradual change from engineering to so-called
soft coastal defense techniques (Hanson et al., 2002).
Hamm et al. (2002) highlight the vast variety of historical
development patterns and current experiences existing in
Europe in technological, legal and various other aspects.
Polish scientists have implemented numerous interesting
coastal researches (Kaczmarek et al., 2005; Pruszak, 2004;
Szmytkiewicz et al., 2000). Their experience is useful in
solving the problems of Lithuanian coastal protection.
At present, due to its environmental acceptability,
beach nourishment is one of those most frequently ap-
plied soft measures. This is especially true for the USA,
which has become the world’s leading country in terms
of experience, number of projects, and nourishment vo-
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lumes, although summarized information is “fragmen-
ted and incomplete” (Valverde et al., 1999). Two major
types of artificial beach nourishment can be distinguis-
hed: a) beach replenishment, when borrow materials are
placed directly on the beach to increase its width, and
b) shoreface fill, when materials are placed underwater
on the shoreface to form nearshore berm (Johnson et
al., 2001; Pruszak, 2004). The nearshore berm protects
the coast by reducing wave impact on the protected
coast (Mangor, 2001). In some cases, it can operate as
a feeder berm supplying sediments to the coast, as de-
monstrated, e.g., by Charlier and De Meyer (2000).

Shoreface nourishment is usually cheaper than con-
ventional beach nourishment. There has therefore been
an increased interest in projects concentrating on this
type of construction as well as the combined approach,
i.e. applying beach replenishment together with shore-
face nourishment. The general success of the case stu-
dies under EU NOURTEC (Nourtec..., 1997), Eurosion
and SAFE programs demonstrates the attractiveness of
the shoreface nourishment as a viable alternative to sim-
ply filling the beach.

Big quantities of borrow material, however, are ne-
eded for shoreface nourishment. For protecting the seg-
ment of the Lithuanian coast that is close to the harbor,
one of possible sand sources is the fairway of the Klai-
péda Seaport. At present, dredged material from the Klai-
péda Strait is dumped into the Baltic Sea, but clean sand
which is extracted could be used for beach nourishment.
It would also be an economically sound solution, becau-
se the sand for nourishment would not have to be trans-
ported far from the place of extraction, which is the
current practice since the dumping sites are located far
offshore because of the safety requirements.

The overall aim of this study is to determine the
best sites for shoreface nourishment in the Lithuanian
nearshore of the Baltic Sea by analyzing sediment trans-
port, bottom erosion and dynamic equilibrium proces-
ses under varying climatic conditions, especially in stor-
my weather which has the major impact on hydrodyna-
mic and sediment processes. There are very few on-site
measurements made for the currents in the nearshore
zone in stormy conditions. Therefore wind- and wave-
generated currents were modelled using wind velocities
and directions corresponding to high energy events as
input data. A more detailed study of one of the propo-
sed sites intends to demonstrate the importance of clo-
se examination of hydrodynamic and sediment trans-
port processes prior to implementation of a nourishment
project and to propose an inceptive methodology for
such an assessment.

2. METHODOLOGY

Course of the study

Evaluation of the Lithuanian nearshore for the shorefa-
ce nourishment conditions was done in the following
order:
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Fig. 1. Wind rose of strong winds according to observations
of 1995-2000 (data from Lithuanian Hydrometeorological Ser-
vice under the Ministry of Environment)

1 pav. Stipriy véjy rozé 1995-2000 m. (pagal Lietuvos hid-
rometeorologinés tarnybos duomenis)

* characteristics of wind at the Klaipéda seashore
were investigated, with particular attention to strong (for
definition refer to section “Characteristics of wind and
wave regime at Klaipéda seashore”) and durable winds
(Fig. 1);

* wave and hydrodynamic regimes in the nearshore
zone were modelled under different directions of wind
(hydrodynamic model was calibrated using measuremet
data);

* sediment transport was modelled for selected di-
rections of wind with 20 m/s velocity for the greater
part of the Lithuanian coast of the Baltic Sea, and on
a more detailed scale for the case study area;

* processes of sediment transport, accumulation and
bottom erosion were analyzed under 20 m/s wind of
different directions evaluating wave conditions;

+ analysis of the specific site for shoreface nouris-
hment (case study) and investigation of sediment trans-
port processes during an actual year.

Description of the modelling
The wave, hydrodynamic and sand transport processes
were modelled using the two-dimensional MIKE 21mo-
delling system, more specifically the Near-Shore Spec-
tral Wind-Wave (NSW), Hydrodynamic (HD) and Sand
Transport (ST) modules. The biggest influence on litho-
dynamic processes of the Southeast Baltic has direc-
tions, periods and heights of waves in the surf zone.
The NSW model (Danish..., 2002) defines the dis-
persion of wind-generated surface waves in the near-
shore zone. For this model, the following initial data
are necessary: depths of coastal water (bathymetry), wind
velocity and direction, limiting conditions in the dee-
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pest water depth (average wave height and period, ave-
rage direction of wave dispersion, biggest declination
from the wave direction, direction of distribution of
wave energy). The results of applying the NSW model
are the following in each grid cell of the modeling
area: period and height of wave, direction of wave dis-
persion and its standard deviation. The modelled wave
parameters are used for modelling hydrodynamic and
sand transport processes as the initial data in HD and
ST models.

Hydrodynamic modelling was carried out for simu-
lating wind- and wave-generated currents on the shore-
face for different wind conditions. The unevently chan-
ging flows of the two-dimensional HD model (Danish...,
2001) is the solution of a non-linear equation system.
The changes of flow and water level in the directions
of x and y are described according to vertical integra-
ted equations of continuity and conservation of mo-
mentum. The initial data necessary for the HD model
are the following: the orientation of water territory, ge-
ographical latitude and bathymetry, wave parameters
(modeled by NSW), time step and duration of model-
ling, wind velocity and direction, boundary conditions
(the water level or discharge is to be indicated for each
open boundary of the model) and the
coefficients of the bottom roughness and

.. km
turbulence. The water level variations

the modelled area and at any time; the bottom chan-
ges of the modelled area (erosion and accumulation)
per investigated period (m/day).

For modelling sediment transport (ST), it is neces-
sary to define the average grain diameter in a sediment
load and the grain distribution. According to Galkus
(1997), the average diameter of sediment grains in the
Lithuanian nearshore is d,, = 0.2 mm. The characte-
ristic of the grain distribution used in MIKE 21 is 0,
calculated from the curve of sediment distribution as
the ratio:

d
o, = 84%
e
For our study, we used g,= 1.30 based on the sedi-

ment distribution curve and the above formula.

Calibration of the hydrodynamic model

Flow velocities were modelled by the hydrodynamic
model HD. The Baltic near-shore area 74 km in length
was chosen (Fig. 2a). The model was calibrated using
data of flow measurements in the Baltic Sea and data
from the meteorological station near Klaipéda (Gailiu-
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and flows in the directions of the x
and y axes in each modelled grid cell
are the result of the HD model.

To evaluate the sediment transport
in the nearshore of the Baltic Sea, we
used the ST model (Danish..., 2002a).
It enables the calculation of sediment
transport rates and possible bottom
changes (erosion and accumulation are-
as) caused by flows and waves. The
bottom changes of the nearshore cau-
sed by sediment transport are calcula-
ted solving the equation of the con-
servation of sediment mass per model-
ling period. Initial data of the ST mo-
delare: nearshore bathymetry, structure
of flow velocities (modelled by the HD
model) and wave parameters (model-
led by the NSW model); the coeffi-
cient of bottom roughness, relative den-
sity of sediments, porosity of bottom
materials, median grain size of sedi-
ments and their geometric standard de-
viation. Results of the ST model are:
unit discharge of sand transport (m3/
year/m) at any time and in any grid
cell of a modelled area; average unit
discharge of sand transport (m®/year/
m) per investigated period in any grid
cell of a modelled area; discharge of
sediments (m®/year) in any section of
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Fig. 2. Bathymetry of the modeling area (case study area — Melnrage II) (a)
and simulated flow structure under the west wind of 20 m/s (b) (bathymetry
prepared according to the map (Baltic Sea. Middle part. Lithuanian Coast and
EEZ. 1:200000. Klaipéda, 2005))

2 pav. Modeliuojamos srities batimetrija (a) (pazyméta sritis — Melnragé II) ir
tekmiy struktiira puéiant vakary krypties 20 m/s véjui (b) (batimetrija parengta
pagal jurlapi (Baltijos jira. Viduriné dalis. Lietuvos priekranté ir isskirtiné
ekonomikos zona. 1:200000, Klaipéda, 2005))
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Table 1. Timing and conditions of model calibration
1 lentelé. Modelio kalibravimo laikotarpiai

No. of measurement Date Time period Wind velocity (m/s) | Wind direction (degrees)
1 17 06 2000 12:00 — 18:00 10-11 350-360

11 01 2001 14:00 — 22:00 16-18 300-350
3 12 02 2001 03:00 — 10:00 12-13 230-240

Table 2. Characteristics of stormy winds in Klaipeda according to data of 1995-2000 (data from Lithuanian Hydrome-

teorological Service under the Ministry of Environment)

2 lentelé. Storminio véjo charakteristikos Klaipédoje 1995-2000 m. (parengta pagal Lietuvos hidrometeorologijos tarny-

bos duomenis)

Year Number Duration (hours) Velocity (m/s) Maximum
of storms ; ; velocity (m/s)
average maximum average margin of change
1995 39 20 63 9.5 (8-12) 22
1996 29 20 64 8.8 (7-10) 21
1997 33 24 51 9.1 (8-11) 22
1998 37 21 75 9.1 (8-11) 25
1999 38 33 106 9.9 (8-14) 38
2000 32 30 91 9.5 (8-13) 28
Average 35 25 - 9.3 (8-12) —

Sis et al., 2002). The location of measurements is shown
in Fig. 4a, timing and conditions of calibration are pro-
vided in Table 1. Comparing the measured and calcu-
lated values of flow velocities and directions, it was
determined that in all cases the difference of flow di-
rections was not bigger than 20°, and the biggest dif-
ference of flows was 35%. Rather good calibration re-
sults allow modelling the structure of flows under dif-
ferent hydro-meteorological conditions. During calibra-
tion it was determined that the most suitable Manning
number was 0.033, and the coefficient of eddy visco-
sity was calculated according to the formula of Smago-
rinski (Danish..., 2001).

3. CHARACTERISTICS OF WIND AND WAVE
REGIME AT KLAIPEDA SEASHORE

The wind regime before 1995 in the Lithuanian nears-
hore at Klaipéda has been summarized in several writ-
ten sources (Bukantis, 1994; Klimato..., 1996). Ac-
cording to the long-term observations, the average
monthly wind speed ranges from 4 m/s in June to 6
m/s in November. For average daily winds, the pre-
vailing directions are southeast (SE) in autumn and
winter, west (W) in summer and northwest (NW) in
spring.

The strong winds of rather long duration and per-
manent direction have the greatest influence on the pro-
cesses of current and wave formation in the nearshore
zone. In this article, we follow the classification used
in (Klimato..., 1996) that identifies winds with velocity
above 15 m/s and below 20 m/s as intense winds, bet-
ween 20 m/s and 25 m/s as stormy winds, and those
above 30 m/s as hurricanes. All these winds jointly are

Table 3. Average periods and heights of waves in deep
water when the velocity of wind blowing from different
directions is 20 m/s (prepared according to the report
“MaTemMaTH4YecKoe MO/e/IMPOBaHHE BOJHOBOIO pe:XHMa Ha
MOJXO/IHOM KaHajle W aKBATOPUH MOPTa“. AKIMOHEPHOE
obmecTBo ,,Bomna“, Coun, 1998)

3 lentelé. Bangy aukSc¢iai ir periodai giliame vandenyje
puciant jvairiy kryp¢iy 20 m/s véjui (parengta pagal ata-
skaitg MoOdenuposanue
pedicuma Ha NOOXOOHOM KaHale U aKeamopuu nopma,
AxuunoHepHoe o6uiecTBo ,,Bomna“, Coun, 1998))

(Mamemamuueckoe 80JIH06020

NW | W SW S
Average height of 3.70 4.00 3.80 3.00
waves, m
Average period of 6.20 6.50 630 6.00
waves, s

referred to as “strong winds”. For Lithuanian condi-
tions, during storms wind velocity in gusts can reach
well above their intense or even stormy states, while
winds with high velocities (10-14 m/s) are characteris-
tic of prolonged periods.

There are 73 days per year in Klaipéda on average
when wind velocity of any single measurement exceeds
15 m/s. Strong winds are observed in all the months
but have the greatest probability to occur from October
to January. The prevailing strong winds are of south
(S), southwest (SW), west (W) and northwest (NW)
directions. The average number of storms per year cons-
titutes approximately 29. Comparing the prevailing wind
directions, strong winds clearly differ from average
winds. This difference is predetermined by weak and
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average winds which are 70
observed in Klaipéda 290
days per year on average. 60
The period 1995-2000 50
was analyzed summarizing
daily wind observation da- ";':7,40
ta for 16 wind directions =
from the Klaipéda coastal & "
meteorological station. The g 21
total number of storms du- Ef
ring this period reached g 10
208, their more detailed -
characteristics are provided g o
in Table 2 Southwest winds = 1
clearly dominate among &
strong winds: SW winds -2l
constitute 23.8%, W - a0
14.6%, SSW — 11.3%, S
and WSW — 10.9% (Fig. 4D
1). NW (9.5%) and WNW

(7.1%) do contribute as 50 -
well, while the rest of the
winds all together compose
merely 12% of the total
among which winds of
NNE, NE and ENE equal
Zero.

It was determined that winds of S, SW, W and NW
directions raise the biggest waves in the nearshore of
the Lithuanian coast of the Baltic Sea. Therefore, the
nearshore waves were modeled using the latter wind
directions and the wind velocity of 20 m/s (Table 3).
Wave parameters necessary for determining the limiting
conditions of a model in the deepest section of mode-
led area were defined according to the previous inves-
tigations of wave regime in Klaipéda Seaport develop-
ment projects (Frederic et al., 2000).

20 m/s véjui

4. RESULTS

Currents in the Lithuanian Nearshore of the Baltic
Sea
The actual modeling of waves, hydrodynamic processes
and sediment transport was performed for the Baltic
Sea nearshore area 74 km in length and 33 km in
width (Fig. 2a). The modeling area was a rectangular
grid composed of 100 x 100 m square cells. The initial
data for the ST model were the wave parameters from
the NSW model and the flow structures from the HD
model that had been simulated for the winds of south
(S), southwest (SW), west (W), and northwest (NW)
directions. As mentioned earlier, these winds are domi-
nant among strong winds and therefore have the big-
gest potential for causing sediment transport.
According to the modelling results, with wind blo-
wing from the northwest, currents propagate from the
north towards the south with velocities ranging betwe-
en 0.2 and 0.5 m/s. The western winds generate circu-

Fig. 3. Estimated sediment load (average sediment discharge in sections 15-65) for sections
15-65 for 20 m/s S, SW, W and NW winds
3 pav. Ne$meny debito pasiskirstymas 15-65 skerspjiiviuose puéiant P, PV, V ir SV krypéiy

lations with currents of different directions intersecting
close to the Klaipéda Strait (Fig. 2b). Under such con-
ditions, flow velocities range from 0.05 to 0.35 m/s.
The southwest and south winds cause the currents flow
at a speed between 0.2 and 0.6 m/s directing them
northwards. Consequently, the highest velocities in the
Lithuanian Baltic nearshore are observed for the south-
west and south winds, thus making them most signifi-
cant for sediment transport.

Sediment regime

The modelling of sediment transport allows us to exa-
mine the direction and magnitude of such processes as
well as define the areas of sediment erosion and accu-
mulation. In order to identify such areas, the Lithua-
nian nearshore was divided into 65 cross-sections loca-
ted 1 km from each other and perpendicular to the
shoreline (Fig. 2a). The gate of the Klaipeda Seaport is
located at the cross-section No. 39. Each cross-section
extends from the shoreline to the depth of 30 m, be-
yond which the impact of wave processes on the sea-
bottom is generally considered minimal so that even
during stormy conditions sediment transport does not
occur. Sediment transport rate (m’/day) was calculated
for each section. The period of one day was chosen,
because the average duration of a storm in the Lithu-
anian nearshore is approximately 25 hours.

Figure 3 shows the areas of bottom erosion and
sediment accumulation under strong winds of different
directions, most important for sediment transport. The
rising segments of the curves indicate bottom erosion
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in the appropriate cross-sections,
and the falling parts imply the
opposite process of sediment
accumulation. The peaks (rep-
resenting both local maximums
and minimums) of the curves
identify changes from the accu-
mulation areas to erosion zones
or vice versa. For instance, with
the wind blowing from the
southwest, sediment accumula-
tion occurs between cross-sec-
tions No. 15 and No. 39 as well
as throughout cross-sections No.
46-53 (sediment transport de-
creases), while erosion is obser-
ved between cross-sections No.
39 and No. 46 as well as be-
yond the cross-section No. 53
(sediment transport increases).
These peaks are considered to
be the best sites for shoreface
nourishment (Mangor, 2001).

Figure 3 also illustrates that
positive transport (sediments be-
ing carried to the North) is ob-
served for the S and SW winds,
while negative transport (sedi-
ments being carried to the South)
occurs with the winds of NW di-
rection. The sediment transport of
the opposite directions occurring
at the same time forms with the
wind blowing from the west. The
biggest quantities of sediment are
carried with the winds of SW
and S directions and the lowest
ones with W winds.

Case study

Based on the modeling results
and taking into account the rec-
reational value of the beach, the
necessity for restoration as well
as considering the economic fe-
asibility of the projects the fol-
lowing nearshore beach nouris-
hment sites should be conside-
red: Melnrage II, Plytiné — Bi-
rutés kalnas, Smiltyné I, Juod-
kranté. These sites are located
3 km and 15 km to the north,
1 km and 22 km to the south
from the Klaipéda Seaport ga-
te, respectively. Further, sedi-
ment transport processes in one
of these sites, Melnragé 11, will
be analyzed in more detail.
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Simulation for the Melnragé II site was performed
on a more refined scale, with a case study area (Fig.
2a) covered by a rectangular grid extending 14 km in
the south-north direction and 5 km in the east-west
direction, with 20 x 20 m square cells for modelling
purposes. Also, the number of wind directions studied
increased from 4 to 9. Boundary conditions were obtai-
ned from the simulation results described in the previo-
us section. Further, the study area was divided into
twelve sections (Fig. 4) by total 12 cross-sections (from
A to L). Each cross-section starts at the shoreline and
extends for approximately 700 m seaward until rea-
ching the depth of 8 m. For all sections the sediment
load (m’/day) in the beach nourishment area was calcu-
lated based on the unit discharge characteristics obtai-
ned during modelling. Sediment loads under strong
winds of various directions for nearshore sections A, E
and L are shown in Fig. 5. Wind directions here are
expressed in degrees, so that the range from 180° to
360° (every 22.5%) corresponds to the winds from the
South to the West and to the North.
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Fig. 6. Cumulative curves of sediment discharge starting at
section A with WSW, SW, SWS, S winds (a) and section L
with NWN, NW, N, WNW, W winds (b) of 20 m/s

6 pav. NeSmeny debito suminés kreivés nuo skerspjivio A
iki skerspjiivio L puciant VPV, PV, PPV bei P krypéiu véjui
(@) ir nuo skerspjiivio L iki skerspjavio A puéiant SSV, SV,
S, VSV bei V kryp&iu 20 m/s véjui (b)

The most intensive sediment transport is observed
with the winds blowing from the SSW and NW, i.e.
9786 and 10186 m*day in section E in absolute valu-
es, while the average for this section is 7778 m3/day.
Figure 5 also demonstrates that in the first section (A)
and the last section (L) of the study area sediment
discharges are similar under the various winds analy-
zed. It means that most of the time the sediments will
not be transported from this potential beach nourishment
area and will be instead redistributed among different
sections in this site. Sediment accumulation, limited
though, occurs only with the winds of W and WSW
directions. Therefore, this site can be efficiently used
as a nearshore beach nourishment area, because once
filled with sediments it will effectively reduce the pro-
pagation of waves thus reducing their impact on the
beach.

For a more in-depth analysis of the area, areas of
erosion and accumulation were determined for winds
of different directions. In order to identify these areas,
cumulative curves of sediment transport were made.
They show the amount of sediments that will be depo-
sited or taken away in the region between the first
section and the section under investigation. Figure 6a
shows the cumulative curves for the winds of S, SSW,
SW and WSW directions with a 20 m/s velocity. The
seabed erosion can be observed between cross-sections
A and E as well as H and 1. Sediment accumulation
occurs between cross-sections E and G as well as I
and L. The most intensive transport can be noticed for
the winds of SW and SWS directions — approximately
1600 m? of sediments per day will be eroded between
cross-sections A and E, while accumulation will reach
1000 m?® of sediments per day between cross-sections E
and G.

Figure 6b shows the cumulative curves for the NWN,
NW, N, WNW, W winds of 20 m/s velocity. The se-
diments here are transported in the opposite direction
(from the north to the south), therefore cross-section L
becomes the first cross-section of the case study site.
Seabed erosion is observed between cross-sections L
and I as well as G and E, while accumulation occurs
between cross-section I and H as well as E and A. The
highest discharges in the whole study area are achieved
with winds of NW and NWN directions and the lowest
ones with the W winds. The latter winds generate the
most intensive accumulation processes, while all other
winds cause redistribution of sediments within a poten-
tial nourishment area.

Analysis of the actual year

In order to estimate the actual bottom deformations du-
ring one year, strong wind statistics was analyzed for
the year 1998, which can be characterized as an ave-
rage year according to the distribution statistics. The
frequency of winds of various directions is provided in
Table 4. The most recurrent were W and SW winds
with the velocity of 20 m/s, and WSW, NW and W
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Table 4. Strong wind statistics for 1998 (data from Lithuanian Hydrometeorological Service under the Ministry of

Environment)

4 lentelé. Duomenys apie stipry véja 1998 m. (parengta pagal Lietuvos hidrometeorologijos tarnybos duomenis)

Wind direction W WSW SW
Wind velocity (m/s) 20 15 20 15
Frequency (%) 23.7 20.9 14.8 9.5

NW W

8.9

NW S W NNW WNW N SSW
20 20 20 20 20 20 20
7.8 56 33 28 1.1 1.0 0.6

winds with the velocity of 15 m/s. Among them, W
and WSW were most common, constituting together
44.6% of strong winds in 1998.

These statistics were used to estimate sediment trans-
port during an average year. The calculations showed
that the cumulative effect of varying winds resulted in
an overall sediment flow directed towards the North.
During the average year, 110,000 m*® of sediments in
the beach nourishment area will be accumulated with
the bottom level fluctuations of +0.01 m/day. Accor-
ding to the cumulative curve derived from data of se-
diment transport through various cross-sections for the
case study area in 1998, seabed ecrosion is observed
between cross-sections A and E, and H and I, while
accumulation occurs between cross-sections E and H as
well as I and L.

Within a year, the number of days with strong wind
can range from 30 to 50, therefore changes in the se-
abed in some areas can reach +0.5 m/year. During ex-
treme years when severe storms hit the Lithuanian ne-
arshore, even more intensive sediment transport and con-
sequently bigger bottom changes will be observed. For
instance, on 4 December 1999, during the hurricane
“Anatol” when the average wind velocity was 17-25
m/s during 17 hours, reaching 38 m/s in gusts, serious
bottom changes occurred and many beaches were com-
pletely washed away.

5. DISCUSSION

Assessment of sediment transport processes in Melnra-
gé 11, after performing a more in-depth simulation, pro-
ves that this site can be efficiently used as a shoreface
nourishment area, because once filled with nourishment
materials (sand) from the Klaipéda Strait as the borrow
site it will effectively reduce wave propagation thus
reducing their impact on the beach. These modelling
results are confirmed by the outcome of the nearshore
nourishment project implemented in Melnrage 11 in 2001,
the first and only such project in Lithuania so far. Ba-
sed on the measurement results, Zilinskas et al. (2003)
concluded that during seven months after the start of
nearshore fill, approximately 61% of dumped sand mo-
ved towards the shore, while the remaining 38% were
retained in the dumping site. The perpendicular (south—
north) transport was only significant in the upper part
of the nearshore where it extended for a few hundred
meters in both directions. Around 67% of the dumped
sand remained within the nourishment area at least du-
ring one year after implementing the project. The study

period was marked by several major storms, some of
similar coastal erosion potential to that of the remar-
kable hurricane “Anatoly” in 1999. These storms, alt-
hough severely damaging many other Lithuanian coas-
tal areas, inflicted almost no harm on Melnragé 11, which
was nevertheless strongly damaged by “Anatoly”, con-
firming once more the importance of properly designed
nourishment programs for coastal protection.

Concluding, we would like to indicate once more
that the current study aims to demonstrate the impor-
tance of the nourishment project assessment prior to its
actual implementation and to provide an example of
methodology for such an assessment, which demonstra-
tes the importance of climatic data and possibilities of
modelling. At the same time, we acknowledge that the
nourishments projects are only part of the long-term
strategical tasks for preservation of Lithuanian beaches
(Grigelis, Gelumbauskaite, 2004).

6. CONCLUSIONS

Analysis of long-term meteorological observations at
Klaipéda showed the prevailing wind directions and ve-
locities, which determine conditions of beach and ne-
arshore formation, namely strong winds blowing from
the south, southwest, west and northwest. This conclu-
sion proves to be particularly important when contras-
ted with the average wind distribution statistics, which
show only an 8% difference between the least and the
most prevailing winds with those of southeast and west
slightly dominating. These results formed the basis for
modelling the sediment transport in the Lithuanian ne-
arshore of the Baltic Sea, allowing to reduce the num-
ber of simulation runs as well as to focus on the winds
that are important for local shoreface nourishment pro-
jects, which can be made more efficient if tailored ta-
king into account the region of specific wind patterns.

Examination of the modelling results enabled us to
identify the best nearshore sites for releasing the nou-
rishment materials in order to successfully protect, res-
tore or improve Lithuanian beaches. The sites where
sediment discharge reaches its local extreme values are
regarded as such areas, i.e. after reaching the minimum
level the discharge starts increasing (entry into the ero-
sion area) or after reaching the maximum begins dec-
lining (entry into the accumulation area). However, un-
der different winds, the locations of potential nourish-
ment sites do not necessarily coincide. Out of total 7
sites with the highest congruence rate, after estimating
the recreational value of the beach, the necessity for its
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restoration and considering the economic feasibility of a
potential project, the following final four shoreface nou-
rishment sites were deemed to have priority: Melnragé
II, Plytiné — Birutés kalnas, Smiltyné I, Juodkranté.
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SMELIO ISPYLIMO VIETU POVANDENINIAME
JUROS SLAITE MODELIAVIMAS BALTILJOS JUROS
LIETUVOS PRIEKRANTEJE

Santrauka

Baltijos jiros paplidimiy biiklés pagerinimas tampa aktualia
problema. Vienas jos sprendimo biidy yra priekrantés neSme-
ny srauto papildymas iSpilant sméli povandeniniame juros §lai-
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te. Siekiant nustatyti smélio i§pylimo vieta, buvo iSanalizuota
neSmeny pernasa esant {vairioms hidrometeorologinéms saly-
goms. Pagrindiniai tyrimy aspektai yra Sie: 1) istirtos Klaipé-
dos pajirio daugiametés meteorologinés salygos, nusakancios
Stormy trukme ir véjo greiti, jo pasikartojimo dazni, 2) sumo-
deliuoti bangavimo ir hidrodinaminiai rezimai bei smélio per-
nasos procesai Baltijos priekrantéje puciant {vairios krypties ir
stiprumo véjui, 3) tinkamiausiy smélio iSpylimo viety povan-
deniniame jtiros slaite nustatymo metodika, ivertinant akumu-
liacijos ir erozijos procesus Baltijos priekrantéje. Litodinaminiy
procesy modeliavimui buvo panaudota Danijos hidraulikos ins-
tituto dvieju dimensijy skaitmeniniy modeliy sistema MIKE 21:
hidrodinaminis modelis, bangy modelis ir smélio pernasos mo-
delis. Modeliuojant nustatyta tékmés kryptys ir greitis, neSmeny
debitai, dugno erozijos Zidiniai bei smélio akumuliacijos vietos.
Ivertinus jiiros paplidimiy smélio papildymo biitinumg bei mo-
deliavimo rezultatus, pasitilytos konkrec¢ios smélio i§pylimo vie-
tos.

TTATEOEE TTAATATTAT NEETTA

TANETT TA EEOTANET T TTAAPAZEUA
AAEOEENETAT TT1BR
Peszome

B mocnmenHue roOABl  YXYAIIMIOCH COCTOSIHHE TUISKEH

nobepexps bantuiickoro mopst Ha TeppuTopuu JINTBEL
BoccranoBnenne mispkeit crano akTyaiapHOH IpobieMoi,

OJIHUM M3 CIOCOOOB  pelIeHUs KOTOpO#l  sBisieTcs

JOIOJTHUTEIbHASA UCKYCCTBCHHAA MOAIMNTKA TUTSIKEH TTIECKOM
C IOMOIIBIO €ro OTCHIIKM B 30HE MOJABOJHOTO CKIOHA
Oepera mops.

s ompeneneHus
OTCBINKU TECKa AHAM3UPYIOTCS ITPOIIECCHI

Haubojee TMOIXOASIIUX MECT
nepeHoca
HAHOCOB NpPU PA3ZJIUYHBIX MCTCOPOJIOTHYECKUX YCIIOBHUIX.
UccnenoBanue NpoBOAUIOCh B CIEIYIOIIEM IOPSIKE:

1. IIpoBeneH aHamU3 METEOPOJIOTUUECKUX YCIOBUM 3a
MHOTOJIETHUH nepuon, 10 KOTOPBIM YCTaHOBJICHBI
XapaKTCPUCTUKN IMOBTOPAEMOCTU U MPOMOJIKUTEIIBHOCTHU
IITOPMOB, CKOPOCTE U HaNpaBJIeHUN BeTpa (MO JaHHBIM
Knaiinenckoir MeTeoposIorn4eckoil CTaHIMNM).

MPOLIECCHI

TUIPOJMHAMUYECKHI PEXUM, a TAKXKe IPOLECCH IepeHoca

2. CmopenupoBaHbI BOJIHEHUSI U

rnecka B NpuOpexHodl 30He JIUTBBI NHpH pPa3IMUHBIX
CKOPOCTSIX M HaIIpaBJIEHUSX BETpa.

3. VYcraHoBieHsl Hauboiee IMOAXOIALIME MeCcTa
BBICBIIIKM IIECKa C yYeTOM IIPOIIECCOB NMEpPeHOCa HAHOCOB
npubpexHoi 30HbI banTuiickoro mMops.

Jns MoaenupoBaHUsl JIMTOIMHAMUYECKHX IIPOIIECCOB
OblIa IpUMEHEHA CHCTEMa JBYMEPHBIX UMCIEHHBIX MOJENEH
MIKE-21 (Hatckuii

TUAPpOANHAMUYCCKAsd MOAEC/Ib, MOAEC/Ib BOJIHCHHUA U MOICIIb

TUIPABINYECKUH  MHCTUTYT):
nepeHoca Iecka. B mpolecce MomenupoBaHHs IepeHoca
HaHOCOB OIPENEISIOTCS HAIPABIEHUE TEUEHUS M PACXOMbI
HAaHOCOB, a TakXxe o0JlacTu JOHHOIO Da3MblBa U
AKKyMyJIsiLMs TecKa MpU BeTpax pasiIMuHbIX pym6oB. Ha
npolecca

NepeMelleHnsT HAaHOCOB BAOJb banrtuiickoro mobepexsbs

OCHOBE Pe3yabTATOB MOJEIUPOBAHUS
JIUTBBI U 3aTeM OILEHKH HEOOXOAMMOCTU PEKYJIbTUBALIMI
IUISDKENH TPEJIOKEHbl KOHKPETHBIE MECTa [JIsl BBICBHIIIKU

necka BOmu3u Kialinensr (MenHpare).



