JOURNAL OF ENVIRONMENTAL ENGINEERING
AND LANDSCAPE MANAGEMENT

2010
18(2): 92-101

POSSIBILITIES OF REGENERATION OF PALANGA COASTAL ZONE

Gintautas Zilinskas', Donatas Pupienis?, Darius Jarmalavi¢ius®

Dept of Geoenvironmental Research, Institute of Geology and Geography,
Sevcenkos g. 13, LT-03223 Vilnius, Lithuania
E-mail: “zilinskas@geo.lt ; “donatas.pupienis@gf.vu.lt; }jarmalavicius@geo.lt

Submitted 4 March 2009; accepted 7 July 2009

Abstract. An intensive abrasion of the coast of the most popular Lithuanian Palanga health-resort necessitates considera-
tion of the most effective ways of its stabilization. Based on the data of field investigations and literary sources, the possi-
bilities of Palanga coastal zone regeneration using the sand dredged from the entrance channel of Klaipéda port are
considered. Based on the current geodynamic trends of Palanga coastal zone and results obtained by comparative analysis
of granulometric composition of sediments dredged from the entrance channel of Klaipéda Port, the optimal possibilities
of using the dredged sand for coast regeneration were determined. It was established that formation of underwater sandbar
(analogue of natural bar) in the surf zone of coastal sector between the Palanga Pier and Biruté Mount at a depth of 3 m
would be the best solution for coast regeneration under the current conditions.

Keywords: replenishment of sediments in the coastal zone, artificial sandbar, granulometric compaosition of sediments.

1. Introduction

Lithuania has a short (only 90.6 km long) stretch of Bal-
tic Sea coast. Marked deterioration of the state of marine
coast is a matter of great concern not only for researchers
but also for the Government, press and public. The space
of recreation zones shrinks as a result of coastal erosion
endangering the hydrotechnical constructions and other
industrial objects and their infrastructure.

Coastal erosion noticeably intensified at the end of
the 20th—the beginning of the 21st century. In the last 30
years (1978-2008), the rates of erosion of the Lithuanian
coast have increased more than 10-fold in comparison
with the previous 30 years (1948-1978). Unfortunately,
the highest rates of erosion are observed near the Palanga
pier which is the most attractive recreational zone of the
popular Palanga resort (Zilinskas 2008).

Along with other measures of coastal protection de-
signed for stabilization of the coast, the Lithuanian Baltic
Sea coastal management programs (Lietuvos Baltijos ...
2003; 2007; Pajurio juostos ... 2005) provide for replen-
ishment of the nearshore with transported sand from other
sources.

The first attempts of beach restoration (using the
sediment dredged from the Klaipéda entrance channel)
carried out in Lithuania in 2001 and 2005 in the sector
Melnragé 11-Giruliai produced a positive effect on the
coast: mitigated the destructive impact of long-lasting
winter (2001-2002) storms and sustained the raging hur-
ricane “Ervin” and strong winter storms of 2006—2007.
Moreover, the undertaken actions stopped the dominant
erosion processes in the mentioned sector and in 2003
even sand accumulation processes (somewhere up to
1.5 m® per year) set in (Zilinskas et al. 2003).

During storms, marine sediments overflow the
Klaipéda port entrance channel and its “pockets”. About
120 000-160 000 m* of marine sand have accumulated in
these areas and has to be removed to maintain a safe ex-
ploitation depth. It is suggested to use this sand for resto-
ration of the recreational nearshore sector between the
Palanga pier and Biruté Mount. For this purpose it is first
of all necessary to choose the optimal place and depth for
sand dumping, to determine the technical parameters of
the artificial sandbar (analogue of the natural sandbar)
and to assess the compatibility of sand to be used for
coast restoration taking into consideration the require-
ments for coast and environment protection. Solution of
these tasks is the aim of the present article.

2. Methods

The investigation was carried out in a 6 km long shore
sector of Palanga recreation zone where 13 key profiles
were selected. A repeated levelling of the profiles was
performed using an electronic tachometer. It must be
pointed out that in 9 profiles (1-4, 6, 7, and 11-13), the
annual observations of the shore status have been carried
out since 1993 and in the remaining three (5, 8 and 9)
since 1999 (Fig. 1).

The status of the nearshore has been evaluated based
on the data stored in the archive of the Branch of Coastal
Research and Management, Department of Marine Re-
search of the Lithuanian Institute of Geology and Geogra-
phy, and on the data contained in the Coastal Atlas of the
Baltic Sea (Baltijos juros ... 2004) and reports of math-
ematic modelling of the impacts of Palanga groyne Atsta-
tomos ... 2004), studies of the possibilities of sand use
(Smelio panaudojimo ... 2006a, b) and Environmental
Impact Evaluation program.
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Fig. 1. Scheme of the study area: 1 — measuring profiles,
2 — site of sand replenishment in 2006, 3 — site of sand replen-
ishment in 2008

The authors also used the data of depth at the
Palanga pier measured by the Hydrographic Survey of
Safe Navigation Administration of Lithuania.

For compositional analysis of coastal sediments,
sediment samples were taken from three shore profiles (7,
10 and 12) and from one nearshore profile (10) at depths
of 1, 2, 3 and 5 m (Fig. 1). The evaluation of the compo-
sition of the nearshore sediments also was based on the
data contained in the Baltic Sea Coastal Atlas (Baltijos
juros 2004). Sand samples were mechanically
screened using a shaker. A set of 11 sieves was used for
distinguishing the following fractions: >1.6; 1.6-1.0; 1.0—
0.63; 0.63-0.4; 0.4-315; 0.315-0.2; 0.2-0.16; 0.16-0.1;
0.1-0.063; 0.063-0.05; <0.05 mm. Yet the world practice
of similar investigations has shown that it is insufficient
to base merely on comparison of sand fractions, granu-
lometric composition and coefficients (average, median
diameter and sorting) (what has been a common practice
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in Lithuania) because there is no ideal compatibility of
the sand from other sources with the sand in the replen-
ishment area. For this reason, other indices were used as
well: James’ criteria (Ra and Rj) which allow a more
precise compatibility evaluation of the sand designed for
shore restoration (James 1975). In the present work, the
James’ criteria R, and Ry have been calculated following
the R. G. Dean’s modification given in the “Shore protec-
tion instructions” (Shore protection ... 1984).

The universal practice of similar theoretical and
practical works has been taken into consideration (Komar
1983; Vellinga 1983; Birkemeier 1985; Sallenger et al.
1985; Shore protection ... 1984; Manual on artificial ...
1987; Graaff et al. 1991; Swart 1991; Tjalle Haan 1992;
Mierzynski 1989; Committee on beach ... 1995; Pruszak
2003, Ecun u ap. 1987; Benomankos, ®enpaman 1987,
3enxouu 1987; Jlamenkos 1987; Kwmanc 1987;
Xomurkuit u ap. 1987 and others).

Yet the attention of the present work has been fo-
cused on the: shore status and its specific local features in
the studied sector, empirical dependences between the
morphological indices of the Lithuanian marine coast and
losses of shore sediments during hurricanes (Jar-
malavigius, Zilinskas 1997, 2001), empirical dependences
between the morphometric parameters of the underwater
shore slope (Zilinskas, Jarmalavicius 2007), sand differ-
entiation patterns in the Lithuanian coastal zone (Jar-
malavi¢ius, Zilinskas 2006), and the experience and
knowledge accumulated by the Branch of Coastal Re-
search and Management (Vietos ... 2000, 2001; Zilinskas
et al. 2003; Senkaimio jlankos ... 1991-1993).

The authors have taken into consideration the envi-
ronmental requirements given in the Environmental Im-
pact Evaluation report (Smélio panaudojimo ... 2006b),
letter No V3-10.7.-1556 issued by the State Service for
Protected Areas (Lithuanian Ministry of Environment)
and letter No (9.14.2)VV4-4678 issued by the Klaipéda
Department of Environment Protection (Lithuanian Min-
istry of Environment).

3. Results

Shore status assessment. Different aspects of the present
status of Palanga recreational zone have been described
in a number of publications: (Zilinskas, Jarmalavi¢ius
1996, 1997, 2003; Jarmalavigius, Zilinskas 1996, 1997,
2001, 2002; Zilinskas et al. 1994; 2000, 2001, 2005,
2008; Zilinskas 2005, 2008; Dubra 2006). The present
article contains the evaluation of the status only of the
regenerated shore sector (Palanga pier-Biruté Mount).

The studied shore sector (about 1680 m long) is
most problematic in terms of coastal protection in the
Lithuanian coastal area. The western slope of the beach
foredune ridge (altitude 4-6 m) is intensively eroded by
waves and run-up. The crest is dissected by blowouts and
multiple deflation forms. The eastern slope of the ridge
has the greatest number of deflation forms: hollows, de-
pressions, large open sand areas. They are separated by
sand hillocks overgrown with willows. The slopes of
hillocks also are eroded. Especially large blowout areas
are situated south of the Darius and Girénas Street.
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The intensity of shore abrasion on the southern side
of the pier (profile 7) before the restoration works had
reached 8 m*/m year, at the Kestutis Street (profile 9)
12.3 m%m, in the middle of the bay (profile 10) even
13.5 m*/m (Fig. 2), and at the cape of Biruté Mount (pro-
file 12) 0.5m*m. The beach was narrow (during the
season of storms it reached only 12-20 m and in summer
time 15-35m) and low (somewhere less than 1 m in
height). Even medium waves would flood it and surge
and run-up would intensively erode the artificial beach
foredune ridge.

In the spring of 2006, the beach in the northern part
of the studied sector (Fig. 1) was restored through replen-
ishment with 40 000 m® of sand transported from the
KunigiSkiai quarry. In two years, the replaced sand re-
duced to 8000 m* or 20% of the initial amount (Fig. 3)
(Zilinskas et al. 2008). In the spring of 2008, the beaches
of the central and southern parts of the studied area
(Fig. 1) were again replenished with 111 000 m® of sand
dredged in the nearshore of Preila—Juodkranté polygon.
The levelling performed in November, 2008, showed that
in half a year about 30% (about 40 000 m®) of replaced
sand had been lost (Fig. 4). The beach nourishment with
sediments performed in 2006 and 2008 though for short
protected the beach, the foredune ridge in particular, from
erosion yet did not change the long-term pattern of coast
erosion in the studied sector.

Assessment of the status of the nearshore. The
nearshore of the sector under consideration is predomi-
nated by glacial sediments of the next-to-last glaciation
and is in many places covered by gravel, pebble and
boulder layers. The bottom relief of the nearshore is
complex, strongly dissected by 2-3 m high ridges and
1-2 m deep depressions (Fig. 5). The morainic sediments
approach the shore till the 3-4 m isobath at the Palanga
pier, 1 m isobath at the Birut¢ Mount and 6-6.5 m iso-
baths in the middle of the bay between the Palanga pier
and Biruté Mount.

Fine-grained sands are dominant among the morai-
nic sediments. The thickness of their layer usually does
not reach 2 m. The sand-covered sector of the nearshore
south of the pier has been narrowing every year: in the
autumn of 1999, it was about 300 m wide whereas in
2002-2005 its width was only 220-240 m. The layer of
loose sediments in the nearshore slope approximately
100 m from the shore-line is 0.8-1.3 m thick Its thickness
at a distance of 200-300 m from the shore is only 20—
40 cm (Smélio panaudojimo ... 2006b).

Fine-grained sands are dominant among the morainic
sediments. The thickness of their layer usually does not
reach 2 m. The sand-covered sector of the nearshore south
of the pier has been narrowing every year: in the autumn of
1999, it was about 300 m wide whereas in 2002—2005 its
width was only 220-240 m. The layer of loose sediments
in the nearshore slope approximately 100 m from the
shore-line is 0.8-1.3 m thick. Its thickness at a distance of
200-300 m from the shore is only 20-40cm (Smélio
panaudojimo ... 2006b).

Thus the nearshore of the sector under consideration
is distinguished for especially small sand resources (reduc-

ing every year). They are insufficient even for generation
of the nearshore sandbar. For this reason, the above de-
scribed sand replacement in the beach produced only a
short-lasting protective effect. In order to stabilize the
shore it is first of all necessary to replenish the nearshore
sand resources.

—
(=]

= M W B o B o~ @ W

e L.m
0 10 20 30 40 50 60 7O 80 90 100

(]

Fig. 2. Coastal transformations (profile 10) at the Darius and
Girénas Street in 1993-2005. The location of the profile is
shown in Fig. 1
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Fig. 3. Coastal transformations (profile 10) at the Darius and
Girénas Street in 2005-2008: 2005 — coastal profile before the
beach regeneration, 2006 — coastal profile after the regeneration,
2008 — coastal profile two years after the regeneration. The
location of the profile is shown in Fig. 1
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Fig. 4. Coastal transformations (profile 11) south of the Darius
and Girénas Street in 04 2008-11 2008: 04 2008 — coastal pro-
file before the beach regeneration, 05 2008 — coastal profile
after the regeneration, 11 2008 — coastal profile 6 months after
the regeneration. The location of the profile is shown in Fig. 1
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Fig. 5. Nearshore bathymetry of the investigation area:
1 — nearshore profile (is shown in Fig. 6), 2 — isobath, 3 —
Palanga pier, 4 — groyne. The bathymetry was made according
Lighthouse and Hydrography Service 2007 data

A comparative analysis of the sediments in the
Palanga coastal zone and Klaipéda entrance channel.
Sand compatibility assessment must be based on com-
patibility of granulometric composition of sand from
other sources with the local sand in the restored sector.
Already the preliminary data (Table 1 and 2) show that
that the granulometric composition of the sand designed
for replacement is rather comparable with the granu-
lometric composition of the “native” sand (except sam-
ples 7-9 predominated by finer sand fractions): fine-
grained well sorted sands are dominant.

It should be noted that bottom sediment samples col-
lected from the entrance channel of Klaipéda port repre-
sent different dredging polygons, i.e. they show the
polygons with compatible and incompatible sand. Based
on the recommendations proved reasonable by world
practice (since the beginning of the seventies) (Shore ...
1984 and others), sand compatibility has been assessed
using James’ criteria Ra and R;. The sand is compatible
for regeneration when R, of the sand from other source
and the local sand is between 1.00 and 1.05 and R; about
0.2. The calculated values of the mentioned factors are
given in Table 3. The results given in tables 1-3 lead to a
conclusion that the granulometric composition of the sand
dredged from the entrance channel of the port is suitable
for restoration of the Palanga nearshore. The sand from
polygons 7-9 makes an exception. It does not meet the
compatibility requirements for granulometric composi-
tion. It seems likely that after dumping in the nearshore it
would be washed away to deeper sea areas. Moreover,
this sand is heavily contaminated with oil products and
heavy metals what makes it unsuitable for shore restora-
tion (Sunkiyjy metaly ... 2007).

Table 1. Granulometric composition (%) of bottom sediments in the entrance channel to the Klaipeda Port

Fraction
No. d, mm Mo Go
>1 1-0.5 0.5-0.25 0.25-0.1 0.1-0.063 <0.063
1 0.61 2.90 10.61 77.14 7.92 0.82 0.21 2.87 0.91
2 1.37 1.96 6.57 82.62 6.66 0.82 0.20 2.88 0.87
3 0.47 0.76 5.82 87.84 4.42 0.69 0.19 2.91 0.85
4 0.30 4.77 35.12 57.64 1.58 0.59 0.27 2.71 1.05
5 0.20 0.36 14.98 81.12 2.42 0.92 0.21 2.86 0.89
6 0.28 0.57 10.53 81.70 473 2.19 0.19 2.89 0.87
7 — 0.30 9.30 18.85 29.40 42.15 0.12 3.24 0.79
8 0.10 2.40 15.84 31.71 20.30 29.65 0.17 2.98 0.97
9 - 0.20 8.40 11.67 31.50 48.23 0.11 3.34 0.73

No — number of sample taken from the entrance channel; d — mean diameter of sand grains; Mq — median diameter of sand
grains at phi scale; o4 — sorting coefficient at phi scale

Table 2. Granulometric composition (%) of sediments of coastal zone in the sector under consideration

Fractions
Sample No. | Depth, m d, mm Mo Co
>1 1-0.5 0.5-0.25 0.25-0.1| 0.1-0.063 | <0.063
1 1.0 — 4.24 3.58 77.57 14.49 0.12 0.19 2.92 0.86
2 2.0 - 3.69 3.87 58.50 33.01 0.93 0.17 2.99 0.84
3 3.0 - 3.14 4.35 48.85 41.75 1.91 0.16 3.04 0.82
4 5.0 - 1.16 2.92 88.58 7.26 0.08 0.18 2.93 0.84
5 Pv. - 0.11 13.78 85.09 1.02 0.00 0.20 2.87 0.87

Pv — the middle of the beach
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Table 3. Evaluation of suitability factors (Ra and R;) of granulometric composition of the sand in the entrance channel to the

Klaipéda Port for different coastal sectors of Palanga

Sample Depth 5.0 m Depth 3.0 m Depth 2.0 m Depth 0.8 m Pv.
No Ra R; Ra R; Ra R; Ra R; Ra R;
1 1.02 0.4 1.00 0.2 1.02 0.3 1.02 0.3 1.05 0.3
2 1.02 0.2 1.01 0.2 1.01 0.2 1.01 0.2 1.05 0.3
3 1.02 0.3 1.01 0.3 1.02 0.3 1.05 0.3 1.15 0.4
4 1.05 0.2 1.02 0.2 1.05 0.2 1.04 0.3 1.05 0.3
5 1.02 0.3 1.00 0.2 1.01 0.3 1.02 0.3 1.03 0.3
6 1.02 0.3 1.00 0.2 1.00 0.2 1.02 0.3 1.10 0.3
7 1.75 0.5 1.40 0.5 1.75 0.5 2.00 0.6 2.25 0.6
8 1.13 0.3 1.10 0.2 1.10 0.3 1.15 0.3 1.20 0.3
9 2.5 0.5 2.25 0.6 2.50 0.8 3.00 0.8 3.50 0.8

Pv. — the middle of the beach

A detailed analysis of sand samples 1-6 has shown
that the nearshore depth zone of 2-3 m is a place with
ideal conditions for its dumping. The compatibility fac-
tors of the sand from the entrance channel and the local
sand are the best ones (Ra in most cases ranges from 1.00
and 1.01 what is an ideal case). In the adjacent areas
(closer to and farther from the shore), the conditions for
sand dumping also are good. A comparison of the sand
from the entrance channel with the shore sand has shown
that it is compatible for the restoration of the nearshore
rather than of the beach.

Determining technical parameters of the artificial
sandbar. Selection of the dumping site depends on the
intended form of relief to be generated. According to the
collected material and results of calculations made taking
into consideration the specific local conditions of the
Palanga nearshore, the base of the underwater artificial
sand sandbar should be about 120-140 m and its crest
40-60 m in width and the depth between the crest and the
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average long-term water level should be 1.5 m. Depend-
ing on the dumping depth, the altitude of the sandbar
could be 1.5 m (at a depth of 3 m), 2.5 m (at a depth of
4 m) and 3.5 m (at a depth of 5 m) (Fig. 6). Thus the mor-
phological body of this size would not only bear the fea-
tures of the natural analogue of the sandbar typical of the
Lithuanian nearshore (Zilinskas, Jarmalavicius 2007) but
also would play the function of a breakwater. According
to McCowen criterion showing the wave breaking depth
(h/H where h is wave height and H depth), the breaking
height of waves above the crest of the artificial sandbar
would be 1.17-1.20 and more. Namely the setup (n =
0.30 hs) and surge of the waves of significant height (hs)
inundate the shore and erode the dune ridge. It should be
pointed out that the parameters of the intended sandbar-
breakwater could be more optimal but this requires larger
amounts of sand from other sources (the currently
planned amount of sand is only 120 000-160 000 m?).

800 600 400 200 0 L.m

7/ 0H.m

2
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8

Fig. 6. Dependence of the altitude of the artificial sandbar on the chosen depth of dumping: A — the present
coastal profile, B — depth 3 m, C — depth 4 m, D — depth 5 m. The location of the profile is shown in Fig. 5
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Conditions limiting the localization of the dump-
ing site. In order to stabilize the chosen shore sector it is
first of all necessary to straighten the shore-line in the
large-radius bay between the head of the groyne at the
Palanga pier and cape of Biruté Mount. The requirements
for territorial preservation and use had to be taken into
consideration selecting the dumping site because the stud-
ied sector is included in the talasological reserve of the
Baltic Sea and the nearshore territory (NATURA 2000)
important for preservation of birds’ habitats (1170 reefs)
and spawning grounds of fish. The mentioned territories
in the studied sector actually coincide with the spread
areas of till outcrops which are covered by boulders,
gravel and pebble (Oleninas et al. 1996; Smélio ...
2006b). In the light of the above mentioned limiting fac-
tors, the fact that till outcrops in the restored shore sector
are situated farther from the shore (at 5-6.5 m isobaths)
can be taken as a very favourable circumstance. More-
over, morainic ridges (the altitude ranges from 1 to
2.5 m) extend along the whole restored nearshore sector
in front of the outcrops serving as a possible natural ob-
stacle to the dumped sand in case it started to move to
deeper areas dislodged by waves and currents. Their
presence in the suggested nourishment sector eliminates
the possible adverse effect of restoration of the talaso-
logical reserve: its biological diversity, habitats and
spawning grounds.

On the other hand, sand dumping behind the 5m
isobath, i.e. in the zone of morainic outcrops, would not
produce any protective effect on the shore because the
sand would remain “buried” among the morainic ridges.
In the case under consideration, the interests of coast
protection and environment preservation coincide!

Analysis of the differences of alternative technical
parameters (amount of dumped sand 120 000 m® or
160 000 m® and dumping depth 3m, 4 m or 5 m) shows
that they are important in deciding about the length of the
designed sandbar-breakwater (Table 4).

Table 4. Dependence of the length of projected sandbar on the
alternatives of the amount of dumped sediment and
dumping depth

Alternatives Sandbar length, m
Al2 (A16) 800 (1060)
B12 (B16) 500 (660)
C12 (C16) 315 (420)

The data given in the table clearly show that the arti-
ficial sandbar-breakwater formed at a greater depth would
be considerably shorter than at smaller depths.

Based on the calculation data, alternatives of sedi-
ment dumping sites have been modelled for the actual
conditions of Palanga nearshore. The modelling results
are demonstrated in Fig. 7.

Analysis of sediment replenishment alternatives
in the nearshore. The alternatives of sediment replen-
ishment have been analysed taking into account the spe-
cific character of the nearshore, project amounts of

dredged sediment and coast protection and environment
preservation requirements:
Alternative 0:
— the nearshore sediments are not replenished.
Alternative 1:
— the nearshore sediments are replenished with
120 000 m® of sand at a depth of 3 m (A12),
— the nearshore sediments are replenished with
160 000 m® of sand at a depth of 3 m (A16).
Alternative 2:
— the nearshore sediments are replenished with
120 000 m® of sand at a depth of 4 m (B12),
— the nearshore sediments are replenished with
160 000 m® of sand at a depth of 4 m (B16).
Alternative 3:
— the nearshore sediments are replenished with
120 000 m® of sand at a depth of 5 m (C12),
— the nearshore sediments are replenished with
120 000 m® of sand at a depth of 5 m (C16).

Alternative 0:
Advantages:

— no additional impact on the natural environment
(habitats, fish, birds, etc.)

—no need of additional money for sand transporta-
tion to the chosen shore sector.

Disadvantages:

— the supplies of loose sediments will reduce not
only in the sector under consideration but also in
the adjacent shore sectors,

— the shore-line will retreat into the continent and
dune ridge will be intensively eroded,

—the remnant sand dumped in 2006 and 2008 will
be intensively washed out from the shore,

— the beach will narrow and the recreational space
will shrink,

— the probability of damaging the proximal part of
the Palanga pier will increase,

— the annual expenditures for restoration of recrea-
tional infrastructure (stairs, paths, etc.) ravaged by
stronger autumn-winter storms will increase,

— in the course of time, the objects of Palanga infra-
structure (e.g. pier, Meilé Alley, etc.) and urban
objects (e.g. café “Voveraité vardu Salvadoras”)
will be endangered.

Alternative 1:
Advantages:

— protects the longest shore sector (A12 — 800 m,
Al16 - 1060 m),

— granulometric composition of sediments designed
for replacement ideally coincides the composition
of the local nearshore sediments (Ry= 1.00 —
1.02),

— high temporal stability of the artificial sandbar-
breakwater is expected (R; = 0.2 - 0.3),

— the impact on the animate nature is minimized

Disadvantages:

— the small depth encumbers the navigation of

loaded barges more than in alternatives B and C.
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Fig. 7. Alternatives (A12, A16, B12, B16, C12, and C16) of modelled artificial sandbar in the surf zone of
the sector under consideration

Alternative 2:
Advantages:

— protects a rather long shore sector (B12 — 500 m,
B16 — 660 m),

— granulometric composition of sediments designed
for replacement is in good correlation with the
composition of the local nearshore sediments (Ra=
1.02),

— sufficiently good temporal stability of the artifi-
cial sandbar-breakwater is expected (R; = 0.4),

— minimal impact on the animate nature,

— the navigation of loaded barges is easier than in
alternatives A.

Disadvantages:

— the protected shore sector is shorter than in alter-
natives A,

— the navigation of loaded barges is more difficult
than in alternatives C.

Alternative 3:
Advantages:

— though the protected shore sector is short (C12 -
315m, C16 — 420 m), replacement of lost sedi-
ments in it is better than no replenishment at all
(alternative 0),

— granulometric composition of sediments designed
for replacement is in a rather good correlation with
the composition of the local nearshore sediments
(Ra= 1.02-1.05) though worse than in alternatives
A and B,

— satisfactory temporal stability of the artificial
sandbar-breakwater is expected (R; = 0.4),

— navigation of the loaded barges is easier than in
alternatives A and B.

Disadvantages:

— the protected shore sector is considerably shorter
than in alternatives A and B,

— the impact on the animate nature probably will be
stronger than in alternatives A and B,

— the expected temporal stability of the artificial
sandbar-breakwater is only satisfactory (R; = 0.4),
i.e. worse than in alternative A and B.

The performed analysis has shown that from the
point of view of coast and environment protection alter-
natives A and B are most acceptable. Alternative C could
be applied only in supreme cases whereas alternative 0 is
unacceptable.
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4. Conclusion

The nearshore of the shore sector between the Palanga
pier and Biruté Mount is distinguished for an especially
high deficiency of sediments. This is why shore restora-
tion by replacement of lost sediments carried out in 2006
and 2008 produced only a short-lasting coast protection
effect. In order to stabilize the shore in the mentioned
sector it is first of all necessary to replenish its sediment
supplies.

Analysis of granulometric composition of the sand
in the port entrance channel and its compatibility assess-
ment for restoration of the Palanga recreation zone based
on James’ criteria showed that the sand dredged from
polygons 1-6 is most compatible for restoration of the
nearshore rather than the shore. The sands from the chan-
nel are in best correlation with the nearshore sands at a
depth of 2-3 m.

Evaluation of possible shore restoration alternatives
taking into account the properties of sands in the Palanga
nearshore and port channel, specific features of the shore
sector under consideration and requirements for coast and
environment protection and seeking to achieve the maxi-
mal protective effect it is recommended to use the clean
sand dredged from the port entrance channel for restora-
tion of the nearshore sector of Palanga recreation zone
between the Palanga pier and Biruté Mount dumping it at
a depth of 3 m. An artificial sandbar-breakwater parallel
to the shore should be formed. Its size parameters should
be: width of the base 120 m, width of the crest 60 m and
height 1.5 m. Its crest would be below the average long-
term sea level at a depth of 1.5 m.
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PALANGOS KRANTO ZONOS REKULTIVAVIMO GALIMYBIU TYRIMAI
G. Zilinskas, D. Pupienis, D. Jarmalaviéius
Santrauka

Intensyvi populiariausio Lietuvoje Palangos kurorto jiaros kranto arda vercia ieSkoti efektyviy kranto stabilizavimo me-
tody. Pastaruoju metu (2003-2008 m.) atlikti apsauginio papladimio kopagubrio tvirtinimo bei papladimio sanaSy atsargy
papildymo Palangos rekreacinéje zonoje darbai lemeé tik trumpalaiki kranto apsaugos efekta. Straipsnyje, remiantis nata-
riniy tyrimy bei literataros duomenimis, jvertintos smélio, iSkasamo i$ Klaipédos iplaukos kanalo, naudojimo Palangos
kranto zonai regeneruoti galimybés. Atsizvelgus i dabartines Palangos kranto zonos geodinamines tendencijas bei atlikus
Sio ruozo ir iSkasamo i$ Klaipédos uosto jplaukos kanalo biriy sanaSy sudéties lyginamaja analize, nustatytos optimalios
iSkasamo smélio panaudojimo kranto zonai regeneruoti galimybeés. Esant dabartinei situacijai efektyviausias kranto zonos
regeneravimo budas — povandeninio volo (gamtinio sékliaus analogo) 3 m gylyje kranto ruoZo tarp Palangos tilto ir Bi-
rutés kalno goZos zonoje formavimas.

Reik3miniai ZodZiai: kranto zonos sanady papildymas, dirbtinis séklius, sanaSy granuliometrin¢ sudétis.

UCCJEJIOBAHUE BO3MOKHOCTEMN PEKYJIbTUBALIMA BEPETOBOM 30HBI TAJIAHT U
I'. ’Kuaunckac, /1. Ilynennc, /I. fApmanasuyroc
Peswome

WHTEeHCHBHBIA pa3MBIB MOPCKOTO Oepera B PEKpEallMOHHOW 30HE CaMoro MOmyJsipHOro Kypoprta Jluteel — [lamanre
BBIHYKZaeT McKaTh d()(EKTHBHBIC CIOCOOBI ero crabuin3anuu. BeimonHeHHble 32 nociexHee Bpemst (2003-2008 rr.)
paboTHI 10 YKPEIUICHUIO JIOHHOTO Bajla U MOIBITKA IOIOJIHATH IUISDK HaHOCaMH B OeperoBoii 3oHe T. [lananrn mamu nmums
KpaTKOBpeMEHHBIH OeperosamurHelii 3¢ ¢gexkr. Ha ocHOBe HATYpHBIX NaHHBIX B CTaThe OLIGHEHBI BO3MOXKHOCTH
WCIIOJIb30BaHMs IJIsl pereHepanun OeperoBoil 3oHbI [lanaHru mecka, BBIKAIbIBAEMOrO U3 ITOJBXOIHOIO KaHajia IMOpTa
Knaiinenpl. YuutsiBas MogydeHHbIE PE3yJIbTaThl HCCIEAOBAaHUN COBPEMEHHbBIX I€OAMHAMUYECKUX TeHACHIMN OeperoBoit
30HbI T. Ilamanru, cocTaB HaHOCOB MOABXOMHOTO KaHana mopra r. Kimadnensl M nm3y4yaeMoro ydacTka, yCTaHOBIJIEHBI
ONITHMAJIbHBIE BO3MOKHOCTH HCIIONB30BaHMS JOOBIBAEMOTO MeCKa ISl CTabunm3anun 6eperoBoii 30Hs!I T. [Tamanry.
VYcTaHOBIEHO, YTO TPH HBIHEUTHEH CHTyanu# caMbIM 3()(EKTUBHBIM CIIOCOOOM pereHepanuy 0eperoBoi 30HBI SBISETCS
(hopMHpOBaHHE MOABOAHOIO Baja (aHAJOr MPUPOAHOro) B MpUOOItHOI 30HE Ha IiTyOMHE 3 METPOB Ha y4acTKE MEXKIY
[Nananrckum MOCTOM U MbICOM ropsl bupyTe.

Kiawuesble ciioBa: oAU TKA 6eper030171 30HBI, I/ICKyCCTBeHHHﬁ HO,HBO,I(HHﬁ Ball, l"paHyJIOMeTpH‘IeCKI/Iﬁ COCTaB HAHOCOB.

Gintautas ZILINSKAS. Dr Dept of Sea Research, Institute of Geology and Geography (GGI). Head of coastal research
and managament branch. Doctor of Natural sciences (geography) institute of Geography, 1993. Publications: co-author of
2 monograph, over 70 scientific publications. Research interests: coastal research, geodynamics processes on the sea
coast, nearshore hydrodynamics, coastal management and monitoring, development of recreation of sea beach.

Donatas PUPIENIS. Dr Dept of Sea Research, Institute of Geology and Geography (GGI). Doctor of natural sciences
(geography) institute of Geology and Geography, 2008. Publications: over 10 scientific publications. Research interests:
Baltic Sea hydrodynamics processes and modelling, management and monitoring.

Darius JARMALAVICIUS. Dr Dept of Sea Research, Institute of Geology and Geography (GGI). Doctor of natural sci-
ences (geography) institute of Geography, 2000. Publications: co-author of 1 monograph, over 40 scientific publications.
Research interests: coastal research, geodynamics processes on the sea coast, water level fluctuation, coastal management
and monitoring.



	 

