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Abstract. An intensive abrasion of the coast of the most popular Lithuanian Palanga health-resort necessitates consideration of the most effective ways of its stabilization. Based on the data of field investigations and literary sources, the possibilities of Palanga coastal zone regeneration using the sand dredged from the entrance channel of Klaip da 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 Klaip da 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 Birut 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 composition of sediments.

1. Introduction
Lithuania has a short (only 90.6 km long) stretch of Baltic 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 (Žilinskas 2008).
Along with other measures of coastal protection designed for stabilization of the coast, the Lithuanian Baltic
Sea coastal management programs (Lietuvos Baltijos …
2003; 2007; Paj!rio juostos … 2005) provide for replenishment of the nearshore with transported sand from other
sources.
The first attempts of beach restoration (using the
sediment dredged from the Klaip da entrance channel)
carried out in Lithuania in 2001 and 2005 in the sector
Melnrag II–Giruliai produced a positive effect on the
coast: mitigated the destructive impact of long-lasting
winter (2001–2002) storms and sustained the raging hurricane “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 m3 per year) set in (Žilinskas et al. 2003).
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During storms, marine sediments overflow the
Klaip da port entrance channel and its “pockets”. About
120 000–160 000 m3 of marine sand have accumulated in
these areas and has to be removed to maintain a safe exploitation depth. It is suggested to use this sand for restoration of the recreational nearshore sector between the
Palanga pier and Birut 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 requirements 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 Research of the Lithuanian Institute of Geology and Geography, and on the data contained in the Coastal Atlas of the
Baltic Sea (Baltijos j!ros … 2004) and reports of mathematic modelling of the impacts of Palanga groyne Atstatomos … 2004), studies of the possibilities of sand use
(Sm lio panaudojimo … 2006a, b) and Environmental
Impact Evaluation program.
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in Lithuania) because there is no ideal compatibility of
the sand from other sources with the sand in the replenishment 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 RA and RJ have been calculated following
the R. G. Dean’s modification given in the “Shore protection 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, "#$% $ &'. 1987; ()*+,-./+0, 1)*2&3-% 1987;
4)%/+0$5 1987; 6-7)%/+0 1987; 8%-.# 1987;
9+3$:/$; $ &'. 1987 and others).
Yet the attention of the present work has been focused 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 (Jarmalavi<ius, Žilinskas 1997, 2001), empirical dependences
between the morphometric parameters of the underwater
shore slope (Žilinskas, Jarmalavi<ius 2007), sand differentiation patterns in the Lithuanian coastal zone (Jarmalavi<ius, Žilinskas 2006), and the experience and
knowledge accumulated by the Branch of Coastal Research and Management (Vietos … 2000, 2001; Žilinskas
et al. 2003; Senkaimio =lankos … 1991–1993).
The authors have taken into consideration the environmental requirements given in the Environmental Impact Evaluation report (Sm lio 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)V4-4678 issued by the Klaip da
Department of Environment Protection (Lithuanian Ministry of Environment).
Fig. 1. Scheme of the study area: 1 – measuring profiles,
2 – site of sand replenishment in 2006, 3 – site of sand replenishment 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 composition of the nearshore sediments also was based on the
data contained in the Baltic Sea Coastal Atlas (Baltijos
j!ros … 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, granulometric composition and coefficients (average, median
diameter and sorting) (what has been a common practice

3. Results
Shore status assessment. Different aspects of the present
status of Palanga recreational zone have been described
in a number of publications: (Žilinskas, Jarmalavi<ius
1996, 1997, 2003; Jarmalavi<ius, Žilinskas 1996, 1997,
2001, 2002; Žilinskas et al. 1994; 2000, 2001, 2005,
2008; Žilinskas 2005, 2008; Dubra 2006). The present
article contains the evaluation of the status only of the
regenerated shore sector (Palanga pier–Birut 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, depressions, 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 Gir nas 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 m3/m year, at the K>stutis Street (profile 9)
12.3 m3/m, in the middle of the bay (profile 10) even
13.5 m3/m (Fig. 2), and at the cape of Birut Mount (profile 12) 0.5 m3/m. The beach was narrow (during the
season of storms it reached only 12–20 m and in summer
time 15–35 m) 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 replenishment with 40 000 m3 of sand transported from the
Kunigiškiai quarry. In two years, the replaced sand reduced to 8000 m3 or 20% of the initial amount (Fig. 3)
(Žilinskas 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 m3 of sand
dredged in the nearshore of Preila–Juodkrant polygon.
The levelling performed in November, 2008, showed that
in half a year about 30% (about 40 000 m3) 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 predominated 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 isobaths in the middle of the bay between the Palanga pier
and Birut Mount.
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–
40 cm (Sm lio 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 20–40 cm (Sm lio
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 described 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.

Fig. 2. Coastal transformations (profile 10) at the Darius and
Gir nas Street in 1993–2005. The location of the profile is
shown in Fig. 1

Fig. 3. Coastal transformations (profile 10) at the Darius and
Gir nas 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

Fig. 4. Coastal transformations (profile 11) south of the Darius
and Gir nas Street in 04 2008–11 2008: 04 2008 – coastal profile 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
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A comparative analysis of the sediments in the
Palanga coastal zone and Klaip!da entrance channel.
Sand compatibility assessment must be based on compatibility 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 granulometric composition of the “native” sand (except samples 7–9 predominated by finer sand fractions): finegrained well sorted sands are dominant.
It should be noted that bottom sediment samples collected from the entrance channel of Klaip da port represent 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 RJ. The sand is compatible
for regeneration when RA of the sand from other source
and the local sand is between 1.00 and 1.05 and RJ 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 composition. 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 restoration (Sunki?j? metal? … 2007).

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

No.

>1
0.61
1.37
0.47
0.30
0.20
0.28
–
0.10
–

1
2
3
4
5
6
7
8
9

1–0.5
2.90
1.96
0.76
4.77
0.36
0.57
0.30
2.40
0.20

0.5–0.25
10.61
6.57
5.82
35.12
14.98
10.53
9.30
15.84
8.40

0.25–0.1
77.14
82.62
87.84
57.64
81.12
81.70
18.85
31.71
11.67

0.1–0.063
7.92
6.66
4.42
1.58
2.42
4.73
29.40
20.30
31.50

<0.063
0.82
0.82
0.69
0.59
0.92
2.19
42.15
29.65
48.23

d, mm

M@

A@

0.21
0.20
0.19
0.27
0.21
0.19
0.12
0.17
0.11

2.87
2.88
2.91
2.71
2.86
2.89
3.24
2.98
3.34

0.91
0.87
0.85
1.05
0.89
0.87
0.79
0.97
0.73

No – number of sample taken from the entrance channel; d – mean diameter of sand grains; M@ – median diameter of sand
grains at phi scale; A@ – sorting coefficient at phi scale
Table 2. Granulometric composition (%) of sediments of coastal zone in the sector under consideration
Sample No.

Depth, m

1
2
3
4
5

1.0
2.0
3.0
5.0
Pv.

Fractions
>1
–
–
–
–
–

Pv – the middle of the beach

1–0.5
4.24
3.69
3.14
1.16
0.11

0.5–0.25
3.58
3.87
4.35
2.92
13.78

0.25–0.1 0.1–0.063
77.57
14.49
58.50
33.01
48.85
41.75
88.58
7.26
85.09
1.02

<0.063
0.12
0.93
1.91
0.08
0.00

d, mm

M@

A@

0.19
0.17
0.16
0.18
0.20

2.92
2.99
3.04
2.93
2.87

0.86
0.84
0.82
0.84
0.87
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Table 3. Evaluation of suitability factors (RA and RJ) of granulometric composition of the sand in the entrance channel to the
Klaip da Port for different coastal sectors of Palanga
Sample
No
1
2
3
4
5
6
7
8
9

Depth 5.0 m
RA
1.02
1.02
1.02
1.05
1.02
1.02
1.75
1.13
2.5

RJ
0.4
0.2
0.3
0.2
0.3
0.3
0.5
0.3
0.5

Depth 3.0 m
RA
1.00
1.01
1.01
1.02
1.00
1.00
1.40
1.10
2.25

RJ
0.2
0.2
0.3
0.2
0.2
0.2
0.5
0.2
0.6

Depth 2.0 m
RA
1.02
1.01
1.02
1.05
1.01
1.00
1.75
1.10
2.50

RJ
0.3
0.2
0.3
0.2
0.3
0.2
0.5
0.3
0.8

Depth 0.8 m
RA
1.02
1.01
1.05
1.04
1.02
1.02
2.00
1.15
3.00

RJ
0.3
0.2
0.3
0.3
0.3
0.3
0.6
0.3
0.8

Pv.
RA
1.05
1.05
1.15
1.05
1.03
1.10
2.25
1.20
3.50

RJ
0.3
0.3
0.4
0.3
0.3
0.3
0.6
0.3
0.8
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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 factors 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

average long-term water level should be 1.5 m. Depending 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 morphological body of this size would not only bear the features of the natural analogue of the sandbar typical of the
Lithuanian nearshore (Žilinskas, Jarmalavi<ius 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 (B =
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 sandbarbreakwater 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 m3).

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 dumping 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 Birut Mount. The requirements
for territorial preservation and use had to be taken into
consideration selecting the dumping site because the studied 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; Sm lio …
2006b). In the light of the above mentioned limiting factors, 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. Moreover, 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 obstacle 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 talasological reserve: its biological diversity, habitats and
spawning grounds.
On the other hand, sand dumping behind the 5 m
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 m3 or
160 000 m3 and dumping depth 3 m, 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
A12
(A16)
B12
(B16)
C12
(C16)

Sandbar length, m
800
(1060)
500
(660)
315
(420)

The data given in the table clearly show that the artificial sandbar-breakwater formed at a greater depth would
be considerably shorter than at smaller depths.
Based on the calculation data, alternatives of sediment 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 replenishment have been analysed taking into account the specific character of the nearshore, project amounts of
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dredged sediment and coast protection and environment
preservation requirements:
Alternative 0:
C the nearshore sediments are not replenished.
Alternative 1:
C the nearshore sediments are replenished with
120 000 m3 of sand at a depth of 3 m (A12),
C the nearshore sediments are replenished with
160 000 m3 of sand at a depth of 3 m (A16).
Alternative 2:
C the nearshore sediments are replenished with
120 000 m3 of sand at a depth of 4 m (B12),
C the nearshore sediments are replenished with
160 000 m3 of sand at a depth of 4 m (B16).
Alternative 3:
C the nearshore sediments are replenished with
120 000 m3 of sand at a depth of 5 m (C12),
C the nearshore sediments are replenished with
120 000 m3 of sand at a depth of 5 m (C16).
Alternative 0:
Advantages:
C no additional impact on the natural environment
(habitats, fish, birds, etc.)
C no need of additional money for sand transportation to the chosen shore sector.
Disadvantages:
C the supplies of loose sediments will reduce not
only in the sector under consideration but also in
the adjacent shore sectors,
C the shore-line will retreat into the continent and
dune ridge will be intensively eroded,
C the remnant sand dumped in 2006 and 2008 will
be intensively washed out from the shore,
C the beach will narrow and the recreational space
will shrink,
C the probability of damaging the proximal part of
the Palanga pier will increase,
C the annual expenditures for restoration of recreational infrastructure (stairs, paths, etc.) ravaged by
stronger autumn–winter storms will increase,
C in the course of time, the objects of Palanga infrastructure (e.g. pier, Meil Alley, etc.) and urban
objects (e.g. café “Voverait vardu Salvadoras”)
will be endangered.
Alternative 1:
Advantages:
C protects the longest shore sector (A12 – 800 m,
A16 – 1060 m),
C granulometric composition of sediments designed
for replacement ideally coincides the composition
of the local nearshore sediments (RA= 1.00 –
1.02),
C high temporal stability of the artificial sandbarbreakwater is expected (RJ = 0.2 – 0.3),
C the impact on the animate nature is minimized
Disadvantages:
C 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:
C protects a rather long shore sector (B12 – 500 m,
B16 – 660 m),
C granulometric composition of sediments designed
for replacement is in good correlation with the
composition of the local nearshore sediments (RA=
1.02),
C sufficiently good temporal stability of the artificial sandbar-breakwater is expected (RJ = 0.4),
C minimal impact on the animate nature,
C the navigation of loaded barges is easier than in
alternatives A.
Disadvantages:
C the protected shore sector is shorter than in alternatives A,
C the navigation of loaded barges is more difficult
than in alternatives C.
Alternative 3:
Advantages:
C though the protected shore sector is short (C12 –
315 m, C16 – 420 m), replacement of lost sediments in it is better than no replenishment at all
(alternative 0),

C 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,
C satisfactory temporal stability of the artificial
sandbar-breakwater is expected (RJ = 0.4),
C navigation of the loaded barges is easier than in
alternatives A and B.
Disadvantages:
C the protected shore sector is considerably shorter
than in alternatives A and B,
C the impact on the animate nature probably will be
stronger than in alternatives A and B,
C the expected temporal stability of the artificial
sandbar-breakwater is only satisfactory (RJ = 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 alternatives 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 Birut Mount is distinguished for an especially
high deficiency of sediments. This is why shore restoration 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 assessment 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 channel 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 maximal protective effect it is recommended to use the clean
sand dredged from the port entrance channel for restoration of the nearshore sector of Palanga recreation zone
between the Palanga pier and Birut 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 longterm sea level at a depth of 1.5 m.
References
Atstatomos Palangos b!nos poveikio matematinis modeliavimas
[Mathematical modelling of the impact produced by the
Palanga groyne]. 2004. Ataskaita [Report] (BPATPI).
Klaip da.
Baltijos j!ros Lietuvos krant? geologinis atlasas [Geological
atlas of the Lithuanian coast of the Baltic Sea]. 2004.
(LGT). Vilnius.
Birkemeier, W. A. 1985. Field date on seaward limito of profile
change, Journal of the Waterways, Port, Coastal and
Ocean Engineering 11: 598–602.
doi:10.1061/(ASCE)0733-950X(1985)111:3(598)
Committee on Beach Nourishment and Protection Marine Board
Commission on Engineering and Technical Systems National Research Council. Beach Nourishment and Protection. 1995. Washington, D. C.
Dubra, V. 2006. Influence of hydrotechnical constructions on
the dynamics of the sandy shore: the case of Palanga on the
Baltic coast, Baltica 19(1): 3–9.
James, J. R. 1975. Techniques in evaluating suitability of borrow material for beach nourishment. Technical memorandum No 60, Coastal Engineering Research Center, U.S.
Vicksburg.
Jarmalavi<ius, D.; Žilinskas, G. 1996. Paviršini? sDnaš? granuliometrin s sud ties pasiskirstymo ypatumai Baltijos j!ros
Lietuvos krante [Distribution peculiarities of granulometrical composition of surface sediments on Lithuanian Baltic
sea coast], Geografija [Geography] 32: 77–83.

99

Jarmalavi<ius, D.; Žilinskas, G. 1997. Ryšiai tarp j!ros kranto
morfolitologini? parametr? [Realation between morpholithologic characteristics of marine coast], Geografijos
metraštis [The Geographical Yearbook] 30: 79–91.
Jarmalavi<ius, D.; Žilinskas, G. 2001. Ekstremali? audr? sukeliamos nuoplovos priklausomyb nuo kranto morfolitologini? rodikli? [Dependence of wash away during
hurricanes on the coastal morpholithological indices],
Geografijos metraštis [The Geographical Yearbook] 34(1):
88–94.
Jarmalavi<ius, D.; Žilinskas, G. 2002. Dabartin s žemyno
krante esan<io apsauginio papl!dimio kopag!brio dinamikos tendencijos [Recent trends of continental beach
duneridges dynamics], Geografijos metraštis [The Geographical Yearbook] 35(1–2): 61–67.
Jarmalavi<ius, D.; Žilinskas, G. 2006. Peculiarities of sand
sorting on the Lithuanian coast of the Baltic Sea, Geologija
56: 36–42.
Komar, P. D. 1983. CRC Handbook of coastal processes and
erosion. Boca Raton, Florida.
Lietuvos Baltijos j!ros krant? tvarkymo programa 2008–
2013 m. 2007 [Program for management of the Baltic Sea
coast in 2008–2013]. Ataskaita [Report] (GGI). Vilnius.
Lietuvos Baltijos j!ros žemyno kranto krantotvarkos tikslin
programa. 2003 [Targeted program for management of the
Lithuanian mainland coast of the Baltic Sea]. Ataskaita
[Report] (GGI). Vilnius.
Mannual on artificial beach nourishment. 1987. Centre for civil
engineering research, report No. 130.
Mierzynski, S. 1989. Problemy sztucznego zasilania rumowiskiem brzegu morskiego na przykladzie polwyspu
Helskiego [Problems of beach nourichment as exemplified
by the Hel Peninsula], Studia i materialy ocealogiczne
[Oceanological studies and rewiews] 55(1): 163–183.
Oleninas, S.; Daunys, D.; Labanauskas, V. 1996. Lietuvos
priekrant s dugno biotop? klasifikavimo principai [Clasification principles of the Baltic Sea Lithuanian coastal benthic biotopes], Geografijos metraštis [The Geographical
Yearbook] 29: 218–231.
Paj!rio juostos modifikuota krantotvarkos programa. 2005
[Modified program for coastal management in the coastal
area]. Ataskaita [Report] (GGI).
Pruszak, Z. 2003. Polish coast – two cases of human impact,
Baltica 17(1): 34–40.
Sallenger, A. H.; Holman, R. A.; Birkemeier, W. A. 1985.
Storm. induced response of a nearshore bar system, Marine
Geology 64: 237–257. doi:10.1016/0025-3227(85)90107-0
Shore Protection Manual. 1984. Coastal Engineering Research
Center U.S. Army Corps of Engineers, Waterways Experiment Station, Vicksburg.
Senkaimio =lankos priekrant s rekultivacijos darb? prieži!ra
(1991–1993) [Supervision of the near-shore remediation in
the Senkaimis bay]. Ataskaita [Report] (GI). Vilnius.
Sm lio panaudojimo galimybi? ir hidrotechnini? =rengini?
taikymo tikslingumo krantotvarkoje =vertinimas [Assessment of the possibilities to use sand and expediency of using hydrotechnical constructions in coastal management].
2006a. Galimybi? studija [A study of possibilities]
(BPATPI), Klaip da.
Sm lio panaudojimo galimybi? ir hidrotechnini? =rengini?
taikymo tikslingumo krantotvarkoje =vertinimas [Assessment of the possibilities to use sand and expediency of using hydrotechnical constructions in coastal management].

Downloaded by [Vilinius University] at 02:42 12 July 2012

100

G. Žilinskas et al. Possibilities of regeneration of Palanga coastal zone

2006b. Poveikio aplinkai vertinimo ataskaita [A report on
evaluation of environmental impacts] (BPATPI), Klaip da.
Sunki?j? metal?, naftos produkt? ir organin s medžiagos koncentracija Klaip dos uosto išoriniame =plaukos kanalo
grunte [Concentrations of heavy metals, oil products and
organic material in the soils of the entrance channel of
Klaip da Port]. 2007. Ataskaita [Report] (GGI), Vilnius.
Swart, D. H. 1991. Beach nourishment and particle size effects,
Coastal Engineering 16(1): 61–81.
doi:10.1016/0378-3839(91)90053-J
Tjalle Haan. 1992. Eine neue Strategie für den niederlandischen
Kustenschutz, Hansa 12: 1377–1380.
Van de Graff, J.; Niemeyer, H. D.; Van Overeem, J. 1991.
Beach nourishment, phylosophy and coastal protection policy, Coastal Engineering 16(1): 3–22.
doi:10.1016/0378-3839(91)90050-Q
Vietos eksperimentinei kranto zonos povandeninio šlaito rekultivacijos neužterštu sm liu parinkimas [Selection of the
site for experimental regeneration of the underwater slope
of coastal zone using clean sand]. 2000. Ataskaita [Report]
(GGI). Vilnius.
Vietos eksperimentinei kranto zonos povandeninio šlaito rekultivacijos neužterštu sm liu parinkimas [Selection of the
site for experimental regeneration of the underwater slope
of coastal zone using clean sand]. 2001. Ataskaita [Report]
(GGI). Vilnius.
Vellinga, P. 1983. Predictive computation model for beach and
dune erosion during storm surges, Proceeding American
Society of Civil Engineers Specialty Conference on Coastal
Strukctures 83: 806–819.
Žilinskas, G. 1993. Bangin patvanka gožos zonoje [Set up in
the Surf zone]: Daktaro disertacija [Doctoral thesis]. Vilnius, GI. 147 p.
Žilinskas, G. 2005. Trends in dynamic processes along the
Lithuanian Baltic coast, Acta Zoologica Lituanica 15(2):
204–207.
Žilinskas, G. 2008. Lietuvos Baltijos krant b!kl" [The state of
the Lithuanian coast of the Baltic Sea], in Lietuvos gamtin
aplinka, b!kl , procesai ir raida [The Lithuanian natural
environment, its state, processes and development], 117–
123.
Žilinskas, G.; Janukonis, Z.; Lazauskas, A. 1994. Ekstremalaus
1993 m. štormo padarini Palangos rekreacin"je kranto zonoje #vertinimas [Consequences of the extreme storm of
1993 for Palanga recreational shore zone], Geografija [Geography] 30: 40–44.
Žilinskas, G.; Jarmalavi$ius, D. 1996. Lietuvos Baltijos j!ros
krant pažeidžiamumo #vertinimas j!ros lygio kilimo fone
[Estimation of vulnerability of Lithuanian Baltic Sea coasts
on the background of Baltic Sea water level rise],
Geografijos metraštis [The Geographical Yearbook] 29:
174–183.
Žilinskas, G.; Jarmalavi$ius, D. 1997. Lietuvos Baltijos j!ros
krant morfometrin"s charakteristikos [Morphometric
characeristics of the Lithuanian coasts of the Baltic sea],
Geografija [Geography] 33: 64–71.
Žilinskas, G.; Jarmalavi$ius, D. 2003. Dabartin"s Lietuvos
j!rinio kranto dinamikos tendencijos [Trends of Lithuanian
sea coast dynamics], Geografijos metraštis [The Geographical Yearbook] 36(1): 80–88.
Žilinskas, G.; Jarmalavi$ius, D. 2007. Interrelation of morphometric parameters of the submarine shore slope of the
Curonian Spit, Lithuania, Baltica 20(1–2): 46–52.

Žilinskas, G.; Jarmalavi$ius, D.; Kulvi$ien", G. 2000. Uragano
„Anatolijus“ padariniai Lietuvos j!riniame krante
[Assesment of the effects of hurricane “Anatoli” on the
Lithuanian marine coast], Geografijos metraštis [The Geographical Yearbook] 33: 191–206.
Žilinskas, G.; Jarmalavi$ius, D.; Minkevi$ius, V. 2001. Eoliniai
procesai j!ros krante [Aeolian processes on the marine
coast]. Vilnius. 283 p.
Žilinskas, G.; Jarmalavi$ius, D.; Pupienis, D. 2003. J!ros priekrant"s s%naš papildymo poveikis kranto b!klei [The influence of nourishment of nearshore sediment supplies on the
coast], Geografijos metraštis [The Geographical Yearbook] 36(1): 89–100.
Žilinskas, G.; Jarmalavi$ius, D.; Pupienis, D. 2005. Uragano
„Ervinas“
padariniai
Lietuvos
j!riniame
krante
[Assessment of the effects of hurricane 'Ervin" on the
Lithuanian marine coast], Geografijos metraštis [The Geographical Yearbook] 38(1): 49–65.
Žilinskas, G.; Jarmalavi$ius, D.; Pupienis, D. 2008. Papl!dimio
s%naš papildymo Palangos rekreacin"je zonoje poveikis
kranto b!klei [The impact of replenishment of beach sediments in the Palanga recreation zone on the state of coast],
Geografijos metraštis [The Geographical Yearbook]
41(1–2): 42–51.
&'()*+,-)., /. 0.; 1'(234+5, 6. 7. 1987. 8+9'4+9:;'<-)'
4)3'(:=).+5:' .3)(2>'='?).)?) ,'='4'@'5:A 5+5)<).
3(A B?)-.)<9);5)C &+(9:-:, . -5. "#$#%&'() %*'%+(
,)#)-%./0$1(, ='3. 0. D. E'5-).:; : 3=. [Beloschapkov, A. V.; Feldman, E. G. Mathematical modelling of
longshore sediment transport for the south-east Baltic, in
Zenkovich, V. P. et al. (Eds.). Natural basis for coast protection]. 8)<-.+, 25–30.
F<:5, G. 0.; 8)<-).-:5, 0. 8.; H4:9=:'., 0. /. 1987. I
9')=:: J,=+.('5:A +>=+K:)55L4 ,=)M'<<)4, . -5.
"#$#%&'() %*'%+( ,)#)-%./0$1(, ='3. 0. D. E'5-).:;
: 3=. [Esin, N. V. et al. On the theory of control of abrasion process, in Zenkovich, V. P. et al. (Eds.). Natural basis for coast protection]. 8)<-.+, 5–17.
E'5-).:;, 0. D. 1987. NK K+=J>'O5)?) ),L9+ 4)=<-)C
>'='?)K+@:9L, . -5. "#$#%&'() %*'%+( ,)#)-%./0$1(,
='3. 0. D. E'5-).:; : 3=. [Zenkovich, V. P. From foreign
experience of coast protection, in Zenkovich, V. P. et al.
(Eds.). Natural basis for coast protection]. 8)<-.+, 149–
153.
I5+,<, P. Q. 1987. 7(J>)-).)35LC >'='?)K+@:95LC .)(5)()4, . -5. "#$#%&'() %*'%+( ,)#)-%./0$1(, ='3.
0. D. E'5-).:; : 3=. [Knaps, R. J. Deep-water groyne for
coast protection, in Zenkovich, V. P. et al. (Eds.). Natural
basis for coast protection]. 8)<-.+, 172–178.
R+@'5-)., 0. 8. 1987. S:<9'4+ >'='?)K+@:9L I+(:5:5?=+3<-)?) ,)>'='O2A &+(9:-:, . -5. "#$#%&'() %*'%+(
,)#)-%./0$1(, ='3. 0. D. E'5-).:; : 3=. [Laschenkov, V. M. A system of coast protection in the Kaliningrad
Region, in Zenkovich, V. P. et al. (Eds.). Natural basis for
coast protection]. 8)<-.+, 154–164.
T)4:M-:C, : 3=. 1987. N<<('3).+5:A =+<;'95LU ,+=+4'9=).
),9:4+(25LU <:<9'4 >'='?)J-=',:9'(25LU <))=JO'5:C, . -5. "#$#%&'() %*'%+( ,)#)-%./0$1(,
='3. 0. D. E'5-).:; : 3=. [Chomickij et al. Quantitative
parameters of optimal coast protection systems, in Zenkovich, V. P. et al. (Eds.). Natural basis for coast protection]. 8)<-.+, 179–186.

Journal of Environmental Engineering and Landscape Management, 2010, 18(2): 92–101

PALANGOS KRANTO ZONOS REKULTIVAVIMO GALIMYBI TYRIMAI
G. Žilinskas, D. Pupienis, D. Jarmalavi!ius
Santrauka
Intensyvi populiariausio Lietuvoje Palangos kurorto j!ros kranto arda ver$ia ieškoti efektyvi kranto stabilizavimo metod . Pastaruoju metu (2003–2008 m.) atlikti apsauginio papl!dimio kopag!brio tvirtinimo bei papl!dimio s%naš atsarg
papildymo Palangos rekreacin"je zonoje darbai l"m" tik trumpalaik# kranto apsaugos efekt%. Straipsnyje, remiantis nat!rini tyrim bei literat!ros duomenimis, #vertintos sm"lio, iškasamo iš Klaip"dos #plaukos kanalo, naudojimo Palangos
kranto zonai regeneruoti galimyb"s. Atsižvelgus # dabartines Palangos kranto zonos geodinamines tendencijas bei atlikus
šio ruožo ir iškasamo iš Klaip"dos uosto #plaukos kanalo biri s%naš sud"ties lyginam%j% analizV, nustatytos optimalios
iškasamo sm"lio panaudojimo kranto zonai regeneruoti galimyb"s. Esant dabartinei situacijai efektyviausias kranto zonos
regeneravimo b!das – povandeninio volo (gamtinio s"kliaus analogo) 3 m gylyje kranto ruožo tarp Palangos tilto ir Birut"s kalno gožos zonoje formavimas.
Reikšminiai žodžiai: kranto zonos s%naš papildymas, dirbtinis s"klius, s%naš granuliometrin" sud"tis.
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