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Abstract. The sedimentation of the approach channel and the water area of Temryuk port is an important
problem that has recently attracted the attention of researchers and engineers. The object of the study is
the influence of the extension of the east and west breakwaters of the port. An analytical method of
forecasting lithodynamic processes for various extensions of protective breakwaters was used. To verify
the results, an analysis of space images of the coastal zone was applied. The volumes of sedimentation of
the sea part of the Temryuk port approach channel were determined; recommendations for the extension
of breakwaters were given. The sedimentary layer in the Temryuk Bay has two demarcated zones, one
dominated by silty material, and the other, coastal, by fine-grained sand. Therefore, to determine the total
alongshore sediment flow, the movement of muddy and sand flows was determined separately. The west
breakwater retains only a small part of the sand transported to the canal; the east breakwater also has an
insufficient length. The majority of the sand passing in the west and east directions falls into the canal. After
the extension of the east breakwater by 100 m, the sedimentation of sand will be due mainly to its arrival
from the west side, and thus the maximum thickness of the sediment layer will be about 2 m. The extension
of the east breakwater by 200 m does not lead to a significant improvement compared to the extension
option of 100 m, therefore, to reduce the sedimentation, it is necessary to extend the west breakwater by
100 m as well. After the extension of the west breakwater, the flow of sand into the channel from the west
side will be significantly reduced. Thus, after the lengthening of both breakwaters, the volume of
sedimentation of the channel with sand will decrease from 55 to 15 thousand cubic meters per year. The
main contribution to the sedimentation will continue to be made not by sandy, but by silty material.
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1. Introduction

Construction of protective structures at seaports is a classical way to protect the approach channel
and water area from sedimentation and penetrating waves. However, in practice, the effectiveness of
breakwaters as a protection against sedimentation decreases with the time of port operation. Sedimentation
in the area of the unprotected approach channel approaches catastrophic levels. It is expressed in more
rapid reduction of depths in the fairway at the port gates, as compared to the remote parts of the channel
at sea. The most exposed to this type of sedimentation are port approach channels located on the shallow
sandy shores of the Black, Azov and Baltic Seas with a developed longshore sediment flow.

© Kantardgi, 1.G., Leont'yev, 1.0., Kuprin, A.V., 2023. Published by Peter the Great St. Petersburg Polytechnic
University.
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Enclosing west and east breakwaters are located in the port of Temryuk, Krasnodar region, Temryuk
district, Temryuk Bay of the Azov Sea (Fig. 1). The approach channel of Temryuk seaport was built in 1910
for navigational safety of vessel passage.

Figure 1. Location of the investigated breakwaters of Temryuk port, Russia
(breakwaters are highlighted in red).

A serious problem of Temryuk port geographical location is its proximity to the mouth of the Kuban
River. Solid flow of the Kuban River determines morphodynamic changes in the coastal zone, including a
significant sedimentation of the approach channel of Temryuk port by sand and silt deposits.

Observations and experimental studies in a number of ports [1, 2] revealed the sedimentation
characteristics of approach channels protected by barrier structures. The construction of breakwaters
divides the coastal zone into two regions with a different dynamic activity of waves, currents and sediment
transport. As a result of the interruption of longshore sediment flow, large volumes of bottom sediments
rapidly accumulate at the root of the windward mole (Fig. 1). This form of filling the incoming angle with
sediment, followed by downstream erosion of the section of coast behind the leeward breakwater, is most
relevant to port construction.

Previous work on the subject was analysed in the preparation of this paper. Papers [3—6] provide
material on the modelling of longshore sediment transport. Information on the comparison of different
approaches to the determination of longshore sediment transport rates is given in [7]. The papers [8, 9]
discuss new models for predicting shoreline changes: a model based on the dynamic coupling of a high-
resolution one-dimensional cross-shore model to a two-dimensional area model for calculating the total
longshore sedimentation rate; a model based on machine learning techniques. A new method for
verification of beach dynamics predictions was developed in [10].

One of the goals of this work is to estimate the possible volumes of sediment accumulation in the
approach channel to the port of Temryuk, considering the general lithodynamic situation in the adjacent
area. We are talking about the marine part of the channel, where the main factors of sedimentation are
waves and associated currents that generate longshore sedimentations, which deliver the material to the
channel bed.

The second goal of the work is to develop recommendations for extending the breakwaters enclosing
of the coastal part of the channel on the east and west sides. The extension of the breakwater should
reduce the sedimentation of the channel. However, the considerable cost of the structure imposes
restrictions on the choice of its optimal length.

The mentioned problems are investigated in the present work on the basis of mathematical modelling
of coastal lithodynamic processes [11-18].

At present, all-Russian and departmental normative documents on the design of approach channels
[19] do not contain recommendations for determining the volume of catastrophic sediment deposition and
methods for preventing it. Existing software complexes for determining the volume of approach channel
sedimentation have certain drawbacks.

The existing normative base for design of sea approach channels is outdated and requires updating.
A number of recommendations of all-Russian and departmental normative documents do not meet the
requirements of modern design practice. They are developed on the models, which do not correspond to
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the modern level of knowledge about hydrolytodynamics of the coastal zone. The norms of design of sea
approach channels do not contain recommendations, in which the initial data would include the parameters
of engineering geology and coastal hydrolytodynamics. The sedimentation reserves are set depending on
the dimensions of the design vessel. The phenomenon of sedimentation is accounted for by an empirical
coefficient. In the process of designing, incorrect decisions lead to unjustifiably high volumes of repair
dredging, and, consequently, to significant financial costs. In this connection, investigation of the process
of sedimentation of the approach channels and the ways of its prevention is an actual problem.

Analysis of baseline information confirms high, constant sedimentation of the approach channel,
which leads to the need for regular repair clearing of the channel and the port water area. Thus, according
to FSUE Rosmorport, the volume of repair dredging was 129406.2 m3 in 2020 and 120102.4 m3in 2021.

At the same time, sedimentation ability of the approach channel varies significantly along its length.
According to the passport of approach channel, its sedimentation varies from 10 cm per year, to 100 cm
and more per quarter.

Maximum sedimentation occurs in the head part of the east breakwater, both in the direction to the
sea part of the channel and to the port part of the channel.

Simultaneously with sedimentation of the channel, the incoming angle for the east breakwater is
filling up with shoreline advance into the sea. The rate of shore advance near the breakwater during the
first year after its construction is about 50 m. The process of shore advancement from the inlet corner of
the east breakwater directly affects the sedimentation of the approach channel, since after the shore
reaches the head of the breakwater, the sediment will be transported by the longshore current directly into
the channel.

According to survey data, the sedimentation of the approach channel occurs by storms from the east
and west directions, the main sediment flow occurs from the east direction.

The main objectives of the work are:
1) Study of lithodynamic regime of the area under consideration in natural (modern) conditions.

2) Forecast of sedimentation of the approach channel of the seaport for several proposed variants
of the east and west breakwater extension and selection of the extension option that provides an acceptable
level of sedimentation.

2. Methods

An important feature of the sediment layer on the bottom in the studied area of the Azov coast, Russia
(Temryuk Bay) is the existence of two rather clearly delineated zones, one of which (at depths greater than
3 m) is dominated by silty material, while the other, coastal (at depths less than 3 m) is dominated by fine-
grained sand. This leads to the need to model separately the flows of sandy and muddy sediments when
determining the total longshore flow. It should be noted that existing methods focus mainly on sandy
sediments. In order to obtain estimates with respect to silt transport, it was necessary to develop a special
calculation methodology.

2.1. Sandy sediment

The methodology for calculations concerning sandy sediments is outlined, for example, in [17,
20-26]. The basic formula for determining the local longshore sand discharge g under the action of waves
and the accompanying current, expressed in m3m-th-1;

D
g-p| Z_20_ =t % (4p, 1B) v, &)

8 tanagy Uy Wy

Here = 3600/[g (pg — p)(l — G):| is the coefficient, which agrees dimensions, { is acceleration

of gravity, p and pg are densities of water and solid particles, ¢ and Oqare porosity and angle of natural

slope of ground, g, and g4 are efficiency coefficients of transport of bedload and suspended sediments
2

(0.1 and 0.02 respectively), U, is amplitude of orbital wave velocity near the bottom, Dy :3—hWu;°’n is
1

energy dissipation rate due to bottom friction, fW is coefficient of bottom friction for waves, Wy is

sedimentation rate of solid particles (hydraulic coarseness), B value accounts for additional energy
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dissipation in the bottom layer due to turbulence penetration from surface layer at wave collapse, V,, is

bottom velocity of longshore current. The latter is related to the depth-averaged current velocity V as
Vy :V/[In (h/za)—l], where h is depth and Z, is the apparent roughness of the bottom for the current.

The value V is calculated using the equations of hydrodynamics, and Snell's law of refraction and the
energy balance equation are used to calculate refraction, transformation, and wave energy dissipation.

2.2. Slimy sediments

Unlike sand, physical properties of silty sediments change in time and depend on dynamic conditions.
Thus, to set in motion a layer of silt formed relatively recently (days, weeks), a flow velocity of about
0.2 m*s1 is sufficient, and to move the sediment particles that have been at rest for a long time (months,
years) a speed of about 1 m*s1 is required. It is also known that under the influence of waves the threshold
of touching for silty soils is much lower, since periodic pressure changes in the pores lead to weakening of
particles adhesion. According to the data given by Van Rijn [27] the wave action on low compacted clayey

soil starts the movement of the material at bottom tangential stress t,, > 0.2 N*m~2. Even relatively small
waves can create an appreciable flow of muddy material.

In contrast to the sandy bottom, the current above the silt layer acts in a smooth regime, the
roughness parameter is characterized by a value of less than 1 mm. Accordingly, the friction coefficient is
significantly reduced.

Considering the fact that the sludge is mainly transported in suspension, its flow rate q’, based on
formula (1), can be expressed as
' 85
q :4M(XWDbe, Oy =— (2)
Wy

(B is neglected, assuming that the muddy sediments lie outside the collapse zone). The main problem is
the estimation of the parameter a,,. In the case of sand, the efficiency factor €4 is estimated to be 0.02,

the settling velocity Wy for fine sand is of the order of 10-2 m*s~1, and the value of a,, is close to unity.
For silt, due to the bonding forces between particles, the value of &4 should probably be lower than for
sand. However, the solids deposition rate Wy is also significantly lower here. The order of magnitude of
a,, for silty soil can only be estimated from experimental data.

Let us express flow Q" in units of dry mass (in kg m-s-1), rewrite formula (2) in terms of bottom

tangential stress 1, and pass from flow to depth average suspended solids concentration C (kg/md),

!

connected with flow as C:q—. Keeping in mind that in wave flow Dy :3—tmum, where
b T
1 ¢ 2 .
T =—=pfUm, we obtain from (2)
, 16 p
q :3——gaWTmUme,
™ (pg—p)
16 P u u ©
C=—"0 Immg ~ggimimg
3n (pg—p) gh gh

where the numerical coefficient in the last ratio corresponds to the typical value of the density of mud
particles Pg = 2x103 kg/m3.

To estimate the value of «,,, the data on suspended sediment concentration obtained in [28] can
be used. The measurements were made both in a wave basin and in full-scale conditions (in the coastal
zone of the Yellow Sea). The observation conditions and obtained estimates of a,, values are shown in
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Table 1. The depths h, significant heights H and corresponding wave periods T, as well as the values
of concentration C are shown here.

In the calculations it was assumed that under smooth bottom conditions the coefficient of friction is
close to the values of fW = 0.01. The obtained values of a,, have quite a large scatter, but in general of
the same order. In the first approximation it is possible to accept the averaged estimation o, = 2.8, on
which further calculations of sediment flow using formula (2) will be based.

Table 1. Measurement conditions of sludge suspended solids concentration in laboratory and
marine conditions [20] and calculated estimates of parameter o, .

hhm Hsm Tss C, Ow, S

kg/m? m?

Wave Pool
0.1 0.075 1.2 0.5 1.8
0.1 0.050 2.2 0.2 25
0.1 0.035 1.2 0.05 1.7
Marine conditions

5 2 8 0.65 2.4
5 15 8 0.55 4.8
2.3. The amount of accumulation in the channel

Some of the sediment passes over the channel by transit. Therefore, it is necessary to estimate how
much of the material falls to the bottom and contributes to the sedimentation. In this case, the well-known
Galvin dependence is used for this purpose [29]:

2
h
Ac=q|1-| —| |,
°= (hC] (4)

where Ac is the local rate of sediment accumulation in the channel (per meter of length), ( is the
longshore flow rate of sediment in front of the channel, h is the natural depth, hC is the depth in the

channel. The deeper the channel is relative to the natural depth, the more sediment it absorbs.

3. Results and Discussion

The bathymetric basis for modelling is a navigation map of scale 1:10000, as well as survey data in
the vicinity of the channel. The isobath plan in the Temryuk port area is shown in Fig. 2. The general
direction of the coastline in the area under consideration is close to the west-east direction.

As mentioned above, at depths less than 3 m the bottom is covered by a layer of fine sand with shell
fragments averaging 0.15 mm, while deeper than 3 m there is silt. The bottom within the sandy layer has a
slope of about 0.01, and more narrowly the slopes decrease to values of 0.002—0.005.
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Figure 2. Bottom bathymetry in the channel vicinity.
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The position of the existing structures at the mouth of the channel is reflected in Fig. 2. The east
breakwater currently terminates at a depth of 1 m and thus allows sandy sediments to flow into the channel
at depths of 1 to 3 m. The depth at the end of the west breakwater is only about 0.5 m, and the longshore
flow of sediment created by the waves of the west channels is almost unimpeded into the channel.

The length of the offshore part of the channel from the beginning in the open sea to the head of the
east breakwater is 2,700 m. The channel floor width varies from 95 to 100 m. The design depth in the
channel varies from 6.4 to 6.9 m. The deepest part is before the end of the east breakwater. During
calculations, the depth of the channel was assumed to be 6.9 m.
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Figure 3. Diagram of the shoreline at the mouth of the channel.

The wave pattern in the Temryuk coastal area is characterized by the predominance of the NE
direction. The wave mode is shown in Table 1, based on data from the Russian Maritime Register of
Shipping [30].

Table 2. Annual duration of waves of different strengths for the main directions.

tw, h
Hom  Tss w NW N NE
©=85% ©=40° ©O=-5 ©=-50°
06 3.6 429 473 394 929
1.0 42 184 158 131 464
13 47 53 35 26 166
1.8 5.0 8.8 6.1 35 44
21 6.0 7.0

Here is the total annual duration of waves (tw) of different strength for the main wave directions

(Hg and Ty are the significant height and corresponding period of waves in the open sea, ® are the
angles of approach of waves relative to the coastal normal).

3.1. Modelling of longshore sediment flows

The calculated distributions of the volumes of sand and silt moving over the profile of the coastal
slope during the year are shown in Fig. 4. Separately, the westward and eastward flows created by the
eastward and westward waves, respectively, are shown. As can be seen, the resultant flows are directed
westward. The sandy sediment flow peaks closer to the water's edge at 1-2 m depths, while the silt flow
peaks near the upper boundary of its distribution. The maximum values of sand fluxes in the near-river
zone reach 200-400 cubic meters per meter of profile length per year. The peaks of flows to the west and
to the east are shifted relative to each other due to the unequal position of the coastline on both sides of
the channel (Fig. 3).
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Figure 4. Distribution of longshore sediment fluxes along the profile of the coastal slope.

At depths greater than 3 m, only muddy sediment moves (at a peak of about 75 m3m-1yr-1). Although
the silt flows subside with increasing depth, the movement of material can be traced throughout the channel.

An idea of the integral material flows is given in Table 3. About 40,000 cubic meters of sand and silt
move in the east direction per year, and about 100,000 cubic meters in the west direction. The resulting
flow is westward and is about 60 thousand cubic meters per year, and the contributions of sand and silt are
comparable.

Table 3. Integral longshore sediment flows (thousand cubic meters per year).

Flow Sand Silt
On east 27.2 9.4
On west -58.8 -37.8
Totally -31.6 -28.4

3.2. Channel sedimentation under existing conditions

The results of calculations of specific sediment accumulation (per meter of channel length) are shown
in the upper graph of Fig. 5. The accumulation of sand is characterized by two peaks. The smallest and
closest peak is associated with the westward rumb waves (209 m3m-! year1). The second and largest peak
(440 m3m-! year) is due to the eastward waves. It is displaced towards the sea, as part of the flow is
blocked near the coast by the east breakwater. As for the silt, it is deposited mainly at depths of 3 to 5 m
(in the peak up to 75 m®m-! year!at 3 m depth).

Specific channel sedimentation is also presented as Table 4. The distance between pickets is 100 m,
they are counted from the end of the east breakwater towards the sea. Picket Ne-1 is located at the distance
between the west and east breakwaters (Fig. 3).

Table 4. Accumulation of sediment in the channel at the existing conditions.

No range Acelm., No range Acelm., No range Aceum.,

m3m-! year? m3m-! year? m3m year?
-1 209 9 10 19 0.2
0 440 10 9.0 20 0.0
1 140 11 7.1 21 0.0
2 75 12 5.6 22 0.0
3 50 13 4.4 23 0.0
4 33 14 3.3 24 0.0
5 24 15 2.6 25 0.0
6 19 16 1.9 26 0.0
7 15 17 1.2 27 0.0
8 13 18 0.7
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The middle graph of Fig. 5 shows the distribution of conditional thickness of sediment layer Ah along
the length of the channel (quotient of specific accumulation volume divided by the width of the channel). At
depths less than 3 m, the thickness of sand sediment layer can reach 4 m per year. Maximum silt layer up
to 0.7-0.8 m per year is observed at a depth of about 3 m (near the conventional boundary between sand
and silt). With the distance from the shore the thickness of accumulation layer decreases and at the depth
of more than 5 m the value of Ah becomes less than 0.2 m.

Integral indices of channel sedimentationing and accumulation near moles are shown in Table 5.
Total volume of channel sedimentationing is estimated as 78 thousand m3/year, 70 % of which is caused
by sand.

The west breakwater retains only a small part of the sand transported to the channel (3 thousand
m3/year). The east breakwater, apparently, also has insufficient length and retains only 24 thousand
m3/year. Most of the sand passing in the west and east directions enters the channel (55 thousand m3/year).

Table 5. Accumulation at the breakwaters and in the channel (thousand cubic meters per year)
at the existing breakwaters.

Material W breakwater E breakwater Channel
Sand 3.2 24.3 55.1
Silt - - 23.1
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Figure 5. Distribution of the volume of sedimentation and thickness
of sediment in the channel along the profile of the bank slope.

It should be noted that a certain part of sand can move along the breakwater and eventually end up
in the channel as well. This is evidenced by the results of modelling of storm bottom deformations in the
area of the channel mouth under NE storm conditions (Fig. 6). As can be seen, an accumulative sand body
is formed near the head of the breakwater, which can be later moved into the channel. Thus, the local
sedimentation here may exceed the values given above.

= 1 I 1 L 1 L

Storm NE &«

W ‘310Ys 03 32UB)SI]

200 4E=D 80[0 850 10‘00 lZ:JD !4:30 15[00 1800

Figure 6. Storm deformation in the area of the channel mouth during the NE storm.
Accumulation is highlighted in yellow and brown.
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3.3. Options for extending the east breakwater

Based on the results obtained and the planned service life of the structures (class Ill — 50 years), two
options for extending the east breakwater are considered.

Variant 1 assumes extension by 100 m. In this case, after 25 years, the situation with sedimentation
will be approximately the same as it is at present. Namely, the presently existing section of the breakwater
will be reached by the extending coastline. And about 100 m of the breakwater will provide protection.

Variant 2 assumes an extension of 200 m from the present position. In this case, the entire sandbar
will be blocked. The sedimentationing will decrease and reach the present values only in 50 years.

Let's return to consideration of variant 1. If the breakwater is extended by 100 m, its length with
respect to the current position of the shore will be 200 m, and the depth at the head will be about 2 m

(Fig. 3).
The results of calculations of sedimentationing in variant 1 are shown in Fig. 7.
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Figure 7 - Distribution of the channel skid volumes
after extending the east breakwater by 100 m (variant 1).

As can be seen, the inflow of sand into the channel from the east side is markedly reduced (at a peak
of 140 vs. 440 m3m-! year-! under the current position). The sand accumulation is now caused mainly by
its inflow from the west side. The volume of silty sedimentation from the east side does not change.

The specific sedimentation of the channel in variant 1 is shown in Table 6, and the integral indices
of sediment load and accumulation near the breakwaters are shown in Table 7. The east breakwater now
retains twice as much sand. In total, about 30 thousand m? of sand per year enters the channel, which is
almost twice less than under the existing situation (Table 5).

Table 6. Accumulation of sediment in the channel, variant 1.

No Accum., No Accum., No Accum.,
range m®m-! year?! range m®m year?! range m®m-! year?!

-1 209 9 10 19 0.2

0 43 10 9.0 20 0.0

1 140 11 7.1 21 0.0

2 75 12 5.6 22 0.0

3 50 13 4.4 23 0.0

4 33 14 3.3 24 0.0

5 24 15 2.6 25 0.0

6 19 16 1.9 26 0.0

7 15 17 1.2 27 0.0

8 13 18 0.7
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Table 7. Accumulation at the breakwaters and in the channel (thousand cubic meters per
year), variant 1.

Material W breakwater E breakwater Channel
Sand 3.2 50.3 30.2
Silt - - 23.1

The catching capacity of the east breakwater will gradually decrease over time, due to shoreline
advance, which was noted in [19].

Variant 2. After extending the breakwater by 200 m, its length relative to the current position of the
shore will be 300 m, and the depth at the head will be about 3 m (Fig. 3).

The results of calculations of sedimentationing in variant 2 are shown in Fig. 8. The enclosing
breakwater now completely cuts off the inflow of sand on the east side. However, the sand sedimentation
on the west side remains the same (more than 200 m3m-! year!, sediment thickness 2 m/year). The volume
of sediment sedimentation is also unchanged.

Specific sedimentation of the channel in variant 2 is shown in Table 8, and the integral indices of
sedimentation and accumulation near the breakwaters are characterized in Table 9.
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Figure 8. Distribution of channel skid volumes
after extending the east breakwater by 200 m (variant 2).

Table 8. Accumulation of sediment in the channel, variant 2.

No range Accum., No range Accum., No range Accum.,

m3m-! year? m3m-! year? mém year?!
-1 209 9 10 19 0.2
0 43 10 9.0 20 0.0
1 10 11 7.1 21 0.0
2 75 12 5.6 22 0.0
3 50 13 4.4 23 0.0
4 33 14 3.3 24 0.0
5 24 15 2.6 25 0.0
6 19 16 1.9 26 0.0
7 15 17 1.2 27 0.0
8 13 18 0.7
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Table 9. Accumulation at the breakwaters and in the channel (thousand cubic meters per
year), variant 2.

Material W breakwater E breakwater Channel
Sand 3.2 58.8 22.8
Silt - - 23.1

As can be seen, the sedimentation of sand in the channel is now a little less than 23 thousand cubic
meters per year, which is only 7 thousand cubic meters less than in option 1. Consequently, Option 2
(extension of the breakwater by 200 m) does not result in a significant improvement over Option 1
(extension by 100 m). A more noticeable reduction in sedimentation can most likely be achieved by
extending the west breakwater by the same 100 m.
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Figure 9. Distribution of channel skid volumes at different lengths of the east breakwater.

For the convenience of comparison, the channel sedimentation for different variants of the east
breakwater is shown in Fig. 9. Variant 2, as compared to variant 1, removes the second peak of sand
sedimentation on the east side, which is almost half the size of the sand sedimentation on the west side.

3.4. Channel sedimentation after extending the west breakwater

The distribution of the sedimentation after the extension of the west breakwater by 100 m is shown
in Fig. 10. It is assumed that the east breakwater has already been extended by the same distance. The
inflow of sand into the channel from the west side is now significantly less than before (at peak about 100 vs.
200 m3m-! year! under the current position).
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Figure 10. Distribution of the volume of the channel sedimentation
after extending the west breakwater by 100 m (it is assumed that the east breakwater
has already been extended by 100 m).
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The specific sedimentation of the channel after extending the west breakwater is shown in Table 10,
and the integral indices of sedimentation and accumulation at the breakwaters are characterized in Table
11. The west breakwater now retains 6 times more sand than before. In total, less than 15 thousand m? of
sand per year enters the channel, which is half as much as before the west breakwater extending (Table
5).

Table 10. Accumulation of sediment in the channel after extending the west breakwater.

No range Accum., No range Accum., No range Accum.,

m3m-! year? m3m-! year? m3m-* year?
-1 102 9 10 19 0.2
0 43 10 9.0 20 0.0
1 140 11 7.1 21 0.0
2 75 12 5.6 22 0.0
3 50 13 4.4 23 0.0
4 33 14 3.3 24 0.0
5 24 15 2.6 25 0.0
6 19 16 1.9 26 0.0
7 15 17 1.2 27 0.0
8 13 18 0.7

Table 11. Accumulation at the breakwaters and in the channel (thousand cubic meters per
year) after the extension of the west breakwater.

Material W breakwater E breakwater Channel
Sand 19.9 50.3 14.6
Silt - - 23.1

Thus, after extending the breakwaters, the volume of sedimentation of the channel will decrease
from 55 to 15 thousand cubic meters per year. As a result, the main contribution to the sedimentation will
be made not by sand, but by silty material. It should be emphasized that the planned measures for
extending the breakwaters have no effect on the volume of silty sediment accumulation, which spreads
beyond the 3-meter isobath.

Distribution of sedimentation volumes at the existing position, at extension of the east breakwater
only, as well as at extension of both breakwaters are compared in Fig. 11. Obviously, the latter option is
the most preferable in terms of sedimentation reduction.
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Figure 11. Comparison of the distributions of channel sedimentation volumes
for different phases of breakwater extension.

3.5. Shoreline dynamics in the vicinity of the east breakwater

In order to solve the problem of the breakwater extension, it is first necessary to trace the dynamics
of the shoreline in the vicinity of the structure and assess its possible future changes. The fact is that due
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to the accumulation of sand in front of the breakwater, the shore gradually grows. If we compare the present
position of the shoreline with the one marked on the sea maps of the 1980s, it turns out to be shifted towards
the sea by about a hundred meters.

1211202
T
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2019

Figure 12. Shoreline changes in the area of the channel mouth
from 2006 to 2019 based on the analysis of satellite images.

The coastal advance is most clearly demonstrated by satellite images taken at intervals of several
years. Fig. 12 shows the changes in the shore position near the east breakwater for the period from 2006
to 2019 (the results were obtained at MGSU). The linear scale in this case can be a channel width of 100 m.
The figure shows that over 13 years, the coastline has shifted toward the sea by about 40-50 m, i.e., the
rate of advancement is close to 3—-4 m/year.

3.6. Shore dynamics to the west of the channel

The dynamics of the shoreline area adjacent to the channel on the west side can be judged based
on information obtained by analyzing satellite images taken over the past decades. The results of the
shoreline changes analysis provided by MGSU are shown in Fig. 13.

First of all, it should be noted that there are no significant changes in the area in question. The
shoreline fluctuates from year to year with an amplitude of about 10 m. However, its average position
remains generally stable. The tendency to erosion is not detected. It is rather possible to speak about some
accretion of the shore. For example, between 2003 and 2020, the west breakwater shore has moved out
at a distance of about 10 m. l.e., the average advance rate over 17 years was about 0.6 m/year.

12.11.2021

TF

Figure 13. Shoreline changes to the west of the approach channel.

Thus, over the next 50 years, the shoreline at the west breakwater may be extended by about 30 m.
However, this is unlikely to noticeably affect the protective function of the structure, the length of which,
considering the planned extension, should be about 150 m.

Although there is no coastal retreat in the area considered, it is possible that there may be
downstream erosion due to interruption of sediment flow after the extension of the breakwater. It should,
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however, be considered that the flow is also interrupted in the present position, with the bulk of it
accumulating in the channel. After the reconstruction of the breakwaters, most of the material will be
retained not in the channel, but near the structures, i.e. there will be a redistribution of accumulation
volumes, but the total volume of sediment deficit downstream will not change significantly. Consequently,
we can expect shoreline changes to the west of the channel to continue to be insignificant.

4. Conclusions
The results of the study can be summarised as follows:

1) The sedimentation of the approach channel is determined separately for the area of predominantly
sandy and the area of predominantly muddy sediments. The technique allows you to explore various
scenarios of mole extension and determine the best option. The results are verified by the data of space
images.

2) At present, the existing protective structures of Temryuk seaport contain a relatively small part of
sand sedimentation moving along the shore: 3 thousand m3/year for the west breakwater and 24 thousand
m3/year for the east one. The total volume of sand sedimentation into the channel reaches 50 000 m3/year.
Maximum specific sedimentation exceeds 400 m®m-lyear? (at the head of the east breakwater).

3) Due to the accumulation of sand in front of the east breakwater, the coastline is gradually
advancing into the sea and, based on the obtained estimations, will reach the head of the existing
breakwater in 25 years. In this connection, two variants of the east breakwater extension are considered:
variant 1 — by 100 m, variant 2 — by 200 m.

4) If the east breakwater is extended by 100 m, the sedimentation of the channel will almost halve
(from 55 to 30 thousand m3/year). Maximum specific accumulation will decrease to 200 m3m-lyear?.

5) If the east breakwater is extended by 200 m, the sedimentation will decrease insignificantly in
comparison with the variant of extended by 100 m (from 30 to 23 thousand m3/year), though the structure
will be able to fulfil its protective function twice as long (approximately 100 years).

6) If the west breakwater is lengthened by 100 m, the sedimentation will become two times less, and
the volume of sand accumulation in the channel will not exceed 15 thousand m3/year. The maximum
specific accumulation will decrease to 140 m3m-year?. For a radical reduction of the channel's sanding, it
is advisable to extend not only the eastern, but also the west breakwater.

7) According to the available data, the bank to the west of the channel is generally stable and will not
undergo significant changes after the breakwater reconstruction. At the same time, the shoreline may be
extended by about 30 m over a 50-year period at the west breakwater, which, however, will not lead to any
noticeable deterioration of the protective properties of the structure.
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