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south of the "City channel® runoff of the Rioni River (from erosion)
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The paper discusses environmental and geomorphological problems in the Black
Sea city of Poti. The impact of the new port protective mole on the ongoing erosion
processes along the coast has been assessed. Using geotubes, an innovative scheme for the
protection of the 400 m long shoreline south to the confluence of the Rioni River “city
canal” has been developed. This shore protection scheme is effective only in the vicinity
of the confluence of the "city canal”, where the sediment is brought by the south direction
flows generated by the river. For the selected storm, the propagation and collapse of the
waves along the coast are investigated. The formula for calculating the transformation
coefficient is selected. The stability of the structure of geotubes during storms is evaluated.
The western part of the coast guard construction designed by us causes the overrun waves
to crumble and reduce the ripple load on the shore. Their placement under water ensures
the return of returned water to the sea without additional circulations. At the same time,
the northern and southern parts reduce the impact of coastal currents on the coast, which

has a positive impact on the erosion processes taking place there.
Keywords: wave, shore, erosion, geotube.

Introduction. Seaside region of Georgia suffers from unsolved problems of
environmental and geomorphological nature for several decades, because of
unsuccessfully designed and implemented hydro engineering projects of various
purposes.

Mentioned problems of geomorphological nature in Poti coastal strip begin
from 1939 when river Rioni was entirely thrown-over to the northward of city.
Although this action saved the city from frequent floods but at the outskirts
the irreplaceable deficit of beach forming sediment was created. The sea
catastrophically washed out the coast of Poti and pushed it back for hundreds of

meters (Fig. 1). 187
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Fig. 1. The scheme of Poti coastal strip.

In 1959 on the river Rioni, at seventh kilometer of Poti northeast, the
watershed hydro complex was built with dam-bridge and lock-regulator. Its
function involved return of up to 500 m?/sec of river flow to city old bed and
compensation of existing deficit of alluvium (400 000 m?/year) on seacoast by this
manner. But at the flow more than 300 m*/sec the city once again was subjected
to the flood because of precipitation of channel bed and deformations of sea inlet.
To the south of the port, a sediment deficit of about 200,000 m?/year was formed,
which led to the washing of the coastline.

Today a new reality has been created on the Poti coast. The construction
of a new port in Poti is beginning, the barrier pier of which will start from the
southern branch of the delta and enter the sea at a distance of about one kilometer
(Fig. 1). The construction of a protective jetty for a new port in the coastal
zone of Poti will reduce the mass of sediments and limit their transportation
to the coastal zone. This will contribute to the emergence of additional erosion
processes, especially to the south of the existing port.

Currently, the coast south to the confluence of the Rioni River with the
"City canal" is being intensively washed away. Poti-Novorossiysk fiber-optic
underwater internet cable runs through this area. Strong storms that occurred
in 2014-2020 caused intensive erosion of the shore south to the runoff of the
"City canal" of the Rioni River and the shore retreated 70-80 meters back in the
last 5-6 years. As a result, the underwater cable was bare, the sea reached to the
distributor well and jeopardized the functioning of the optical fiber cable (Fig. 2).
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Fig. 2. Washed out coast at mouth of “City channel”.

In case of inactivity, continuing washing the shore at this intensity will
further increase the erosion rate. It will endanger not only the functioning of the
Internet cable, but also the entire southcoastline of the confluence of the "city
canal.

basic part. For rehabilitation of eroded sections and disintegrating hydraulic
constructions in Poti region we propose the well-known technology but not
used in Georgia, providing the use of geotextile tubes (geotubes) filled by the
sand.

The scheme of protection from erosion of the coast, which is located to the
south of the "city channel" runoff, is shown in Fig. 3. Two types of geotubes are
used to construct the structure:

1. Geotubes (4-12) - GT1000, with length - 50 m; Diameter - 2.5 m; Height 1.5
m; Width -3,2 m, maximum distance from the shore 130 m. The geotube will be
located underwater, at a distance of 0.4-0.5 m from the surface of the Pacific Sea
(Fig. 3).

2. Geotubes (1-3) - GT1000, the length of which is 60 m; Diameter - 1.6 m; Height
1 m. Geotubes 1 and 2 will be located 0.2-0.3 m above the water, while the 3rd
Geotube will be located approximately 0.2-0.4 m below the surface of the Pacific
Sea (Fig. 3).
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Fig. 3. Scheme of erosion protection of the area south of the "city canal" using geotubes.

Note that this coastal protection scheme is effective only in the area of the
confluence of the "city channel" sea. During a storm, waves collapse on geotubes
3-12, and, therefore, their energy decreases, and 1-2 Geotubes help to catch
sediment from the southern streams to the shore. As a result, we get a beach 40-
50 meters wide.

According to the Poti meteorological station, the levels of sea water rise are:
very high - 1.3 m, high - 0.5 m, low - 0.2 m, very low - 0 m. The coastline is sandy
Dso = 0.5 mm. The average slope of the

seabed is @ = 0,016 The average velocity of coastal currents is 0,1-0,25m/s.
280 + 370

and the average sediment diameter is

During severe storms, the first wave breaking occurs at a distance -
m from the coast, which leads to a decrease wave energy and the wave height of
reaching geotubes varies in the range H;~1,6+ 20y

Typical scheme of geotube placing on sea bottom is shown in Fig. 4 where
apart from main geotube, the geotextile bedding and two anchoring geotubes are

seen, which protect main Geotube from the washout.

Fig. 4. Sceme of plasing of geotextile tube on sea bottom.
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H; H, is the

- maximum geotube height; @ -

In Fig. 4 denotes: “*i- the height of a significant wave in geotube;

height of the wave after passing the geotube; h

water depth; 5 - maximum geotube width; b. length of geotube contact with

ground; Rt is the distance from the surface of the calm water to the geotube crest
¢ =" =@l gistance from the main geotube to the anchor geotube.

The efficiency of underwater geotubes and the morphological response of the
shoreline depends on the transformation of the waves during geotube passes. The
coefficient of wave transformation is determined by the formula (D’Angremond
... 1996):

=% O<K,<1) 1)

K=
t T g

The empirical formula for determining the Coefficient of transformation of a
wave while passing a Geotube is (D’Angremond... 1996):
~031 reila(2)
Hi

K, = —0,4-:[—:+ 0,8- (f) (1—e0sE) ¢ = E

where ¢ is the Iribaren coefficient.
After passing the geotube, the graph of the dependence of the wave height Hy

on the maximum width of the geotube Bt is shown in Fig. 5 (Eq. 1 and 2).

0.55
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Fig. 5. Dependence of H: on the width of the geotube.
Fig. 5 we obtain the data for the geotube we have chosen: if the width

B, =32 H, = GJBSM; Waves of this height pose no threat to the

is M, then -
coastline.

In the case of storm waves, the stability of geotubes and, therefore, structures,
requires the calculation of wave loads on them and an assessment of stability.

The maximum wave pressure on the geotube is calculated by the formula -
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P = P; + P, where Pis the dynamic pressure caused directly by the collision of
waves, and P_.is the hydrostatic pressure, which depends on the height of the wave

crest rise above the calm sea level.from (Shuleikin, V.V. ... 1953) P, = p(V(x) ;

Vix)

, where - is the maximum wave velocity, equal to xH(x» Where x-

. Tixl=
distance from the runner. () T

the height of the rise of the wave crest above sea level will be:

H., wH 3 wHT
(=30+u ¥ =)
from this
s - PgH mH 3 Wl
Pu=pa="5 0% ¥, 5
Finally
con o (HE)® | pgH{x) mH(x) , 3. b L
Po(x) = % T o (1 2A(x) 8 Alx)? }_
— g
After the calculation we get ~° ' m2. In fig. 6 shows a diagram of the

location of the geotube on the seabed and the forces acting on it.

Fig. 6. Submarine geotube and forces acting on it.

The cross-sectional area of the geotube is S = 5 m?, so the weight of a 1 m long
geotube (filled with sand) is equalto G=p - g-S=1,6 -10*- 9,8 - 5 = 80 kn. The
surface area of a 1-meter long geotube is 7.85 m?, so the compressive strength of
the waves acting on its quarter is approximately equal to P =P - 54 =4.8 - 1.96 =
9.82 kn. The maximum width of the geotube is 3.2 m. In order for the waves to
turn the geotube, it is necessary to satisfy the inequality (Fig. 6):

1,13-P>16-6G
which is impossible. Based on the analysis performed, it can be concluded that
the structure is resistant to waves.
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Conclusions. The coastal protection structure designed by us has a smooth
shape and does not cause additional turbulent effects. The western part of the
structure will cause the passing waves to collapse and reduce its energy. Placing
structure underwater ensures that they can return to the sea without circulation.

In the northern part of the structure, water from the southern stream of the
Rioni River will overflow, and sediments will settle in the closed area. In addition,
it will prevent sediment from being carried out of the geotubes, north-facing
coastal currents created by southwestern waves. the construction in the southern
direction will weaken the impact of coastal currents created by the "city canal,
which will have a positive effect on the erosion processes taking place there.

The coastal protection structure designed by us will not interfere with the
redistribution of sediments introduced by the "City Canal" of the Rioni River
into the coastal zone, since the sediments introduced by the "City Canal" flow
into the sea at a distance of 335 meters from the coast, and then waves and coastal
currents will redistribute them to the coastal zone.
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