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207

A (13)




03040 6IMANITNL  LOBLITNIENB(M J6N3IGLOGISNL 3(O33T, 2023, Nel(21)

bsosg C = B,HE — B1H?,  C; = 0,54, hy @ h, %wog0l
LoMEAgs  BHOWMIdoL  IMAMOMBdOL  J0TSOMMEGOO®  JIMEYPOIEY O
2390G¥900L 99992, bmwm A 39m@G«dol Jodols Bom®Mdsggds.

doegdmwo  (14) s (15) @gob@megdsms  LobEGgds  sdmblbogros
30330GH9Owo  3OmyMsds  ,Mathcad” -0l godmygbgdom. Gogbgzomo
5dmblibgdols 999900 dm39dwos L. 5-Bg s sbMHowdo.

890003900 s ©s13336900. LO. 5-Bg b5B3969005 gMEHMBdOL bs30MOLH
©53mMB¥oL - Xp ©5  39mGH¥doL Log®dol - Lp Bs3omol 6godiool
bobosmBY, OHMES LOLEJIOL EBIMBIbO 356509BHMYO0 dvdogos. bBob. 5.1-
by 9mEg0wos 29MGHMO0L b530M0ID TGOl 2o3emgbs  Bsdo®mols
959300L  bsbosmbdy. Fmoagdo 120 < x < 450, 6s3060b Ggsdzools
356599300 T < 1 @s 633060 53095009@wos. ooy T =1, 9. 0. oy
290390990 256ms3L9dE0s B330OMB sHErML b Bs30MH0E ML, d5d0b
653060l M95d30s gBmbBomEos. 515939 bob. 5.2-sb gs8mAobscgmdls, Memss

x, = 18083 o 40 <L, <220, 985306 r<1l @ Bs3o6o
3369(3009005.
16 . 16
B | L4
12 — r. 1l il
r 1 \ o
08 I T
0.6 T 0.8 At
Olil} 100 200 300 400 500 0'60 100 200 300 400
1. = 2. Lb
bmG. 5. 3003v90g00L LogMdols s Bs30M0sb ©sAMMGdOL go3wgbs BsdoMols
6954300l balosmby.

d390mo  dmygzsboer  3bGowdo  6sb3969000  AgmEGH™MOOL  doMoMoO
35653936 980L Log®dol - Lj, a9m@«d9dL dméol 8s6dowols - Lg Qo
392G ?99900L 653060056 ©53mE9d0L ~ Xp-U bbgoobbgs
360336900 md9d0LsmM30L bs30Mol Mgod30s: »+ - 63300l 530930W0s. .-, -
BodoMo ghmboros.

L, = 1200 g = 600 L, =803 L, = 1008 L, =1208
x, = 1200 - + + +
x, = 1800 - $ ¥ 4
L, = 1500 L, = 600 L, =803 L, = 1003 L, =1203
x, = 1200 - - + 4
x, = 1800 - - - +

208



0. bamoabadg, 3. ggbozadg

3m00L bsbs3oMmm bmeolsmzgol 3oéBggem Ly = 1208, x;, = 1803
©o Ly = 100a. 8 @OML  B330MH0L  M95d30s  93M9B00s
(53989ws30g0).

Bodmermwo  ©s33060399900Ls o 8999353900 Gogbgzomo
99 q00L 5bseoBol Loggrdzgandy, B39b dog® G93mTs390vw0s d0bsty
6ombols ,bodsawsdm  s®bob*  LsdbOgmom dYdsMg LobsdoMOm  Bmerol
©OLY¥MMYIM0o B530ME30m0 YMbolidogds, GmAgwog 3 3MbJGolLosb

99009905 (LE. 6):
1. 8obstyg  M0ombol  Lodsawsdm  sGbols  Jsamsdm@ol, B39bl  dog

090993539090 bdgdol  dobggom,  dofioldfmzgo  IBsAIMOL
399my9gbgd0m 9BHo3mdMm0z35 (4 Fgero) 9ofidgbos (LyH. 6). 53mPYdEO
doboerols dm3IEXPMdOm Essbrmgdoom 800 0003% dogrbsgbols dgdzgmdom
Bo3ombg  ©o0gbodg  vPowl oYM,  MMIgbsy  d9gdymddo
3900550985390L  Bowmgdo. 2o(dgbol d90gy IobsMmg  ooBHIMIIL
Lo3MMYIBHM boOxl s 450BMYdS F98MmEHb0wo b5Eobol dm3EMmds;

2. ,bdgogadm sGboL dgbsemsgdo dobsmol obgdol gslifizmog  Jzodoom
53L9d90 29MEGH1dOL Bsgds (LwE. 6), GMIgErog LsdbMHgm-ologwrgmols
IBH™MOIGO0L EOML dEPMZ0MYIL 499)39m9dL PO M0 B0dsMNYO
©0bg0g00L  F0ge  BoBGoboll Iobsols  3owsdm@do Fg@obsl s dob
0900pmd  396235L.  2gmGHMOoL  ggmdgBHOoo  3560599¢9d0
3996560089390 046935 659OMT0L FgLermEgdols EOHMU;

3. 6530M0sb 1803 dsbdoebg brzol xgLIYODY gOMTsbgmoligsb 1009
dsbdoerom  sdmMmgdmero 1200 Loa®dol  {igoend3zgds  29m@GHvYd9d0L
LoLEBHYIOL ImHgmds (Lwe. 6). 3gmEHMOYOOL obmMogLgdOL FqmdgEHMOwEO
35658930900 FgMBgmos  obgmo, OHmI  ggm@Gdgdby  GHowmgdol
39053 gdol  dgdgy dolls s 6330OL Mol Foedmodzgds Fywol
0690900l 4 »RM9060 (3060379ws(30900. 53 OML b330l Mgodzos

096905 5309300 (L. 4).

209



030d() BIMANITNL LOBLITIENBM IJBN3IGLOSGISNL (O3B, 2023, Nel(21)

g, 6. B0 BBOb 33BrglgBOLs 3 ,bsgsemsde sGbob* 3siBeool igds.

Bdog X @d Y 3mO0BmbHIr®o 3mm®oobsdgdos, ¢, @ 4,
30 - 9939630l LoBP3MYddo bo@obol IMAMsMdOL LoBdstg X s Y

808560 gdgdom.  3dMsmdOL  dmgrmmdooo  bobdsMggdo(q,,q, )
399m0obobgds  gangdgb@ol 39M@E035mo dsbogo 3390008 dogH OMOL

9OMINdo  35BHMYdMo  9B9JGHIO0 BoBobol Imawwmdom. Bsdobols
9dd65md0L LoRJsMOL FoBLLLYBOZMSZ5 TOWIIN0s FMOTMS:

(qx,qy)=(qx aqy )+(qw 7qy} )’ (2)
B3 (¢, ,9, )3oUd8YP@IdNo  ©0bgdgd0m  3edmfiggrwo  Ba@obob

OMBL3MOEH0OIOL  Lobdsdgs, (g, .49, ) 30 GHOXLRIP00  yddmMf3grwwo
Bo@obol G®mobldm®mEH0Mgd0l LoBJseg. ©0bgdgdom sdmfizgmwo bs@sobol

GMBL3MOEGH0MGO0L LoBJotrg odmomzwgds BmGIMwoo (Saghinadze ...
2019):

4, =0.U> q, =0V> 3)

Qc = Ac(z-m _Tt )/pg’

Losg U @s V. 25b68995gdmeo  ©obgdgdol boBdsggdos x ©s y
dodsromgdom, A =0,1-1 ool aobbmdowgdm 3mggoEogbdos, T,
Goadols s ©0bgdgdol  gMHMmMOo30  dmgdggdom  dsdmfizgeo
BL3YOMo  dgOol  dsd30L  dodubodocry@o  360d3zbgermdss £ 1! oy i

"2

, U, gL3geEwo  m@modGwo  LoBJs®ol  s83wod s, £ L3y
bobmbol 3m98303096¢0s, 7, 65@oboL sLsdMAMs39dwws© LsFoMm RLZIOOL

210



0. bomobadg, 3. gbszadg

360030370 d36M0L 350355 (00930 T <7, , 358060 =0).

G5 900L 3096 B3GSb0L BMIMMBS o8M390s BLIYINIO GOm0
LoBJoMolb s0TYGHMOMWMBOM S MBOM MM, MoERBsE ol ombmgl
0Lgm0 BogdBHMMJI0L QomM35colHObYBL, HMYMOES BHOWIMS MRMSJ309,
QQORM5J309, sdlbgmagzs, 56933ws s BLIGOOL BOOMBDS. BHOWMIOOM
390mf39M@o  Bs@obol  BHMIBL3MOGH0MGIOL  LoBJoMg  godmomzwgds
53mOIwoom (Saghinadze ... 2019):

4, =F,0,0,cosa, q, =F,0,sina, 4)
0,=4,, -7, ) pg,

boo@3 AW 500l Ma56%mBoadm  3mgn03096G0, U, FLIIOMO
O30 Mo BLoBJSMOL 533¢0G YIS, & - 379N GO gdol 353M(39gdol
9085600 gdsLd s X gMAL IMGOU. AW 3M9%8030956GH0GME0s:

mdbods300L bdgdol dg996sBg. F90amIdo S sMgdo 3539000 dosM o
39900996905 4583390 GHIMOGHMM00L BHM3MYMHIR0Wo M¥d9d0. M

39935351900 30Mgd@ol gobbmdogwgdol 9999y D030l bsdo®by
©5 00006ty HoMboL ,Lodogodm s®bol® gsbfizMog  oyzsboero ogbgds
33BoEgbo Ms30L0 99O GHMBdMgdom. d9d9ado LoFoMmgdol
d9dmbggzsdo 9godergds 399e3Logbol og®mdgagds 1 38 s bo@sbol
50m9ds 80bstryg MHombols dmszs® sMbTo, [gorasdymao 3owM™3356dol
J39s d0gxdo (be. 1). dobsGol 53 bsfowdo oo ®smEgbmdom
9003m3905 3s5d994abgero Bo@obo s LoFoMmmgdol gdmbggzsdo badoMol
©O15(393950 U bBoBobo sMLgdMwo LobGgdom  Jgodwrgds  FoS0JSRML
Lob530MM BMmErdo. oMo 5dold OHMMS 26Tz MdT0 ,Lodoesgm s@Mbol*

©59d3olb  990mbgzg3500, sMLYdMo LobEgds Fgodargds  Asdmygbgdwya
04651 dob bgerdgmMg gobsdgbosc.

211



03040 6IMA0IT0L LOBLINIENB(M J603IGLOGISNL 3(033T, 2023, Nel(21)

@0GIOGNOS

3o3mdodg, 9., 3mve, 3., Loobsdg, 0., JosG0s, o. 2017. Lsdobs®m
30006339698¢0ds Qo bsgo®og9emmls Jds30B30L30690000b
3920ORMEMZ09H0 3Mm39900. d0obo: »»9960360
mbo39MOLoGYGHO".

Loobsdy, 0., 4999BsMEsdzowo b. 2018. ,8530 BE30L Joawsd BmmOL
L56530MHM BMEdo JBHMOIGOOL EOHML Bo®gdol o3 Egwgdolsl ywols
Bodw95eMm EMBOL (33e00EgdOL o5bAM0Tgds". Lsgs@mmzgenml Lsobgobtmm
bosbergbo . N1. 2018: 63-67.

Lo@obsdy, 0., gbs3sdg, 9. 2020. bsds@omggerml dgdsbozmbors 3538060L XI
439 ferow)©0o bosg@osdmemoler 3006039696300. 9mbligbgdsms mgboligdo.
domvydo, 2020: 112-113.

Bellotti, G. 2007. ,An Improved Analytical Model for Estimating Water level
set-up and currents induced by waves over submerged low crested coastal
defense structures“. Proceedings of the 5th Coastal Structures International
Conference, 1, 2007: 975-989.

Ranasinghe, R., M. Larson and ]. Savioli. 2010. ,Shoreline response to a single
shore-parallel submerged breakwater“. Coastal Engineering 57, 2010: 1006-
1017.

Saghinadze, 1., Kodua, M. 2019. ,A Mathematical Model of Sediment Transport
of the Poti Coastal Zone®. International Journal of Engineering Research and
Technology (IJERT). Volume 12, Number 12. 2019: 3032-3037.

212



0. bomobadg, 3. gbszadg
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Protection of the Black Sea coast of Poti from erosion by
using underwater barriers

Ivane Saghinadze
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Akaki Tsereteli State University
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The paper discusses the coastal protection problems of the Black Sea coast of Poti. A
mathematical model of transportation of the sediment has been developed, that takes into
account the existing geometric and physical parameters of the coastline. As a result of
the numerical solution of the obtained equations, sediment transport rates are calculated.
The tendencies of sediment movement in the coastal zone, the quantitative index of
its deficit and the average speed of erosion in the multi-year section are determined.
In order to reduce wave loads and erosion processes on the coastline, the method of
arranging underwater breakwave barriers in the depth of the sea are used. Geotextile
pipes(Geotubes) filled with sand are used as underwater barriers. In case of accumulative
shore, the geometrical and physical parameters of placing underwater geotubes at the
bottom of the sea are calculated. Based on the analysis of field observations and the
developed numerical models, a preliminary design for protecting the coastline to the

south of the “City Canal” of the Rioni River was developed.
Keywords: shore, erosion, wave, geotube.

Introduction. In the economic development of Georgia Poti Region is of a
primary importance, the prospects of economic development of the countries of
Black Sea basin is associated essentially with the intensification of transport and
cable communications between Asia and Europe in which Poti City with its port
and cable of marine under water communications now plays the important role.
But, along with it, in Poti and its sea region the unsolved problems of ecological
and geomorphological nature have existed over ten years (see situational map

of problems, Fig. 1) which were caused by unsuccessfully designed and realized
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oh_oq, %, 1)
o ox oy

Where xand y are horizontal coordinates, ¢, and (y, - sediment transport rate

within the element in direction x and y. Volumetric transport rates (qy, qy)
expressed in terms of the effective volume of sediment transmitted by the
vertical cross section of the element per unit of time.

The equation for determining the sediment transport rate is:

(4::9,) = (@) + (G2 G )» ()
Where (g.,,q,,)are sediment transport caused by the averaged flows,

(4.x-9.,,,) - sediment transport caused by waves. Sediment transport caused by
average flows is determined by the equations (Saghinadze ... 2019):

4:=0U> q,=0V, 3)

0. =4, -7/ rg>
Where U and V are averaged flow rates in the direction x and y, Ac =

dimensionless ratio of the order 0f0,1-1, 7, -the maximum value of seabed shear

. 1 Ay A
stress under the mutual action of waves and flow 7 =— gof, 0z, U, - near-
m 2 CwW™b

seabed orbital velocity amplitude, f,, -seabed friction ratio,, -critical shear
stress of the seabed at the beginning of movement of sediment. If 7<7_,
Qc =0. Equations (3) are based on the concept of a force model, i.e. sediment

volume 0, is proportional to the combined shear stress.

Wave transport of sediments is caused by asymmetry of the seabed wave
velocity and is more complicated because requires consideration of factors such
as refraction, diffraction, reflection and collapse of waves, as well as the slope of
the sea bed. The equations for determining transport rate of sediments caused
by wave motion looks like (Saghinadze ... 2019):

q.. =F,0.4,cose, q,, =F,0,4,sna, (4)

Qw = Aw(rm _Tcr )/%’
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‘Where Aw is dimensionless ratio, U, -near-seabed orbital velocity amplitude, «
-angle between the direction of wave propagation and the axis x. Dimensionless

ratio AW is equal to:

w, | £
A =B ——9  |Iw,
" "=, )s+fsgd N 2

s = (ps - p)/ p, 7,- maximum shear stress due to waves and flows, A, - seabed

porosity, f, - wave friction ratio. The value of f, depends on the amplitude and
period, orbital velocity and characteristics of the seabed. For example, if the
seabed is formed from sandd =0.2mm, W, =2.4cm/s, 4, =04, s=1.65,B, =7

and f, =0.01~0.2, then according to equation (5), the values of AW vary within

the range 0.2~ 0.9. In calculations, the coefficientAW is as summed as
constant. In the equations (4) F, is equal to:

( I1, —I1 “h 4, h
F, =t k, —< > M=y —=—2—, (5)
e =" Sy j WLO sgd L,

c

Where I1_is the critical value of Il at zero point (where the transverse
sediment transport is 0). The values of TI_ are values of the order of one and
specified in the calculation process. The parameter I1 value is specified, if '
replaced by the Shields parameter.

Formulas (3, 4) depend on seabed friction (critical shear stress), the values of
which must be determined. Critical condition of sediment movement under the
waves and flows influence is determined by critical volume of Shields
parameter:

v, =7,./(p, - pled.

According to Watanabe, the value of the critical Shields parameter for fine

sand(d = 0.1~ 0.4) is equal to 0.11for coarse sand — 0.06.

In the equations for determining (g, ,q,)the seabed slope effect was not

taken into account. The following equations were introduced to account for the
slope of the seabed:

9. =4q.+¢, QXI%, q'y=qy+€sqy% ©6)
And instead of equation (1) we obtain:
Oh = % + % . (7)
ot Ox Oy
Solution algorithm. In equation (6) were introduced notations:
A=q., B=4dq,l| C=gq,: Dzslqy‘
and were rewritten as:
%:%[A+B%)+%[C+D%J ®)
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Let's formulate a generalized statement of the problem. If we denote the
generalized solution of problem (8) with the function % e V’T\/iz(') ( VT/;(I) —
Sobolev space) the following equation would be satisfied (Saghinadze ... 2019):

ﬂ Lds = J'J' [A+B— ,dS + J'j' [ ., dS
S
)
0
For any @, ; € W;O(”. Here W, is the space of square-integrals functions,

together with their first derivatives, equal to zero on the boundary B and
taking arbitrary fixed values within the area .S, (Saghinadze ... 2019).
Applying in equation (9) Green’s formula we obtain:

jsj dS——.U(A+nghj LS — .U(C+D2yhj 5 s (10)

Afterwards, let's proceed to the construction of the approximating scheme.

In the S area we construct a grid rectangular area S” with a step a = Axand
b = Ay. Triangulate the area by separating the rectangles of the grid with

diagonals of positive direction. The projection-difference scheme will be built
as following: to each node of the grid of (x,, y,) of §" area we put in accordance

with Courant function @; ,, which is equal to lin this node and equal to Oin all

_[1j)=(m.n)
O (51-7,)= {0,(1',1‘)7& (m,n)

The functions a)mn(xi, y; )have a hexagon carrier. After transformations,

other nodes of the grid:

for each (i, J ) € S” (10) the equation will take the form:

—Eh jy—Eh,;—Eh, =F, (11)

i+l,j i,j+1

dh,,
00—~ +Eh, ,—E,h
dt

The coefficients included in equation (11) are determined as a result of
solving the wave and coastal current equations in the same area.

To construct temporal approximations associated with solving equations
(11), Crank-Nicholson schemes can be used, which provide a second order of
approximation of time (aoamdodg ... 2017, Saghinadze ... 2019). We
approximate problem (20) as follows:

hm+l|:ab E:| hm+1 E hm+1 E hm+l i hm+1 E :h,m‘:a—b_ﬂjl_l_ (12)

oA 2 ’“’2 ”“2 b2 ”‘2 TAar 2
mw E m Es s Ay am B
Ay 22+h,/+1 = + A 1/7+h,, 175+F.

Equations (12) under the corresponding boundary conditions and initial
data are effectively solved by the upper block relaxation method (Lo@obsdy ...
2020, goamdody ... 2017).

Computational experiments. When solving equation (12), we consider the
coastal zone located to the south of Poti port. The abscissa axis is perpendicular
to the coast, and the y axis is parallel. The meshing steps are a=Ax=5m,
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b=Ay=50m. There are 141 points on the x-axis, 13 points on the y-axis, for a
total of 1833 points.

Numerical solutions have shown that the sediment transfer rate ¢, is

practically zero at a water depth of 10-15m. It becomes significant only at a
depth of 8-10 m. Their maximum values range from 0.0015-0.0022 m?¥’s. The
maximum values of the sediment transfer rate ¢, are 0.00001-0.000013 m?s.

As a result of calculations of changes in the relief of the seabed in the
coastal zone, we find that the water depths vary from -0.29m to +0.26m. A
negative value corresponds to coastal erosion, and a positive value corresponds
to accretion. The average annual rate of coastal erosion is approximately 6-8
m/year, and the deficit of beach-forming material south of the Rioni River "City
Channel" is approximately 200,000 - 250,000 m?/year.

Determining the nature of the shore response in the case of several
underwater geotube. Different types of current circulations induced by the
underwater structure have been found in the vicinity of the underwater
breakwater, which can be used to predict the shoreline response (Bellotti ...
2007, Ranasinghe ... 2010). These circulations occur in two forms and cause
different shoreline responses: 2-cell circulation, which causes bank erosion, and
4-cell circulation, which causes bank accretion (Bellotti ... 2007).

Waves with a height H;, that reach the underwater geotube will break on
it and a new wave with a height - H;. Will be generated. As a result of
breaking waves, the water level will rise by -n. Next, the resulting wave will
break near the shore at the depth A, and the water level will rise additionally -
Np. Thus, the amount of sea level rise near the shore will be - 17 + 1.

Between the breakwaters, the waves propagate freely, and after breaking at
the shore at a depth of h, the water level rises by the amount - ] g- Options
for raising the water level near the shore determine the direction of the riparian
currents and, accordingly, the nature of the shore response. In the works
(Bellotti ... 2007, Ranasinghe ... 2010) a parameter is introduced, through which
the character of the shore reaction after the placement of the underwater

geotube is determined:
r = 77+le’ (13)
Ng
When 7 > 1 there is bank erosion, and 7 < 1 - bank accretion.
Np and 14 are calculated by the formulas of water level rise during
breaking waves at the respective depths (Bellotti ... 2007, Saghinadze ... 2018).

To calculate the water level rise n caused by the breaking of the waves after

passing over the geotube, let's use the equations (Lsobodg ... 2020):
- S T N
A [9(h2+77) ghl] +uBigy + ”La +5+C=0, (14)
G =uhy = Ciy2g7 - hg -, (15)
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Where C = BZH,:Z - ﬁlHiZ, C; = 0,54, hy and h, are the
depth of the sea in the direction of wave movement before and after the
geotube, and a is the depth of the geotube.

Results and conclusions. The obtained system of equations (14) and (15) was
solved using the computer program "MathCAD". The results of the numerical
solution are given in fig. 3 and in the table.

16 16
14 | | 14
. 8 . |
1.‘ \ p y, 1 : |‘| m_-__‘____
T 1 LY ; £ r I‘. o +
{'.6 -‘“-\;__q_—_ __—___‘,.»-"- QS "._.____‘__r»"'--
04 - - 06 -
0 100 200 300 400 300 0 100 200 300 400
1. b 2. Lb

Fig. 3. Influence of the length of geotube and its distance from the shore
on the character of the shore reaction.

The table below shows the reaction of the shore for the different values of
the length of the geotube - L}, the distance between the geotubes - Lg and the

distance of the geotubes from the shore - X3: "+" - shore accretion. "-" - the
shore is eroded.

L, =1200 L, = 603 L, =803 L, = 1000 L, = 1200
xp = 1200 - + + +
x, = 1800 = + + +
L, = 1500 L, = 603 L, =803 L, = 1000 L, = 1200
x, = 1200 - - + +
xp = 1800 - - - +

For Poti coastline we choose Lp = 120m, x; = 180m and L, =

100m. At this time, the shore reaction is accumulative.

Based on the analysis of natural observations and developed numerical
models, we have developed a justified coastal protection measure for the coastal
strip to the south of the "city channel" of the Rioni River, which consists of 3
points (Fig. 4):

1. Staged (4 years) cleaning of the bottom of the "city canal" of the Rioni
River according to the scheme was developed by us using a suction device (Fig.
4). Transferring extracted material (About 800,000 m3) by pipeline on the
seashore;

2. Placement of a geotube filled with sand along the river at the mouth of
the “city canal” (Fig. 4), which will prevent the introduction of sediments into
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the river bed by northward currents during southwestern storms and their
subsequent loss;

3. Installation of a system of underwater geotube on the seabed at a distance
of 180 m from the shore. The length of the geotube is 120 m, and the distance
between them is 100 m. Geotubes are chosen so that the coastal reaction is
accretionary (Fig. 4).

Fig. 4. Scheme of placement of geotube and cleaning “city canal”.
After the implementation of the proposed project along the seashore and
along the "City Canal" of the Rioni River, a slurry pipeline with its intermediate
pumps will be laid.
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