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Abstract

Based on natural measurements and geodetic references of old cartographic materials the
new Rioni River delta (which was formed after the river diversion in 1939) development tendency
was defined. A large two-arm delta was formed during a period of more than 60 years. The men-
tioned delta was developing along with a relative sea level rising, construction of a hydropower
station on the river, and minimal sediment losses in the greater depths. Studies have shown that,
despite the relative rise in the sea level by 0.53 cm, the coastline extension over a 13 km long sec-
tion is continuous since 1939 until the present time. Construction of the hydropower plant and an-
nual removal dredging of sediments from the approach channel of the port of Poti port slowed
down the progradation, but general tendency of the coast development has not changed. We can
therefore conclude that even in the face of global warming and associated sea level rise, not only
the coastline maintenance in a stable condition is possible, but also its progradation in the case of
the accumulative coasts, where there is no significant loss of beach-shaping sediments at greater
depths and which are characterized by excessive intake of river sediments.

In terms of global warming and rising sea levels it is timely to research an impact of this
process on a coastal zone, and in particular on the development of accumulative deltaic ridges,
formed by sand-muddy sediments. In this respect, it is interesting to trace the new Rioni delta de-
velopment, which formed its new mouth in 1939. The new delta of Rioni River began to form in the
autumn of 1939, as the river was transferred entirely to the north of the place of its former location.
The reason for the transfer was frequent flooding of populated areas of Poti city during high waters
and floods. In addition, due to large sediment accumulations a rapid advance of the underwater can-
yon tops, located near the former mouth of the northern branch, to protecting malls of the Poti port
was observed, resulting in a very real threat of their destruction. Since that time until today an abso-
lute sea-level rise relative to land area, taking into account a tectonic subsidence, made 0.53 meters
[1]. Despite this, during this time a rather large two-armed delta was formed, which has transferred
into a stage of many arms development since 2005.

Under natural conditions, i.e. before the Poti port breakwater construction, the coastal zone
of central Colchida was developed as a single lithodynamic system [2]. Rioni River used to flow
into the sea in two arms somewhere in the middle of this system. Hereby, one of the arms fell into
the sea in a close vicinity of the Poti submarine canyon top, and the second — in 2,4-x. kilometres to
the south, where the canyon is missing, and an underwater slope takes a normal profile with a slope
of 0.007. By that time the solid flow of the river was estimated at 9.7 million m3 per year [3, 4]. For
underwater slope and shoreline feeding was spent not more than 1 million m® of this amount. The
rest went irretrievably to greater depths of the underwater canon. Today's solid flow of the river is
about 5 mln.mS/year. The faction diameter, mostly solid sediment runoff of the river, is less than 1
mm.

Beaches and the underwater slope of the coast are composed of only sand and silt deposits.

The underwater slope is quite reclined, the average sloping is 0.0074. On the underwater slope in
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2.5 km north to the actual urban channel estuary of Rioni River is located Poti submarine canyon.
Its apex is characterized by a 10 m isobaths. Distance from the shoreline to the canyon top makes
600 meters. The underwater slope inclination before the canyon top is 0.013 (see Fig. 1).

Under natural conditions Rioni River flowed into the sea in two arms. One of the arms
flowed into the sea before the canyon top. The second periodically changed its location and fell into
the sea to the south or north of the canyon. The location of this arm was limited by Paliastomi Lake
to the south and to the north by 5-6 kilometres from the top of the canyon [5]. Sediments of the arm
that flowed into the submarine canyon vicinity reached mainly the top of the canyon and then
moved permanently to greater depths [6]. Thus, they played a lesser role in the beach and underwa-
ter slope nourishment. Sediments of the second arm, remote to the canyon, were distributed over the
underwater slope and along the coast. The coastline extension and accumulation were determined
depending on the fact, on which side would the arm, remote to the canyon, flow. In 18th and 19th
centuries the second arm flowed to the south of the canyon top, where according to materials of old
cartographic surveys the coast extension was recorded [6]. In general, the coastline extension by a
stable sea level was limited by the underwater canyon top and therefore these periodic extensions,
in spite of such great hard flow of the river, were temporary.

The existed natural balance was disrupted in the late 19th century, as the Poti sea port
breakwaters were built, which disturbed the natural sediment distribution. The south breakwater
was built just north of the underwater canyon, where the Rioni River northern arm flowed to that
time. The breakwater limited free sediment migration. As a result, large sediment masses began to
accumulate at the canyon top. Reaching large weights the sediments shifted to greater depths of the
canyon by gravity. Intensified erosion processes occurred for this reason, resulting in the canyon top
extension to the shore and south breakwater, which had been built to this time. The threat of erosion
for densely populated coastal area of Poti and the breakwater destruction appeared. To stop the can-
yon extension towards the coast old barges and ships were sank there, but there was no tangible re-
sult (see Fig, 2).

Before construction of the protection moles at Poti Sea Port (1873-1888) the coastal zone
has developed in a natural mode, which was formed in the second half of Holocene, about 5-6 thou-
sand years ago [5].

The Rioni River litho-dynamic system beaches are completely formed by fine-grained sand
and silt sediments, and their width varies in ranges of 70-120 meters. The beach ridge heights vary
in ranges of 0.8-1.5 meters. The alongshore sediment transport is directed from north to south, and
its consumption is estimated at 300-400 thousand m® per year. The scale of migration is also sig-
nificant, which provides presence of Rioni sediments in the northern direction up to the Hobi River
mouth.

Existing surface beaches are composed of fine-grained sandy material. The underwater slope
has a bias tga = 0.007-0.008 up to 10 m isobaths, i.e. 7.8 meter isobaths are 1 km away from the
coastline. Within these limits several rows of alongshore ridges are situated at the underwater
slopes. The most distant and powerful ridge is located in 400-500 meters from the encroachment
line, and its shape is symmetric — inclinations in both directions to the sea and towards the coast are
equal.
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Fig. 2. Status of the underwater canyon top before (shot in 1937-1) and 2- after transfer of
the river (shot in 1999)

87



Fig. 3. Status of the coast and underwater slope north to the port of Poti before formation
of Rioni River new estuary (1936) and after 1941.

The ridge top is at a depth of 3.7-4.3 meters. Distances between the ridge troughs range
from 250 to 300 meters. The ridge volume is ca 770-800 thousand m3 per linear kilometre. The
shore nearby ridges are less powerful, and they are asymmetrically shaped. Internal ridges change
their shape and move even by small sea waves. The most distant ridge moves during heavy sea
storms. The scale of the ridge cross-migrations relative to the coastline varies between 150-200 me-
ters - according to the NIF "Gamma" researches.

Comparison of mapping surveys the early 19th century with later surveys before the port
construction showed significant changes in the coastline. In particular the bank moved intensively
forward in the area of current location of the city channel mouth. Apparently, this process occurred
due to migration of one of the river mouths. There is a reason to believe that the southern arm was
formed shortly before the accumulation processes begun. Morphological analysis shows that up to
this time, Rioni River either flowed in one arm into the sea directly in front of the canyon top, or in
two arms (branches), the second of which was located further in the north. In the latter case, the
river delta also formed an island, which was located north to the now existing one. Such movements
of the mouth apparently occurred periodically for a long period. Hereby, one of the mouths was al-
ways located directly in front of the canyon apex. At the time when one of the branches was situ-
ated in the north, accumulative processes and accordingly coastal extension occurred north to the
canyon top; vice versa when the southern arm was active, the coast build-up south to the canyon top
took place. Hence, erosions prevailed, when sediment transport to the discussed sections of the
shore was stopping. In these cases stability of the banks was maintained just directly in front of the
canyon apex. Thus, accumulations and erosions occurred south or north to the canyon top location,
depending on where the river arm, remote to the canyon, formed its mouth. Periodicity of the proc-
ess 1s not entirely clear, but one can assume that it happened once in two or three hundred years.

Until 1939 the shoreline north to the port was directed perpendicularly to the resultant wave
pattern. Therefore, opposing alongshore sediment migrations of approximately equal amounts
dominated in this part of the coast. Even before the construction of a new northern breakwater very
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intense shore build-up had taken place near the old northern breakwater. This process occurred due
to the strong influence of port facilities, particularly the northern and south-western breakwaters.
Northern storms transported sediments to the south; however, their subsequent movement in that
direction occurred in smaller scopes, as the south-west breakwater created a wave “shadow”. Inten-
sive accumulation processes began at the new pre-estuary coastland immediately after the river
transfer (see Fig. 4).

Since there was no canyon on the submarine slope at the river inflow point, and the under-
water slope receives the bias characteristic of this coast, the sediment losses do not occur in greater
depths.

Over the last 72 years a two-arm delta with total area of 1300 hectares was formed in the
new mouth. The central part advanced into the sea at 1900 meters. Several bathymetric surveys,
covering an area of 13 km from the port of Poti to Hobi River estuary were carried out during the
NIF "Gamma" field studies. Obtained maps were transformed into the UTM system after corre-
sponding geodesic transformations and compared with surveys of 1939, 1952, 1983 and 2000. On
the basis of these materials amounts of the accumulation were calculated. In just past 60 years 263
million m3 of sediments were accumulated in up to 20 m isobaths. Also deposits have to be taken
into account, extracted during dredging activities of the Poti port approach channel. These sedi-
ments are flushed to greater depths of the underwater canyon, from where their return to shallow
waters is excluded. Thus, the total volume of accumulated sediments was more than 300 million m’,
and the annual average - about 5 million m’/year.
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Fig. 4 Rioni River new delta scheme.
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It should be noted that the sediment accumulation occurred very unevenly, due to the com-
missioning of Gumati (1953) and Vartsikhe reservoirs. For example, between 1939 and 1952 the
volume of accumulations was 114 million m’, on average annual amounted to almost 9.0 million m’
per year. After commissioning of Gumati and Vartsikhe HPPs, annual savings fell to 2.0 million m’.
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Later, by 80s of the last century the volume of accumulations increased and reached 3.6 million m’.
In 2000-2010 the volume of accumulations, excluding dredged volumes from the approach channel,
was approximately 3.5-4.0 million m’. Gradual increase of accumulations is caused by increased
solid sediment runoff of the river, which is associated with sedimentation of the existing reservoirs
— the sediment saturated water is periodically discharged through their dams (See Fig. 5 and 6 and
Table 1).

Thus, we can say that, despite a relative rise of the sea level by 0.53 cm, the coastline exten-
sion after 1939 until the present time occurs continuously over 13 km long coastal section. Con-
struction of the hydropower plant and annual sediment dredging from the Poti port approach chan-
nel slowed down the coast extension, but the overall direction of the coast development has not
changed. Development of this process will not change in the future if the sea level increase and to-
day's solid runoff volumes of Rioni River are maintained. However, in the case of a significant re-
duction of the river sediment runoff, which, for example, may happen in the case of Namakhvani
HPP dam construction, a degradation of the formed delta protrusion will be unavoidable [7].

It has to be mentioned in conclusion that even facing the global warming and the sea (world
ocean) level rise associated with it, at accumulative shores, where there is no significant loss of
beach-building sediments at greater depths, with an excessive intake of river sediments, not only
maintenance of the coastline in a stable condition is possible, but even its extension.

91



Table 1

Area and accretions volumes in the new Rioni delta during the period from 1939 to 2001

Accumulation volume(mln.m3) and | Accumulation volume(mIn.m3) and | Accumulation volume(mln.m3) and
= accretion areas(hectares) of the south | accretion areas(hectares) of the cen- | accretion areas(hectares) of the north
a flank tre flank Z
" <
> =
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E .S 1 1 1 1 1 1 1 1
7 ks = z = g g 2 2 g
2. | 2 = g 2 = 2 g 2 s 2 = 2 = g
= =) = < = 5 = S = S I = o 5 o < =
85 |3 =2 | g >= | © 2 | S >= | S cZ | 5 =2 |5 >2 | 2 >z
< E > <= < <= > <= > <= > <= > <= > <= | < <=
1939 10 3,25 0,25 45,69 3,51 15,13 1,16 64,07 | 4,93
1952_ 26 2 397 31 115 9 537 41
20 6,37 0,49 80,92 6,22 26,33 2,03 113,6 | 8,74
1952 10 5,75 0,16 18,45 0,53 9,94 0,28 34,14 | 0,98
1983 68 2 173 5 86 2 327 9
20 10,73 0,31 42,0 1,2 18,03 0,52 70,76 | 2,02
1983 10 4,35 0,31 15,76 1,13 8,18 0,59 28,29 | 2,02
2000_ 23 2 124 9 77 6 224 16
20 10,96 0,78 28,1 2,01 12,59 0,90 51,65 3,69
;333_ 10 13,35 0,22 117 2 79,9 1,29 694 11 33,25 0,54 277 4 126,51 | 2,04 1088 18
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Fig.5. Accumulation volumes in the new delta in different observation periods.
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Fig.6 . Curves of sediment accumulation in Rioni River new Delta. Vertical lines indicate
commissioning dates of Gumati HPP in1953 and Vartsikhe HPP in 1967.

—— 1 - Cumulative curve of sediment accumulation in the new Delta
— 2- Annual sediment accumulation, mln m’
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OCHOBHBIE 3aKOHOMEPHOCTU (POPMUPOBAHUS HOBOU
NENIbThI peknu Pronu

Wpaxswuii I'. [Tamamsury, boka B. Jle6anngze, Baxraur I'. I'Baxapus

Pesome

Ha ocHOBe HaTypHBIX U3MepeHMII U TeOAe3UYeCKOW IPHUBI3KH CTapbIX
KaprorpapuyeCcKUXx MaTepUajoB OIpefesieHa TEHIEHIWS Pa3sBUTHUS HOBOM JeIBTHI .
Puonu, xoropas o6pasoBanacek mocie nepebpocku pexku B 1939 roxy. 3a mepuog Goiee
gem 60 ser, 6puTa chopMupoBaHa OOUIMpPHAA AByXpPYKaBHAsA [eIbTa. YKa3aHHAA JeJIbTa
chopMupOBasach B yCIOBUAX OTHOCUTEIBHOTO ITOBBIIIEHUS YPOBHS MOPS, CTPOUTEIHCTBA
I'SC Ha peke, ¥ MUHMMAaJIbHBIX IIOTEPh HAHOCOB Ha Gosburue riayOuHbL. VcciemoBanus
IIOKAa3aJIM, YTO, HECMOTPS Ha OTHOCHUTEIbHOEe IIOBbINIeHHe ypoBHA Mops Ha 0,53 cm.
BBIABIDKeHUe OeperoBoii suHuu mocie 1939 roza 1o HacTosumero BpeMeHH Ha
OpoTsDKeHMH 13 KHJIOMeTpOBOTO — y4yacTKa Oepera  IIPOMCXOJUT  HEIIPEPHIBHO.
CrpourenbsctBo I'DOC 1 exxerogHsle U3BATHS HAHOCOB U3 ITOAXOAHOTO KaHaia mopra Iloru
CHMU3WJIM TEeMIIBl BBIABIDKEHUs, OJHAKO OOlee HaIpaBleHUMe Pa3BUTHA Oepera He
HM3MEHUJIOC. OTcrofa MOXHO 3aKJIIOUMTh, YTO JaXKe B YCIOBUAX IJI0OATBHOTO
IOTEIJIEHWS Y CBA3aHHOTO C HUM IIOBbIIeHusA YypoBHI MupoBoro Oxeana, Ha
aKKyMYJIATUBHBIX Oeperax, Iie He IIPOMCXOJAT 3HAYUTEIbHBIE IIOTEPH IUIDKeoOpasyux
HAaHOCOB Ha Oospliye TiIyOWHBI, C M30BITOYHBIM IIOCTYIUIEHHEM W3 peK HaHOCOB,
BO3MOXXHBI He TOJIBKO COXpaHeHue 0eperoBoil TMHUU B CTAOMJIBPHOM COCTOSTHUH, HO U €T0
BBIJIBIDKEHUE.
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