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ABSTRACT. Thegenesis, transportation and accumulation of the mountain riversbed drift in time
and space, are casual processes, which depend on such values, asriver water discharge (Q, mglwc), river
inclination (1, %o), geology and other parameters of the basin. The genesis and amount of the river drift
isafunction of aclimateand depending on itscycles, ismoreintensein warm periodsand reduceswhen
it getscold. Themajor drift-forming natural factorsareglaciers, erosion, landdidesand torrents. Drift
transportation, i.e. the process of the drift transfer is a function of many variables, which is mainly
described by thelaws of Chezy-M aning and Airy. In the upstream of thereservoir s, this process, besides
thesaid laws, issubject totheregularitiesof theratio between thedrift with thegreatest diameter (d,...)
and velocity of theriver (V, m/sec). At some locations, a river may cross an uplifting ridge, or “epirogenic
border” and subsiding plain. Such a border is sawn down by the river bed to form so called “balance bed”
with relevant properties. If the speed of thethreshold elevation is morethan the bed cutting speed, a
depression isformed, in which theriver permanently precipitatesthedrift toform the bed of theright
inclination, or “balance” bed. Some rivers use a significant portion of drift to compensate the stagnations
formed by a torrent talus train, the “torrent dam”. The result of these processes is the formation of
Chiori floodplain and Saglolo and Chrebalo plain-accumulative terracesin theriver Rioni basin and
Tianeti Plain in the upper reaches of theriver lori and many other events. A significant portion of the
drift isused to form thedrift prismsof water reservoirs. Theriver, usesa portion of theremained bed
drift toformabalancebed located on the subsiding plainsand neutralizethe sea eustasy effect. Another
part of thedrift isused toform adelta, per manently fill the coastal beachesand createthe accumulative
formsin the sea. A mountain water reservoir conflictswith the sea coastal protection and safety of the
upstream population and infrastructure. Ther efor e, when selectingitslocation, the genesisof theriver bed
drift, sitesof natural accumulation and grain size of thedrift must be considered. An optimal siteto build
areservoir damisepirogenic borders, asthedam riseshigher thereand consequently, the exploitation
phase of the dam islonger. © 2017 Bull. Georg. Natl. Acad. <ci.
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Highly energetic, communal and irrigation desig-
nation of the mountain rivers constantly increasesin
the background of the demographic explosion and
current climate changes. The most efficient meansto
use the mountain rivers, particularly in tandem of
helio- and wind energy, is water reservoirs despite
the fact that they have amajor deficiency asthey do
not transfer the river bed drift towards the sea. Solid
mater accumulatesin the water reservoirs, asasilting
prism and gradual ly deterioratesitsexploitation prop-
erties. In order to minimize this deficiency, when se-
lecting thelocation for building awater reservoir, the
diameter of the largest drift (d__ ) and terms of drift
transportation, aswell asthetime needed by theriver
to take such drift downstream, i.e. to restore the origi-
nal mode of drift transportation, must be identified
along the section adjacent to thedam [1, 2].

The regime of mountain river bottom sediments
isthe most poorly studied processes of river hydrol-
ogy. His research significantly intensified after the
building of reservoirs [3, 4], since these structures
accumulate the bottom sediments in the form of a
silting prism and thus create an acute shortage of
beach forming material on the sea beaches. Simulta-
neously, they lift the tributaries bed and increase the
probability of catastrophic flooding within the propa-
gation of the plume of the silting prism.

The necessity to eliminate these negatives ne-
cessitates a significant expansion of field observa-
tions, experimental and theoretical studiesof the gen-
esis and transport of river sediments, as well as the
accumulation forms created by bed drift.

Materials and Methods

Thefield data and laboratory studies of the rivers of
the Caucasus (Andis Koysu, Kuban, Rioni, Enguri,
Tergi, lori, etc.) accomplished in 1980-2016, aswell as
geological, hydrological and geomorphological study
results published in special and scientific literary
sources were used to solve the problem [4, 5].

The observations of the sections of the rivers,
which are perspective to build the water reservairs,
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were accomplished with aparticular care. Thevisual
field studies were more efficient in low-water peri-
ods, while the study of the terms of transportation of
the bed drift was more efficient during the floodsand
freshets|[6, 7].

In the freshet phases, quite frequently, when the
rivers Rioni and Enguri used to throw the blockswith
their diameter of approximately 0.5 m onto the 1.2-
meter-high dikes and gabions, the naturalistic stud-
iesof thetypes of the drift transportation and param-
etersof the accumulative formationswere carried out
with Jvari, Sioni, Gumati and other water reservoirs.
The drift grain size was studied by using field and
laboratory methods|[4, 5].

Results

The studies showed that the major drift-forming fac-
torsintheriver bedsareglaciers, erosion, landslides,
mud torrentsand slide and fall of the blocksfromthe
steep gorge slopes. At some places, the blocks with
adiameter of morethan 5.0 m (withtheweight of over
10 tons) are dlid or drifted by a glacier in the river-
beds. Their parameters and movement trajectory are
relevant to the historical time, and when selecting
the location for building the reservoirs, are consid-
ered in onerespect only, in particular, adam must be
located at adistance from them excluding any impact
on its stability or exploitation quality.

Drift genesisisacasual process, whichisafunc-
tion of a climate and like the climate, has a clear
cyclicity [8]. In moderate latitudes, the ongoing cli-
mate warming cycle started in the 1860-1880sand is
expected to continue to the end of the present cen-
tury. In this period, the glaciers retreated for many
tens or hundreds of meters[9].

As aresult, the moraine mass has liberated and
getsinto the rivers ultimately increasing the amount
of drift significantly. In addition, an increasing hu-
midity in the mountainous regions leads to the in-
creased volume of erosive material and activated tor-
rents and landdlides [10]. All these processes were
aggravated by stronger anthropogenic factors as a
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Fig. Longitudinal profile of Rioni River

Accumulation planes: A-Tchiora; B-Palolo; C-Tchrebalo; D-Kholtketi
Epigenetic thresholds: E-Shoda-Kedela range; F-Sairme massive.

result of ademographic explosion.

The grain-size and chemical composition of the
drift inthe Mountain Rivers are diverse. The driftin
the mountai nousregionsisformed by avol canogenic
mass, such as granites, diorites, andesite, etc.; it is
formed with sandstones and clay dates in the mid-
dle-mountainous zones, while limestone and some-
times gypsum also get into the play in the low-moun-
tainous zones, depending on the chemical composi-
tion of thedrift, the degree of their wear and transfor-
mation and factional content change. Limestones,
clay dates and other soluble and soft rocks wear
swiftly, solve in water and most of them reach the
border only as a solution, fine sand, dust or clay
particles.

Thetransportation and accumulation of driftinthe
riversflowing indifferent geological, geomorphol ogical
and hydrological conditionsisof aparticular interest.
The drift transportation, i.e. the process of drift trans-
fer is a function of many variables, which is mainly
described by the laws of Chezy-Manning and Airy [8,
11]. This process, in the upstream of the reservairs,
besides the said laws, is the function of the ratio be-
tween the drift with the greatest diameter (d_ ) and
velocity of theriver (V, m/sec) [1].
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An exampleis Gumati water reservoir with 97.5%
of its conservation zone occupied with drift, while
the process of silting up is ongoing. The blocks and
larger drift (d>0.3m) here, on the train of the drift
prism are accumulated along the river section with a
less inclination. Below them, there follow boulder
ridges, while downstream, the river transfers only
fine (d<5.0 mm) bed drift.

Someriverscross several tectonic zonesand fault
lines and catch mud torrents. In these zones, some
sections of the earth’s crust as ridges and massifs,
gain the height at different speeds. For ariver, such
ridges are a constantly uplifting border to be sawn
by ittoformabed. If theriver cutting speed (V, mm/
century) islessthat the uplift speed (V, mm/century):

(V-v)=P, mm/century @
adepressionisformed, whichisconstantly filled with
drift by the action of the river creating an accumula-
tive plain (Figure), which has a shape of a basin at
some places.

Sairme carbonate massif creates such an accu-
mulative formation in the middle course of the river
Rioni as Chrebalo basin is, which is uplifting and is
therefore, an “epirogenic border” for the river. In the
geological time, theriver devel opsitsbed in thisbor-
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der. Besides, in order to preserve the necessary cur-
rent speed, theriver permanently depositsthedriftin
this depression and builds the bed with a sufficient
inclination.

A similar plainissometimesformed by somemud
torrents when they block the river periodically with
the dam-barrier created with the chunks of large
blocks and cliffs. The river has cut such a barrier
what needs certain time and necessary water dis-
charge. Before that, the river sediments the drift in
the upstream of the given dam creating an accumul a-
tive relief form in the upstream of the “torrent dam”.
An example is Chiora Plain known as “Chiora
Floodplains™ among the local people.

A common type of an anthropogenic factor is a
water reservoir used to distribute the flow in timeand
space. Together with the water, the reservoir accu-
mulatesdrift aswell, and adrift prismiscreated, which
isformed as aterrace plain at the final stage of the
river development.

Someriversflow across an accumulative plain. If
such kind of the relief is located in a negative tec-
tonic zone (Colchis, Dunai, Parana Plains, etc.), the
river must raise its bed to the point as to neutralize
the plain subsiding effect and give its bed sufficient
inclination[12]. Onesuchriver in GeorgiaistheRioni.
Asthe Rioni flowsonto Colchislowland (Figure.), it
hasto neutralize the plain subsiding speed V= 0.6V
century and the Black Sea elevation, i.e. modern
eustasy effect, whichis E=0.2 m/century at theriver
mouth.

Consequently, the river Rioni must raise the bed
by 0.8 m/century at its mouth:

V,+E=0,8m/century, )
while at the beginning of the plain, near Vartsikhe,
thisvalue ish=0,7 m, as the land subsidence speed
at this point is less (V,<0,5 m/century). Such bed
inclination, | is calculated with the following expres-
sion:

I=[h—(V,+E)]/L m/km, €]
where L isthe distance from Vartsikhe to Poti.

Itisclear that theriver with such aninclinationis
not capable of transferring large drift (d>5 mm), but
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must use it to fill Colchic depression and elevate its
bed. In addition, the size of the deposited material
decreases towards the mouth. The visual examina-
tions provethat the size of the drift of theriver Rioni
does not exceed 2 mm near the city of Poti. Finally,
theriver carriesthe remained drift into the Seaand by
taking it across the underwater canyon created by it,
sediments it on the sea shelf and slope.

Particularly interesting is the river Chorokhi, as
its bank is built with its bed drift with the city of
Batumi and some other settled areasbuilt onit. A 24-
reservoir cascade with total volume of 4.0 km® isbe-
ing intensely built acrosstheriver. This cascade will
hold 6.0 km3drift [1,2]. Thismeansthat Batumi coast
will not receive Chorokhi drift for at least 500 years.

This negative effect is further aggravated by the
fact that another river, the Ajaristskali, which could
alleviatethe severelack of the bank-congtituent drift,
will be closed with awater reservoir inthe near future
blocking the drift transportation towards Batumi
coastline for many tens of years.

Itisclear that acoast |eft without the filling drift
will be subject to the abrasive action of the Seainthe
coming years, and intense beach washout will start.
Such a course of events istypical for any mountain
river in caseit is closed with awater reservoir.

Therefore, when selecting the water reservoir lo-
cation, the peculiarities of the basinsdescribed above
and therole of the drift transportation and accumula-
tion formations must be taken into account.

By considering the factors affecting the drift gen-
esis and transportation, the balance equation of the
bed drift originated in the mountain river basin dur-
ing a certain period (a century) can be presented as
follows:

B=XT+XC+JW+D+E+O @
where B istheamount of bed drift formed inaunit time
(year, century), T is the drift precipitated in the de-
pressions formed with uplifting borders, =C is the
material accumulated in the stagnations formed with
torrent barriers, *Wisthedrift caught inthedrift prisms
of the water reservoirs, D and E are the bed material
used to neutralize the plain subsidencein the negative
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tectonic zone and modern sea eustasy effect, respec-
tively and O is the drift taken into the sea.

Conclusions

The principal results of the study can be generalized
asfollows:

- Thegenesisand volume of river driftisacausal
process, which is the function of a climate and like
the climate, is characterized by the cyclicity of grain
sizeand volume.

- The drift transportation is a function of many
variables, mainly described by the laws of Chezy-
Maning and Airy. This process, in the upstream of
the reservoirs, besides the said laws, is the function
of the ratio between the drift with the greatest diam-
eter (d__ ) and velocity of theriver (V, m/sec).

- A certain amount of the bed drift is used to fill
the depressions formed by the action of the ridges
and massifselevating against theriver current. A sig-
nificant portion of the drift is used to form a silting
prism of the plains and water reservoirs formed by
mudflow, aswell asto fill and to mud the plainsfound
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in tectonic depressionsand neutralize the sea eustasy
effect.

- Itisrecommended to select an efficient location
for thewater reservoir by considering the diameter of
the largest bed drift, asthe water reservoir functions
aslong asit is capable of transferring the drift of the
said sizedownstream, i.e. beforeit restoresthe origi-
nal conditions of drift transportation.

- A mountain water reservoir is in conflict with
sea coastal protection and safety of the upstream
population and infrastructure. In order to adapt to
this negative effect, when building the hydraulic
buildings, the genesis of the drift, the sites of their
natural accumulation and grain size of the drift, and
particularly, the peculiarities of the relation between
the drift with particularly large diameters (d__ ) and
water current, must be considered.
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