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Purpose. Regulation of Dnieper river natural runoff promotes intensive accumulation of sediments within reser-
voirs. The consequence of this degradation phenomenon is the contraction of Dnieper reservoirs volume and deteriora-
tion of surface water. Traditional approaches do not provide objective assessment of reservoirs silting. However, the use
of GIS technology can solve this problem. The purpose of work is assessment of indicators of solid flow in the Samara
bay of the Dnieper reservoir based on GIS analysis. Methodology. The information basis for determining the parame-
ters of accumulation of sediment runoff using GIS are digital models of bottom topography of artificial reservoirs. GIS
analysis of bathymetric models in different time will provide receiving quantitative characteristics of the sediment ac-
cumulation. Results and Practical value. According to the results of GIS - analysis data for different times, in Sama-
ra gulf of Dnieper reservoirs intense accumulation of sediment runoff is observed: the rate of the reduction of water
mass and intensity of sediments accumulation respectively constitute, on average 1.0%/year and 3.0 cm/year. Use of
bathymetric models are also effective in predictive modeling of landscape structure changes of flooded areas in artifi-
cial reduction of the normal water level of reservoirs: identification of potential areas land boundaries, riverine lakes
and the projected area. References 7, no tables, figures 1.

Key words: bottom sediments, the accumulation indicators of solid sediment runoff, digital model of the bottom to-
pography, GIS analysis.
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3aperymoBaHHs MPUPOTHOTO CTOKY p. HINIPO cripusie iHTEHCHBHOMY HAKONMYEHHIO JOHHUX BIIKIAAiB B MeXax
BOJIOCXOBHII. Haci koM IboTO JerpaZamniifHoro SBUINA € 3MEHIICHHS 00’ €My THIMPOBCHKUX BOAOCXOBHI Ta MOTIp-
IIIEHHS SKOCTI MOBEPXHEBUX BOA. TpamumiiiHi migxomu He 3a0e3MedyroTh 00 €KTHBHOIO OIIHKOIO CTaH 3aMYJICHHS BO-
nocxosui. [Ipote 3acTocyBaHHs TeoiH(OpMaIiiHNX TEXHOJOTIH 103BOJISIE PO3B’sI3aTh JaHy 3aaady. [HpopmamiiHOO
OCHOBOIO IIPY BH3HAYEHHI IMOKa3HUKIB aKyMyismii TBepioro croky 3a pornomoroio I'IC e mudposi mozgeni penbedy aaa
mMTYyYHHX BogoiiM. 3a pesynpratamu ['IC — ananisy pizHO9acOBHX OaTHMMETPHYHHUX JTAaHWX BCTAHOBIJIEHO, 1o B Camap-
CBKi# 3arori J[HIMPOBCHKOTO BOOCXOBHINA CIIOCTEPITA€THCS IHTCHCUBHA aKyMYJIALIS TBEPJOTO CTOKY: TEMITH CKOPO-
YeHHsT 00°’€eMy BOJHHMX Mac Ta iHTCHCHBHICTh HAKONMYCHHS JOHHUX BiTKIAJIB BiINOBIIHO CKIAIAIOTH B CEPSIHHOMY
1,0 %/pik Ta 3,0 cM/pik. Bukopucranas OaTHMETpUYHNX MOAENEH TaKOX € epeKTUBHUM ITIPH MOJAEIIOBAHHI MPOTHO3-
HUX 3MiH JaHmadTHOI CTPYKTYpPH 3aTOINICHUX TEPUTOPIH MPH ITYIHOMY 3HIKEHHI HOPMAJIBHOTO ITiAIIIPHOTO PiBHS
BOJIOCXOBHIII: BU3HAUCHHS MEX MOTEHIIIHHUX JIIITHOK CYXOJI0NY, IPUPYCIOBUX O3€p Ta MIPOTHO30BAHOI aKBATOPIi.

Koaro4oBi cjioBa: 1oHHI BifKIa ¥, IIOKa3HUKH aKyMYIsIlii TBEPAOTO CTOKY, IH(poBa MOAENb penbedy aHa, TeoiH-
(opMariifauii aHamis3.

PROBLEM STATEMENT. Unlike river systems tation amounted to more than 1,000 hectares per year in
where natural mode of operation is preserved, existence the last 5 years. Rates of overgrowing of Kremenchug
of Dnieper cascade water storage exacerbated manifes- reservoir are more slowly - 231 ha in 2009, Kanev -
tation of such phenomena as the degradation accumula- 117.5 ha in 2009 [2]. If we consider the dynamics of
tion of bottom sediments, coast abrasion, intensification hydromorphic landscapes areas of Dneprodzerzhinsk
of populations of blue-green algae, etc. [1]. The largest reservoirs, then it is possible to observe area overgrow-
environmental damages arise under the influence of ing reservoirs in recent years.
accumulation of bottom-put through pollution of the The Area of hydromorphic landscapes in Dnieper
hydrosphere, reduction the areas of commercial fish reservoirs increases quickly in recent years, reaching in
species, increase of the shallow areas. However, eco- 2009 almost 8 thousand ha, and the growth rate in the
nomic losses by reduction the volume of water storage last year is 682.16 ha/year [2]. The processes of over-
and the need to clear the waterway for shipping are growing shallow activated not only in all the reservoirs
formed. cascade, but also on their tributaries.

That shallow depth reduction is one of the main fac- The situation with silting of reservoirs is very com-
tors increasing areas of hydromorphic landscapes. Ac- plicated. On the one hand, we have the uncontrolled
cording to research Starodubtsev V.M only in the Kiev flow of solids from the surface runoff from the basin,
reservoir, extreme acceleration overgrown aquatic vege- the main source of income of which is agricultural land
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with an area 18 mln ha, in the Ukrainian part of the
basin, at extensive farming the share of this contribution
will only increase. On the other hand, this intensive
processing, undermining, collapse shores form the main
contribution to silting. The decisive factor in determin-
ing the silting is a process flow product distribution and
processing of coast along the bottom of the reservoir.
The lack of sophisticated approaches, methods, calcula-
tions of sediment runoff and break of coasts, do not
allow to do an objective assessment of silting.

According to research of the ecological state of the
Dnieper reservoirs, it is established that the use of geo-
graphic information analysis methods allow to deter-
mine the intensity and spatial differentiation processes
of accumulation of solid flow within the cascade reser-
voirs of Dnieper during retrospective period on the basis
of bathymetric data. Using GIS technology it is revealed
a significant difference in the intensity of sediments
accumulation in different parts of the Dnieper reservoirs
- from 0.05% to 1.0% per year [3].

The aim is to evaluate the performance of the sedi-
ments runoff in Samara gulf of Dnieper reservoirs with
application of GIS spatial data analysis.

On this issue except [3], the experience of digital
bathymetric models in determining the rate of decrease
of the volume (V) reservoirs due to the accumulation of
bottom sediments [4, 5, 6] is also a useful. Thus, accord-
ing to the geo-analysis it is found a decrease of Volume
of reservoir McConaughy (USA) 0.03%/year [4], the
reservoir Altinapa Dam (Turkey) - 0.51%/year [5],
intensity of accumulation of bottom sediments for Kama
Reservoir (RF): 2.5 - 5 cm/year [6].

However, the issue of spatial differentiation of in-
tensity accumulation of sediments and their quantitative
assessment for Dnieper reservoirs are studied not
enough.

EXPERIMENTAL PART AND  RESULTS
OBTAINED. Samara gulf in its present form is a result
of natural branch flooding of the river Samara due to
construction of the Dnieper reservoirs and the corre-
sponding water level rise of about 4.1 m. Gulf area is
characterized by a predominance of shallow bays (depth
of 2 m 63.95 % of total area) that create conditions for
intensive accumulation of sediments.

The balance of Samara gulf sediment runoff is
formed with the following parameters:

—solid flow of river Samara, river Kilchen and tem-
porary watercourses small catchment areas;

—moving silts of above-mentioned rivers and water
currents;

—abrasion products of coastline;

—solid runoff of rainwater, sewage, domestic and
industrial water;

—dust residue on the surface of the gulf;

—the decay products of aquatic and marsh vegeta-
tion;

—solid runoff from / in river Dnieper (due to daily
fluctuations in the Dnieper reservoir).

The total volume of accumulated sediments can be
counted as the sum of the solid runoff values in a given
time interval. However, the obtaining of reliable values
of most indicators is difficult.
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According to our previous researches [3] it is estab-
lished the possibility of determining the boundaries of
shallow sites of Dneprodzerzhinsk reservoir depth of 1
m for satellite images of high resolution (= 8 m), It is
proved that remote sensing of the Earth also provide
some updating hydromorphometric characteristics of
reservoirs: area of water table, area of Islands, perimeter
and length of the coastline taking into account the is-
lands. However, these data are insufficient for quality
assessment of the silting of reservoirs. Therefore, it is
necessary to attract cartographic material and the work
of soundings in the waters of the study.

Availability of bathymetric data what characters
deep-menting characteristics and topography of artifi-
cial reservoirs, simplifies solving the problem of esti-
mating the parameters of solid runoff accumulation in
the GIS environment.

GIS technology is a modern method of obtaining
and analyzing spatial information and it allows to move
on a new level of certain ecological parameters assess-
ment. GIS technology are designed to improve man-
agement efficiency, conservation and presentation of
information, processing and decision support [7].

The information basis for determining the parame-
ters of solid runoff accumulation using GIS is a digital
model of the reservoir topography (or bathymetric mod-
els) at certain points in time (¢, &, ... t,). The bathy-
metric model is a digital representation of the topogra-
phy water object in the form of a regular array of z-
values. It is known coordinates and depths mark for
nodal points of the model plan.

The main stages of digital elevation modeling of
reservoir bottom by cartographic and remote sensing
data are reflected in [3]. Bathymetric data can be ob-
tained from the results of hydroacoustic surveys, field
observations, remote sensing data (in part) or recreated
from topographical maps and navigation.

The presence of bathymetric models in different
time will provide the quantitative characteristics of the
accumulation of bottom sediments.

Accumulation indicators of solid runoff that may be
determined based on digital elevation models in differ-
ent time bottom water body in GIS environment are:

—power of bottom sediments (maximum, average);

—the volume of sediments;

—the intensity of sediments accumulation;

—reduction of V (volume) of the water object;

—reduce depths marks (maximum, average);

—reduction of water surface S (square);

—increase S (square) of islands;

—increase S (square) of shallow areas and so on.

The main methods of obtaining specified parameters
in GIS environment are digital terrain modeling of the
reservoir bottom, functional analysis DEM, selective
vectoring of raster data, overlay thematic data pro-
cessing.

Reliability of thematic analysis in GIS substantially
depends on the solution of the problem of spatial data
georeferencing in different time.

Application of geoinformation analysis method of
hydrographic data in different time at research of the
waters of Samara gulf allowed to obtain the actual
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intensity value of processes of sediments accumulation
in the period more than 30 years, namely:

1. The process of sediments accumulation are identi-
fied in the area of 3815.8 hectares, which is 84.0% of
the overall square of gulf. The average power of sedi-
ments is 1.11 m.

2. Volume of bottom accumulated material (exclud-
ing the territory of new gulf islands) is 42,35 million m’.
The intensity of accumulation of sediments is approxi-
mately 3.0 cm/year.

3. Volume of water masses in the gulf dropped by
38.16%; V rate reduction is approximately 1% per year.
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I:l - potential areas of land (WL - 1,5 m)
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- the existing contour of the reservoir

- - the predicted water area of the reservoir
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Figure 1 — Geomodeling of potential land areas to the waters of Samara gulf at decrease the NWL to 1.5 mand 2.9 m

4. Dynamics of the underlying characteristics of the
gulf has the following laws:

—reducing the average depth of 2.36 m to 1.60 m;

—reducing the maximum depth of 9.20 m to 8.21 m.

5. Significant reduction of square of water surface is
characteristic: from 4995.3 ha to 4542.2 ha, which is
9,07% (mainly due to the increase in the area of is-
lands).
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6. A significant increase (in 2.19 times) of gulf is-
lands area of 308.0 hectares to 674.2 hectares.

7. The share of shallow areas of the gulf increased
from 44.45% to 63.95%.

Also within the waters of Samara gulf we identified
areas of washout/dredging of bottom material. This
process is common in a limited area - 630.4 hectares,
which is 13.9% of the gulf area. In addition, volume of
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washout/dredging of bottom material is much smaller
than a volume of accumulated sediments - only 2.76
million m’.

Obviously, that the digital model of the reservoir to-
pography is the basis for geomodelling of forecasting
changes of landscape structure flooded areas at artificial
lowering of the normal water level of reservoir. Based
on the bathymetric model of Samara gulf in GIS envi-
ronment the contours of potential land areas are defined
at reduction of normal water level (NWL) by 1.5 m and
2.9 m (Fig. 1).

With GIS methods we identified the projected limits
gulf area and riverine lakes on condition of the NWL
decrease by 2.9 m (dead volume of the Dnieper reser-
voirs). The area of potential land parcels can make ac-
cording 2140.1 and 4058.6 ha under prescribed condi-
tions.

Zoning waters of the Dnieper reservoirs on the spe-
cifics of current velocity threshold part and part near the
dam allows to predict differences in the mechanism of
sediments accumulation on them. Further research will
be directed to the identified area.

CONCLUSIONS.

1. Attracting bathymetric data in different time and
further analysis in GIS environment will provide the
quantitative characteristics of bottom sediments accu-
mulation within reservoirs.

2. Research the issue of solid runoff accumulation
within the waters of Samara gulf revealed the following
patterns:

—sedimentation processes prevail over the wash-
out/dredging processes of bottom material by 15.33
times;

—the volume of water masses in the gulf decreases
an average of 1% per year;

—the intensity of sediments accumulation is approx-
imately 3.0 cm/year.

3. To ensure mainstreaming of accumulation indica-
tors of solid runoff it should take place hydroacoustic
research the topography of the reservoir with interval of
5-10 years.
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3aperynupoBaHie IPUPOAHOTO CTOKA p. J{HENp crocoOCcTBYeT NHTEHCUBHOMY HAKOIICHUIO JIOHHBIX OTJIOKEHHH B
npenenax BogoxpaHwinil. CIIEACTBHEM 3TOrO JErpajalliOHHOTO SIBIEHHS €CTh YMEHBIIEHHE 00beMa JHEMPOBCKUX
BOJIOXPAHWIHIL M yXYAILIEHHE KauecTBa MOBEPXHOCTHBIX BOA. TpaJuIMOHHbBIE TIOAXOABI HE 00ECIEUNBaIOT 0OBEKTUB-
HOH OLICHKOW COCTOSHHE 3amIeHUs BOXOXpaHWIMIL. OJHAKO NPUMEHEHNE reOrH()OPMAIIMOHHBIX TEXHOJIOT Ui TO3BOJIS-
€T PelInTh JaHHYIo 3a1auy. MH()OPMAMOHHOM OCHOBOM MPU ONpeeTIeHUH MoKa3aTeNel akKyMyJIsSiLIUA TBEPIOTO CTOKa
¢ nomoinsio ['MC sBisitoTest d)poBbie Moenu penbeda THa UCKYCCTBEHHBIX BogoeMoB. [1o pesynbratam ['MC — ana-
JIM3a Pa3HOBPEMEHHBIX OATUMETPUIECKUX JAaHHBIX YCTAaHOBICHO, uTo B CamapckoM 3anmBe JJHETIPOBCKOTO BOJOXPaHH-
JMINa HabMoaeTcsl MHTCHCUBHAS aKKyMYJIIIMS TBEPAOTO CTOKA: TEMIIbI yMEHBIICHHUSI 00beMa BOJHBIX MacC U MHTCH-
CHBHOCTb HAKOIUICHHUS JOHHBIX OTJIOXKEHHUI COOTBETCTBEHHO COCTABISIIOT B cpeaueM 1,0 %/ron u 3,0 em/ron. Mcnosns-
30BaHHE 0ATHMETPUUYECKUX MOJEIeH Takxke sBIsieTcs dP(QEKTHBHBIM IIPU MOJCIUPOBAHHM NMPOTHO3HBIX M3MEHEHUH
MaHAMAGTHOH CTPYKTYpPBl 3aTOIUICHHBIX TEPPUTOPUIl NMPH HCKYCCTBEHHOM CHIDKCHHM HOPMAJIBHOTO ITOIIIOPHOTO
YPOBHSI BOJOXPAHWIMII: ONpPEICICHNUE T'PAHUI] TOTCHIUAIBHBIX YYaCTKOB CYIIH, IPHUPYCIOBBIX O3€p M MPOTHO3HON
AKBaTOPUH.

KnroueBble cji0Ba: JOHHBIE OTIOKCHUS, IIOKAa3aTeNH aKKyMYJSILIUM TBEPAOTrO CTOKa, LU(poBas Moaenb penbeda
JHA, TeOnH()OPMAIIMOHHBIN aHATIH3.
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