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SUMMARY 

Purpose of the work was to study the geological and geomorphological conditions of the Velykyi 
Kuyalnyk River (VKR) catchment and the features of its channel depositions’ lithological structure. 
Methodology. The ArcGIS, Global Mapper, MATLAB and statistical software were used to process 
and analyze topographic, geological, geotechnical and hydrogeological data and lithological structure 
of the riverbed. Results. An elevation model on a scale of 1:25000 was built and used for development 
of a set of maps (horizontal relief ruggedness, geological and geomorphological conditions, etc.). Relief 
ruggedness indices in the catchment correspond to changes in the regional features of geological 
structure and rock material composition. They also determine the conditions for the precipitation flow 
and river feeding with groundwater, erosional rock destruction, sediments transit and accumulation in 
the riverbed. Cyclical nature of the processes of dispersed material accumulation is well expressed in 
the lithological structure of the riverbed sediments (changes in composition, thickness in depth and 
along the channel). Conclusions. Making decisions on implementation of the measures to restore the 
optimal ecological state and water supply for the VKR, the main regularities of lithological structure 
variability and filtration properties of channel sediments should be taken into account. 
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Introduction. Environmental state of practically all the estuarine complexes and adjacent coastal 
areas within the Black Sea basin has degraded in last decade being exposed to climate-driven and 
anthropogenically-induced disruptions (Kozlova et al., 2020; Medinets et al., 2020b) and higher 
nutrient loads (Medinets et al., 2020a). The most critical is the state of ecosystem of the Kuyalnyk 
Estuary – a unique recreational and tourist site and balneological resort of National significance 
(Yavorska et al., 2018). Our studies (Medinets et al., 2017, 2020b; Cherkez et al., 2017) showed that 
annual supply of seawater (since 2014) from Odesa Bay did not solve the problem of the estuary 
shallowing but lead to negative biological consequences , accumulation of salts and gypsuming of 
bottom sediments. The only way to preserve the unique Kuyalnyk Estuary ecosystem is to restore the 
natural freshwater discharge, which forms mainly due to river flow into the estuary basin and 
atmospheric precipitation onto its surface. In the past century fresh water from the catchments of the 
Velykyi Kuyalnyk river (VKR) and the estuary constituted the main part of the estuary’s hydrological 
budget inflow (Shvebs, 1979). Water-related activities in the river catchment coupled with climate 
changes entailed significant decrease of water flow to the estuary (Loboda et al., 2016). That is why 
the Regional Programme of water resources preservation and restoration in the Kuyalnyk Estuary 
basin for 2019 – 2023 envisaged bringing down of the Kuyalnyk Estuary’s freshwater balance deficit 
by restoration of the VKR flow. The purpose of work is to study geological and geomorphological 
features of the VKR catchment and of its channel depositions’ lithological structure. 
 
Data & Methods. We  collected spatial and attributive topographic, geological, geotechnical and 
hydrogeological data by using approaches described in previous studies (Cherkez et al., 2020a,b,d,e; 
Kozlova et al., 2020b); the unpublished results of engineering-geological surveys provided by the 
“Ekobereg” enterprise have also been used. The ArcGIS software package was used as the main tool 
for the data accumulation and processing. The factual data set comprises two blocks. The first - 
"COVERAGE" contains information of a spatial "cover" nature: topographic, geological, geotechnical 
and hydrogeological data. “Cover” type information reflects the individual characteristics of the 
catchment as a whole. The basis of spatial data is a digital elevation model (DEM) on a scale of 
1:25000 developed using a special algorithm for processing and combining of the Earth remote 
sensing data (SRTM v3 radar images), topographic survey data obtained during the survey period, 
digital topographic base data on a scale of 1:100000 and topographic elevations of triangulation 
points. The digital elevation model formed the basis for generation of a set of maps: horizontal 
ruggedness of the relief, geological and geomorphological conditions and material composition of 
sediments (Figure 1B, C) etc. The second block of the data array - "PROFILES" - is intended for 
storing information of the "profile" type and contains information about drilled wells (absolute 
elevations, field description of lithological composition and laboratory determinations of rocks’ 
physical and mechanical properties, results of groundwater levels measurement and laboratory 
determinations of their chemical composition). The geological and hydrogeological conditions of the 
VKR bed are presented by the data from three longitudinal profiles - in the riverbed and on the 
floodplain along the left and right banks. During the survey, 893 wells were drilled with the depth of 
6.0 m (91.5%) and 3.5 - 5.5 m (8.5%). Transverse profiles consist of 3 wells located across the 
channel (floodplain on the left and right banks and in the riverbed). The average distance between 298 
cross-sections is 537 m (Figure 1D, E, F). All the data used have a specific georeference and were 
processed using the ArcMap software package, as well as other software products.  
 
Results. Analysis of geomorphological features of the VKR basin, which arises from the southeastern 
slopes of the Podolsk Upland, flows mainly to the southeast, in the lower part - to the south, flows 
into the Kuyalnyk Estuary downstream of Severinivka village (the length of the river is 150 km, more 
than 40 smaller rivers discharge into the VKR, their total length being 280 km, catchment area of 
2282 km2) shows that the topography of the VKR drainage basin is a reflection of geological 
processes, the development of which have been taking place in the geological past and is happening at 
present under the influence of endogenous and exogenous factors. Distribution of the hydrographic 
network density has branched and parallel-diagonal character. The values of relief raggedness indices 
regularly decrease from north to south with a simultaneous increase in the watershed plateaus area 
(Figure 1B), which corresponds to changes in regional features of the geological structure and 
material composition of rocks (Figure 1C). 
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Figure 1. А – Location map of the VKR and the Kuyalnyk Estuary catchment; В – map of horizontal 
ruggedness of relief; C – map of geological and geomorphological conditions and material 
composition of sediments: I – alluvial depositions in the riverbed, II – watershed plateau on Pleiocene 
clay loam and clay (N2), III - gullies and erosion trenches on Balta set rocks (N1bl), IV – watershed 
plateau on Pontian Regional Stage rocks (N1p), V - gullies and erosion trenches on Pontian Regional 
Stage rocks (N1p), VI - gullies and erosion trenches on Meotian Regional Stage rocks (N1m); D – 
location of drill sites profiles; E – tile of map D; F – segment of geological and lithological transect 
along the riverbed, which corresponds to E: 1 – soil and vegetation layer, humic clay loam, sandy 
loam, 2 - sand, 3 – sandy loam, 4 – clay loam, 5 - clay.  
 
Erosional ruggedness of relief of the VKR catchment area depends on the climate, geological 
structure, relief, material composition of the territory and largely determines the conditions for 
atmospheric precipitation runoff and river feeding with groundwater, erosional destruction of rocks, 
sediments transit and accumulation in riverbed. The main features of channel slopes distribution and 
lithological composition of the underflow sediments were also analysed to develop engineering 
measures for restoration of the VKR optimal flow. The longitudinal profile of the river channel is 
formed under the influence of a wide range of factors, among which the geological structure and 
material composition of the territory's rocks, neotectonic movements and the intensity of water and 
solid runoff are of great importance. It is known (Gerenchuk, 1960) that when a river valley is being 
formed under conditions of the same nature of neotectonic movements along its entire length, the 
longitudinal profile of the channel often approaches the equilibrium profile. If a river flows through 
an area where neotectonic movements differ in intensity and have a differentiated character, then the 
longitudinal profile of the channel is full of anomalies of elevation marks, which are revealed when 
diagram of longitudinal profile slopes variations is plotted. The alternation of riverbed sections with 
forward and reverse slopes can be a sign of solid runoff from lateral streams accumulation in the 
riverbed, as well as of differentiated movements of geoblocks of different scales (Figure 2A). Based 
on the survey materials, 5 main rock complexes were identified in the section of riverbed sediments: 
soil-vegetation layer and humic clay loam and sandy loam, sands, sandy loam, clay loam, clay. 
Cyclical nature of dispersed material accumulation is well expressed in the lithological structure of 
channel sediments. It manifests itself in the variations and sharp changes in their lithological 
composition, thickness with depth and along the channel (Figure 1F). 
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Figure 2. А – Morphometric characteristics of the VKR channel; В, C, D, E, F – distribution of total 
thickness (M, m) of the main lithological sequences in riverbed depositions; G – ratio of the total 
thickness of each of the main lithological sequences in riverbed sediments to the total thickness of the 
section (M, %); 1. 1 – profile (Habs, m); 1.2 - distribution of river bed slopes (I, logarithmic scale); 2 
– soil and vegetation layer, humic clay loam and sandy loam; 3 - sand; 4 - sandy loam; 5 - loam; 6 - 
clay. 
 
That is why it can be concluded that lithological structure and composition of the channel sediments 
in the VKR are due to erosion-accumulative activity of the river and are complicated by the transport 
of dispersed material from the river's tributaries, erosional washout of arable land and other reasons. It 
is important to emphasize that lithological heterogeneity of the section also characterizes the filtration 
permeability of the riverbed sediments, on which the values of the underflow runoff and lateral 
inflow-outflow of groundwater depend. Therefore, to substantiate the calculated geofiltration scheme, 
the schematization of the channel sediments’ lithological structure was performed, which included 
determination of the total thickness of every main rock assemblage (Figure 2B, C, D, E, F) and the 
ratio of their thickness to the total thickness of the section, expressed as percentage (Figure 2G). The 
schematization results indicate that in the southern (towards the river mouth) direction the relative 
contribution of more permeable deposits (sands, sandy loam) increases, while northward the relative 
thickness of less permeable sediments (clays, loams) is growing. Such spatial changes, of course, have 
a significant impact on the estimates of underflow runoff and underground recharge values - lateral 
inflow of groundwater into the underflow depositions and outflow. It should also be noted that 
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thickness of water-resistant clays along the riverbed has a well-pronounced spatial periodicity - 
intervals of about 30 - 35 km, which indicates changes in the conditions of sediments’ accumulation 
and accordingly - the existence of a kind of "filtration barriers" due to lithological structure of the 
riverbed deposits. 
 
Conclusion. Making decisions on implementation of the measures aimed at restoration of the optimal 
ecological state and water supply of the VKR, the main regularities of lithological structure variability 
and filtration properties of channel sediments, which have been established based on the results of our 
studies of the formation processes, are to be taken into account.  
First of all, the riverbed should be cleared in the areas where the "filtration barriers" are located – in 
the segments where thickness of low-permeable sediments is maximal. Establishment of geological 
and lithological prerequisites, formation features and assessment of the underground recharge 
components’ volume is of practical importance not only to clarify the water balance quantitative 
estimates, but also to substantiate the measures to improve the VKR hydrology and increase the river 
flow. 
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