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SUMMARY 

In this paper, the main parameters that most influence formation of sediments on the coast of 
the North-Western Black Sea were described.  

The algorithm for calculating the amount of sediment and its distribution and modeling, 
which consists of 3 parts, was described. The first part includes the calculation of material 
input from sediment sources. The second part calculates the direction and distribution of 
sediment along the coast. In the third part it was proposed to use a classification method, 
namely the maximum likelihood method, to clarify the boundaries of the material 
distribution.  

The main purpose of this paper is to describe the algorithm and approach for building a 
model of sediment formation. It has a theoretical nature, which will be taken as a basis for 
creation of the model in the future.  
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Introduction 
 
Beach sediments are formed at the land-sea facies barrier and are the cumulative product of many 
factors.  These formations reflect the total impact of geological processes occurring in the coastal and 
near-shore zone of the sea and are closely related to the peculiarities of alluvial flow towards the sea. 
Hydrodynamics of the water area also plays an important role. 
 
Today it is difficult to overestimate the relevance of the study of coastal sediments, since they are the 
first link of sediments of sea basins and the source for the formation of facies zones of the shelf and 
continental slope, creating their lithological image and concentrations of useful components. 
 
It is also important to understand that the coastal zone, as well as beach sediments, are the first to be 
affected by anthropogenic impact and therefore their condition serves as a marker of the ecological 
state of the environment.  
 
The coastal zone selected for our research belongs to the north-western part of the Black Sea and is 
administratively located within Odesa, Mykolaiv, and Kherson regions, from the Danube Delta to the 
Dnipro Estuary. Currently, it is actively used for recreation, construction, development of recreational 
areas and sports grounds The length of the coastline is more than 200 km (Fig. 1). 
 

 
 
Figure 1 Schematic map of beach sediment sampling locations for 2022 
 
Directions, tasks and parameters that can be obtained and used for modeling 
 
For convenience and to obtain more complete description of the object and subject of research, we 
have combined all the planned research areas into 5 blocks: 
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Block 1 — Research of morphology and structure of coastal sediments, determination of peculiarities 
of their distribution of granulometric fractions, mineral composition and degree of sorting of debris. 
 
Block 2 - Research of the coastal zone with determination of occurrence conditions, thickness, age 
and lithological and mineralogical composition of rocks directly exposed to sea abrasion. 
 
Block 3 - Research of landslide processes development areas in the coastal zone with determination of 
movement direction, scale, speed and lithological composition of rocks reaching the water's edge. 
 
Block 4 - Estimation of alluvial solid runoff from land to the water area with determination of volume 
mass, mineral and particle size distribution. This relates, first, to main waterways discharging to the 
Black Sea in the study area: the Danube, Dniester, Southern Bug and Dnipro rivers. 
 
Block 5 - Research of longshore marine hydrodynamics with identification main impact factors on the 
coastal zone and beach sediments. Monitoring and seasonal observations. 
 
To process the tasks of each block, a methodology was developed, the use of which makes it possible 
to obtain numerical and nominal values to characterize defined parameters and processes most fully in 
general. 
 
Field work, laboratory and analytical studies are planned in all blocks, limits of restrictions and 
conditions for observations are determined. Field work in tasks implementation of different blocks 
may not coincide in time since different parameters and characteristics to them require different 
conditions for their obtaining. 
 
For instance, field work to perform the tasks of the first block should be carried out in summer season 
with absence of active wave processes and storms, and field observations of longshore marine 
hydrodynamics, which is in the fifth block, expedient to carry out every season in different periods of 
sea activity. And then to make generalized and numerical picture. Sampling of reference points to 
estimate an alluvial solid discharge in deltaic parts of rivers should also be carried out, considering the 
period of minimum and maximum water flow. 
 
Laboratory studies are carried out according to the classical methodology for sedimentary rocks and 
general requirements for the study of loose terrigenous sediments. They are mainly related to mass of 
source samples material and averaging of measurements to obtain correct numerical values of 
fractional and mineral composition, degree of sorting and rolling of debris material. 

 
The obtained numerical and nominal values will be summarized and digitized to be displayed in GIS 
or spreadsheet systems.  

 
At present, we have already investigated most of the profile in relation to tasks of the first and second 
blocks and obtained general picture of fractional and mineral distribution in beach sediments within 
the Dniester-Danube and Dniester-Dnipro segments (Nesterovskyi et al., 2022). Thus, we have a set 
of data on final composition of beach sediments of the entire profile and qualitative and quantitative 
parameters of rocks directly exposed to erosion. Now calculations are being performed on the 
contribution to total mass of beach material of abrasive shores and contribution of rocks directly 
involved in the formation of landslides (Lomakin et al., 2016). 
 
In addition, preliminary calculations of total annual solid runoff volumes of the Danube, Dniester, 
partially of the Dnipro and Southern Bug rivers were obtained, and peculiarities of their mineral and 
fractional composition were studied. After obtaining numerical values of these parameters, we will be 
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able to calculate total contribution of the terrigenous component from the entire alluvial runoff and 
determine its importance in formation of final beach sediments composition. 
 
The final part of the research will be establishing patterns of beach sediments volume distribution in 
the coastal profile of the study area by determining impact of marine environment on these 
formations. 
 
GIS technologies, approaches for creation and presentation beach sediments genetic model  
 
Based on presentation of the blocks and their tasks, we can describe general approach in building the 
model and analyzing the results. 
 
First, it is necessary to calculate the amount of material from sources that is brought into the sea. It is 
necessary to calculate the input of material to the coast from rivers. To do this, you need to know the 
particle size distribution of sediments. It is planned to introduce a coefficient of grain size and if this 
coefficient is greater than a given value, the material is not carried to the open sea, but remains on the 
coast.  It is also worth considering the coefficient that describes the amount of material that remains in 
the river delta. For example, for the Danube, this coefficient is 9-12% of the total mass of solid runoff. 
Thus, we have a general formula for calculating the amount of material that is carried to the sea and 
participates in formation of the coast.   Units of measurement are million/m3. The formula looks like 
this: me = kgran*(100-kd)*m, where kgran - is the grain size coefficient, which is calculated based on 
the particle size distribution, kd - is the coefficient of the amount of material remaining at the source 
of sediment, m - is total mass of sediment carried by rivers, me - is resulting mass. Next, it is 
necessary to calculate contribution of material from abrasive banks. To do this, it is necessary to take 
into account the distance from the water to the source. It is also necessary to take into account the 
geological structure of the coast and the energy force of the waves. These parameters give us an 
understanding of the mass of sediment that will be eroded and carried out to sea. Another important 
parameter is also the presence of landslide processes. As a result we get a slightly modified formula 
for calculating the abrasive source of sediment. me = klsl *kdes *kgran *dis*(100-kd)*m. The added 
parameters are klsl - shear coefficient, kdes - source destruction coefficient, dis - distance from the 
abrasive source to the water. 
 
After the amount of material introduced into the sea has been calculated, it is necessary to calculate 
their distribution along the coastline. To do this, it is necessary to determine the direction of the 
current and its speed. This allows to determine the direction of material transfer over long distances. It 
is also necessary to take into account direction of waves, which will allow to more accurately 
determine distribution of the material. This will help us to build a wind rose. It is also necessary to 
determine the distance from the source to the point where the samples were taken (Gunduz et al., 
2016).  
 
Comparison of the particle size distribution from beach sediments and particle size distribution from 
different sources of supply will help us to define the limits of material distribution along the coast. 
The method of maximum likelihood was chosen for this purpose. At the output we will get the 
percentage of similarity of our samples with granulometric and facies composition. Knowing the 
percentage, we can convert the result from percent to mass. Also in this method it is necessary to take 
into account the content and composition of the heavy fraction in the samples, as individual minerals 
in it can be important indicators of the source of terrigenous material. 
 
Thus, the approach can be divided into three parts. The first part includes calculation of material input 
to the sea. In the second part we determine direction of sediment migration taking into account sea 
currents and wave activity. In the third part we determine boundaries of material distribution by 
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classification method. Finally, parameterization of all steps remains, which will allow using this 
approach to calculate the amount of sediment for a certain period of time. 
 
QGIS will be used for analysis and model building. It is a GIS environment for visualization and 
analysis of spatial information. Also, it uses Python programming language. This language is well 
suited for analysis and calculation and provides ability to work with data sets (Tarnovetskyi and 
Nesterovskyi, 2021). 
 
Conclusions 
 
This paper describes directions, tasks and parameters that will be used to model the process of 
sediment distribution on the coast of the North-Western Black Sea. The algorithm of data processing 
and model building to determine final sediment distribution was proposed. An example of GIS system 
for analysis and visualization of the results was presented. Python programming language was chosen 
as an extension of modeling capabilities.  The proposed approach and algorithm has a simplified form 
and will be supplemented in real calculations.    
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