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SUMMARY

This publication describes the main factors influencing the indicators of solid material
removal by the river systems of the Northern Black Sea and the calculation of its mass using
correlation analysis.

The main factors are: catchment area, volume of water carried away per unit time and flow
rate, river slope, composition and conditions of occurrence of land rocks drained by the river
system, artificial structures on the watercourse routes. The peculiarities of suspended
sediment and bottom material removal by the Danube, Dniester, Southern Bug, and Dnipro
rivers are considered.

According to our calculations, the annual volumes of suspended and bottom sediment in the
rivers entering the Dniester and Dnipro-Bug estuaries of the Black Sea are as follows (million
tons): Dniester: suspended - 1.116, bottom - 0.04; Southern Bug: suspended - 0.19, bottom -
0.007788; Dnipro: suspended - 0.77, bottom - 0.028. The calculated annual volumes for the
Danube Delta are as follows (million tons): suspended - 11.732, bottom - 0.411. The majority
of the annual solid runoff from the land is deposited in estuaries and about 10% enters the
water area directly, which totals (million tons): suspended 11.9398, bottom 0.4184.
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Introduction

Sediment transport by the rivers of the Northern Black Sea is very important for the formation of
modern coastal and marine sediments in the Black Sea. The main waterways of the Northern Black
Sea region are: the Danube, Dniester, Southern Bug and Dnipro rivers.

The final amount of sediment transported is influenced by factors such as the catchment area, river
slope, flow rate, water volume, composition of the rocks drained by the river water and the degree of
regulation. The degree of influence of each of these factors is individual for each river system.
Artificial structures, their number and location are of particular importance in terms of material
transport.

This publication was prepared within the framework of the research topic 0119U100503 (Lithological
and mineralogical composition of accumulative coastal and marine sediments of the Black Sea (within
the territory of Ukraine) and is part of the implementation of the proposed algorithm in last year's
abstracts of 2022 (Tarnovetskyi et al., 2022).

Actual material

The actual material for the solid runoff calculations was collected by the authors during the survey of
shoreline rocks and beach sediments in the northwestern and northern Black Sea in the period 2019-
1921 (Nesterovskyi et al., 2022), and also taken from monitoring stations located on the Danube and
Dniester rivers (Jaoshvili, 2003; BME, 2018). The data on the volume of water discharged per unit
time were taken from open sources, namely from the web portal https://portal.grdc.bafg.de.

Theory

Quantitative indicators of terrigenous material removal by rivers are of a rather complex and
multifactorial nature, which differ for each river system. These factors can be ranked in descending
order of influence.

The first factor is the slope of the rivers. This factor also has a direct impact on the flow rate, which in
turn leads to changes in the size and quantity of particles carried away. This relationship has been
confirmed in studies for various watercourses (Earle, 2015).

The second factor is the degree of regulation. Dams and hydropower plants built on river channels
result in reduced flow velocities and the deposition of large amounts of solid runoff to the bottom in
front of the structures. This factor particularly affects the amount of material available for bottom
transport mechanisms (Milliman and Farnsworth, 2013).

The next most important factor is the physical and mechanical conditions of the rivers drained by the
structures and their bedding. It has also been confirmed that, given the same flow rate and degree of
regulation, loose sediments are more susceptible to material transport. Fractured and dense rocks are
also important.

The penultimate factor is the volume of water that passes through a certain area per unit of time. This
factor has a direct correlation between the flow velocity and the channel width. That is, as the flow
velocity or channel width increases, the volume of water carried per unit of time increases. In turn,
this agent correlates with the amount of solid material carried away. This relationship has been
confirmed for the Danube and other rivers (BME, 2018).(Fig. 1)
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The last factor in terms of importance is the catchment area. The influence of this factor is confirmed
by comparing mountain and lowland rivers with similar catchment areas. As a result, mountain rivers
carry more material. This proves that the flow rate and the drained rocks and their physical and
mechanical properties are of greater importance. It should be noted that this factor is very important
for the study of the quality of the material being transported.
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Figure 1 Correlation between water volume (X-axis in m3/s) and suspended sediment (Y-axis in kg/s)
at Zimnicea (Romania) and Svishtov (Bulgaria) monitoring stations. Scales are logarithmic (BME,
2018)

The rivers of the North-Western Black Sea are regulated. In the upper part of the Dniester and Danube
rivers have a mountainous character. The Southern Bug and Dnipro along their entire length have the
features of a plain river. Rivers drain rocks of different strength. The Danube and Dniester in the
lower reaches drain unstable, which leads to an increase in the final amount of material. The Dnipro
and the Southern Bug erode stable crystalline rocks in the lower and middle parts, which leads to a
decrease in the amount of material.

Also, all rivers except the Danube flow into estuaries, which in turn leads to a significant decrease in
the amount of terrigenous material entering the sea.

Methods

Data on annual suspended sediment transport were taken from publications for previous years.
Additional calculations were made for some rivers. Calculations of sediment transport for each river
were calculated taking into account individual characteristics. When calculating the amount of bottom
material for lowland rivers, the ratio of suspended sediment to bottom material was taken as 10:1. The
artificial regulation of rivers was also taken into account, which reduced the bottom component by
several percent (Organ, 2020).
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To calculate the sediment component, we used the dependence of the amount of transported material
on the volume of water carried per unit time. The formula for calculating the volume (Q) is

@ =V = L, where L is the channel width L and V is the flow velocity.

The removal of suspended and sedimentary material for each day was calculated using the formula
(Formula 1), which is based on the correlation between the supply of fresh water and terrigenous
material.

Ry=(Qp~ Q%d)fR,

where Qp is the daily volume of water removed, Qq is the daily volume of water discharged as a
percentage, Rq is the mass of material removed per day, R is the mass of material removed per year.

Results

After the calculations were performed, the updated data of the removed terrigenous material were
obtained. Basically, the calculations were carried out using the same methodology, but with some
differences for each river system.

To determine the amount of terrigenous component for the Danube, data from the Danube
Transnational Programme project (BME, 2018) was used in part, which systematically calculated the
amount of suspended sediment based on data from monitoring stations over the past 30 years. The
data shows a link between a decrease in the distance to the estuary and a decrease in the amount of
material recorded. Based on this observation, a correlation graph between distance and amount of
terrigenous material was constructed. The total mass of suspended sediment calculated using this
relationship is 11.732 million tons per year. Taking into account the adopted ratio, the amount of the
bottom component will be 0.41062 million tons per year.

When comparing the early data indicated in the work (Jaoshvili, 2003), they show a significant
decrease in material from 87.8 million tons/year to 11.732 million tons/year, which in percentage
terms is 13.36% of the initial value.

The Dniester carries about 1.46358576 million tons to the monitoring station near Bendery, which is
210 km from the estuary (Jeleapov, 2022). Therefore, to determine the mass of the final discharge to
the Dniester estuary, a material loss factor (0.1% of the total amount per 1 km) was taken. As a result,
1.1562327504 million tons/year of suspended and 0.040468146264 million tons/year of bottom
components were obtained. About 90% of the Dniester's solid runoff remains in the estuary and only a
small amount (about 10%) reaches the sea.

When comparing the early data indicated in the work (Jaoshvili, 2003), they show a significant
decrease in material from 2.5 million tons/year to 1.2 million tons/year, which in percentage terms is
48% of the initial value.

For the Southern Bug, 0.18991 million tons/year of suspended sediment and 0.007788 million
tons/year of bottom material were obtained. The Dnipro produces 0.772 million tons/year of
suspended sediment and 0.028 million tons/year of bottom material. These rivers flow into the estuary
and also leave the bulk of the solid runoff in the estuary.

When comparing the early data indicated in the work (Jaoshvili, 2003), they show a significant
decrease in material from 2.1 million tons/year to 0.8 million tons/year, which in percentage terms is
38% of the initial value.
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Conclusions

The main factors influencing the quantitative indicators of material removal to the sea are: flow
velocity, water volume per unit time, the degree of river regulation and physical and mechanical
properties of the drained rocks. River regulation leads to a significant reduction in the amount of
material removed. The terrigenous runoff after the regulation of the Danube decreased by ~86%, the
Dniester by ~52%, the Southern Bug by ~40%, and the Dnipro by ~62%.

The total annual removal of solid material by the rivers of the Northern Black Sea coast to the Black
Sea is currently 12.3582 million tons, which is 80.34 million tons less than before the river systems
were regulated.

The removal of solid material by rivers to the Black Sea water area is (million tons/year): Danube
suspended material - 11.732, bottom - 0.41; Dniester suspended - 1.16, bottom - 0.04; Southern Bug
suspended - 0.19, bottom - 0.007; Dnipro suspended - 0.77, bottom - 0.028.

The obtained numerical data, along with quantitative calculations of coastal abrasion, make it possible
to determine the total annual and daily balance of sediment in the Black Sea and to model their further
movement, and knowing the material composition of coastal beach sediments, to determine the rate of
accumulation of certain mineral components in the marine environment.
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