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SUMMARY

The paper is focused on the issues of the mine water influence on the surface water in the
Siverskyi Donets River basin. Mine water is characterized by aggressive properties due to
low pH values (associated with pyrite leaching processes) and high mineralization. They have
a high content of sulfate and silicate ions, aluminum, suspends. It’s shown that the inflow of
mine water to water bodies doesn’t cause a change in their salt composition.

A special regulation had been developed to protect the water ecosystem from pollution. Mine
waters are previously accumulated in local relief depressions (beams). The processes of
sorption, hydrolysis, oxidation and others contributed to the partial transfer of pollutants from
the dissolved phase to bottom sediments.

Political and economic changes led to the shutdown of many mines, and the cheapest “wet”
method was chosen for their conservation. Flooding of mines will contribute to raising the
groundwater level and pollutants entering the river channel. The military actions in the East
of Ukraine led to the impossibility of conducting detailed studies on raising the level of
groundwater in mines and forecasting the further consequences of these processes.
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Introduction

Donbass is the major industrial centre of Ukraine with highly developed industry. The industrial
development of Donbass began in the XIXth century with the intensive growth of the coal and
chemical branches, metallurgy, mechanical engineering and other environmentally hazardous
industries. Over the years, a large number of environmental problems had been accumulated.
Additional anthropogenic load can lead to catastrophic consequences for the environment, which are
difficult to predict. Previous studies have shown that mine waters (MW) pose the greatest danger to
the environment in the Severskyi Donets Basin (Havryshin, Koradiny, 2009; Ukhan, 2013).

MW are formed from aquifers lying at different levels. It can be groundwater accumulates over the
first waterproof layer in the soil pores and in the cracks of the rock. The ground water flow is
determined by geological, climatic and groundwater supply conditions. The main features of MW are:

- aggressive properties (low pH values) associated with pyrite leaching processes;

- high content of sulphate and silicate ions, aluminium and other trace metals;

- high water mineralization.
The most acidic and highly mineralized MW is formed in the upper horizons. The composition of
mine water changes with depth: the content of SO,*, Ca®*, Mg?" ions decrease; K*, Na*, CI', HCOy
ions, on the contrary, increase (Havryshin, Koradiny, 2009).

MW formed during the metal ores development, could include metal ions. Due to the additional
supply of various components to the water bodies, the question about the MW impact on their
composition and quality becomes quite relevant. The process of flooding mines used as waste storage
facilities is also a particular threat.

Method and Theory

Information on mine drainage and, accordingly, their composition has been excluded from the State
Water Use Inventory since 2015. Mine water monitoring was planned to resume from 2021. There are
no any data about the MW discharge amount from the territory, uncontrolled by Ukrainian
government. Accordingly, the paper contains information of the MW volume and composition as of
2015, provided with the assistance of the Siverskyi-Donetsk basin water authority.

Results and Discussion

Totally 20 mines discharge wastewater to 8 water bodies in the Siverskyi Donets basin within the
territory controlled by the government of Ukraine (SDBM, 2018). According to the received
information, the largest number of MW discharges to the Kryvyi Torets, Kazennyi Torets and
Siverskyi Donets rivers in the distance between Rubizhne-Lysychansk and Kamyshuvakha beam (Fig.
1). About 29 million m* of MW were discharged to the surface water without prior treatment. Among
all mines the largest volumes of waste water - 4.8 million m® were discharged by the “Central” mine
(Myrnohrad) and "Golden" mine (Zolote).

With the MW to the rivers incomes many dissolved salts. Sulphate and chloride compounds dominate
in chemical composition of the MW due to the additional sulphur leaching from pyrite and high
mineralization of local (Fig. 2, A).
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Figure 1 The volume of mine water discharged into the Siverskyi Donets river basin

Iron and aluminium are dominate in the composition of mine waters among the metals. Outcomes of
the other metals vary from a few tons to several kilograms per year (Fig. 2, B).
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Figure 2 Income of dissolved and suspended components in the composition of MW

The contact of MW with the rocks leads to an additional leaching of iron and aluminum cations. If the
reaction of the water is shifted to the alkaline side, the dissolved metals precipitate in the hydroxides
form. Cu-Ni, Fe-Ni, Li, Ba, Fe-MN ores are mined within the territory of the Siverskyi Donets basin.
Due to acid drainage, these metals also washing up to groundwater. For example, the Shevchenkivske
lithium deposit (Donetsk region, Shevchenkove village) causes lithium elevated background in the
water bodies of the region (up to 43 mg/l).

According a special regulation MW should not discharge into the rivers directly. They are
accumulated in a local depression (beams). The processes of sorption, hydrolysis, oxidation and
others contributed to the partial transfer of pollutants from the dissolved phase to bottom sediments.
This allows to include of primary buffer ecosystem processes that reduce the negative impact of MW,
namely increase the pH of water, reduce the content of sulphate ions and the total water
mineralization (Ukhan,2013; SDBM, 2018). MW almost completely removed aluminum and iron due

Phenols e

to the hydrolysis process (Table 1). So, the first recommendation is to accumulate MW in settling
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tanks because of slowing down the hydrolysis process in the cold period of the year. The second one -
the drainage into receiving rivers should be carried out only in the warm period of the year.

Table 1Chemical composition of mine water (numerator - at the surface, denominator - water beam
before flowing into the river)

Mine/ mg/l
beam o
P HCO, | SO i— Cr ca™ Mg** Na* >i NG Fe**
Komso | 8,28 765 1220 | 400 74 62 1007 | 3520
molets/ ) i
Zalizna

8,42 436 750 225 104 55,7 472 2040
Ne4-2/ 7,83 460 970 673 152 60 860 3150

free - -
flow

7,95 348 885 568 136 42 758 2760
No5/ 3,05 - 1760 | 81,5 171 104 375 2570 | 46,5 45,0
Kruta

7,25 215 731 47,2 104 114 139 1350 - -
No5/ 3,25 - 1680 | 39,0 112 152 311 2350 | 40,9 16,9
Chornuk
hina

6,95 | 555 649 776 | 952 128 33 1040 - -

The impact of MW on water bodies is quite important for studying due to the additional inflow of
various components into rivers. Various authors have conducted special field studies on this issue
previous years (Havryshin, Koradin , 2009). The obtained results showed that in large rivers, such as
Kryvyi Torets and Luhan, the water chemical composition didn’t change after the MW confluence. In
small rivers, instead, water salinity increasing was significant due to the reduction of the water runoff
dilution It is expected that the impact of MW will be the biggest during the summer-autumn period at
the minimum water runoff. Since 1985 the Siverskyi Donets River has entered the low-water phase of
water runoff long-term cyclicity. Reducing of average water flow may increase the negative impact of
MW.

Prolonged operation of coal mining and coal processing complexes led to the transformation of
hydrogeological conditions. It manifested in changes of the groundwater regime and balance, drainage
of rocks, subsidence of the earth's surface. These processes intensified with the mines' flooding.

There were 227 mines in the territory of industrial Donbass in 2014. Among them 100 mines were in
the process of liquidation. The tactics of "wet conservation™ with the dismantling of available
equipment and mines flooding with groundwater were chosen. The constant saturation of water rocks
over time leads to the destruction of wooden fortifications and collapse of mines. The consequence of
these processes is soil failures, disruption of communications and possible displacement of
groundwater to the surface.

The war activities in the East of Ukraine made the process of closing Donbass mines explosive and
uncontrollable. As a result of the fighting, part of them was destroyed. In other mines drainage was
disrupted and pumps were shut down due to damage to power lines. As a result, there is a possibility
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of a significant rise in the level of MW. The inability of enterprises to manage the drainage of water
from flooded mines leads to entering them directly into their territory. The groundwater in the flooded
mines is at a fairly large depth for now, but how the process will develop in the future- no one can say
(Nabyvanets, 2017; Schillinger et al., 2020). Special studies are needed to predict developments, but it
is currently impossible due to hostilities.

According to OSCE research, all mines in the northern part of Donbass are flooded. The level of MW
has already risen to one of the aquifers. There is a possibility of hydraulic connection through the
underground chain of mines. In this case, hazardous substances can spread over a large area. Due to
the fact that the cities of Horlivka and Yenakiyeve (an uncontrolled territory now) are located at the
top of the Donetsk ridge, the water flow will be directed to the lower Ukrainian part of Donbass,
which may lead to adverse consequences (Osadcha, Osiyskiy et al., 2018).

Conclusions

Mine water doesn't have a significant impact on the quantitative composition of water due to their
preliminary settling in the beams. The content of major ions and the total water mineralization after
the incidence of MW don’t deviate significantly from the natural concentrations of water bodies.

Since the beginning of the armed conflict the danger of MW lies in the uncontrolled process of
closure of mines, their flooding by groundwater and subsequent destruction.
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