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Received: 14.03.2021 Abstract. The article presents the generalized results of chemical composition research of
Received in revised form: 27.03.2021 waters from Inhulets and Saksahan rivers on the territory adjacent to the Northern and Inhulets
Accepted: 29.06.2021 mining and processing plants in the period of 1980-2020. Mining in Kryvyi Rih is connected

with pumping of underground waters (mine and quarry), which have an abnormal chemical
composition, high mineralization and contain high concentrations of microcomponents. The following scheme of mine water utilization is
used in the Kryvyi Rih iron ore basin: the mines of the northern part of Kryvbas discharge water into the tailings dam of Northern Iron Ore
Dressing works (Northern GZK); mines of the southern part discharge mine waters into the storage pond of the Svistunov creek during the
year, and in the winter its waters are discharged into the Inhulets River with subsequent washing of the river in the spring-summer period.
Such treatment of mine and quarry waters has led to the formation of a hydrochemical anomaly on the territory of Northern GZK with the
center in the tailings. The mineralization of water in the pond reaches 23 g /1(2020). There is a high content of microcomponents: lead,
cadmium, vanadium, manganese, boron, bromine, nickel, mercury, thiocyanates. As a result, the mineralization of the Saksahan River water
increases over time (up to 5.4 g /1), the content of microcomponents also increases and becomes quite high. Prolonged use of the Inhulets
River for utilization of mine water from the Svistunov creek storage pond has led to a change in the type of water: instead of type II (river
water), Inhulets water belongs to the type III (metamorphosed waters). There are no regularities in the change of chemical composition
of water (hydrochemical regime) in Inhulets, which is a consequence of the introduction of the scheme "discharge — flushing" for the
disposal of mine water. Among the microcomponents in the water of Inhulets there is an increased content of vanadium, boron and bromine
(7-8 times), single excess of lead content. The analysis of equilibria in the carbonate-calcium system of the Inhulets and Saksahan rivers
confirmed that the existing hydrochemical regime for the studied rivers is stationary, thus, the environmental measures implemented
will not have rapid consequences.
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Bbararopiyni 3MiHK XiMiYHOTO cKiIaxy Boau pidok Inrysens Ta Cakcaranb y Mexax Kpusopizbkoro
3asizopyaHoro 0aceiiny (1980-2020 pp.)

B. K. Xinsuescekuit', H. IT. IllepcTrok?

1Kuiscokuii Hayionanvruil yHisepcumem imeni Tapaca Illesuenxa, Kuis, Ykpaina, e-mail: hilchevskiy@ukr.net
2/[ninposcoruii nayionanvhuil ynieepcumem imeni Onecs Ionuapa, Aninpo, Yxpaina, e-mail: sherstuknp@gmail.com

AHoTauisi. Y cTaTTi HaBeJCHO y3araibHeHi pe3yIbTaT! JOCHiKEHb XIMITHOTO CKJIa Iy BOAU pidok IHTynenp Ta Cakcarab Ha TEPUTOPI,
npwitertiii o [TiBHigHOTO Ta [HTYIIenbKoro ripHnd0-30aradyBaabHIX KOMOiHATIB y riepion 1980-2020 pp. Buzo0yTok KOpHCHUX KOTIATHH
y KpuBopizxoki oB's3aHuii 31 BiIkadyBaHHSM IT1I3eMHHX BOJ (IIAXTHUX Ta Kap'€pHUX ), sIKi MAIOTh aHOMAIIbHUN XIMIYHUH CKIIa]l, BHCOKY
MiHepai3aliio Ta MiCTSTh BUCOKI KOHIICHTPaLlii MiKpOKOMIIOHEHTIB. Y KpuBOaci 3acTocoBaHa HACTYITHA CXeMa yTUITi3aLlii IaXTHUX BOJ:
[IaxTH MiBHIYHOT yacTuHH KprBOacy ckuiaroTh Boau y XBocTocxouiie [liBHIYHOTO ripHIY0-30aradyBaibHoro komOiHaty (I1iBuI 3Ky);
IIAXTH MiBICHHOI YaCTHHH CKHJAIOTh IIAXTHI BOJH y CTaBOK-HAKONM4YyBad Oanku CBUCTYHOBA BIIPOJIOBK POKY, a B 3MMOBHH IIEpioj
BOJIM 3 HOTO CKUJIAIOTHCS B P. [HIYJICIb 3 MOJANIBIIOK TPOMUBKOIO PIUKH y BECHSHO-JITHIN 1epios. Take MOBOIKEHHS 3 HIAXTHUMHU
Ta Kap'€pHUMH BOJaMHU TPHU3BENO 10 GopMyBaHHS TifpoximMiuHOi aHOManii Ha Teputopii [1iBHI 3Ky 3 HEHTpOM y XBOCTOCXOBHIII.
Minepautizarist Boau y craBky gocsirae 23 r/am® (2020 p.), BiI3HAYa€THCSI BACOKHI BMICT MiKPOKOMITOHEHTIB: CBUHIIIO, K /IMif0, BAHA/IIIO,
Maprasigio, 6opy, 6pomy, HiKeIro, pTyTi, TioliaHariB. BHacminok, mporo y Bosi p. CakcaraHb 3 4acOM ITiABUIYE€THCS MiHEpaTi3allis BOXH
(mo 5,4 t/mm®), BMICT MIKpOKOMITOHEHTIB TAKOX 3pOCTAa€ 1 CTAE JOCHTh BHCOKHM. TpuBajiec BUKOPHUCTAHHS p. [HTymensb s
yTHiTi3anii MaXTHUX BOJA 31 CTaBKa-HaKomudyBada Oankyu CBHCTYHOBA IPU3BENO N0 3MiHH THITy Bogw: 3amicte Il Tumy (piukoBi
Bomy) iHrynenbka Boma Mae Il tum (Bomu MeramopdizoBaHi). He mpocitigKOBYIOTECS 3aKOHOMIPHOCTI Y 3MiHI XiMIYHOTO CKIIay
BOIM (TiIpOXiMIUHHI pekuM) y p [Hrymens, o € HacHIiAKOM BIPOBA/UKEHHS CXEMH ‘‘CKMJI — MPOMHBKA’ UL yTWIIi3amii MIaXTHUX
Box. Cepel MIKpOKOMITOHEHTIB Yy BOJI IHTyIIbIs Bifi3HAYAETHCS MTIABUIICHUI BMICT BaHaAiI0, 6opy i 6poMy (y 7-8 pa3iB), HOOANHOKI
NIePEBUINCHHS BMICTY CBUHIIIO. AHAIII3 piBHOBAr y KapOOHATHO-KaJIbIIi€BIH cucTeMi pidok [Hrynerns Ta Cakcaranb i ITBEPANB, IO IS
JOCJIDKYBAHUX PIUOK iCHYIOUMI TiAPOXIMIYHUN PEXXUM € CTAIllOHApPHUM, TOMY IPHPOJOOXOPOHHI 3aXO0/IH, 1[0 BIPOBAHKYIOTHCS, HE
MaTUMYTh IIBUIKUX HACIIKIB.

Knrouoei crnosa: Kpusopizvkuil 3anizopyonuil bacetin, piuxku, Ineyneys, Cakcaeans, waxmmui 600U, XiMiyHull CK1a0 800U, MOHIMOPUHE.
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Introduction

Iron ore mining in the Kryvorizkyi Iron Ore Basin
has been going on for over 130 years. Currently, the pro-
cedure is performed by mining and quarrying with man-
datory drainage. The long-term problem of Kryvyi Rih
is that groundwater pumped from mines and quarries has
a high mineralization — up to 160 g/ 1 (Batkivshchyna
mine) (Haletskyy, 2014).

The mine water is pumped by pumping stations
from the southern mines’ group to the south (12—13
million m? / year) and pumped entirely to the storage
pond of mine water in the Svistunov creek for their
temporary accumulation and subsequent discharge in
the intervegetation period into the river Inhulets. After
the mine water is discharged, the bed of the Inhulets
River is washed with water from the Karachunivsky
Reservoir, where the water is supplied by the Dnipro-
Inhulets Canal (Sherstiuk, 2016).

Mine waters are pumped north (3.0-4.0 million
m?® / year) from the northern group of mines into the
tailings of the Northern Mining and Processing Plant
(MPP), where it is used in the plant's circulating wa-
ter supply cycles.

According to any scheme, as a result of pumping
mine water, hydrochemical anomalies are formed on
the earth's surface. In the Svistunov creek, the accumu-
lated mineralization of water reaches 38 g/ 1. Waters
of the northern group of mines with mineralization up
to 45 g/ | are discharged into the tailings pond of the
Northern MPP, as a result of which the mineralization
of water in the circulating water supply pond reaches
20 g/ 1. The Inhulets and Saksahan rivers are in close
proximity to the territory of iron ore mining, benefici-
ation and processing.

The aim of the study

The aim of the study is to analyze changes in the
chemical composition of the Inhulets and Saksahan
rivers, located in the region of mining industry, for the
period of 1980-2020. During this time, many environ-
mental measures have been implemented in Kryvyi Rih
region, that must have brought positive changes to the
chemical compound of rivers water.

Materials and methods of research

The initial data for the study are the results of chem-
ical analyzes of water samples taken by the state enter-
prise "Ukrchormetgeologiya". To process the results of
chemical analyzes of water samples, researchers used
traditional methods for determining the type of wa-
ter by Kurlov and Alekin. Equilibria in the carbonate-
calcium system of river waters are estimated according
to the known thermodynamic schemes (Khilchevskyi,
Osadchyi, Kurylo, 2012). Graphic constructions are

made both in the forms of traditional for hydrochemi-
cal researches and in the forms proposed by the authors.

The theoretical basis of the research is a systemat-
ic approach to the study of landscapes and its compo-
nents, which are natural waters. An important feature
of the landscape — coherence follows from the system
approach, that is the correspondence of its various com-
ponents to each other (Perelman, 1999).

The coherence (system unity) of the landscape de-
termines the presence of feedback on the migration
of atoms, which determines the integrity and qualita-
tive originality of the landscape, and the existence of
self-regulation in it. The components of the landscape
interact each other and strive for a state in which the
consumption of matter, energy and information would
be equal to their receipt. As a result, the landscape is a
self-regulating system, which in conditions of constant
supply of matter and energy seeks to achieve a stable
state. This possibility is provided by the fact that the
landscape consists of subsystems that have feedback.
Subsystems, in turn, function as systems with autoreg-
ulation, and this quality gives the macrosystem -land-
scape — a significant susceptibility to internal and ex-
ternal impulses.

In the landscape, the processes of self-organization
determine the durability, stability of the structure and
functions, their preservation when changing external
conditions. If a certain natural or natural-technogenic
system has reached a steady state, then according to the
principle of Le Chatelier, it seeks to change in such a
way as to minimize the effect of external influences. It
is necessary to take into account such stationary states
both for the analysis of the existing hydrochemical sit-
uation and for the design of environmental measures.
A non-stationary system in which equilibria have not
yet been established is easier to manage than a system
with stationary hydrochemical processes.

Systematic approach in the study of natural systems
known as "centralized", which have a characteristic
"structural center", is extremely important. In natural
and natural-technogenic landscapes, the structural cen-
ter determines the geochemical features of landscapes
of lower hypsometric levels. In Kryvyi Rih region, the
highest hypsometric marks are most often found in tail-
ings, which are a geochemical anomaly and cause the
formation of geochemical halos in landscapes.

Results and analysis

Currently, about 300 deposits of rich ores are known
in Kryvorizkyi Iron Ore Basin, which are united in 25
deposits within the basin. Some of them have already
been worked out. In total, 5.5 billion tons of iron ore
have been extracted since the beginning of industrial
development of the Kryvorizkyi Iron Ore Basin sub-
soil, and another 231.6 million tons have been explored
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in the depth range from 1500 to 2000 m. The average
iron content in them is 53.83 %. Currently, in mines
with underground extraction of raw materials, work is
carried out in the depths of 800-1350 m, and prepa-
ratory work — in the limit depths for the current tech-
nology. At the beginning of the XXI century the basin
contained 9 mines, 5 mining and processing plants that
conduct ore mining in 9 quarries.

To increase the iron content in the final product
(iron ore concentrate and pellets) to 60—66 %, the tech-
nological scheme of magnetite quartzite enrichment is
used. Enrichment waste or tailings (pulp) are stored in
tailings hydraulically.

Pervomaisky
quarry

Veseli Terny
village

Tailings dam of
Northren Iron Ore

Deressing works

Tailings are usually arranged in depressions — gorg-
es, ravines, depressions at a distance of several kilome-
ters from the concentrator. The tailings pond is fenced
off by a dam, which is washed away from the tails and
additionally strengthened. It gradually settles the sol-
id phase of the "tails", sometimes with the help of re-
agents that are added specifically — coagulants and floc-
culants. Settled waters are accumulated in circulating
water ponds, is treated and discharged into local wa-
ter bodies or returned to the concentrator for reuse in
technological processes (Sherstyuk, 2011).

The natural-technogenic complex of the Northern
MPP includes a tailings pond and a section of the
Saksahan River (Fig. 1).

Serhiyivka
village

Saksahan
river

Symbols

(:::) Observation Point

Fig.1. Map of Saksahan river in the district of Northern Iron Ore Processing Plant in Kryvbas with observation points for chemical
composition of river water (downstream) No. 1 — Motyna creek; No. 2 — the first water meter post; No. 3 — the second water meter
post; No. 4 — Veseli Terny village
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The Northern MPP tailings pond has been oper-
ated since 1963. The main dam of the Northern MPP
tailings pond is located at a distance of 2.5 km from
the mouth of the Petrykov creek, which flows into the
Saksahan River. Also, in Petrykov creek along the outer
contour of the right-bank enclosing dam, tailings, two
emergency tanks were created: the first one is in the
western part and the second one is in the northern part
of the tailings. The area of the tailings pond is 1295 ha
(of which the tailings pond itself is 980.0 ha, the circu-
lating water pond is 315.0 ha). The length of the tail-
ings pond is 17.3 km (tailings pond — 11.0 km, circu-
lating water pond — 6.3 km). The contour of the tailings
pond is closed by a 1.2 km long dividing dam, which
separates the circulating water supply pond from the
tailings pond itself. In addition to sludge pulp, quarry
water (2.5 million m?® / year), mineralization mine wa-
ter (5.5 million m® / year), wastewater from treatment
plants (36.15 thousand m* / year), and precipitation are
discharged into the tailings pond, and surface filtration
waters that were made from drainage systems built
around the storage. (Sherstyuk & Khilchevskyi, 2012).

The water in the tailings is going through the closed
cycle: the pulp (tails and water) comes from concen-
trators; the pulp is distributed on alluvial maps; after
settling the tailings, the water enters the compartment
where the pond of the circulating water supply is lo-
cated, where it is fully lit and pumped to the concen-
trator for reuse.

To replenish the volume of the plant's circulating
water supply system, quarry water from the Pervomaisky
and Hannivsky quarries of the Northern MPP, as well
as the water from the northern group of Kryvbas mines
is constantly supplied to the tailings pond.
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|
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0.00
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In low water years, the volume of the circulating
water supply system can be replenished by attract-
ing domestic wastewater from the northern aeration
station of the Kryvyi Rih and water supply from the
Saksahan River from the shore pumping station of the
plant. (Optimizatsiia ..., 2017)

With a closed water supply scheme of the plant in
the tailings pond, an excess of return water is periodi-
cally formed. In order to avoid emergencies, the com-
pany periodically discharges excess return water into
the Saksahan River.

The excess of return water from the tailings into
the Saksahan river is discharged by two water outlets,
which are located on the right bank of the river, 48 and
50 km from its mouth, respectively, downstream from
the Serhiyivka village. (Optimizatsiia ..., 2017).

In 2010, the water-salt balance of the tailings was
calculated (Sherstyuk & Khilchevskyi, 2012) and it
was concluded that under the current regime of dis-
charges into the tailings, the mineralization of water
in the pond of circulating water supply will increase.
The data availability after 2010 allowed to assess the
trend of changes in mineralization and chemical com-
position of water. As of 2020, the salinity of water in
this pond reached 23.4 g /1, water type CI"* . Since
the most important hydrochemical process in the tail-
ings is mixing, it is advisable to assess the tendency
of water mineralization to change the rate of circulat-
ing water supply over time. The regression equation
has the form of:

M = 0.93X + 4975 (R> = 0.81), (1)

where X is the day from the beginning of discharg-
es into the mine water reservoir — 1978 (Fig. 2).

date

26.11.2001
19.05.2007
08.11.2012
01.05.2018

Fig. 2. Change of water mineralization in the pond of circulating water supply in the tailings of the Northern Iron Ore Processing
Plant during 1980-2020 and the corresponding trend, Kryvbas
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The equation allows to identify the main trend of
change in water mineralization in the circulating water
supply rate and to estimate its intensity. Continuation
of this mode of the tailing use with the discharge of
mine water with a salinity of 40-44 g /1 will further
lead to an increase in water salinity by 340 mg / | per
a year. It should be noted that the regression equation
is not predictive, but only allows to estimate the direc-
tion of the process. A more accurate forecast of chang-
es in the chemical composition of water in the rate of
circulating water supply of the tailings can be made
on the basis of the calculation of water-salt balance.

It should be noted that the water rate of the reversible
water supply of the tailings also has an increased content
of microcomponents: lead, cadmium, vanadium, man-
ganese, boron, bromine, nickel, mercury, thiocyanates.

The microelement composition of the current enrich-
ment waste of the Northern MPP in the non-magnetic
fraction is more than 0.03 mm (g / t): manganese — 700;
lead — 4; vanadium — 6 (Gubina & Zaborovskyj, 2015).

According to research (Savosko, 2016), the aerial
emission of heavy metals of the Northern GZK from the
activities of quarries, concentrators, tailings is: manga-
nese 26.9 t / year, nickel — 537.1 kg / year, lead — 574
kg / year, cadmium — 5.1 kg / year.

Thus, heavy metals enter the tailings water from
the tailings. Microcomponents such as boron and bro-
mine enter the tailings pond with mine waters.

Saksahan river. Saksahan flows in the southeast-
ern part of the Dnipro Upland. The left tributary of
the Inhulets belongs to the category of small rivers. Its
source is located near the Malooleksandrivka village of
the Upper Dnipro district of the Dnipropetrovsk region
at an altitude of 153 m above sea level. In the middle of
the twentieth century the length of the Saksahan River
was 144 km, the area of the basin was 2025 km. The
river has an unbranched channel, its predominant width
is 20—40 m (except for the Kresivske and Makortivske

reservoirs). The flow velocity is negligible. The river
has undergone significant changes as a result of the
development of the mining industry. Since 1953, the
mining industry began to develop intensively, new
quarries were laid, namely the quarry of the Central
Mining Company MPP. To organize its operation, the
downstream of the Saksahan river was directed into
an underground tunnel with a diameter of 3.5 m and a
length of 5.32 km. As a result, Saksahan flows into the
Inhulets 1.43 km below its natural mouth (Sherstiuk &
Khilchevskyi, 2012). Currently, the length of the river
is 140 km, the area of the basin is 1970 km?.

At the research site on the Saksahan River, which
is 25 km long, there are 4 observation points (OP) for
the chemical composition of river water (from top to
bottom): OP No. 1 — Motyna creek; OP No 2 — the first
water meter post; OP No 3 — the second water meter
post; OP No 4 — Veseli Terny village (see Fig. 1).

It should be noted that the right bank of the
Saksahan river is located at a distance of 2.5 km from
the tailings of the Northern MPP, which has a high
(135 m) absolute mark and is the geochemical center.
In addition, the Saksahan runoff is artificially blocked
in accordance with the Thulets river washing regula-
tions (during the irrigation season) (Indyvidualnyi re-
hlament ..., 2018). Significant changes in the hydro-
logical regime of the river (construction of reservoirs,
discharges of excess water from the tailings, runoff)
have a decisive influence on the formation of the wa-
ter chemical composition.

In the river Saksahan — OP No 1 (Motyna creek)
there is a constant increase in water mineralization from
1.1 g/1in 1980 to 4.2 g/11in 2020 (Table 1). The lin-
ear approximation of this process is well described by
the linear equation:

M=0.19X + 1389.1 (R2=10.84),
X — day, since 1987.

2

Table 1. Change in mineralization and hydrochemical type of water in the river Saksahan during 1980-2020.

Observation point Mineralization of water, g/l Hydrochemical type of water

On Saksahan river 1980 p. 2020 p. 1980 p. 2020 p.
OP No 1 — Motyna creek 1.1 42 Se She
OP No 2 — the first water meter post 1.7 5.4 SN SN
OP No 3 — the second water meter post 1.8 4.0 SN SNy
OP No 4 — Veseli Terny village 1.7 3.6 S SMe [ CINV

The type of water gradually changes from S
to S™ , with a tendency to precipitate CaCO, and the
carbonate system reaches equilibrium. Such changes in
the chemical composition of water and in the carbonate-
calcium system indicate that the hydrochemical processes
have acquired the features of stationarity since 2010.

In the river Saksahan — OP No 2 (the first water
meter post) from 1980 to 2020 water salinity increased
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from 1.7 g/1to 5.4 g/, the type of water in most sam-
ples remains unchanged — S™, , carbonate-calcium sys-
tem is prone to precipitation. This may indirectly indi-
cate a greater anthropogenic impact in this section of the
river than upstream (in OP No 1 — Motyna creek). The
tendency of water mineralization change in time is ap-
proximated by the linear regression equation: M = 0.26
X +1085.2 (R*=0.77) — Fig. 3 (X - days, since 1988).
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Fig. 3. Change of mineralization of water in the Saksahan river — OP No 2 (the first water meter post) in the area of Northern Iron
Ore Processing Plant, Kryvbas

In Saksahan — OP No 3 (second water meter post)
water mineralization varies from 1.8 g /11in 1980 to
4.0 g/1in 2020, water type for the whole time of S™
observations, carbonate-calcium the system is equilib-
rium. The regression equation describing the change in
mineralization over time has the form:

M=0.16 X + 1710.4 (R> = 0.65),

X — day, since 1988.

Water sampling in the Saksahan river — OP No
4 (Veseli Terny village) was performed until 2015.
From 1980 to 2015, the mineralization of river water
increased from 1.7 g /1to 3.6 g/ 1, water type varied
from S™ to SM¢ and CI™ - which reflects the com-
bined effect of the Northern MPP and Veseli Terny vil-
lage. The carbonate-calcium system is prone to precip-
itation during the predominant period of time. A num-
ber of hydrochemical observations are described by
the regression equation:

M=0.16 X+ 1479.0 (R*=0.79),

X — day, since 1987.

Regarding microelements in the water of the
Saksahan River, the content of which exceeds the max-
imal permissible concentrations (MPC) for water bod-
ies for drinking and cultural use, the same set is ob-
served as in the tailings, namely: lead, cadmium, man-
ganese, boron, bromine, nickel, mercury, thiocyanates.

As aresult, it can be noted that a stable hydrochem-
ical anomaly has formed on the territory of the Northern
Iron Ore Processing Plant. Its center is a tailings pond,
when remote from it, the intensity of increasing wa-
ter mineralization in Sakasahan decreases, and hydro-
chemical processes in the river water become equilib-
rium. Environmental protection measures in this area

)

4)

should be aimed primarily at stopping the discharge
of mine water into the tailings, their demineralization.

Inhulets river. The hydrological and hydrochem-
ical regime of the Inhulets river within Kryvbas has
been completely transformed. Intensive mining of iron
ore inevitably raises the question of pumping mine and
quarry water. Until 1993, highly mineralized mine wa-
ters were discharged directly into the Inhulets river in
volumes of 40 to 60 million m* annually (Khilchevskyi,
Kravchynskyi, Chunarov, 2012).

From 2011 to the present time, a scheme of year-
round accumulation of mine waters of the southern
group of mines in the storage pond of the Svistunov
creek with their subsequent discharge into the Inhulets
river in the intervegetation period has been introduced.
The discharge of annual surpluses of return waters of
the mining enterprises of Kryvbas in Inhulets river is
regulated by the orders of the Cabinet of Ministers of
Ukraine. (Optimizatsiia ..., 2017).

Currently, the following scheme of using Inhulets
for utilization of mine waters has been introduced: in
winter, excess Kryvbas mine water is discharged from
the Svistunov creek reservoir, which accumulates in it
during the year. In the process of discharging mine water
into the bed of the river Inhulets, through the Dnipro-
Inhulets channel, Dnipro water is supplied. After the
mine water is discharged (in the end of February), the
process of washing the Inhulets riverbed with water
from the Dnipro-Inhulets canal begins (in early April).
Flushing lasts until mid-August.

This measure makes it possible to use Inhulets wa-
ter during the growing season for irrigation of agri-
cultural lands in Snihurivsky and Vitovsky districts of
Mykolaiv region through the channels of Inhulets ir-
rigation system, which is located in the lower reach-

475



Khilchevskyi V. K., Sherstiuk N. P.

Geol. Geograph. Geoecology, 30(3), 470—479

es of Inhulets in Mykolaiv region. At the same time,
the Ministry of Environmental Protection and Natural
Resources of Ukraine warns: "... since August the
water of the Inhulets River has a tendency of a sharp
increase in chloride content to 1000-2000 mg /1 ..."
(Ministry of Environmental Protection ..., 2020). That
is, this scheme of water use does not fully meet the re-
quirements for water quality in Inhulets during the year.

In our study, we used the results of hydrochemical
observations in the section of the Inhulets river near the

village

Shyroka Dacha

Ore dressing
Works

Inhulets MPP, downstream from the discharge of mine
water from the Svistunov creek (Fig. 4). Hydrochemical
observations were carried out at different times in dif-
ferent observation points, so the following observa-
tion points were selected for analysis, which have the
longest and most complete series: OP No 1 — bridge;
OP No 2 — well 1726; OP No 3 — riffle; OP No 4 —
Andryivka village.

Inhulets river

Mykolaivka
village

Andryivka
village

Fig. 4. Map of the Inhulets River in the area of the Inhulets Iron Ore Processing Plant in Kryvbas with observation points for the
chemical composition of river water (downstream): No 1 — bridge; No 2 — well 1726; No 3 — riffle; No 4 — Andryivka village

The Inhulets Mining and Processing Plant was built
on the basis of the Inhulets Magnetite Quartzite Deposit
and put into operation in 1961-1966 with an annual
productivity of 18.0 million tons of raw ore. In 1967—
1970, 1975, 1986, 1997, 2004-2006, projects were
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developed and implemented aimed at increasing and
maintaining the production capacity of Inhulets MPP
with an annual program of raw ore production of up
to 34.5 million tons and the production of concentrate
up to 14.1 million tons.
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Iron ore is mined from a quarry. Quarry water is
pumped into the tailings pond with subsequent use in
the cycle of circulating water supply of concentrators
of Inhulets MPP.

The results of chemical analysis of water samples
were calculated by known methods (Khilchevskyi,
Osadchyi, Kurylo, 2012; 2019) to obtain the Kurlov’s
formula and Alekin index, equilibria in the carbonate-
calcium system were determined. It draws attention to
the fact that the vast majority of water samples from
the Inhulets river during observations (since 1990) be-
long to the chloride class, sodium group, type 1L, i. e.

are metamorphosed. Thus, the chemical composition
of water was formed as a result of mixing.

It should also be noted that at any of the observa-
tion points in the fluctuations of water mineralization
is not determined by a significant linear trend (by the
coefficient of determination). The calcium-carbonate
system is mainly in a state of equilibrium and precip-
itation, with isolated states of dissolution.

In the Inhulets river — OP No 1 (bridge) water min-
eralization varies from 1.1 g/1(1994, April)to 4.3 g
/1 (April 2002) (Fig. 5), the total hardness reaches its
maximal value in September 2020 (34 mmol / 1).
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Fig. 5. Change of mineralization of water of Inhulets river — Substation No 1 (bridge) in the area of Inhulets Iron Ore Processing

Plant, Kryvbas

Downstream in the Inhulets River — OP No 2 (well
1726) the mineralization of water in Inhulets varies from
1.7 g/1(2008, April) to 5.5 g /1 (2019, September), the
total hardness in the same time has a maximum value
of 40 mmol / I. High mineralization of Inhulets water is
observed after the completion of washing with Dnipro
water (August 10, 2019) and low rainfall in August and
September 2019.

In Inhulets river — OP No 3 (riffle) water miner-
alization varies from 1.6 g /1 (2009, May)to 5.4 g/ 1
(2019, September), with a total hardness of 40 mmol /1.

In the Inhulets river — OP No 4 (Andryivka village)
there are no such significant fluctuations of water min-
eralization as in the observation points upstream. The
water mineralization here varies from 1.5 g /1 in April
2020 to 3.1 g/ 1in September 2009. The water type in
about 40 % of samples varies from CI™  to S™ .

Among the microcomponents there is an increased
content of vanadium, boron and bromine in Inhulets
water (exceeding the MPC by 7-8 times for water bod-
ies for drinking and cultural use), there are isolated ex-
cesses of lead content.

As a result, it should be noted that the applied
scheme of mine water utilization due to their discharge

into the Inhulets river and its subsequent washing
changed the hydrochemical profile of the river. There
is a natural decrease in water mineralization down-
stream: the chloride class of water changes to sulfate,
which is typical of most rivers of the Middle Dnieper
(Khilchevskyi, Kurylo, Sherstyuk, 2018; Khilchevskyi,
Kurylo, Zabokrytska, 2020), and most importantly — the
type of water from III (metamorphosed water) chang-
es to II (river water).

However, it should be noted that according to the
calculations (Indyvidualnyi rehlament ..., 2018) ob-
tained in the control area (village Andryivka, state con-
trol post), drinking and cultural standards of water qual-
ity must have a volume of water 1040.4 million m? or
water flow in the river 104.7 m? / s. But the supply
of such a volume of water from the Karachunivsky
Reservoir is impossible both from a technical and eco-
nomic point of view.

In 2020-2021, an alternative scheme (regime) of
accumulation of the remnants of circulating mine wa-
ter in the storage pond of the Svistunov creek and their
discharge into the Inhulets River will be provided. It is
proposed to increase the time of discharge of mine water
in the Inhulets River, increase the amount of water for
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dilution, exclude the period when the river had a min-
imal flow after the discharge period. This approach is
likely to change the hydrochemical regime of Inhulets,
but will not solve the problem completely.

In our opinion, the only effective way to dispose
mine water is their demineralization. It is clear that this
approach has been repeatedly considered and has cer-
tain disadvantages (utilization of salts formed; energy
consumption, etc.).

Conclusions

1. In Kryvyi Rih there is a dangerous ecological
and hydrochemical situation due to the existence on the
earth's surface of water bodies with abnormally high
mineralization and ion content, which are elements of
intensive biological accumulation (S, Cl, Br).

2. On the territory of the Northern Mining and
Processing Plant, the geochemical center is a tailings
pond into which mine (40-45 g /1) and quarry waters,
as well as waters from concentrators and other sources
are discharged. Water salinity in the pond of the circu-
lating water supply of the tailings as of 2020 reaches
23.4 g/ 1, water type CI"® .

3. When the tailings pond of the Northern MPP over-
flows, return waters are discharged into the Saksahan
river with water discharges from the Makortovsky
Reservoir, which worsens the ecological and hydro-
chemical situation in the river.

4. Mineralization of water of the Saksahan River
(on the territory of the Northern MPP) from 1980 to
2020 increases with intensity from 0.24 to 0.16 g /1
per a year, water belongs to the sulfate class, sodium
group, type IL

5. The content of microelements in the water of the
Saksahan river exceeds the maximal permissible con-
centrations for water bodies for domestic and cultural
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