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Abstract. Main effects of mining operations on the land and water resources while mineral mining are considered.
|dentify that intensive open-pit and underground development of mineral deposits has resulted in the disturbed natural
environment, which, in turn, have changed geomorphological and hydrogeological structure of the region. Current stage
of the disturbed land and water resources are determined in terms of Kryvyi Rih iron-ore basin. The analysis showed that
as a result of mining and technical activities in Kryvbas, minimum 15-20 min ha of land are disturbed, 59 % of this area is
used for different mine workings, 38 % is covered with waste rock dumping or waste from mineral concentration, and 3
% is the sites of subsidence, caving, and other land surface disturbances due to underground mining. Thus, about 1 km?
of drainage water is extracted annually during mineral extraction. As a result, natural landscapes have been replaced by
new technogenic objects, which, in turn, have changed geomorphological and hydrogeological structure of the region.
Key technological objects of the largest enterprises of Kryvbas mining industry as well as their parameters are studied.
Dynamics of the accumulation of emissions and discharges of the production wastes of Kryvyi Rih iron-ore basin enter-
prises as well as their location are shown. Identify that by means of gross discharge of the contaminating substances.
On average, more than 235.62 thous. t/year enter the air with the dust. Also identify that the largest mining enterprises of
Kryvyi Rih Region discharge on average 2296.8 thous. m3/year of the contaminated water. Certain measures are pro-
posed to facilitate reduction of the impact due to open-pit mining on the indicated environmental components. They are
aimed at involve implementation of resource-saving technologies along with reclamation of the technogenic objects.

Keywords: mining operations, impact, technogenic object, waste dump, land resources, water resources.

1. Introduction

Long-term intensive open-pit and underground development of mineral deposits
has resulted in the disturbed natural environment. In particular, natural landscapes have
been replaced by new technogenic objects, which, in turn, have changed geomorpho-
logical and hydrogeological structure of the region. This process has provoked climatic
microchanges; it has affected the soil and vegetation cover, altered the ground water
flow, influenced the surface water quality etc. [1]. Due to interaction of mining objects
with all components of natural environment, these changes influence the atmospheric
air, flora and fauna, and the population living within the mining region. Thus, study of
the influence of mining operations upon the land and water resources is a topical issue
requiring constant monitoring, data updating, and solution of the target tasks.

Current state of the disturbed land and water resources in terms of Kryvbas.
All environmental processes are interconnected. Consequently, at all stages of mineral
development the components experience certain changes while influencing each other
directly or indirectly. The changes become obvious either immediately or in a consid-
erable period of time.

In Fig. 1, a scheme of the open-pit mining influence on the land and water re-
sources with the aftereffects is represented according to the author’s data [1, 2].

Technogenic objects have made the fertile agricultural lands impossible to be used;
they have also become a source of constant negative influence on the regional ecologi-
cal situation.

Rock mass extraction, ground water pumping, and mass dumping on the land sur-
face cause irreversible environmental processes. That prevents from using plough land;
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harms green vegetation; changes regional hydrogeological regime local relief and air
flows; contaminates land surface, air and water basins with the production waste. In
future, all those factors influence both life quality and health of the population [3, 4].

Problem statement and state of its solution. Mining enterprises consume up to
2.79 m® of fresh water while disposing into a hydrogeological network from 0.01 to
0.03 m® of the contaminated water per each ton of the extracted raw material. 220 mln
m® of the contaminated water, including more than 20 mln m® of the highly mineral-
ized one, come annually into the Saksahan and Inhulets rivers as a result of operation
of the Kryvbas mines and open pits. About 1 km® of drainage water is extracted
annually during mineral extraction [1].
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Figure 1 — Results of the open-pit mining influence on the land and water resources

As aresult of mining and technical activities in Kryvbas, minimum 15-20 mln ha of
land are disturbed, 59 % of this area is used for different mine workings, 38 % is cov-
ered with waste rock dumping or waste from mineral concentration, and 3 % is the
sites of subsidence, caving, and other land surface disturbances due to underground
mining. Technogenic changes in a relief are the prerequisites of arising environmental
problems: expansion of the mined-out space, surface subsidence, land elimination for
dumping, disturbance of hydrogeological regime of the ground waters, their minerali-
zation above the accessible concentration accompany any mining production [5-6].

A series of studies performed by national and foreign scientists deals with the anal-
ysis of the problems, development of recommendations and measures to reduce envi-
ronmental impact of mining technologies on the environment and geological medium.
The most prominent among them are the papers of Voinytskyi, A.P., Dubrovskyi, V.P.,
Boholiubov, V.M., Kuzyk, .M., Artamonov, V.M., Tsekhmister, D.P., Trofymov,
V.T., Korolev, V.A., Herasimova, A.S., Kolisnyk, V.Ye., Malakhov, G.M., Lysyi,
A.E., Artiukh, V.M., Utyshyn, V.O., Dolhova, T.I., Hnieushev, V.O. and others. De-
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spite considerable contribution of the prominent scientists, there are still some un-
solved problems concerning individual parameters of the environmental impacts,
measures for their eliminations etc. Thus, the purpose of the paper is a detailed analy-
sis of technogenic influence of the Kryvbas mining enterprises on the land and water
resources for the development of optimal measures to reduce their impact.

2. Methods

Effect of the iron ore mining on the Kryvbas land and water resources.

The Kryvbas territory is characterized by complex and diverse natural and engi-
neering-geological conditions. A lot of areas belong to the category of technogenically
loaded ones. Kryvyi Rih iron-ore basin is being developed by both underground and
open-pit mining. Main production capacities are provided by 5 mining and processing
works (GZK): Southern, Northern, Central, Inhuletskyi, and “ArcelorMittal Kryvyi
Rih” PJSC that extract ore in terms of 9 open pits.

Table 1 considers the largest mining enterprise objects influencing the Kryvbas wa-
ter and land resources.

Table 1 — Objects influencing the Kryvbas land and water resources while iron-ore mining

Enterprise Object Characteristics (capacity, area)
1 2 3
PJSC Open pit #3 Production of cast iron, steel, and ferroalloys.
“Arcelor | Open pit # 2-bis Total area of the mining and processing produc-
Mittal Waste dump “Dalnii” tion — 4084.9 ha of land:
Kryvyi | Waste dump “Stepovyi” open pits — 648 ha,
Rih” Waste dumps “## 2, 3” external dumps of waste rock — 1119 ha,
“Temporary waste dump # 4” tailing dams— 863 ha,
Mined-out space of open pit # 1 industrial site — 822 ha of land
Waste dump “Stepovyi-2”
(under construction)
Tailing dam “Obiednane. Fourth card”
Tailing dam “Myroliubivske”
Tailing dam “Central”
JSC Open pit “Southern GZK” Open pit length — 3000 m, width — 2650 m,
Southern depth— 375 m (at the moment of development
GZK completion — 615 m)

Waste dump “Livoberezhnyi”

Designed volume — 225 min m3,
Capacity: shales — 1185800 thous. t
Area: 818 ha /considering SPZ — 985 ha

Waste dump “Pravovoberezhnyi”

Designed volume — 68 mln m3, designed base ar-
ea—435 ha
Area: 261.1 ha / considering SPZ — 346.0 ha

Tailing dam “Voikove”

Capacity: 373 411 500 t. Area: 536.7 ha/ consid-
ering SPZ —727.0 ha

Tailing dam “Obiednane. First card”

Capacity: 250 635 000 t. Area: 481.0 ha/ consid-
ering SPZ — 667.0 ha

Tailing dam “Obiednane. Second card”

under construction *
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continuation of table 1

1 2 3
JSC North- | Hannivskyi open pit Hp =300 m, Sp =737 ha
ern GZK | Pershotravnevyi open pit Hp=320 m, Sp =660 ha
Open pit “ Pershotravnevyi ” Capacity: 910 mln m? (2507 mln t). Area: 849 ha
/1187 ha
Open pit “Hannivskyi” Capacity: 965 mln m>. Area: 991.6 ha /1346.5 ha
Tailing dam Capacity: 978.5 mln t (631.29 mln m?). Area:
1410 ha /1837.49 ha
JSC Inhy- | Inhuletskyi open pit Hp=650m, Sp=577.2 ha
letskyi | Open pit “# 17 Capacity: 280756.0 thous. t Area: 164.3 ha /300
GZK ha /350 ha (considering SPZ)
Open pit “# 2” Capacity: 529 022 500 m®. Area: 438.5 ha/577.0
ha
Open pit “# 3” On the open pit wall (its revomal is planned for
the wall reactivation)
Capacity: 192186.0 thous. t. Area: 147.3 ha
Open pit “# 5” Designing. Designed volume 543.7 mln m, de-
signed base area 670.6 ha
Tailing dam Capacity: 1180690 thous. t. Area: 977.5 ha.
JSC Cen- | Hleiuvatskyi open pit Hp =500 m, Sp =480 ha
tral GZK | Petrovskyi open pit Hp =300 m, Sp =104 ha

Artemovskyi open pit

Hp =500 m, Sp =336 ha

Internal open pit

Designed volume — 60 mln m?, designed base ar-
ea— 50 ha

Open pit “Southern-Western”

Capacity: 39.43 mlin t. Area: 49.6 ha/ 152.7
ha/52.4 ha

Open pit “# 5” Inactive. Capacity: 28 mln m*. Area: 78 ha /140
ha /188 ha.
Open pit “# 6” Capacity: 11 mln m?. Area: 50.2 ha/101.7 ha /

90.9 ha.

Open pit “Northern”

Designed volume — 100 mln m?, designed base
area— 210 ha

Open pit “Eastern ”

Designed volume — 22 mln m?, designed base
area — 80 ha

Open pit “Western”

Designed volume — 50 mln m?, designed base ar-
ea— 170 ha

Open pit # 2 Designed volume — 44 mln m?, designed base ar-
ea— 102 ha

Open pit# 3 Designed volume — 93 mln m?, designed base ar-
ea—255ha

Tailing dam Capacity: 688.00 mIn t. Area: 1705.8 ha /5356.22

ha /1959.6 ha

Note: *no information

SPZ — sanitary-protective zone

Hp — open pit depth, Sp — open pit area on the day surface

According to the orders at the level of local self-government authorities, technical
and technological parameters of the iron-ore mining and processing technology are
being constantly monitored along with the control of industrial waste distribution [3,
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4]. These data have made it possible to accumulate the data concerning dynamics of
waste accumulation, discharge volumes and location of the industrial wastes of the
mining industry of Kryvyi Rih Region within the period of 2019-2021. The results
are represented in Table 2.

Table 2 — Dynamics of the accumulation, discharge, and location of the wastes of mining enterpris-

es of Kryvyi Rih iron-ore basin within the period of 2019-2021 according to data [3, 4, 7]

Gross Discharged contami- Wastes generated factu-
. nated return water .
discharge, thout treatment ally at the enterprise, Wastes accu-
. thous. t without trea §nen ’ t mulated at the
#H Enterprise thous. m°. end of
2019/ 2019/ 2020. t
2020/ 2020/ 2020 ’
2021 2021
1 PISC Overburden (gangue)
“Arcelor 230.8/ 918.9/ rock
Mittal 209.0/ 812.1/ 9278 134.5 837 198 800.0
Kryvyi Rih” 211.2 1283.0
Concentration tailings
14 950 568.1 618 958 989.4
2 JSC 23.28/ */ Wastes of the overbur-
Southern 1.22/ */ den rock
GZK 1.308 * 7752734.288 808135148.0
Slurry of the iron ore
concentration
16094466.0 570240697.9
3 JSC North- 6.8/ */ * *
ern GZK 5.11/ */
5.893 *
4 JSC In- 1.615/ 107.8/ Iron ore wastes (DMS)
huletskyi 1.520/ 108.1/ 744409.0 14371398.0
GZK * 106.8
Wastes of iron-ore open
pit mining 568164.0 1274645100.0
Slurry and tails after
concentration
18288815.0 843414905.0
5 JSC Central 2.527/ 927.5/ * *
GZK 2.507/ 913.1/
* 1390.4

Note: *No statistic information

DMS — dry magnetic separation

Analysis of the data in Table 2 helps make conclusions as for the objects of tech-
nogenic load on the environment, their parameters, and dynamics of the industrial
waste accumulation. We have considered only the largest enterprises of the industry
that are located in the region. Other enterprises intensify the effect, and situation
worsens due to the additional environmental loads.
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The influence of the Kryvbas enterprises on the atmospheric air can be analyzed
by means of gross discharge of the contaminating substances. On average, more than
235.62 thous. t/year enter the air with the dust.

Dust emission influences the quality of water and land resources as these are the
substance particles that deposit on the reservoir surfaces and ground with its follow-
ing intermediate influence on the flora and fauna. That also favours eutrophication
resulting in changing species variety, damaged agricultural crops, forests, and plants
by reducing their growing rate. In 2021, mining enterprises of Dnipropetrovsk Region
emitted into the air 26.4 % of harmful substances of the total regional emissions [3].

Direct influence of mining industry on hydrogeology can be studied on the exam-
ple of return water discharged into the Inhulets River intake. The matter is that the
technogenic water is discharged without proper treatment but only after water pre-
cipitation that affects the water quality. As a result, unfortunately, water mineraliza-
tion is not reduced. Thus, the largest mining enterprises of Kryvyi Rih Region dis-
charge on average 2296.8 thous. m*/year of the contaminated water. In turn, due to
changed water motion and drainage of mine workings, ground water reserves experi-
ence their reduction along with the disturbed hydrogeological and consequent hydro-
logical regimes.

Tailing dams of Southern, Inhuletskyi, and Central GZK are located along the In-
hulets River; they increase the river mineralization due to the influence of highly
mineralized drainage water. When oxides of calcium and silicium, aluminium, iron,
manganese, magnesium enter from the waste dumps into the ground water and then
into other water-bearing levels, that may result in changing ratio of these substances
in the water-bearing levels of the waste dump base and the Inhulets River.

In 2020, mineral mining with the intense water handling, discharge, disposal of
the contaminated industrial waste and mine water within the zone of Kryvbas GZK
activities influences local contaminations of ground water within the territory of
Dnipropetrovsk Region [3].

The existence of a great number of technogenic objects within the mining area has
negative influence on the natural hydrogeological processes.

In terms of Kryvyi Rih, almost overall drainage of the quaternary water-bearing
level is observed. It is replaced by local formation of a technogenic water-bearing
level through slurrying, numerous hydrotechnical facilities built in the ravines, ex-
pansion of the available tailing dams, and dumping. All combined, it has resulted in
the formation of a joint water-bearing level of ground water formed by means of in-
filtration of atmospheric precipitations and strong technogenic leakages affecting a
hydrological network of the adjacent territory and region. Further environmental in-
fluence is manifested in the reduced level of ground water that depreciates fertile
lands.

In paper [8], power dependence of the accumulation of Ukrainian mining wastes
in terms of time factor is established. These studies demonstrate that each 10 years,
on average, 2.4 bln tons of industrial wastes are accumulated in Ukraine alone. Thus,
a share of some enterprises of Kryvyi Rih iron-ore basin, which apply open-pit min-
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ing of iron ore (according to the total data of Table 2, column 5), accounts for about

40%.

Land areas, which surface is disturbed due to mineral mining apart from other fac-
tors belong to the degraded lands.
(GZKs are the main enterprises of Dnipropetrovsk Region which disturb its land at
open-pit and underground mining. During the years of 2021, 37.9500 thous. ha of
land are disturbed, 6.0300 thous. ha are mined out, and in 2019 4.65 thous. ha are re-

claimed [3].

Processes of natural restoration of vegetation surfaces, soils, and reliefs of the dis-
turbed land are rather slow or even do not happen at all. Different reclamation meth-
ods and techniques are applied to restore natural lands.

3. Results and discussion
Certain measures are considered in Table 3 to reduce environmental impact on the
land and water resources at open-pit mining.

Table 3 — Measures to reduce impact on the land and water resources at open-pit mining

Environ- Measures to reduce impacts
mental . . . . .
in terms of open pits in terms of waste dumps in terms of tailing dams
component
Land re- - dust control while mining; - not to plan additional - use of the depositing site
sources - timely land reclamation; land allotment for dump- | systems, in terms of which
- improvement of the techno- ing; practically all tailing dam
logical schemes for the for- - dust control while rock | area will be covered with
mation of technogenic land- loading, transporting, and | water; that will minimize
scape in terms of different unloading on a waste the discharge of dry fine
movement directions of mining | dump along with the sands;
areas workplace moistening; - use of sulfate soap solu-
- dust control of the waste | tion for dry “beaches”;
dump surfaces and con- - water spraying of the
stant control of dust gen- | workplaces, tailing dam
eration and soil condition | surfaces and dam slopes;
around a waste dump; - constant control of soil
- planned reclamation of | contamination within the
the waste dump surface operation zones;
- set of operations to re-
store the inactive tailing
dams
Water re- - systematic daily control of - together with others (waste dumps and tailing dams
sources water level in the emergency located within the area), formation of a linear series
reservoirs; with the required number of dewatering wells;
- implementation of a network | - decreasing volume of filtration water leakage into a
with the necessary number of | drainage system from the active tailing dams;
dewatering wells; - implementation of the required number of regime
- reconstruction and implemen- | observation wells;
tation of the surface drainage - processing of the water accumulated in the tailing
for the open pits; dams;
- replacement of the water - implementation of the mechanisms to stimulate devel-
supply networks (if they are opment of environmentally friendly technologies and a
outdated); process of transferring to wasteless production
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- systematic monitoring of the
level and intensity of water
inflow into an open pit;- ad-
vanced domestic waste water
treatment;

- minimization of water con-
sumption, implementation of
proper environmental protec-
tion systems;

- implementation of effective
technologies to provide re-
duced level of water minerali-
zation before its discharging
into the water objects;

- total prohibition to discharge
untreated and insufficiently
treated water immediately into
the water objects;

- clear and timely monitoring
of discharges, strengthening of
the responsibility for not fol-
lowing the requirements and
intensification of the water-
protection measures by the
contaminating enterprises
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OOCNIMKXEHHA BMNMBY BIAKPUTUX TIPHUYUX POBIT HA 3EMENbHI TA BOAHI PECYPCHU
B KPUBBACI
Manees €.B., JlegueHko K.C.

AHoTauifi. Po3rnsiHyTo OCHOBHWN BNIMB Ta HACMiAK/ Ha 3eMENbHI Ta BOAHI pecypcy nig Yac po3pobku poaoBuLY.
BcTaHoBneHo, Wo iHTeHCKBHA po3pobka pOOBMLL, KOPUCHUX KOMAmMH BIGKPUTUM Ta Mig3eMHUM cnocobom npussena o
3aMiHW NPUPOAHMX NaHALAaTIB HOBUMW TEXHOTEHHUMM 06’'EKTamMu, SKi B CBOK Yepry BRMHYNM Ta 3MiHWAM reomopgo-
noriyHy i rigponoriuHy 6ygoBy perioHy. BusHayeHo CyvacHW CTaH NOPYLUEHUX 3eMENbHUX Ta BOGHWX PECYPCIB Ha NpUK-
nagi Kpusopisbkoro 3anisopygHoro 6aceiiHy. AHania nokasas, WO BHACMigOK TPHUYOTEXHIYHOI gisnbHocTi B Kpusbaci
nopyLueHo He MeHwe 15-20 MiH ra 3emenb, 3 HUX 59 % NnoLLi BUKOPUCTAHO NiA PisHi ripHudi Bupobku, 38 % — nig Big-
Banu nycToi nopoau abo Bigxoam 3barayeHHs, 3 % — MicLis ociaaHHs, NpoBanis i iHLLMX NOPYLLEHb NOBEPXHI, NOB'A3aHUX
3 nia3eMHUMK po3pobkamu. Takox LLOPIYHO B/IN3bKO 1 KM3 ApeHaXHUX BOA BUAMAETLCS Npu BUAOOYTKY KOPUCHWX Kona-
NuH. Takum YnHOM BigOynacs 3amiHa MPUPOAHWX NaHAWAaMTIB HOBUMM TEXHOrEHHUMM 06'EKTamMu, ki B CBOKO Yepry
BNAWMHYM Ta 3MiHWAK reomopdhonoriyHomy i rigponoriyHy GyaoBy perioHy. [locnimkeHi OCHOBHI TEXHOreHHi 06’ekTu Ta ix
napameTpy Big Hanbinbwwux nignpuemcTs gobyeHoi ranysi Kpusbacy. HaBeaeHa auHaMika HaKOMMYEHHs BUKMAIB, CK-
AiB, po3MiLLleHHs Biaxogis nignpuemcTeammn JoOYBHOI ranysi 3anisopygHoro Kpusopisbkoro 6acenHy. BctaHoBREHO, Lo
yepe3 BaroBWN BUKUA 3aBPYAHIOIYMX PEYOBUH B CEpeaHbOMY Y MOBITPS noTpannse 3 nunom 6ina 235,62 Tuc. T/pik.
Takox BM3HAYEHO, WO HanbinbwUMK ripHnioaobyBHUMK NignpuemcTBaMn KpuBOpiOKS CKMAAETHCA B piyuky B cepep-
HboMYy 6ins 2296,8 Tic. M3/pik. 3anpONOHOBAHO 3ax0aM, SIKi CMPUSTUMYTb 3HWKEHHIO HEraTMBHOTO BNIIMBY CMIPUYMHEHOMO
BIAKPUTOK PO3pOOKOK POJOBULLY HA 3a3HAYEHi KOMMOHEHTH CepeaoBuLLa. BOoHM CnpsiMOBaHi Ha LOTPUMYBaHHS Ta BNPo-
BaJ)KyBaHHS pecypcosbepiratounx TEXHOONi Ta BLOCKOHANEHHS pekynbTHBaLjii TEXHOreHHUX 06 ekTiB.

KntoyoBi cnoB.a: ripHudi poboTu, BNWB, TEXHOreHHi 06'eKTI, BiABas, 3eMerbHi pecypcu, BOAHI pecypcu.
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