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Abstract. The article presents analysis of current techniques used for landscape reclamation
and water-exchange process restoration in the disturbed geological environment in the process of
the dump formation and reclamation at excavating of horizontal and flat-dipping deposits. Interrela-
tions between directions of the quarry face advancement and streams of surface and ground water
flows as well as their influence on efficiency of technological processes of the open-pit mining op-
erations were determined. The determined expedient direction of the quarry face advancement
makes it possible to restore the surface relief to the level almost similar to the natural one. Scheme
of layer-by-layer technical and biological reclamation of the disturbed lands for their further use in
agriculture is represented.

Keywords: open-pit mining, direction of the quarry face advancement, inner mine dump, dis-
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Topicality. Development of mining industry involves disturbance of geological
environment being stipulated mostly by the increase in the share of open-pit mining
operations. New man-made objects have been formed within the territories of natural
landscapes: open-pits, mine dumps, waste piles, and sludge dumps. Such new man-
made formations have changed geomorphological and hydrological structure of the
region resulting in climate microchange as well as changes in soil and plant cover.
Reclamation is one of the preventive measures to restore land capability after its man-
made disturbance as well as to stabilize ecological state.

The objective of the paper. Substantiation of the reclamation of landscape and
water exchange processes within the disturbed geological environment during the
process of mine dump formation and reclamation in terms of open-pit mining of hori-
zontal and flat-dipping deposits. Reclamation of lands suitable for agricultural use.

Statement of basic materials. Land surface under which certain mineral occurs
(the one to be mined by the open-pit) is represented either by flat land or by dis-
jointed ravines and hollows.
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The natural landscape is of great importance for water exchange processes within
geological environment. The mouths of ravines run into rivers supplying them with
surface water in the form of atmospheric precipitations. Moreover, they are involved
into the discharge of underground water level. It should be noted that quaternary de-
posits in natural geological environment have the properties of the system in which
the rocks (loesslike ones) with high filtration parameters cannot retain water (atmos-
pheric precipitations). Rocks with low filtration parameters (clays) retain water while
sands and partially loesslike rocks accumulate it. That allows accumulating the water
of winter-autumn period being main in terms of water supply for plants. The aeration
zone is available. Thus, rocks with various physical and mechanical properties devel-
op water exchange system within natural geological environment.

Man-made geological environment in the form of internal mine dumps results in
the disturbance of water exchange system: vertical pores are eliminated and rocks act
as a water-tight stratum; aeration zone is not available. In terms of open-pit mining,
flat internal mine dumps are developed. As a result, surface and ground water flow
are destroyed; water supply for rivers and underground water levels is disturbed.
Hence, it is quite topical to study the possibility to form original landscape and re-
store water exchange processes within the disturbed geological environment in terms
of open-pit mining of horizontal and flat-dipping deposits.

Results of previous studies. A lot of studies have been carried out in the sphere
of reclamation of the earth’s surface disturbed by open-pit mining [1-9]. The paper by
A.Yu. Drizhenko [4] stresses on filling the ravines and other inarable lands with
black soil, i.e. the emphasis is on so-called earthing. That will not allow either im-
proving soil properties or facilitating water exchange processes within the disturbed
environment. The paper by A.M. Laznikov [5] proposes not to reclamate but to reva-
lue lands. That means developing man-made landscape by means of constructing
ponds, recreation zones etc.

According to the legislation, mining enterprises lease the land. In the majority of
cases, the terms of leasing tells that if the land is leased for agricultural purposes, it
should be returned for agricultural purposes as well. In this context it is not allowed
changing target purpose of the land. That is why the requirements for land reclama-
tion are toughened considerably. In this context, paper by M.S. Chetverik and E.A.
Voron [6] represents the study of layer-by-layer mining and biological land reclama-
tion. However, the paper does not examine as well the landscape restoration to be
close to the original one.

Sequence of the studies:

1. To consider the types of surface relief to be mined by the open-pit.

2. To determine the expedient direction of the displacement of open-pit mining
operation front making it possible to reclamate the surface relief to be almost similar
to the natural one.

3. To analyze the peculiarities of applying layer-by-layer mining and biological
land reclamation in terms of the landscape formation conditions.

Types of surface relief to be mined by the open-pit.

Surface relief while developing manganese deposits within Nikopol manganese
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field, Malyshevskoie zircon-rutile-ilmenite deposit in VVolnogorsk etc. has been ana-
lyzed. It shows that the mining process results in the breaking of ravines involved in
surface and ground water discharge. In this context, surface relief of Motronivka-
Annivka zircon-rutile-ilmenite deposit is the most characteristic one (Fig.1).

1 — zone of modeling of water inflows into the prospective open-pit; 2 — watershed boundary be-
tween the ravines; 3 — ultimate open-pit boundary (according to A.M. Laznikov)

Figure 1 — Map of Motronivka-Annivka deposit relief

The territory of the prospective open-pit borders with the villages of Dmitrovka,
Mariianovka, Novoukrainka, Motronivka, Novoannivka, and Kommunarovka. Open-
pit field dimensions are 6.25x4.0 km; its area is 1760.0 ha. The terrain represents the
flatland with ground levels being 170 — 180 m disjointed by the valley of the river of
Domotkan with its confluents — Storozhivka, Gorobtseva ravines with the depth down
to 70 m (Fig. 2.). Slopes of ravines are gentle, convex; the bottom is flat. Maximum
surface slope is 2 %.

Ravines join near the village of Zubotriasovka. Here there is a bog lake showing
the underground flow discharge. Hence, it can be concluded that the destruction of
ravines while deposit mining will result in ground water flow destruction as well.

The analysis of surface relief of various areas of the terrain, where open-pit min-
ing operations are planned or being carried out, shows that they are in the form of a
tree branching when small ravines joins with large ones and finally run to the dis-
charge objects by the main mouth.

The formation of a flat mine dump involves underflooding and salting of soils due
to insufficient flow of atmospheric precipitations from subhorizontal surface formed
by low-permeability clay loam soils. Nonuniform settlements of mine dumps result in
drainless falls which accumulate water after rains and snow melting. In spring plants
die as a result of underflooding while in summer water evaporates intensively with
the formation of solonetz soils.
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Figure 2 — Ravine within the area of the initial mining operations

Determination of the expedient direction of mining operation front.

Selection of the mining operation front direction is of considerable importance be-
ing based on the mining operation mode and overburden operations as well as on the
safe work practices to eliminate landslide processes. It is essential while forming
man-made landscape being close to the natural one.

Consider displacements of mining operations when the front will be perpendicular
to the thalwegs of ravines. In this case it will be possible to have uniform mode of
mining operations to extract annual amount of overburden and ore. However, the
number of open-pit benches and their height will change along the length of mining
operation front. Total height of open-pit will be lower at the points where mining op-
eration front will cross the thalwegs of ravines. From the viewpoint of the formation
of inner overburden rock dump as well as the formation of surface landscape being
similar to the natural one, such development of mining operations is expedient. Nev-
ertheless, it can result in significant landslide processes as mining operation front can
cross the travel of ground and surface water along the thalwegs of ravines. It is espe-
cially characteristic for the conditions of Zavalievsk graphite integrated works
(Fig. 3).

Since 1963, 15 landslide deformations have occurred within the open-pit. Analy-
sis of hydrogeological and hydrological conditions of the surface relief near the river
of Yuzhnyi Bug and the open-pit has shown that the main reason of landslide
processes within northern and northern-western open-pit sides is the disturbance of
underground and surface water as the result of the developed man-made geological
environment represented by the open-pit and mine dumps. It happens as a result of
the fact that northern open-pit side crosses three large ravines along its strike with the
considerable hydraulic incline: eastern, central, and western ones. The ravines (before
the open-pit development) supplied the river of Yuzhnyi Bug with water and dis-
placed to the south from the existing open-pit. The supply was possible owing to sur-
face water flowing along the thalwegs of ravines and ground water flowing out of the
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Figure 3 — Open-pit of Zavalievsk graphite integrated works [7]

Thus, landslide processes occur when northern side exposes the zones of motion
(flows) of surface and ground water. The flow of ground and surface water is directed
from the ravines to the open-pit (Fig. 3).

Development and substantiation of layer-by-layer scheme of mining and bio-
logical reclamation of the disturbed lands in terms of landscape formation.

According to the review of scientific papers dealing with the issue under study,
we have faced the fact that in the majority of cases land surface reclamation after
mining results in the even surface within the areas with previous ravines; in this con-
text, reclamation does not involve the restoration of surface discharges to accumulate
atmospheric precipitations, according to the papers by Lozhnikov and Cherep [8].

To develop the technique, it is possible to be based on the principle of layer-by-
layer mining reclamation proposed by Chetverik and Voron [6] (Fig. 4).

The essence of layer-by-layer mining and biological reclamation is in the devel-
opment of capillary system represented by root system of plants within the layers of
potentially fertile rocks. It allows restoring the properties of natural soil.

However, the technique does not involve:

1) the supply of water-bearing levels of surface rivers;

2) the restoration of surface discharge to accumulate atmospheric precipitations
aimed at river supplying.

That is why, according to the determination of the expedient direction of mining
operation front displacement, in terms of open-pits it is proposed to apply following
scheme (Fig. 5) of layer-by-layer mining and biological reclamation aimed at restor-
ing of natural landscape and providing water exchange processes.
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Figure 4 — Technique of layer-by-layer mining and biological reclamation
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1 — mineral; 2 — seat clay; 3 — sand; 4 — hydraulic excavator; 5 — man-made mass of joining with
natural environment; 6 — area of man-made ravine formation; 7 — water-bearing level;
8,9,10 — first, second, and third layers of planting, correspondently; 11 — capillary water

Figure 5 — Scheme of layer-by-layer mining and biological reclamation

The essence of the proposed technological scheme of layer-by-layer mining and
biological reclamation of the open-pit area is as follows: mining of levels involves the
formation of inner mine dump with horizontal rock layers to develop capillary sys-
tem. When the planning of the area surface to be reclamated is completed, man-made
ravine is formed as the artificial structure allowing restoring the relief and water ex-
change processes within the disturbed natural environment. After that, grain and le-
gume crops are planted within the layers of potentially fertile soils in terms of incline
layer formation to develop the structure of soils; it is required for further supply of
water-bearing levels of surface rivers as well as for restoration of surface discharges
to accumulate atmospheric precipitations to supply the rivers with water.
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In this case, the formed man-made ravine acts as a mine dump with no additional
expenditures for reclamation as they are included into the prime cost of overburden
operations and dump formation. However, depending on the direction of mining op-
eration front, the represented scheme may vary.

Consequently, while forming man-made relief it is expedient to set the goal of de-
veloping the system of hollows and ravines that will make it possible to improve wa-
ter exchange processes and supplying plants with water in general.
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AHoTanisg. B cTaTTi po3nIsIHYTO CydacHi CIIOCOOHM BiJHOBIICHHS JIaHAIIA(PTY 1 BOAOOOMIHHUX
MIPOIIECIB Y MOPYIICHOMY T€0JIOTIYHOMY CEpEIOBHIII B IIPOIIECI BiIBAJIOYTBOPEHHS 1 peKyJIbTHUBAIIIT
IIPY BIIKPHUTIA pO3pOOIIi TOPH3OHTAIBHUX 1 IMOJIOTONATAI0YMX POIOBUI. BCTaHOBIICHI B3a€MO3B'sI3-
KM MK HalpsIMKaMu MepeMilleHHs] PPOHTY TIpHUYHUX POOIT Kap'epy i MOTOKOM MOBEPXHEBUX 1 IMi-
J3eMHUX BOJI, X BIUTHB Ha €(DEKTUBHICTh TEXHOJIOTTYHHUX IMPOIIECIB BITKPUTOI po3poOku. Buznaue-
HO paIlioOHAJIbHUIA HANPSIMOK MepeMillieHHsI GPOHTY TIpHUYUX POOIT, 1110 JO3BOJISE BiTHOBUTH PEITb-
e MOBEpXHI Y BUIJISAL, OJU3BKUM 10 TpUPOAHOTO. [IprBeeHO cxeMy MOomapoBoi MipHHYOTEXHIY-
HO1 Ta 010JIOT1YHOI PEKYJIBTUBALIT TOPYIICHUX 3eMeJIb JUIsl MOAaJIbIIIOT0 BUKOPUCTAHHS 1X Y CLIbCh-
KOMY T'OCITOIapCTBI.

KurouoBi ciioBa: Bigkputa po3podka, HAMpsSMOK MepeMillleHHs GPOHTY TipHUYUX POOIT, BHYT-
pilIHIi BiagBaJ, MOPYIICHE T€OJIOTIYHE CEPEIOBUIIE, PEKYJIbTUBALLIS, BITHOBICHHS JaHIadTy.

AHHOTauus. B cratbe paccMOTpeHBI COBpeMEHHBIE CIIOCOOBI BOCCTAHOBIICHHS JaHAmadTa U
BOJIOOOMEHHBIX MPOLIECCOB B HAPYLIEHHOM I'e0JIOrMYEeCcKOl cpesie B Mpoliecce 0TBaI000pa3oBaHuUs
U PEKyJIbTHBAIMU TIPU OTKPHITON pa3pabOTKe TOPU3OHTAIBHBIX M MOJIOTONAAAIONINX MECTOPOKIE-
HUMl. YCTaHOBJIEHBI B3aMMOCBSI3U MEX[IYy HANpaBICHUSMHU INepeMelleHHs (pOHTa TOpHBIX padoT
Kapbepa U MOTOKOM MOBEPXHOCTHBIX U TMOA3EMHBIX BOJ, MX BIUSHHE Ha YPPEKTUBHOCTh TEXHOJIO-
TMYECKUX MPOIECCOB OTKPHITON pazpaboTku. OmnpeneneHo paluoHalIbHOE HANpaBJeHHUE Iepeme-
IeHUs1 PPOHTA TOPHBIX pabOT, KOTOpOE MO3BOJSET BOCCTAaHOBHTH peibed MOBEPXHOCTH B BHJIE,
Omu3KkUM K npupojHoMy. IlpuBeaeHa cxema nociaoHHONW TOPHOTEXHUYECKON U OMOJIOTHYECKO pe-
KyJIbTUBAIIMH HAPYIIEHHBIX 3eMeNb IS JaTbHEHIIIeT0 NCTIOIh30BAHUS UX B CEITLCKOM XO3SHCTBE.

KuroueBble cji0Ba: oTKphITas pa3paboTka, HallpaBlIeHUE NepeMellieHrue PpoHTa TOPHBIX padoT,
BHYTPCHHUU OTBaJ, HapylIeHHAs T'e0JOTHYecKasl cpela, peKyJbTHBAIHs, BOCCTAHOBJICHUE JIaH]I-
madrTa.

Cmamms nocmynuna 0o pedaxyii 20.03.2017
Pexomenoosarno 0o opyky 0-pom mexuiunux nayk Yemeepuxom M.C.


mailto:maleevev@i.ua

