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Abstract. Scientific and methodical approaches to the development of working land
management projects for the reclamation of lands disturbed by industrial production
are proposed.

After the completion of mining operations, their restoration, i.e. reclamation, must
be carried out on the disturbed territories. Land reclamation is a complex of works
aimed at restoring the productivity and economic value of disturbed lands, as well as
improving environmental conditions in accordance with the interests of society.

Any construction, mining, geological exploration, etc. cannot begin until a
reclamation project for the disturbed soil cover is developed. Reclamation is subject to
all lands undergoing changes in relief, soil cover, parent and underlying rocks that occur
or have already occurred in the process of mining, construction, hydraulic engineering,
geological exploration and other works.

The working project of land management regarding the reclamation of disturbed
lands should become a document that takes into account: preservation and rational
use of the main wealth - land; compliance with the order and rules aimed at preserving
the natural environment, performed in the complex of land management works;
preservation of the fertile soil layer and its use in other areas. The economic effect
of these measures in the working project of land management for the reclamation of
disturbed lands must be calculated using the discount method, which takes into account
both the outflow of money (investments) and the inflow that occurs due to the increase
in land productivity and the elimination of damage to the natural environment.

Keywords: reclamation, working project of land management, disturbed lands,
grounding, soil protection.
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Formulation of the problem.

In the system of national land re-
sources management, the issues of state
policy in the field of rational use and
protection of agricultural land, conser-
vation and restoration of soil fertility are
of great importance.

Development of industry, transport,
construction works, development of
mineral deposits are inevitably associ-
ated with land disturbance. Disturbed
lands are lands of all categories that, as a
result of production activities, have lost
their economic value or have become a
source of negative impact on the envi-
ronment due to changes in soil and veg-
etation cover, hydrological regime and
the formation of anthropogenic relief.
They are often a source of soil, water
and air pollution in the adjacent territo-
ries, worsen the hygienic living condi-
tions of the population and the general
appearance of the landscape.

In market conditions, this issue be-
comes particularly acute, as it affects
the economic interests of existing enter-
prises and organizations engaged in ag-
ricultural production and other business
entities that need to improve or replace
the soil cover.

Recultivation of disturbed lands is
carried out to restore them for agricul-
tural, forestry, water management, con-
struction, recreational, environmental
and sanitary purposes. The lands dis-
turbed during development of mineral
deposits in an open or underground
way, as well as peat extraction; laying
of pipelines, construction, reclamation,
logging, geological exploration, test-
ing, operational, design and survey and
other works related to the disturbance
of soil cover liquidation of industrial,
military, civil and other facilities and
structures; storage and burial of indus-

trial, domestic and other wastes; con-
struction, operation and conservation of
underground facilities and communica-
tions; elimination of the consequences
of land pollution, if their restoration re-
quires the removal of the top fertile soil
layer [7].

Analysis of the latest scientific
research and publications

Such scientists as V. Andrienko, O.
Kanash, V. Kryvov, A. Martyn, S. Osyp-
chuk, S. Pogurelsky, M. Stetsiuk, etc.
were engaged in the issues of land pro-
tection in the course of economic activ-
ity. At the same time, the issue of rec-
lamation of disturbed lands is relatively
poorly studied by modern science.

Materials and methods
of scientific research.

During the study on the development
of working land management projects
for the reclamation of disturbed lands,
the following generally accepted meth-
ods of scientific research were used: the-
oretical method, monographic method,
comparative method and generalization
method.

The aim of the research is highlight-
ing the methodological approach to the
development of working land manage-
ment projects for the reclamation of dis-
turbed lands.

Research results and discussion.

Intensification of production often
leads to the violation of valuable ag-
ricultural and forest lands. Especially
great damage is caused by open mining
of minerals - coal, ores of ferrous and
non-ferrous metals, construction materi-
als, etc.
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In these conditions, there is an im-
portant task to preserve the land fund
and prevent the violation of the natural
complex that has developed over thou-
sands of years, not only directly in the
places of mining, but also in large adja-
cent areas. This is especially important
for areas with developed agriculture, in
order to preserve agricultural land alien-
ated for use by industrial enterprises.

Land reclamation is carried out to
restore disturbed areas and prevent their
harmful impact on the environment.
Land plots should be returned to produc-
tion as soon as possible, and then they
should be transferred to agricultural or
forestry use.

Pokrovske Mining and Processing
Plant occupies an important place in the
mining industry segment of the whole
Ukraine. Its primary tasks are: extrac-
tion of manganese ore (oxide, carbon-
ate and oxide-carbonate types), its pro-
cessing and production of manganese
ore concentrate. The main consumers
of our products are enterprises of steel
and ferroalloy branches of metallurgical

industry [5]. The location of land use of
JSC "Pokrovsky GOK" on the territory
of Pokrovsky village council is shown in
Fig. 1.

Mining works at the plant are carried
outin an open way - in quarries. The tech-
nological cycle of production consists of
several stages: first, special equipment is
used to open the ore layer in the quarries,
then with the help of mining machines,
the ore is loaded into vehicles that carry
raw materials to the ore warehouses near
the quarry. It is from there that the ore
is loaded into dump cars that deliver it
to the processing plants. There the raw
material goes through a full enrichment
cycle, the final result of which is manga-
nese concentrate.

With the development of the mining
industry, the needs and areas of extrac-
tion grew, and with the development of
technology, so did the depth.

In accordance with Article 52 of the
Law of Ukraine "On Land Protection"
[4], lands that have undergone changes
in the relief structure, ecological condi-
tion of soils and parent rocks and in the

Fig. 1. Loctin of land of JSC "Pokrovsky GOK" on the territory of

Pokrovsky village council of Dnipropetrovsk region
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hydrological regime as a result of min-
ing, geological exploration, construction
and other works are subject to reclama-
tion.

When carrying out mining, geologi-
cal exploration, construction and other
works related to disturbance of soil
cover, the separated soil mass shall be
subject to removal, storage, preservation
and transfer to disturbed or unproductive
land plots in accordance with the work-
ing land management projects. When
removing soil cover, layer-by-layer re-
moval and separate storage of the top,
most fertile soil layer, and other soil lay-
ers is carried out in accordance with the
structure of the soil profile, as well as the
parent rock.

Recultivation of land plots is carried
out by layer-by-layer application of ex-
cavated soil mass and, if necessary, the
parent rock to low-productive land plots
or plots without soil cover in the order
that ensures the highest productivity of
the reclaimed land.

One of the main tasks of reclama-
tion is to improve the soil as a necessary
component of the ecosystem. The soil
cover should be fully functional. As de-
fined by ISO 11074:2015-10, soil is the
surface layer of the earth's crust, consist-
ing of mineral particles, organic matter,
water, air and organisms. Under natural
conditions, the process of soil formation
lasts several tens or even several hun-
dred years.

The whole process of land reclama-
tion of JSC "Pokrovsky GOK" on the
territory of Pokrovsky village council
can be divided into the following stages:
removal, transfer, storage and preser-
vation of soil cover, technical reclama-
tion and biological reclamation of these
lands.

According to Article 52 of the Law
of Ukraine "On Land Protection" [4],

during mining, geological exploration,
construction and other works related to
soil disturbance, the separated soil mass
is subject to removal, storage, preserva-
tion and transfer to disturbed or unpro-
ductive land plots.

When removing the soil cover, layer-
by-layer removal and separate storage of
the upper, most fertile soil layer and oth-
er soil layers is carried out in accordance
with the structure of the soil profile, as
well as the parent rock.

According to DSTU 7941:2015 "Soil
quality. Land reclamation. General re-
quirements", agrochemical passport dat-
ed 17.05.2021 No 08/08/474, (developed
by the State Enterprise "Research Insti-
tute of Land Management") and scien-
tific publication "Technozem and mod-
ern technogenesis", Kyiv, 2013, V.O.
Zabaluev, M.G. Babenko, I.B. Zlenko,
National University of Life and Envi-
ronmental Sciences of Ukraine, UDC
631. 618:631.45:633.31:631.82, BBK
40.3, Z-12, the depth of removal for the
southern chernozem and its slightly sa-
line and slightly saline heavy loamy sed-
iments (code of agro group 71d), which
lie on the land plot of JSC "Pokrovsky
GOK" on the territory of Pokrovsky vil-
lage council will be (Fig. 2):

- top most fertile soil layer - 0.40 m

- other soil layers - 0.20 m.

The soil without roots of bushes and
trees by the difficulty of development by
construction machines and mechanisms
belongs to the I group (DSTU B D.2.2-
1: 2012. Resource element estimates for
construction works. Earthworks (Col-
lection 1).

Norms of soil cover removal are giv-
en in Tables 1 and 2.

The removed soil cover with a to-
tal volume of 4500 m? is planned to
be transferred and stored in temporary
dumps No. 1 and No. 2. Temporary
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Table 1. Norms of removal of the top most fertile soil layer

No Area on which Depth of Volume of the | Density of the most | Mass of removal of
the top most | removal of the | top most fertile | fertile soil layer, | the most fertile soil

fertile soil layer | top most fertile | soil layer, m* t/m’ layer, tons
is removed, m* | soil layer, m

1 7500 0,40 3000 1,28 3840

Total 7500 - 3000 - 3840

Table 2. Norms of removal of other soil layers

No Area on which Depth of Volume of other | Density of other soil | Mass of removal
other soil layers removal of soil layers, m? layers, t/m? of other soil layers,
are removed, m? other soil tons

layers, m
1 7500 0,20 1500 1,40 2100
Total 7500 - 1500 - 2100

dumps of soil cover shall be protected
from destruction by denudation process-
es (washing, blowing, etc.) by manually
sowing perennial grasses on the surface.

When removing the soil cover it
is unacceptable to mix it together with
underlying infertile soils and mineral
rocks.

Since, when removing the soil cover,
its loosening occurs, as a result of which
the volume increases by 5-7%, respec-
tively, the volume of temporary dumps
for storage also increases by 5-7%. That
is, for the storage of the upper most fer-
tile soil layer with a volume of 3000 m°,
a temporary dump No. 2 with a volume
of ~ 3200 m?, a length of 22 m, a width
of 40 m, a height of 4.0 m, slopes 1:1,
with a surface area of 0.0900 ha and for
other soil layers with a volume of 1500
m3 temporary dump No. 1 with a vol-
ume of ~ 1600 m?, length 11 m, width
40 m, height 4.0 m, slopes 1 : 1, with
a surface area of 0.0450 ha. Cross-sec-
tions of the temporary dumps are shown
in Fig. 5.

Usually, the process of self-over-
growing of waste heaps lasts several
decades after their filling. Therefore, the
works to protect the temporary dumps

from denudation processes (washing,
blowing, weathering, etc.) are carried
out by sowing perennial grass seeds on
their surface.

To prevent the processes of humus
mineralization in the dumps, the storage
period of the soil cover should not ex-
ceed 20-25 years.

The technology of soil cover remov-
al is shown in Fig. 4, the technology of
storage - in Fig. 5.

After the completion of mineral re-
sources development, the land plot will
be rehabilitated by layer-by-layer ap-
plication of soil cover in the following
order (Fig. 3):

1. application of overburden (if nec-
essary);

2. application of other soil layers
with a depth of 0.20 m from the dump
No. 1;

3. application of the top most fertile
soil layer with a depth of 0.40 m from
the dump No. 2.

The main design decisions on reme-
diation, removal, transfer, storage and
preservation of soil cover are shown in
Figures 3, 5

For example, the reclamation of
disturbed soils in Germany.
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Fig. 4 Plan of planned measures for the removal

In Germany, in 2017, there were
more than 220,000 sites whose soil cov-
er was disturbed as a result of various
human activities. Soil remediation in-
volves various measures to eliminate or
reduce pollutants in the soil. The aim is
to eliminate existing hazards and ensure
sustainable, healthy and environmental-
ly friendly use of soil through its active
protection [10].

By means of reclamation, the soil
disturbed by economic activities be-
comes usable again and is preserved in
the long term. The German Federal Soil
Protection Act distinguishes between
disturbed sites and areas suspected of
disturbing their soil cover: a) disturbed
sites Waste disposal plants (old deposits)
and all facilities where waste and envi-
ronmentally hazardous substances have
been processed (except for facilities fall-
ing under the Atomic Energy Act); b) an
area suspected of being disturbed: soil
with signs of contamination due to pre-

vious use (e.g. lignite zones, military or
industrial areas).

A land plot is declared as a disturbed
area only when a detailed soil analy-
sis confirms the suspicion beyond any
doubt.

The study of disturbed areas is car-
ried out in several stages:

1. Initial assessment by means of
a non-sampling survey, the suspicion of
a disturbed site is initially considered not
significant. For this purpose, the history
of'land use is assessed by examining files
and aerial photographs. The current con-
dition is assessed during the inspection.

2. If the previous use of the land
plot raises suspicion of existing dis-
turbed areas, a laboratory soil test is car-
ried out, during which percussion core
probing is carried out at certain points.
The type, quantity, distribution and mo-
bility of contaminants are investigated.
If the soil samples exceed the control
values (in accordance with the Federal

78

N2 4’2022



leodesis ma 3emneycmpiti. MoHimopuHa ma 0XopoHa 3emerb

‘ soil reclamation processes ‘

’;

—

‘ biological ‘

chemical and physical

thermal

soil flushing

extraction under
high pressure

pyrolysis

incineration

Fig. 5 Classification of disturbed land and soil remediation processes

Regulation "On Soil Protection"), a spe-
cific land plot is identified as possibly
disturbed as a result of economic use.

3. If necessary, additional inves-
tigations (e.g. groundwater) are carried
out as part of a detailed study to deter-
mine the exact extent of soil disturbance.
If the threshold values are exceeded, the
surveyed area is classified as disturbed.
The result of the detailed survey is re-
corded in the final risk assessment.

The method of soil management
largely depends on the scale of the iden-
tified disturbed land plots. Depending
on the future use of the land plot, safety
measures to prevent the spread of con-
taminants or decontamination measures
to remove existing contaminants are
initiated. In the case of a minor load, it
may be sufficient to remove the affected
soil or apply a layer of fertile soil. More
serious contamination may require com-
plete soil replacement. The following
soil remediation methods are available:

1. On site this is the name of the
process used on site where, for example,
soil is accumulated. The principle of
on-site operation usually corresponds to
mobile or convertible systems of small
and medium size, which are optimized
for the respective application.

2. Off-site-this is the name of a
process that is not used on-site, where,
for example, soil is stored. Off-site fa-
cilities are designed as stationary multi-

purpose facilities for a variety of dis-
posal tasks and can absorb and process
contaminated soil from a variety of land
disturbed by economic use.

In both methods of remediation of
disturbed land, excavation of soil is nec-
essary in any case. The material should
then be processed either on-site or in a
suitable stationary off-site facility. Dur-
ing excavation, gas and dust may be
emitted into the air, which may also be
associated with odour. In any case, mix-
ing of fertile and potentially fertile soil
should be avoided. Figure 5 shows dif-
ferent methods of remediation of dis-
turbed land and soil with examples.

Biological processes.

Biological methods can be used for
many remediation cases. However, they
are not suitable for the following cases:
strong adsorption of the contaminant on
the soil; presence of fine soil fractions.

Some groups of pollutants (e.g.
polycyclic aromatic hydrocarbons and
polychlorinated biphenyls) are toxic to
microorganisms. These groups of pollut-
ants are difficult or impossible to be de-
graded by microorganisms. Another dis-
advantage of this method is the amount
of time (weeks to months) required for
remediation.

Advantages of biological methods
compared to other remediation methods:
possible as an on-site measure; soil cov-
er structure is preserved.
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Chemical and physical processes.

The best known and most commonly
used chemical-physical method in prac-
tice is the soil washing process. The
disturbed soil cover is separated from
the coarse-grained fraction and joined
to the fine-grained fraction (up to 100
microns). The heavily contaminated
fine fraction is then treated as hazardous
waste or further treated with a thermal
process. The disadvantage of the process
is the disposal of chemical detergents.

Thermal processes.

The most important thermal process-
es to date have been pyrolysis and incin-
eration. These procedures are particular-
ly suitable for organically contaminated
soils. Through thermal treatment, organ-
ic pollutants are essentially oxidized to
form carbon dioxide and water.

Other trace elements found in the
exhaust gas stream (primarily sulphur
and nitrogen oxides) must be removed
through comprehensive exhaust air
treatment. This occurs in the process
of combustion of the material at tem-
peratures from 800°C to 1300°C. This
requires high energy consumption. The
disadvantage of this method is the de-
struction of the fertile soil layer.

The establishment of soil microflora
is possible only by mixing the decon-
taminated soil with the fertile soil layer.

In pyrolysis, which is technically
more complicated than burning (smol-
dering), soil is decontaminated at tem-
peratures from 400°C to 800°C. Due to
the low temperatures involved in this
process, hydrocarbon bonds are returned
to the soil.

Conclusions.
The development of working land

management projects for the reclamation
of disturbed lands is extremely important

for the development of land relations at
the local level of amalgamated territorial
communities, namely, it will contribute to
the restoration and protection of land in
the implementation of economic activi-
ties.
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AHomauyia. 3arponoHo8aHo HayKo80-MemoOoUYHInioxodu 00 po3pobeHHA pobouux npoeKmia
3emsaeycmporo w000 peKyabmusauii 3emesns NopyweHUX NPoMUcC/I08UmM 8UpobHUYMEOM.

Micna 3asepweHHA 2ipHUYUX pPObBIM Ha nopyweHux mepumopiax mae 30ilicHroeamucs
ix 8iOHOBnEHHA, MOobmo pekynbmusauis. Pekynbmueayis 3emens — Ue Komrsaekc pobim,
CrpAMOBAHUX HQO B8iOHOB/EHHA MPOOYyKMUBHOCMI ma 20crnodapcsbKoi YiHHoCMI rnopyweHux
3emerlb, @ MAKOX HA NoAinuwieHHA yMmoe 008Kinssa 8idnogioHo 0o iHmepecie cycninscmaa.

Bydb-sake byodisHUUMB0, 00bY8AHHA KOPUCHUX KOMAs/IUH, 280/1020P038i0KA MOW,0 HE MOXYMb
noYyuHamucs, OOKU He byde po3pobrieHOo MPOEKM peKyaAbmueayil nopyuwieHo2o rpyHmosozo
nokpusy. Pexkynbmueayii nidnsearome yci 3emsi, Wjo 303HAOMe 3MiH y penvepi, rpyHmoaomy
MOKPUBI, MOMEPUHCbKUX Ma nidcmunbHux nopodax, AKi 8iobysaromeca abo exce 8i0bynaucs y
npoyeci eipHuU4ux, bydisesnbHux, 2i0pomexHiYHUX, 2e0/1020Pp038i0y8a16HUX MA iIHWUX Pobim.

Pobouuli npoekm 3emsaeycmporo w000 pexysabmusayii nopyweHuUx 3emens MAEe cmamu
OOKyMeHmMoM, WO 8paxosye: 3b6epereHHAs ma payioHasbHe BUKOPUCMAHHA OCHOBHO20
bazamcmea — 3emni; 00MpPUMAHHA NMOPAOKY i NPasus, CPAMOBAHUX Ha 3bepexteHHA NPUpPooHo20
cepedosullad, U0 BUKOHYIOMbBCA 8 KOMI/EKCI 3eM1eanopAa0HUX pobim; 36epexeHHA poor4020
wapy rpyHmie ma (io2o 8UKOPUCMAHHA HA iHWUX OinaHKax. EKoHomivyHUl epekm yux 3axodie
y pobo4yomy npoekmi 3emsaeycmporo Wo00 perynabmusauii nopyweHux 3emesnb HeobxiOHO
po3paxo8ysamu OUCKOHMHUM MemoOOM, W0 8paxo8ye AK 8iomik epowell (iHsecmuuyii), mak i
npunause, Wo BUHUKAE 30805KU Mi0BUUWEHHIO MPoOyKmusHoCcmi 3emens, nikeidayil wkoou, wo
30800€MbCA NPUPOOHOMY Cepedosulyy.

Kntoyoei cnosa: pekynomusayis, poboyuli NpoeKm 3emsaeycmporo, nopyuleHi 3emsi,
3eMs1IDB8AHHA, OXOPOHA rPyHMI8.
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