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Abstract: The paper presents an analysis of the possibilities for
reclamation and reuse of space degraded by mining activities on the
specific location of the mine ‘’Kreka’’ in Tuzla Canton, Bosnia and
Herzegovina. Reclamation represents a binding element in the process of
mining exploitation of mineral resources. The aim is to select the
economically and ecologically most favorable method of reclamation and
possible redevelopment of the mine space in terms of the sustainability of
the development of the local community whose environment is absorbed by
mining activities. A methodology with a set of methods has been developed
to select a method that will fulfill its goal. Which method will be applied
depends on the number of input parameters and the specific conditions for
carrying out the reclamation and reuse. Analysis of the current state of the
degraded areas of the ‘’Kreka’’ mine and the methods used for
reclamation, a step is needed to make a decision regarding the future
transformation of the area as well as the eventual development of small and
medium enterprises. For the considered location an overview of the
situation and the recommendations for further development in terms of
meeting the aforementioned criteria is provided.
Keywords: mining works, degraded land, reclamation, redevelopment,
sustainability, small and medium enterprises, open pit mine

1 Introduction
As foreseen by the Law on Mining, companies that have exploited
mineral resources should, at stages or at the latest after the completion of
mining operations, ultimately protect, sanitize and technically arrange all
degraded mining areas. After that, the land should be biologically recultivated or its redevelopment should be carried out in accordance with the
approved projects. For the analysis of the possibility of land use after the
completion of mining works and the definition of concrete opportunities for
the development of small and medium enterprises (SMEs) on degraded
mines area, a developed methodology can be applied. The methodology was
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presented through the project Partnership for the Use of Degraded Surfaces
of Surface Exploitation of Mineral Raw Materials. In order to develop a
methodology with which the model of the transformation of degraded space
will be selected, it is necessary to define the possibilities of using land for
the development of SMEs, to evaluate the state of the treatment of
devastated space, to consider the key technical, technological,
environmental and economic factors, as well as the incidents of noncompliance with the abovementioned legal regulations.
The paper will give an overview of the general rules and norms of
the reclamation, as well as the basics of design and redevelopment of area
affected by mining processes and redevelopment models included in the
methodology. The results of the research on the current state of reclamation
at location of the ‘’Kreka’’ Mine will be presented, which will serve as a
basis for further analysis through the elaborated methodology and decision
making on the possibility of developing small and medium enterprises.
2 Reclamation of land damaged by surface exploitation
2.1 Fundamentals of reclamation
Every activity of people changes the natural shape of the
environment. A surface mining, due to intensive development and
increasing of depth excavation, particularly affected the change in the relief
and land degradation. On one hand, the excavated areas are created, which
are then partially or completely filled with overburden, and on the other,
large areas of arable land from agriculture are taken and damaged by the
formation of external landfills. This large area of land would, without proper
re-cultivation, be partially or completely, temporarily or permanently lost
to agriculture and forestry, and would create enormous damage to the
country's economy (Kivinen 2017: 8).
The open pit mine goes through the stages of development and
operation, which represent its life cycle, and relate to the preparation and
opening, exploitation and closure. After the end of exploitation of mineral
raw materials all works are not completed, the arrangement of area for
future purposes must be done. Technical rehabilitation and reclamation on
pit mines (PM) are generally performed during its lifetime. Final design and
biological reclamation is performed after completion of exploitation
(Novosak et al. 2013: 11).
3 Design and redevelopment of mining area
The design of the mining area is visually suitable, integrated into the
environment, technologically feasible and purpose-useable form of mining
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operations. It is achieved during the completion of the exploitation of a
single excavation field or the entire deposit of mineral raw material. The
transformation of the excavated areas caused by the exploitation of mineral
resources is spatially planned and adapted to the form which, after the
primary, will receive a new purpose, appropriate to environment and the
requirements of the spatial plans of the local community (Uberman and
Ostręga 2012: 14).
3.1 Fundamentals of design and redevelopment of area affected
by surface exploitation
Before performing the final repair, the contractor is obliged to
implement protection measures that would exclude danger to life and health
of people, or remove any causes of pollution and damage to the surrounding
buildings and environment. By different influence of certain parameters, pit
mines have different design advantages, which can be graded, i.e. estimated
based on the detailed analysis. The dominant parameters of the impact on
the favorability of planning of surface mining are grouped into the following
three groups: natural, techno-economic and ecological. The future
conversion of the excavated space has a certain influence on the design of
the surface mines (Limpitlaw and Briel 2014: 9).
All pit mines must be properly arranged. This includes technical and
biological reclamation considered as a conditional and binding factor during
and after mining operations. The manner of carrying out the technical and
the directions of biological remediation are elaborated in detail before the
start of mining works (Feng and Chang 2011:4). In addition to the basic
aspects, designing can also achieve targeted rehabilitation, that is, the design
of space according to special requirements of future use such as economic,
tourist, sports-recreational, etc. (Marot and Harfst 2012: 10). The final
design must satisfy the following technical and economic criteria:
 new surfaces must be stable,
 drainage of surface waters must be safe,
 required form must have technical and economic justification.
The transformed area of the surface mine depends on a number of
criteria such as (Wang 2012: 15):
 minimal disturbance of the natural environment,
 minimal impact on the microclimate conditions of the affected sites,
 the possibility of restoring flora and fauna according to local needs,
with the consent of experts (miners, geologists, agronomists,
foresters, zoologists) and authorities (institutions),
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design and rehabilitation with the possibility of commercial use of
space.

3.2 Models of design and redevelopment of area
The methodology developed for the evaluation and qualification of
mining area comprises several models which can be used for design and
redevelopment, is schematically represented in Figure 1.

Figure 1 Schematic representation of the content of models for redevelopment

3.2.1 Recultivation of landscape
The basic meaning of this model is to "restore nature from being
taken away". Landscape reconstruction of the space, damaged by long-term
exploitation, is aimed at establishing a restoration of natural balance and
returning to the original state, or at least as close as possible to it. The
procedure in the technical-implementation sense is extremely demanding
and time-consuming. Restoration of the natural state in such areas should
most often be supported by various methods of biological rehabilitation
such as: bringing new layers of humus, stabilizing the crop area, selecting
and planting appropriate plant species that will allow the return and
accommodation of various plant and animal species (Yongjun 2018: 16).
3.2.2 The park transformation
With the realization that once something is taken away from nature
it is impossible to fully recover it; many modern examples of the
rehabilitation of mining landscapes rely on the methods of creating
completely new spatial and landscape features and contents. The
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redevelopment of former surface mines to parks and/or recreational areas
facilitates future use and economic justification (Ibrahim 2010: 5).
3.2.3 Interpolation by architecture
The expansion of cities and urban areas, surface mines, which used
to be found on periphery of the city, now become an integral part and
becomes particularly interesting buildable area for a variety of new
applications and usages. Such approaches accomplish the transformation of
devastated areas almost exclusively by architectural elements (Kivinen
2017: 8).
3.2.4 Land art − artistic interpretation
Surface mines arise as 'unconscious architecture' shaped by the longlasting work of human hands and machines. Therefore, with the emergence
of land art, the devastated landscape of the mines become the favorite places
for the creation of advanced and timeless (landscape) art as the spaces of
open galleries and parks of sculptures, temporary and permanent artistic
interventions.
3.2.5 Agricultural production
Agricultural production relates to reclamation areas, where
vegetables, fruits, cattle breeding, vegetable growing, and fishery are being
developed. Sustainable agriculture enables the reduction of negative
impacts of agricultural production on the environment and thus contributes
to integrated environmental management and sustainable urban
development (Dias et al., 2013: 3).
4 The steps and methods of research
Based on the research carried out at the locations of Mine Banovići,
Mine Djurdjevik, Mine Kreka and a series of quarries, in situ investigations,
and a review of available project technical documentation and spatial
planning documents, an analysis was performed:
 the existing condition of degraded areas on the considered mines,
 area with the status of mining works,
 planned time of use of the surface occupied by exploitation,
 state of the surfaces that have been re-cultivated or brought to some
other purpose so far.
By taking into account the plans of the mining companies and local
communities concerned, a selection of locations and areas for the
implementation of the planned analysis (checking the models to at least 4
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locations) that could be used for the development of SMEs (Project 2016:
17) has been made. The paper presents the results of the analysis
methodology applied to one location, Mine ‘’Kreka’’. Table 1 presents an
overview of mining degraded area of the municipalities.
Table 1 Overview of degraded areas in municipalities
No.
Mine
Municipality Banovići
1.
Mine BANOVIĆI
2.
PLANTRANS DIJABAZ
Municipality Gračanica
1.
PMs of limestone
Municipality Kladanj
1.
PMs of limestone
Municipality Lukavac
1.
PM of limestone ''Vijenac''
2.
Mine KREKA
Municipality Srebrenik
1.
INGRAM
2.
PMs of limestone
City Tuzla
1.
TUZLA-KVARC
2.
Mine KREKA
3.
Salt Mine ''TETIMA''
Municipality Živinice
1.
Mine KREKA
2.
Mine ĐURĐEVIK
3.
PM of gravel ''Begove Maline''
4.
PMs of limestone
Total:

Degraded area (ha)
1303
15
22
10
22
950
85
31
14
110
394
637
644
6
13
4 256

4.1 Analysis of the status of degraded areas for the locations of
the "Kreka" mine
Currently, in the area of the Kreka basin (Tuzla Canton), coal is
exploited in the underground (Mramor Mine) and on two pit mines
("Šikulje" and "Dubrave"). Mramor Mine is divided into three separate units
with commercial reserves of 14×106 tons of coal-lignite. For pit mine
"Dubrave" established reserves are approximately 100×106 tons of coal.
The total coal reserves of approximately 100×106 tons of coal were
338
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determined for the surface mine "Šikulje" in an enclosed deposit. The coal
basin "Kreka" has not been fully explored from the aspect of reserves and
quality of coal, so these reserves can only be accepted as orientations. With
this in mind, it is estimated that in this basin there are about 2332 million tons
of geological, ie. about 1233 million tons of lignite balance reserves. Table 2
shows the balance of areas in the exploitation field of the "Kreka" mine.
Table 2. Balance of areas in the exploitation field of the "Kreka" mine
No.

Mine

Expropriatedarea
(ha)

City of Tuzla
1.
PM ''Šićki Brod''
2.
PM ''Dubrave''
3.
PM ''Krojšica''
4.
PM ''Plane 3''
Municipality Lukavac
1
PM ''Šikulje''
2.
PM''Lukavačka
Rijeka''
3.
PM ''Pašići''
4.
PM ''Huskići''
5.
PM ''Zagorje''
6.
PM ''Lukavac''
7.
PM
''Crveno
Brdo''
8.
PM ''Šićki Brod''
9.
PM ''Karići''
Municipality Živinice
1.
PM ''Dubrave''
Total:
2 464

Recultivated
area
(ha)

Water
area
(ha)

Interest
for
development
SMEs

186
22
30
20

70
30
20

23
-

Yes
No
No
No

604
351

105

-

No
No

28
148
50
60
128

28
148
50
60
20

-

Yes
Yes
Yes
Yes
No

231
15

214
15

-

Yes
Yes

-

No

591

13,8

760

36,8

4.2 Overview of re-cultivated and redesigned surfaces
4.2.1 Technical re-cultivation
The first step is to evaluate the possibility of selective digging of a
potentially fertile substrate of natural land and its displacement outside the
area of mining activity. For the decision on the application of this measure
of importance are: assessment of the value of the natural land and
knowledge of the readability of geological series from which the landfills
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would be formed (Nuric et al., 2014: 13). From re-cultivation data it can be
seen that a total of 365 ha have been cultivated, and that the types of soil
are low quality, low depth and poor fertility. In concrete terms natural top
layer would not even be stored for later use in the process of reclamation.
The formation of the landfill was conditioned by the technology of
coal exploitation, and the disposal of overburden. Disposal of the
overburden was carried out by truck, deposited in one floor or landfill, also
in one altitude floor. The final design was done by bulldozers. The landfill
areas are slightly wavy, with a general inclination of 4 to 8%. In this way,
general safety from the occurrence of slipping and efficient use of
mechanization for future more intensive agricultural production is ensured.
During the technical design of new surfaces, the basic additional
measures were hydromeliorative. Gravity drainage of rainwater is directed
to the original water collector. The main watercourse flows towards the
original streams. Wherever possible, the landfills are bound to the original
terrain for the purpose of preventing local landslides. Technical reclamation
was started with the beginning of the deposition of the overburden. Final
design was done a year or two before the start of biological re-cultivation
4.2.2 Biological re-cultivation
All three complexes are planted with native species and varieties that
are adapted to the conditions existing climate. Exceptionally, on the complex
"Pašići", in two parts, the total area of about 2 hectares, was planted with
Robinia pseudoacacia to stabilize the terrain. In accordance with the interest
of the future end-user, it can be easily replaced by other more intensive
plantations, forests or orchards, or use the space as a building site.
Based on the data on the performed works on biological recultivation, which includes the costs of materials, machinery and human
labor, total re-cultivation costs have been obtained. The total costs of
completed biological re-cultivation (carried out over a period of four years)
in the area (295 ha) of surface mines "Kreka" amounted to about 1376000
KM (7030537 €), which is on average 4665 KM/ha (2385€/ha). It should
be emphasized here that 70 ha of area require additional measures of
biological re-cultivation, which ultimately will increase the total cost.
5 Presentation of the achieved level of re-cultivation and design
at the ‘’Kreka’’ mine
Based on data about earlier natural orography and current techno
orography of the same area it can be concluded that (Project 2016: 17):
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1. Earlier relief was far more complex. On a small area there were
sudden changes between surfaces of different exposition and
inclination.
2. New technorelief is calmer and inclination is smaller.
3. New relief has comparative advantages and because of: decreasing
erosive processes, increasement of possibilities in usage of
mechanisation in land processing, fertilization, care of cultures and
crops (harvests), possible increase in production and productivity of
work.
4. On the new land there are parcels, the sizes of 10, 20, 30 50 and even
100 acres, while on the earlier ones there were significantly smaller.
On significantly larger parcels with reduced inclination, the effect
of machine operation is improved, and production and productivity
are increased.
6 Potential users of re-cultivated area
Existence of interest of business entities for the use of re-cultivated
land will provide the answer: was the appropriate model of re-cultivation
selected (Cobârzan 2008: 2)? The final users of these land areas can be:
1) Mine for the purposes of own production and of exchange for future
expropriated land.
2) Companies in the field of agriculture and forestry.
3) Other legal entities that could use the space as protected recreational
and bathing areas, construction land, etc.
Based on the analysis of the current status of degraded areas on
mines, review of re-cultivated and redeveloped areas, proposed models and
methodology for assessing the possibility of using such land for the
development of small and medium enterprises, as well as the expressed
interest in applying the proposed methodology to the local communities and
companies, the article presents the current situation with the degree of
redevelopment of mining areas and evolve of small and medium enterprises
(Project 2016: 17).
6.1 Facility "Rekultivacija"
The plant has an area of approximately 300 hectares of re-cultivated
land with several artificial lakes of 35 ha. The main activity of the
‘’Rekultivacija’’ facility is the redevelopment of the degraded terrain after
mining activities on coal and sand excavation, creating an economically
productive and biologically protected terrain that is aesthetically integrated
into the environment. Quality raw material and favorable climatic
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conditions enable the re-cultivated area to be active for 12 months in progress
which has socio-economic significance for a wider area that can be enriched
with tourist-recreational and catering facilities (Project 2016: 17).
The plant ‘’Rekultivacija’’ deals with the exploitation of quartz sand
for more than 20 years. Quartz sand extraction and separation takes place in
an exploitation field of about 30 ha, and is related to the regional
construction industry and mining using large quartz sand reserves.
Exploration areas for quartz sand of 84.1 ha with an annual output of 100
000 t gives the possibility of exploitation for the next 20 years (Figure 2).

Figure 2 Production of quartz sand on the plant ‘’Rekultivacija’’

Agricultural production is related to the re-cultivated areas where
vegetables, fruits, grassland are cultivated, then for cattle breeding, and
fishing. 2230 plum trees are planted on the plant ‘’Rekultivacija’’, which
are regularly maintained (Figure 3).

Figure 3 Plantations of plums

700 m2 of greenhouse space for the cultivation of peppers and
tomatoes was built (Figure 4), leaving the possibility of planting 10 ha of
corn and 5 ha of barley (Figure 5).
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Figure 4 Production in greenhouses

Figure 5 Harvesting barley

15 hectares of clover and grass mixtures are regularly treated (Figure 6).

Figure 6 Re-cultivated areas with grassy mixture

At the beginning of 2013, 14 cattle were purchased. Due to the
problem of placement of the end product, a higher number of cattle are not
purchased, although there are conditions for their accommodation and
feeding (Figure 7).
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Figure 7 Farm for breeding cattle

In addition, there is an open possibility of arranging an artificial lake
on the ex-pit mine Šićki Brod for recreational purposes, but also for active
fish farming and sport fishing (Figures 8 and 9).

Figure 8 The lake Šićki Brod

Figure 9 Fishing at the lake Šićki Brod

6.2 Development-Entrepreneurial Center Tuzla - Incubator Lipnica
Mine "Lipnica" was the biggest mine, both in terms of capacity and
the number of employees, all of which are operated within the Mines
"Kreka". After several years of exploitation economically interesting coal
reserves at the site of the mining field 'Lipnica', 1991 was performed
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complete and permanent suspension of all works related to coal exploitation
in that area. After closure of the mine 'Lipnica', out of order remained the
entire infrastructure that constitutes a large complex. The complex offers
great opportunities for the development of different types of entrepreneurial
activity with a high degree of flexibility of use of the available space. The
complex 'Lipnica' contains 29 buildings constructed area of 14-3100 m2 and
a total area of around 10933 m2 and a land area of 158,770 m2. Through
complex flows unregulated stream Joševica. All facilities within the
complex are connected by asphalt roads, so it's easier access from all sides
(Figure 10).

Figure 10 Map of Development-Entrepreneurial Center Lipnica

Adaptation part of facility in Development-Entrepreneurial Center
Tuzla - Incubator Lipnica was carried out in order to strengthen the capacity
of local service providers and creating opportunities for business
incubation, in the framework of the project 'Innovative networking and
economic cooperation between Tuzla and Vukovar' (InECo), which is
financially supported by the EU and co-financed by Tuzla Municipality
(Nuric et al. 2015: 12).
6 Conclusion
Under the term re-cultivation of space, in most countries, it is
understood as a complex process with the application of mining,
meliorative, agro-technical, hydro-technical and other engineering
measures, aimed at restoring the reproductive ability of the space and
creating organized cultural areas that meet demanding needs (Jieng et al.,
2009: 6). In scientific approaches, this process is divided into two phases:
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technical and biological re-cultivation. The technology of applied (technical
and biological) re-cultivation depends on the surface exploitation
technology. Based on the presented assumptions and from the point of view
of the technical possibilities and the created conditions for the
rehabilitation, and the minimum costs, with the aim of finishing, it is very
important to determine the start and the dynamics of works on land
reclamation.
The results achieved in some countries on the regeneration of
degraded land are different, as are the methods that are applied. The applied
method of re-cultivation is the result of morphological, geological and
pedological characteristics of soil, climatic and hydrological conditions,
characteristics of coal deposits and conditions of exploitation, available
economic, technological and scientific assumptions, as well as overall
economic and political circumstances in the country (Ibrahim 2010: 5). It is
interesting that in most developed Western countries adopt rigorous
legislation concerning the protection and reclamation of land (Jung et al.
2009: 7).
By analyzing the current state and level of re-cultivation and
redevelopment of degraded mines at the Mine Kreka, it can be concluded
that technical and biological re-cultivation measures have been
implemented, and that at a certain number of locations (where it was
convenient), the redevelopment of the degraded terrain began. It is
important to point out that the location of redevelopment agreed with
predictions that have obtained the developed methodology and conducted
the analysis. It should also be noted that there remains space for additional
engagement in terms of enrichment of content in the area where the
conversion was already carried out (Development and Entrepreneurship
Center Lipnica, ‘’Rekultivacija’’ plant Šićki Brod). It is necessary to make
additional efforts and investments in the repair of the current situation in
order to be able to expect better output parameters and greater profit of the
existing companies, which function in the area of degraded terrains, but also
for the opening of new companies (reorganization of artificial lake for
recreational-sports-tourist purposes).
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