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Abstract

Reclamations of dumps in the Most Basin that is located in the North Bohe-
mia consist of restoration of extremely unfavourable properties of rocks that
are poured down onto the dump body. These rocks come from the surface
layer and the layer where coal bed is present. Sands, clay sands and kaolin (il-
litic clays) are the main components that occur in the material. Other com-
ponents are predominantly organic (coal) mass, siderite and pyrite. This re-
port briefly summarizes the history and present of ore, non-metallic and coal
mining in the region and addresses in detail the issue of moderating the con-
sequences of mining, which is one of the principal activities of the Research
Institute for Brown Coal, j.s.c. in Most. The concept of landscape reclamation
in the largest dumps after mining ends, the technical reclamation methodolo-
gy and the well considered use of fertilizable soil are main results presented in
this article.
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1. Introduction

The area of interest lies on the border of the oceanic and continental climate. For
the basin part of the area is a characteristic the inverse states where the cold air
and low-laid clouds capture the sun’s radiation (especially in winter). Due to
rainfall shadow that is caused by the Ore Mountains, the basin has lower clou-

diness, low rainfall, and higher temperature fluctuations, closer to the continen-
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tal climate, while the mountainous areas are defined by ocean climate [1]. The
North-Bohemian Basin area is known for its largest Czech brown coal deposit.
Over 70% brown coal reserves are currently being extracted in the Most Basin.
The opencast quarries caused extensive damage to the landscape. Reclamation
works became significant in order to restore the newly created anthropogenic
formations and integrate them into the surrounding environment. The rocks
that are poured down onto the dump body are mechanically unstable with re-
spect to wind and water erosion and during weathering they develop an unfa-
vourable, phytotoxic nature, due to the influence of SO; and Al ions. The exter-
nal and internal dumps in open pit mines are significant part of the North-
Bohemian landscape sustained by excavation. Their rapid preparation and gra-
dual integration into area’s ecosystem is of interest to the region’s citizens and
mining companies. The paper briefly summarizes the methodology of restora-
tion of the largest dumps in the Most Coal Basin and the results of analyses and
evaluation of samples taken in restored localities of the Radovesice dump, Stri-
mice dump, Ruzodol dump and the internal dump of the Bilina mine. An exam-
ple of modern non-traditional restoration methods is the restoration of internal
dump of the Bilina mine (application of power plant stabilizer). According to
observations and results of sample analyses, the restoration methods were se-
lected to imitate the effect of erosion, and amend the chemistry and physical
composition of the surface of the Radovesice and Strimice dumps. The applica-
tion of marlites and bentonite prevent the unfavourable weathering processes on
dump surface. The substitution of Quaternary sediments was formed here artifi-
cially. The need for ploughing in marlite, and the application of organic sub-
strates and vegetation preparation was demonstrated in the Radovesice dump.
The suitability of backfilled rocks for restoration purposes was demonstrated in
the Ruzodol dump. Brown coal is mined in four general mining localities: Vrsa-
ny, CSA, Bilina and Libous. Those quarries differ in geological terms, and par-
tially also in the parameters of acquired coal. That requires a slightly different
methodology of extraction and reclamation. The Vrsany and CSA mines are
currently the principal mining localities owned by the mining company Mos-
teckd mining company, a.s. and the Bilina and Libous mines are owned by the

mining company North-Bohemian mines, a.s.

2. Materials and Methods
2.1. History and Present of Non-Coal Mining in the Region

There were three large ore districts in the North-Western Bohemia region. Ja-
chymov, as the most important, used to be a great deposit of Ag-Bi-Co-Ni for-
mation. Silver extraction culminated in the 16™ century. Silver Jachymov thalers
have given the name to the American dollar. After exhausting silver mineraliza-
tion, nonferrous metals were extracted at the site, followed by uranium ore in
the last phase. Today Jachymov belongs among leading Czech spas. Krupka was

the oldest ore deposit of Sn-Cu-Mo formation already known in the 13" century.

DOI: 10.4236/jep.2017.813097

1584 Journal of Environmental Protection


https://doi.org/10.4236/jep.2017.813097

M. Rehot et al.

The mining of tin culminated in the second half of the 15" and 16" century, but
now the deposits have been abandoned. Cinovec was the last very important ore
site. It was a classical Sn-W-Cu-Mo formation linked to granite intrusion into
the para-series of the Ore Mountains crystalline complex. Today, this deposit
has also been abandoned, although the future extraction of lepidolite lithium
mica has not been completely ruled out. The region’s mining history was highly
impacted by the extraction of precious stones. Precious stone deposits mined in
the Ore Mountains at the time of Charles IV. and probably also. Rudolf II. pe-
riod are located in the central part of the Ore Mountains between Vejprty and
Chomutov. Amethysts, jaspers and agates from the local sites are linked to
quartz-amethyst and quartz-amethyst-haematite hydrothermal lodes. Cibousov
is one of the historically significant sites at the bottom of the Ore Mountains. In
the 14™ century, amethysts and jaspers from this site were used by the emperor
Charles IV. for the medieval inlays in the Saint Cross Chapel at Karlstejn and
Saint Wenceslas Chapel in the Saint Vitus Cathedral. The site, forgotten for
centuries, was rediscovered in the year 1982. Today it has only historical and
mineralogical significance. Pyrope is another precious North-Western Bohe-
mian stone, found since the early middle Ages on the Southern slopes of the
Central Bohemian Uplands. Pyrope, or Czech garnet, belongs to the magne-
sium variety of garnet. The mainly native rocks are pyroxene peridots and
kimberlites. The classic dark sanguine colour of pyrope is caused by the ad-
mixture of chromic oxide, whose content is almost 2%. Minable accumulations
currently occur in Quaternary deposits in Chrastany, Dremcice and Trebivlice.
Total resources can be estimated to ca 50 years. Today it is the only commer-
cial precious stone of the Czech Republic. Besides Czech garnet, gravel is ex-
tracted in the mines of the Czech Bohemian Uplands region. Ceramic and
brick materials together with the rocks usable in reclamation are mined as a
side product in the North Bohemian Basin. In general terms today non-coal
mining, in spite of its famous history, has only small significance in the

North-Western Bohemian region.

2.2. History and Present of Coal Mining
and Reclamation in the Region

The history of coal mining in the region spans hundreds of years. The records in
the chronicles from the 14™-15" century are the proof. At the turn of the
19"-20" century dozens of deep mines were extracting here, and first small
opencast mines started to appear. With such a concentration of mining the
North-Western Bohemia has obviously gone down in the history of reclamation,
too. These started not only in the North Bohemian Basin but in whole of Bohe-
mia in the year 1908 when a reclamation agency of the municipal agricultural
council was established in Duchcov. According to the data of this body 448 ha of
total 3372 ha devastated land was reclaimed in the entire district at that time. It
mainly concerned smaller areas corresponding to the mining dimensions of that

time. Reclamation took place, even later, in a simple undemanding way by the

DOI: 10.4236/jep.2017.813097

1585 Journal of Environmental Protection


https://doi.org/10.4236/jep.2017.813097

M. Reho¥ et al.

recovery of a former field and its cultivation. After the 2" World War the signi-
ficance of deep mines gradually decreases and mining starts to be concentrated
in small opencast mines. The systematic development of reclamation work takes
place in the fifties. In the year 1957, an agricultural and reclamation plant SHD
was established in Teplice. The first Reclamation Master Plan was prepared in
Mining Projects Teplice in 1959. Reclamation work was provided by the national
enterprise North-Bohemian Brown Coal District—Rekultivace in Teplice, Min-
ing Constructions Most and later Reclamation constructions Most which has
gradually changed into an investor-supplier organization. Most of the reclama-
tion in the district was carried out with the fellowship of research institutes and
Mining Projects Teplice. More demanding technical adaptations were not pro-
vided until the sixties. Most of the time, the consequences of old underground
mining and the sporadic excavator dumps of small mines were being liquidated.
Species of reclamation trees were planted. In the seventies, coal mining gradually
became concentrated in several large opencast mines. Each year the areas aban-
doned due to mining which were gradually reclaimed increased in number. The
field was treated before the biological reclamation, fertilizable soil was brought
in and the area was drained. Brown coal mining culminated in the eighties, when
the annual extracted volumes exceeded 70 million tonnes. Thus reclamation
gained a new dimension. Vast areas of dumps were handed over for reclamation,
reclamation of high dump bodies became a new issue. In that time selective
mining and depositing of soil usable for reclamation was launched. The changes
were reflected in the technology with which reclamation work was performed.
After the transfer to market economy in the beginning of nineties of the last
century the annual, the extraction of brown coal gradually decreased to today’s
cca 40 million tonnes. Mining was concentrated in four large opencast mines:
Libous, Bilina, Vrsany and CSA owned by the mining company North-Bohemian
mines, a.s. and Most Coal Company, a.s.. The mine Bilina became the largest
opencast mine of the region and the Czech Republic with a cca 5 km coal face
length, cca 200 m upper bed thickness and cca 30 m coal seam thickness. At this
time,, the reclamation technique and philosophy underwent a quality develop-
ment. The dump construction is controlled to enable successful reclamation and
classification of soil, and its selective depositing has been introduced. Many
failed reclamations provided lessons for learning, e.g. Strimice dump reclama-
tion where several new plantings died. Since then the thought-out adaptations of
dump surfaces, based on the results and recommendations of the research work,
have been taking place. Mining models have been prepared emphasizing wider
landscape enhancement concepts of large areas with a connection to the existing
ecosystems, but also the planned economic and social structures of the area.
That is the example of vast dumps Strimice, Pokrok and Radovesice reclamation.
The reclamation plans also include the creation of large bodies of water in the
closed down mines. Totally new landscape elements should be formedin this
way, with an impact on the environment, and they will still have to be analysed

in detail. The first phase of the reclamation work, under the North Bohemian
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Basin conditions, includes the adjustment of the rock environment in the top
horizon of the reclamation sites using locally available fertilizable rocks. Scien-
tific biological reclamation focused on the future use of landscape then follows.
The success of reclamation work is, to wide extent, dependent on the knowledge
of the properties of the overburden rocks from the opencast mines, the research
of top horizon in the dump, scientific use of the fertilizable rocks and prepara-
tion of a suitable reclamation methodology. The Research Institute of Brown
Coal, a.s. deals with this issue and some of the results have been presented in this

report. The total status of the area of interest is shown in Figure 1.

3. Results and Discussion
3.1. Properties of the Coal Seam in the Most Basin

The principal seam with 20 - 40 m thickness is the only mining seam in the Most
Coal Basin. It is mostly formed by brown coal humites which were generated by
the carbonization of tertiary peat, shrubs and trees. It is generally divided by
scuds into three benches of various qualities. The principal coal seam occurs in
various stages. It usually settles as a uniform seam, the thickness of which varies
among various parts of the basin. That is the example of Libous and CSA mines.
In the Vrsany mine the principal coal seam is divided into several seams. In the

Bilina mine, the principal coal seam construction is abnormal, which relates to

the settlement peculiarities caused by the deformations taking place after the

SITUATION OF THE NORTH BOHEMIAN
BROWN COAL BASIN REGION

| EXTERNAL AND INTERNAL DUMP:!
/| == OPEN PIT MINES

Figure 1. Status of the North-Bohemian Basin area of interest [2].
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uniform coal seam was formed. That time more or less independent bodies of
the coal seam with irregular extent and thickness were formed. Several parts
used to be “corrugated” and accompanied with scissor faults. The overburden
dead sediments used to be deformed, together with the seam. The occurrence of
overburden rocks in the coal seam, mainly in the Bilina mine and in Vrsany, is,
to a smaller extent, the consequence of this situation. For that reason we can say
there is an increased occurrence of phyto-toxic areas with coal in the top horizon
of the external and inner dumps in these mining localities (mainly the Bilina
mine). Such areas do not generally occur in the dumps of Libous and CSA mines
[3]. From the reclamation perspective, the exposure parts of the coal seam have
certain significance, being the source of oxy-humolites, mainly in the Bilina and
Vr$any mines. Methodology of the reclamation works in the Most Basin is de-
termined by the characteristics of the overburden rocks. This chapter is focused
on stratigraphic status properties of the four mining sites with respect to the
reclamation efficiency. The Bilina quarry contains quaternary rocks which are
suitable for use in reclamation (topsoil, loess, loess loams). The rocks are mined
and used as fertilizable rocks. Also grey kaolinite and illite clay stones that occur
in the area are also usable. Deeper deposited of overburden rocks, are not usable
for reclamation, and the coal clay stones from the seam formation can be rated
as phytotoxic. The overburden cuts of the Bilina mine are shown in Figure 2. In
the forefront of the Vrsany mine there are also quaternary rocks which are usa-
ble for reclamation. Topsoil and mainly very abundant and good quality reserves
of loess are selectively mined and used as fertilizable rocks. But the yellow clay of
the overburden formation, as well as sands and sandy clay stones of the upper
inter deposit, cannot be used for reclamation and the coal clay stones from the

bottom inter deposit are virtually phyto-toxic. The situation is better in

Figure 2. Overburden cuts in the Bilina mine [4].
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the other two mining localities. In the CSA mine, the quaternary rocks are al-
most depleted, but the grey clay stones of the overburden massif are, with the
exception of the siderite horizon above the head of the coal seam, suitable for use
in reclamation. The grey clay stones of the overburden massif that are mined in
the Libous quarry are suitable for use in reclamation.

The evaluation proves that the Bilina and Vrsany mines show a similar pattern
in terms of availability for reclamation, with rocks not very suitable for reclama-
tion, and that the Libous and CSA mines have better conditions. The reason is
the type of settlement at the time of the coal seam deposit, and later on. The
mine Libous and Bilina have the largest reserves of topsoil, while the best quality
deposit of loess occurs in the forefront of the Vrsany mine. The approach to the
research task included the detection of the petrographic and mineralogical
properties of stratigraphic horizons lying in the process of the individual open-
cast mines in the North-Bohemian Basin. The results are illustrated in Table 1.
Loess, loess loams and gravel sands are perfect for reclamation, but a mixture of
clays makes them rather good for reclamation. Sandy clays, sands and yellow
clays have poor restoration usability. The upper horizon is formed by phyto-
toxic rocks with a mixture of coal and cannot be used for reclamation. The rec-

lamation of opencast mines, internal dumps and the most important external

Table 1. Mineralogical composition and restoration usability of typical overburden rocks.

Restoration

Location Stratigraphic horizon Type of rock Mineralo;
&P P usability &Y
X . . top soil, loess loams, loams, quartz, kaolinite, illite, traces of
Bilina mine Quaternary deposits Perfect K . X
gravel sands anorthoclase, calcite and montmorillonite
“Libkovice” overlying strata grey clays Good quartz, kaolinite, illite, traces of siderite
sand-clay strata sandy clays, sands Poor quartz, traces of kaolinite, illite, siderite
uartz, kaolinite, illite, traces of coal and
overburden rocks of coal bed sandy clays, sands, coal Phytotoxic q .
siderite
. . top soil, loess loams, loesses, quartz, kaolinite, illite, traces of anorthoclase
Vrsany mine Quaternary deposits Perfect )
loams, gravel sands and calcite
X . quartz, kaolinite, illite, traces of siderite and
Overlying strata yellow plastic clays Poor .
goethite
uartz, kaolinite, illite, traces of siderite and
overburden rocks of upper coal bed sandy clays, sands Poor d .
dolomite
uartz, kaolinite, illite, traces of coal and
overburden rocks of main coal bed sandy clays, sands, coal Phytotoxic q derit
siderite
CSA mine Quaternary deposits loams, clay loams, gravel sands Good quartz, kaolinite, illite, traces of anorthoclase
Overlying strata grey clays Good quartz, kaolinite, illite, traces of siderite
. . . quartz, kaolinite, illite, traces of anorthoclase
Libou$ mine Quaternary deposits loams, clay loams, gravel sands Good .
and montmorillonite
X . quartz, kaolinite, illite, traces of
Overlying strata (top of the strata ellow plastic clays Poor
ying (top ) Y P 4 montmorillonite, calcite and siderite
Overlying strata grey clays Good quartz, kaolinite, illite, traces of siderite
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dumps is crucial for integrating the sites damaged by mining into the surround-

ing ecosystem.

3.2. Strimice Dump Restoration

The reclamation of the Strimice dump (50.533889N, 13.669722E) was the first
successful restoration. Its formation ended in 1973. The elevation of the dump
reached 330 meters. Former Forestry reclamation was not successful due to se-
vere changes of the surface zone in the dump so the planting died out. At the
same time, the great impact of erosion phenomena came to light. Following
agricultural reclamation covered 89 ha of the dump surface [5]. Soil profile of
the dump consist of upper layer containing mixture of topsoil and bentonite
(mineralogy: quartz, kaolinite, illite, and montmorillonite with a mixture of
spars and muscovite), a middle layer consisting mixture of clay and bentonite
(mineralogy: montmorillonite) and the original material of the dump that con-
sists of yellow clay wit pieces of coal [6]. The upper layer’s chemical properties
are characterized by neutral soil reaction with medium content of humus, by low
content of nitrogen and phosphorus, and medium to high content of Mg and K.
The middle layer’s soil reaction is lightly alkaline with increasing calcite content.
The nitrogen and humus content is low. The nutrient content is increasing
slightly against the upper layer. Grain size of both layers is defined as lightly
coarse. Predominantly bentonites were used for soil fertilization. The results
prove the success of the method selected for the Stfimice dump reclamation. It is
shown in Table 2. Given the current market price of bentonite, it is not practi-
cally possible to employ this type of reclamation today.

Completed reclamation of the Strimice dump is shown in the Figure 3. There
is an airport with a surface of approximately 90 ha that is surrounded by agri-
cultural reclamation. The slopes of the dump, where the forestry reclamation

was made, now serve as a recreational area with tourist trails.

3.3. Radovesice Dump Restoration

In 1964 the reclamation of Radovesice dump (50.5582708N, 13.8002164E) be-
gan. It is the largest dump in the Czech Republic [7]. Given the size of the dump,
and its significance and severe character of the most deposited overburden

rocks, there has been an adaptation of the dump surface performed using local

Table 2. Properties of the reclaimed soil profile.

Probe S1-sample

N

org. substances CaCO,

Receivable nutrients (mg-kg™) Sorption capacity mmol/100g

taking interval (m) (%) (%) (%) PH/H,0 P K Mg S T V (%)
0.00-0.60 0.07 1.24 0.98 6.79 10 190 102 13.4 19.7 68
0.60-0.90 0.07 0.68 9.93 8.23 1 218 949 36.3 36.3 100
Under 0.90 0.15 2.94 0.24 4.50 1 103 304 3.1 8.2 39

S: The content of exchangeable basic cations. T: The maximum sorption capacity of the exchangeable basic cations of the soil sample. V: The degree of satu-

ration by basic cations.
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Figure 3. Completed reclamation of the Strimice dump [4].

marlites. These create a geological surface of the eroded valley in the dump be-
drock. Marlite mining takes place close to the dump, which substantially de-
creases the cost of technical reclamation. The dump surface adaptation and rec-
lamation work is performed gradually, after the technical parts of the dump are
poured. Shortening the period between dumping and reclamation is of essential
importance for shortening the period of weathering of the original material in
the dump surface. Pyrite oxidation and clayey rocks disintegration will be
avoided. The Radovesice dump surface reclamation starts with bringing 0.3 m of
marlite to the defined area and ploughing under with a cultivator to the depth
0.5 - 0.7 m. With respect to the dump coal content, the marlite stone type and
the requested ploughing depth, it is technically the most demanding phase of
reclamation. Overburden materials will rise to the top again with the ploughing;
these are then covered with 0.3 m marlite and ploughed under to a depth of 0.7 -
1.0 meters. Thus, the originally ploughed-under marlite will get into the mixture
and the final mixed rooting horizon is acquired with an actual depth 0.6 - 1.0
meters. The properties of the arising rooting horizon are continuously moni-
tored. At present a research of the pilot areas is taking place, where various
amounts of marlite are applied using various methodologies (with ploughing
under and without), or covered with other rocks. The properties of the newly
formed soil profile are shown in Table 3.

After the completed technical reclamation the biological, mostly forestry rec-
lamation is now being done in the area. A suburban park, serving the needs of
the citizens of Bilina, will be built in a part of the area. A newly created anthro-

pogenic soil profile is shown in Figure 4.

3.4. Restoration of the Bilina Mine’s Inner Dump

Most volumes of the extracted overburden rocks of the Bilina mine (50.5695406N,
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Table 3. Properties of the reclaimed soil profile.

Receivable nutrients (mg-kg™) Sorption capacity mmol/100g

Probe S1-sample taking interval N (%) org. substances CaCO;, pH/H,0
(m) (%) (%) P K Mg s T V (%)
0.00 - 0.30 0.12 0.83 9.41 7.93 1 148 96 16.8 16.8 100
0.30 - 0.90 0.09 0.44 39.42 8.25 0 112 26 15.6 15.6 100
under0.90 0.10 1.03 1.07 7.90 0 196 269 7.9 7.9 100

Figure 4. Anthropogenic soil profile in the Radovesice dump [4].

13.7315536E) are now being dumped in the inner dump of the mine. That is why
its reclamation was only commenced in the 1990s. It is an example of the suc-
cessful application of loess and loess loams. The construction of the dump began
in the years 1979-1980, and the total expected surface is 1400 ha. A survey of the
site was carried out in the years 1997-2003. Based on the requirements of the fer-
tilizable soil and rock methodology, the types of rocks occurring in the body of
the dump and the areas with the need of loess application were defined based on
the knowledge of the overburden rocks’ properties in the Bilina mine [8]. In ac-
cordance with the methodology of fertilizable soil and rocks use, loess and loess
loams in a quantity of 1500 - 2000 m>ha™' were applied to the area with the
planned forestry reclamation. That was mixed with the dump soil by cross
ploughing to a depth of 0.3 - 0.4 m. The maximum slope of the reclaimed surface
was 16% (1:6). Compost with an adjusted ratio C: N (25) in a quantity of 400
t-ha™" was applied as a complementary reclamation measure, integrated into 0.30
m of the reclaimed dump surface, after which the follow up two year preparatory
agrocycle commenced (growing crops for green fertilisation). The properties of
the soil profile after loess application are shown in the Table 4.

Only loess and loess loams from the mine forefront is used for the reclamation
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Table 4. Properties of the reclaimed soil profile.

Probe S1-sample taking interval

N org. substances CaCO,

Receivable nutrients (mg-kg™) Sorption capacity mmol/100g

pH/H,O
(m) (%) (%) (%) P K Mg s T V(%)
0.00 - 0.35 0.08 1.15 4.78 7.25 4 267 1055 14 14 100
0.35-0.60 0.02 2.13 0.47 7.14 1 21 683 7.6 9.3 81.7

of the Bilina mine. After the soil profile modification ends, forestry and agricul-
tural reclamation will be performed in the dump. After the completion of the
hydrological reclamation in the mine and the mine lake formation, beaches and
other recreational spaces for the Bilina citizens’s recreation will be created in the

off-shore parts of the dump.

4. Conclusion

The report is concentrated on the history, present and perspective of mining and
reclamation in the north-western bohemia region. Reclamation work has been
developing based on the extent of coal mining, and now maximum attention is
devoted to it. The subject of the research is to evaluate the reclamation availabil-
ity of overburden rocks from opencast mines in the region, the research of the
upper horizon of the dumps, and a proposal for the best methodology of recla-
mation processes in the localities. The success rate of these procedures is proven
by the results achieved in the reclamation of selected important localities in the
North-Bohemian Basin. The scientific use of the fertilizable rocks, mainly top-
soil, marlites, loess, loess loams and bentonite, is today typical for the Bilina
mines whose area, in terms of the complexity of the reclamation work, is the
most demanding. But the available types of fertilizable rocks are used in all the
sites today. According to the observations and the analysis results it was possible,
using the selected method of reclamation, to diminish the impact of erosion, and
adjust the chemical status and physical structure of the Radovesice and Strimice
dump surfaces. By applying marlite and bentonite, we succeeded in avoiding
adverse weathering processes in the dump surfaces. Basically, the quaternary se-
diments were artificially replaced. In the Radovesice dump the need for marlite
plough under and the application of organic substrate was proven. The success
of the loess and loess loam application was demonstrated in the inner dump of
the Bilina mine. The results show the need for a differentiated approach to the
localities, based on the comprehensive analysis of the research work and the
scientific concept of the future use of the site. This is the only way to differen-
tiate the best localities for direct biological reclamation from the sites where
principal adaptation of the upper horizon is necessary. The achieved results also
prove that a knowledge of the properties of the relocated rocks and all natural
relations in the area helps to find a solution which limits the negative impacts on
the environment. Thanks to the thorough research works and individual ap-
proach towards the localities, the dumps in the Most Basin will be successfully

integrated into the surrounding landscape.
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