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Assessment of mining activities with respect to thenvironmental
protection

Radim Skuta, Radmila Kuferov&, Zderék PaveleR and Vojtech Dirne?

This paper deals with the impact of mining on thgimnment. Coal mining is still among the mostegioread and most intense
mining activity, which disturbs the landscape ardwrs bringing regional environmental, economic aedthetic problems. However, for
many countries in the world, including the Czeclpudic, deposits of raw materials play an importaate, especially for purposes of
producing electricity and thermal energy. At themgatime, growing emphasis laid on the environmeptatection can be observed
worldwide. To meet the increasing ecological densaiidis reasonable to consider the most signifi@spects of mining activities from
the environmental point of view, as well as to @ersthe possibilities of the abandoned minesaatlon as possible waste dumps. Parts of
this problem consist in: the monitoring, environtammpacts assessment of exploration and minintyities and waste disposal mining,
which may significantly contribute to the enviromta protection in the future. Several parametdrat ttan significantly affect the usability
of the waste disposal mining, such as geologicaksire, hydro-geological conditions, material comsfiion and physical and mechanical
properties of rocks are discussed in detall in thagk.

The article also includes a practical example ofiEsnmental Impact Assessment process for the quéati activity of OKD stock
company, which is the only producer of hard coatuthinous coal) in the Czech Republic. Its coahimed in the southern part of
the Upper Silesian Coal Basin — in the Ostrava-Kédcoal district.

Key words mining, environmental monitoring, environmentabiact, landfill mining, waste disposal.

Introduction

Mining is a profession dealing with geological eoqaltion, development work, mineral deposit mining,
preparation of minerals, relevant construction &l w&s effacing of negative environmental impadfisning
methods can be classified as:

e opencast (carried out in open pits or quarries),
e underground (carried out in underground mines),
» others (e.g. geotechnological mining methods — eteirbacterial leaching, etc.).

In terms of mineral deposit mining, we distinguisial, ore and industrial mineral (non-ore) mining.
The extraction of mineral resources is closely emted with negative environmental impacts. The raann
and intensity of impact on the landscape depen@Neset, 1984):
e the type of extracted raw material,
« mining method and its intensity,
e concentration of mining operations on a certainttay,
e geological conditions of deposit formation,
« morphology of the affected territories.

Coal mining is the most widespread and most inteniséng activity that disturbs the landscape. Innyna
countries, including the Czech Republic, depodisnergetic raw materials play an important rokepawer and
heat generation is largely dependent on them (R@AI5; Blistan et al., 2012). In the Czech Repyliiegative
impacts of coal mining may be observed in North-Bolan and the Ostrava Region. Fig.1 and 2 show
coalfields of the Czech Republic.

All major components of the natural environment aseially affected, such as soil, water, and air. At
the same time, especially in the localities witmaentrated mining (e.g. Karvina part of the Ostrieavina
District - OKR), the landscape is affected as alehand the so-called mining landscape originatbéere are
noticeable changes in geomorphology, soil fund,egeey, atmosphere, hydrogeology and other biotic
constituents of the landscape (Matous, 1989).
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Soil is influenced in the most intense way, wateteiss affected and air comes last. Manifestataons
impacts of opencast mining are completely different
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Fig. 1. Black coal fields in the Czech Republi¢jpper Silesian Fig. 2. Brown coal fields in the Czech Republi€hbeb — it is not
Coal Basin — 1600 km2 (predominantly in Polandg, dnly exploited with regard to the spa mineral water cduftiSkovy Laza,
territory of current mining, 2. Vnihi Sudety — mined out, no more 2. Sokolov — 25 % mining, 3. North-Bohemian — 3peChomutov,
economical, 3. PodkrkonoSi — low-quality coal, nerspective, 4.  Most, Teplice), 75 % mining, opencast mining, #awska — it is not

StredniCechy — mined out, no more economical, Blrlik — no exploited due to economic and technical reasons.
more economical, nonperspective.
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Underground Mining

Underground mining of mineral resources is manggsbin the surface in the form of two characteristic
elements, such as the occurrence of dumps (wadtg aod movements and deformations of the surfaaeips
influence the landscape and the environment in gathee way in many respects. They are atypical
geomorphological formations in the landscape, @apigavhen conical dumps are concerned (Vivancd, 30
They are also the source of dustiness, both priraadysecondary. In certain cases, when their g@mnibiccurs,
they are sources of waste products polluting theoaphere further afield. Dumps also usually takdautile
land. Their decontamination and reclamation isialiff, and depends on the shape and dimensiorteeadump
(Sahu, 2015).

The second typical elements are movements and drdeformations caused by undermining. Movements
of the undermined territory cause the following:

e substantial, long-term and spatially extensive rdetibn of the relief, landscape, residences, udend
services, roads, in the sites of subsidence basipardous disposal sites of industrial and municieste
are concentrated,

e irreversible changes in ground and surface walter férmation of drainless inundated subsidencenbasi
changes in the courses of rivers and streams aidfttils of stream, changes in the catchment saitio
the sewage systems,

« damage and destruction to the soil profile.

The impacts of undermining
The overall extent of undermining impacts depemgsroparticular:
e intensity and character of mining impacts,
e ground morphology,
e structure, type and character of premises, fagsliind soils found in the mining landscape.

Undermining shows in the long-term and, to somerekegeyclically. The cycle of the manifestations of
undermining can be divided into three stages abifiic action (Smolik, 1992), as shown in Table 1.

Undermining is manifested both by the movementhefrock mass in the surroundings of the worked out
space and the rock mass in the main roof, as wdilyahe movement all the way to the ground, iaifg an
effect on the morphology of the landscape.
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Tab. 1. Stages of the effect of undermining oretivironment.

Stages Type Environmental components Manifestations
subsidence, movements, deleveling, curvature,
1 impacts of undermining rock mass and landscapefreli proportional horizontal deformations,

discontinuous deformations, etc.
subsidence, lifting, shifting, expansion,
compacting, tilting, change in the gradient,

consequences of impacts landscape and its constituents

2 of undermining (anthropogenic sphere, pEdOSphere’waterlogging, flooding, degradation, devastation,
and hydrosphere) etc
removal and effacement of . N .
. . repairs, decontamination, reclamation,
3 the consequences of landscape and its constituents

L regeneration, liquidation, demolition
undermining

The manifestations of undermining on the landseapgphology can be diverse. Basically, they areddidi
into continuous and discontinuous deformations.
The character of earth ground deformation predontipadepends on a number of factors that can be
classified as follows:
* geological factors (geological structure, the degrktectonic ruptures, hydrogeological conditions)
* geomechanical factors (geomechanical propertiesais),
e spatial factors (depth of mining, deposit dip, shamd dimensions of the worked out space, deposit
thickness, landscape morphology),
e operating factors (technology of mining, filling thed of the worked out space, failure of the rooé do
earlier winning operations),
- time factors (formation rate of the area of exim@gttthe rate of overburden subsidence).

Continuous deformations are characterized by tleelugl formation of a continuous subsidence basin,
the shape of which is usually given by the dipthed tvorked deposit (inclined and steep dip) anddéyeth of
extraction.

Discontinuous deformations of the ground are chiaraed by exceeding the soil or rock strength. Amo
the forms of discontinuous deformations, there arground degree, cracks, ground roll, earth faldl an
downthrows. Discontinuous deformations of the gobare accompanied by structural changes in thedition
soil the tensile, compression and shearing stregthivhich is exceeded. Discontinuous deformatiofis o
the ground are usually formed very fast, which ba bther hand does not permit the use of rheolbgica
characteristics of building materials or foundatsmils. For premises on undermined territoriesgatitinuous
deformations are more dangerous than the continooes. Their influence of the landscape morpholisgy
destructive (Hejmanowski, 2015).

Therefore, periodic measuring is carried out inarmdned territories. Movements and deformations are
measured in observations bases which are stabibo#d in the terrain as well as in sensitive premiand
facilities in the mining landscape.

The following can be found among the main environtakimpacts of underground mining:
e dumps (dustiness, burning, washing away of sulphur)
* mining areas (gas bursts, ventilation outlets).etc.
e concentration of industrial and municipal wastedial sites,
e irreversible changes in water regime — formatiodmainless areas,
- damage and destruction to the soil profile.

Opencast Mining

Among the major consequences of opencast quarofingneral resources for the environment, there are

« long-term and frequently irreversibly claimed landh high-quality agricultural and forestry soilsat are
locally accompanied by the devastation of rare ametl ecosystems with protected species of flora and
fauna,

« changes in the landscape relief, including dumpsarance, interfering neologisms are formed,
exceptionally complete devices are removed — laqksclominants (Singh, 2016),

e the threat to the drinking water reserves bouna oin¢ rock formations with all negative manifesiat
(contamination, reduction in the ground water leirgkrference with the natural circulation),

« formation of water areas that may locally causeviersible microclimatic changes (Huttl, 2001),

» the surroundings of mining operations are strainid increased noise levels and dustiness (e.geffleets
of blasting, transport of raw materials),

« development of related industry — power enginegrihgmical industry.
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Environmental issues of deposit exploration, miningnd its termination

Geological conditions and processes condition tieracter of the anthroposphere to a great extdrdraev
effects of the mutual action of the geosphere, bslnere, atmosphere and biosphere with human teegiare
presented. Therefore, in a number of years, thealled environmental geofactors have been monitamedi
evaluated in the form of special maps, among whhielne are mineral resource deposits, groundwatacss,
including such for medical purposes, geotechnical geochemical characteristics of the environmeat,
conditions, geodynamic phenomena, etc., i.e. factioat are important in providing the needs for ltinenan
material and in the formation of the environmemt.this respect, a geological exploration has a itegn
appraising and informative function. Deposit expt@n, and especially consecutive extraction andifization
of the discovered deposits of mineral resourcey, Ima&e a range of impacts on the natural, socidlesmonomic
environment. In the sphere of the natural envirammé predominantly influences the rock environinas well
as other constituents of the environment (hydrosphetmosphere, and biosphere). The movement ofenas
connected with the extraction is huge, and in xtem, it significantly exceeds the share of ndtpracesses.
Thus, much attention has been paid to monitorirdy@raluation of environmental impacts of mineraogrce
industrial activities. However, it must be emphadizhat the impact of mining plant activities hakeal or
maximally regional character only, as in the affectirea of a region or state, for example, it ectically
negligible. For instance, between 1930 and 198®eee 0.25 % of the overall area of the USA was ueed
opencast mining, dumps of opencast and undergraminds and waste disposal sites from preparationtgla
All mines for non-ferrous metals take up only 0%2f the area. Concurrently, approximately 47 9thef area
affected by mining and waste dumps was reclaimegeaghe end of the stated period. In Australia, dhea
affected by mining activities concerns an entinedgligible number of 0.001 %. With no doubt, thare other
activities with much more extensive and seriousdatp, such as power engineering, automobile trafspo
agriculture or timber cutting in tropical rain fete (Tab. 2). Nevertheless, e.g. deposit terrookopencast
mining of coal, iron or porphyry copper ores desesame attention (Hobday, 2014; Blistan et al, 2015

Tab. 2. Human activities and possible environmdnipacts.

Sagﬂ\?irt?egf Possible environmental impacts Extent of impacts
power- pollution of air, water, and soil, thermal effeadamage to the biosphere, agricultural regional to global
engineering and forestry land required
agriculture and erosion, landslides, salting of soil, floods, pptha and changes in the water regims, regional to global
forestry influenced biosphere
transport and landslides, rock falls, earth flows, subsidenagodls, changes in the ground water regional
waterworks levels, influenced biosphere, land required
Fl)?g(;ﬁ(t;liiln pollution of air, water, and soil, noise, vibratjia@tamage to the biosphere local to regional
changes in the landscape morphology, subsidenuislides, reduction in the
mining groundwater levels, pollution of air, water and,sgbncussions, noise and vibrations, local to regional
damage to the biosphere, land required
housing changes in the landscape morphology, pollutiorirpfxater and soil, thermal effects local to regional
development noise, influenced biosphere, land required
tourism pollution of water and soil, soil erosion, damagéhte biosphere local to regional
waste disposal pollution of air, water, and soil, the impac? te thnderlying rocks, thermal effects, local
land required
transport pollution of air and water, noise, and vibratioinfluenced biosphere global
waterworks . . . .
engineering impacted water regime, changes in the landscapphulmgy, subsidence local
geolog|_cal possible impact on the water regime and pollutettmsources local
exploration

It is apparent that the geological exploration donesrepresent a great danger for the environnizoth
the impacts of the applied procedures are minimalell as the valid regulations require disposahefincurred
interference with the environment immediately afierk termination. The impacts of mining activitidsat
must be analyzed already within the survey are mooeninent. A part of the final report or the fdrkfy study
of the mining plan must incorporate an assessnfemtpected impacts on all the environmental comptsand
suggestions for their minimization and consequegpabal within termination work. During analysepag
from the physical environment, the economic envitent must also be respected, which has a comparable
significance in assessing an exploratory and mipiag at least.

Environmental impact assessment — EIA

The assessment process of the impacts of explgratm mining activities plays a positive role ir thlan
preparation. It makes part of the system of preveribols of environmental protection, and it agprately
complements the mining legislation. In its consemee it leads to the minimization of the finanaialsts for
the program implementation and related environmem@asures (Antoci, 2012). The introduced system of
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the public hearing, which makes part of the assessmrocess, eliminates possible conflicts with plélic.
The screening process that is being introduced stiah improve the situation as the public willibeolved in
the assessment process already in the initial stbile process.

The term of EIA - Environmental Impact Assessmeist grounded in National Environmental Policy Act
of 1969 in the environmental domain, division 102.

This act brought a radical change as in the forraroEnvironmental Impact Statement (EIS), for tingt f
time, a proposer of activity is obliged to provattthey will not significantly affect the environmte

The European Economic Commission stated in ther@eEmvironmental Action Programme of 1977 that
EIA is a necessary tool for environmental care.eAftmany negotiations, European Community Council
Directive 85/337 was negotiated on environmentalanot assessment of certain private and public pioje
1985. The next important step was EEC Conventi@eptance of environmental impact assessment exageedi
the national borders in 1991 (the so-called Esp®bg individual countries applied EEC Directive BB5 in
three forms. Some countries incorporated the is$#gA into the existing legal norms (Wende, 201ually
as amendments to land-use planning (Great Briteétand, Denmark) or Acts on the conservation diurea
(France). In other countries, EIA became part ofsAan the environment (Netherlands, Greece). At tmme
countries adopted separate legal norms on EIA (@eymBelgium, Spain, Czech Republic and further to
the provisions of the environmental law).

| Scoping ‘ | Projectevaluation ‘
| Basicinspection ‘ | Preferred project ‘
’—{ |mpact predi cion I*
Impact reducdon

| Projectspedficaton ‘

Measures

Consulting, revision

Re port cornpilaton and
permission applicatons

Fig. 3. Chart of EIA process, according to SRK. (tdK) (Schejbal, 2010).

Currently, assessment of constructions, activitied technologies, assessment of development cancept
and programs and assessment of products is underBacedures and required particulars differ in
the individual groups. Projects are assessed mstasf ecological acceptability of the territory guestion,
consequences of the activities and possible acsdenmulative and synergic phenomena, preventimh a
minimization of the project’'s environmental impactisposal method of products after their expiratar
utilization (possible recycling and disposal), apglassessment methods and comprehensivenesswhation.

At the same time, a comparison with the best abigiliechnologies is also required.

Along with the progress in the environmental legfisih and requirements for ever stricter standards,
environmental research is becoming a basic eleofguianning exploratory and mining programs. ltdsal to
start such work already in the initial stages & fnoject preparation in order to prevent incorporaof such
activities which would lead to complications ordla¢vents or unsolvable conflicts of interest. Tih& stage of
the task, which is compulsory in certain countrissscoping as a precondition of development aed®iiy for
the approving agencies and investors (SchejbaQ20he following stage of study and assessmeipécts
and proposals of possible solutions arise in théuaiwcooperation of an engineering and environmdatm
(Fig. 3).

As stated above, the programs of deposit explaratim not have significant impacts on the environtmen
The majority of geological, geophysical and geocicainmethods are non-destructive by their character
A certain impact is caused by the application ehtécal exploratory work connected with the congtinn of
access roads and workplaces, which may lead to giamaaforest plantations and farmland. The useritiing)
and underground mining work may influence waterditions due to the discharge of mud and leaks bf oi
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products. The circumstances are usually regulajedhining law that sets the duty of land reinstatemgf
objectively and economically possible) and duty soffface exploratory work disposal and mine working
securing. Exploratory programs are also bound levaat permits that may include implementation dtons

in terms of environmental protection. Within exg@ltory programs it is also necessary to follow aeoffart of
environmental protection, namely in terms of theafieffect. It is not effective to implement thepéocatory
work, the results of which will not be applicableedto the environmental protection (e.g. depoditsuilding
stone or gravel sand).

Environmental impact assessment is required foadlvities connected with the exploitation of miale
resource deposits as they concern land, water esguecological systems, cultural and protectedrveseand
features as well as the whole public. Within theeasment, attention must be paid to the appliednmin
technologies as to their safety and degree of enmiental impact (Popa, 2013). Highly effective teabgies
are preferred, minimizing the production of wastel amproving the culture and sanity of miners’ work
The main problem of opencast mining is the landuiregl, impacted constructions of all types, surface
watercourses and reservoirs, road connectionsger@erd product distribution systems, undesirabknges in
ground morphology disturbing the original skylie¢g. In underground mining, apart from land reqiliirghat is
greatly negative is the impacts of undermining thay manifest through ground subsidence, damagerfizial
structures and facilities, changes in the ground surface water regimes including the influencetheir
chemism, etc. Out of the above stated, monitoriggtesn preparation and continuous remediation of
waterlogged subsidence basins are required alrgatihe preparation stage. Moreover, in both castention
must be paid to the volume of traffic in the temnit which may, in some cases, show as limitingrfoning
activities. At last, the issue of air pollution sad by dust from traffic, preparation plants, durapd settling
basins as well as the issue of increased noisecandussions connected with blasting cannot be oegle
(Hendryx, 2015). It is also vital to assess thesjimlity and probability of critical situation ocoences, such as
fire or shock bumps. Another important aspect & #ssessment is the requirement for continuousriexpe
biological monitoring of the locality (assessmeftspecies diversity of the locality, assessmene@aisystem
resistance to increasing strain, etc.), operativeimation of mining activity impacts on the groundorder to
protect the fauna and flora, and provide replacéplamtation in the affected sites.

The procedural environmental impact assessmengegsomay differ in details. Table 3 shows an example
of detail arrangement of EIA process in the Czeepwlic.

Tab. 3. EIA Chart, according to CNR Act 244/1931.C

Activity Activity required Arranged by Recipient Deadline
PLAN plan prepared investor relevant authority
DOCUMENTATION documentation processed authorized pergon
sending of plan and documentation investor relewattiority
HANDOVER documentation sent to the relevant municipalityrelevant authorit relevant municipality, 5 davs
and authorities in question Y| authorities in guestion Y
PUBLIC announcement on possible consultation mﬁg’;ﬁw citizens 5 days
CONSULTATION
public consultation citizens relevant municipality 30 days
written comments and statement m{ﬁ}'i\i’a;}t relevant authority 14 days|
SIS authorifies ?ln
statement to the documentation ) relevant authority 50 days
guestion
arrangement of expert opinion processing relevatitaaity authorized person
EXPERT OPINION — - -
expert opinion processed authorized perspn releuathority 60 days
i i relevant authorit
PUBLIC HEARING public hearing 1y 30 days
report compiled relevant authority
OPINION opinion issued relevant authority investor

Note: according to the plan character, the relevanthority is a local authority or the Ministry tfe Environment of the CR, the authority
in question is a state administration body of tbaaerned field of activity

At present, worldwide attention is paid émvironmental impact assessment on the level ofloewent
concepts This trend is very meaningful as acceptance afeetain concept has direct consequences for
the implementation of follow-up projects, in thejordy of cases (Krzemg 2016).

For example, the concept of industrial policy ofrdiag the basic development trends determinesyhest
of vital raw material sources. The concept of raatemal policy anticipates the focus of depositlesgttion and
extraction of mineral resources, or other methddbeir acquisition (e.g. by means of import orotingh foreign
cooperation). The concept of traffic policy may @aan impact on the sphere of exploration and mirisg
the future development of roads requires the pimwvief necessary sources of building stone andgjisand.
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A part of the assessment of project constructiod amning plant operation is also the evaluation of
a project of their abandonment and follow-up re@#on of the territory in question (Tab. 4). Thiarpof
the assessment is very important as ill-conceivetiabjectively and financially unsecured projecesyrtead to
consequent complications when the final arrangenzénhecessary work becomes the concern of public
authorities. The existing mining laws or relatedimnmental regulations fully control this sphemdampose
the duty to create vital financial resources.

Tab. 4. Typical plan of mine abandonment.
Years before and after mining activity termination
passive
care

planning of mine closure| closure active care termination

Activities

5| -4]-3|-=2 +1 | +2 | 43 [ +4 | +5 | +6 | +7 +8

planned mine closure
plan revision and updating |llllll| IENI BN @
plan approval by authorities ]
contract preparation
underground facilities
dismantling of built-in
equipment
waterworks closure
superficial facilities
dismantling of built-in
equipment
housebreaking

|
]
]
removal of infrastructure ]

utilization/dumping of all
materials

water management
drainage construction if
necessary

monitoring of surface

discharge

monitoring of mine

inundation #I _ * I-‘

L) OIS I ——————

outflow

construction of settling pit
drainage

monitoring of settling pit
outflow

remediation of the territory
ground development

I
ground preparation for
greenery
[
W

seeding and planting trees
research in settling pit
reclamation q
settling pit reclamation tests 1
settling pit greenery planting
plant cover care [ ] |
monitoring of plant growth —
S0ocio-economic issues
identification of alternative
investments —
consultancy for job winning |
termination
= final report compilation |

= public release H

= territory vacated ]

From the conceptual point of view, reclamation woak be divided into several successive phases:
e preparatory phase with its predominantly preventimel optimization function; it is grounded in the-c
ordination of utilization of a raw material sour@ed dealing with possible conflicts of interest,
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e mining-technical phase when attention must be fedus minimization of mining impacts and controlled
shaping of the devastated territory, especiallpufh the suitable placement of dumps and dispdtes, s
the suitable shaping of the ground, etc.,

< biotechnical phase, which, through work of techhigad biological character, modifies and improves
ecological characteristics of a locality according@ chosen type of land reclamation (agricultuiaistry,
orchard-park, water-management, recreational),

e post-reclamation phase initiated with handing dfierreclaimed land for further use.

Reasonanalysis for
the suggested —— Tednology o systerm
tediholozy description i altematives
Sharehalder
B identification
Sodalissues
A
Potential Potental
irnpact irmpact assessrment
h 4
Dedsion-making
autornty Palit el
identification ahalysis

Condusians

Fig. 4. Chart of environmental assessment of rgitdéchnologies, according to UNEP IE (1997).

The procedure dEnTA - Environmental Technology Assessmeatdsigned by UNEP IE, is well applicable
to the environmental assessment of mining techiedo@rig. 4).

Refuse from mining and preparation

One of the main environmental impacts of mining aodl preparation, in particular, are settling [its
coal slurries. Settling pits cause extensive comtation of soils by toxic metals and organic pdailuis,
unfavorably influence the rock environment, inchglthe quality of surface and ground water, andaylvast
disposal sites of coal slurries (Rybar, 2016; Pawlet al., 2016). Their combustion then causepdllution.
Air pollution is also brought about by burning afrdps.

Disposal mining

In terms of possible reliable and relatively effeet disposal of certain types of waste materials,
underground mining gains another significant fumgtii.e. waste dumping. Thus, it is labeled as evd&posal
mining (Younger, 2004).

Characteristics of waste disposal mining

In the future, waste disposal mining may signifitancontribute to the environmental protection.
The beneficiation of waste both from mining as vealfrom other industrial branches for the miningposes
must be preferred. This is possible in the fornboilding and filling materials to be used in miningith an
ever increasing need of building materials undargdy it is possible to make the use of the matadabntages
in the sphere of safety, rock mechanics and reiirfigr technologies with the long-term safe disposél
industrial refuse underground by this way. In addit in the long-term, waste disposal containingidcand
radioactive harmful substances may be realizediitalsle rock formations below the ground (McEvoQ18).
Long-term safety is guaranteed by a geological teotinical system of multiple barriers. Disposabdamping
may also be carried out with the option of repeated, or without it, namely inconveniently fittedwvities,
chambers, cavern and deep wells.

86



Acta Montanistica Slovaca Volume22(2017), numbef, 79-93

In underground deposit mining, worked-out spacdoisned underground, which, for certain reasons,
particularly safety ones, is filled spontaneousyr(ounding rock caving) or backfilled with otheat®rial. In
larger scales, the use of backfill is nowadays gaiequired by safety and ecological causes. Mirang non-
mining waste is used as backfill material. Backfdlthe worked-out, or other free space in undengdomining
of mineral resources offers advantages indepenafettie economy, both in terms of safety (reachingren
efficient ventilation and more favorable climationtlitions) as well as ecology (protection of suaficand
landscape structures). Advantages even multiplyai$te disposal is possible this way, which woulteotise
cause problems in the environmental sphere. Thasagises an idea of creating and using undergrepace
for this purpose — to dispose of harmful substantresnining, the issue of waste disposal is cordirsly
growing in importance, namely in the way the cleasibackfilling of worked out space is completedhwi
utilization and follow-up dumping of ecologicallynsound waste in the existing underground space, or
underground space specially established for thpgsas. If a waste disposal through backfillinghes basic and
only reason of mining, new aspects, tasks, andi@mubappear there.

Reasons and preconditions for underground waste diesal

The current situation of waste production, of hdeas waste, in particular, is alarming in the piiitun,
social and consumers’ spheres of the Czech Rep(Btantal, 2016). This unfavorable situation, mugiir
respect to immediate possible changes in own ptautechnologies that would lead to a radical turmvaste
management (volume minimization, recycling, secondailization, etc.), demands an immediate sedozh
ways how to limit or exclude contact of already g@ted and continuously formed waste.

The today’s economic perspective and economic iesliare unfavorable for dealing with waste issaes,
the only hopeful process may be a very economicdlfanancially undemanding one in the near futdreis
logically ensues a possible solution only for sotegs say, simpler and easier problems of wastaagament
(Tausova et al., 2007).

There are sufficiently reliable and verified detaiained through long-term geological-exploratand
mining activities, on the fact that within the CheRepublic there are territories with suitable dbads. It may
be an effective solution to a basic problem inghen space and time, i.e. construction of ecolaticsuitable
disposal sites of regular and hazardous waste progpate geological, hydrogeological and geotecdini
conditions making use of existing capacities omalomed underground mines. Such operation of undengr
disposal sites shall be possible on the currentdwmade level, as a prospective activity in the miibusiness.
This procedure is characterized by current requergsmand expected results in the future:

a) Favorable rock environment is the most effectivietyabarrier; underground object placement pralijica
excludes an access of unauthorized personnel diwth &t surficial effects (changes in temperatussdar
radiation, high precipitation, etc.).

b) Conversion of selected mining capacities intoglberm disposal site operation, prospectively loergn
waste disposal underground sites, value up alreaggnded and largely written-off investments if mai
development mine workings, roads, and facilitiegrgetic, filling and ventilation systems are caneel.

c) Activities in the rock environment are speciatizfor a narrow circle of workers with formed habibr
staying and working underground. Nowadays, mining anderground construction have available suitable
technical means and technologies to create newesipathe rock mass without excessive disruption of
the rocks in the surrounding breaking.

d) Construction and operation of underground s®ragd disposal sites maintain jobs for specialized
professions and skilled workers.

e) The transition from extraction to waste dispasading is less time demanding than the constraatibnew
premises on the ground. Construction and operatiatisposal sites making use of existing capacities
not make demands on land required on the grounels dot require the construction of new power and
media supplies, the building of new roads, doessiratin the environment by other unfavorable impact
such as noise, dustiness, etc. (Higtte 2016).

One of the steps leading to the system, technieadlf~arranged and safe procedure in design, eskaibd
and operation of underground disposal sites obuartypes of waste, is the processing of fundarh&ethnical
conditions for waste dumping underground, suchasdsrds that must have the following targets:

1. to determine a uniform framework to deal with sfiedases and ensure complexness of solutions,

2. to ensure system approach to set up and operate diaposal sites underground,

3. to create the basis for processing normative dootatien of a higher degree,

4. to provide professional and general public withgisoon reliability and safety of the suggestedcities
and facilities for waste dumping underground,

to elaborate and introduce effective tools for emwnental protection (audits, assessment methogplog
etc.).

o
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Conceptual approach to dealing with an undergroundvaste disposal issue

Apart others, the approach for the utilization ofderground space depends on the fact which space of
the mine can be taken into account and what typevadte will be dumped there (Kerdsuwan, 2015). In
principle, the extent of utilization includes ardemm separate sections of active mines, via abagdianining
plants to new disposal site operations. Naturaists increase respectively. As the need for nesdengnound
spaces for waste disposal will be high, it is neapsto state several comments on the conceptwefspatial
formation and the waste disposal technology itself.

Above all, construction of underground waste digp@ites must be implemented by taking into account
long-term safety and not the quantity of dumpedemial

Therefore, the aspect of optimal geometric pararsetd mine workings has a great significance in
the disposal process. The solution depends ondhsidered type of waste disposal area, waste atejcand
dumping method. The type of disposal area is deteranby the fact whether the disposal site is distadd for
repeated utilization of the waste or without it.l{Dsolid or reinforceable loose materials and sluvaste should
be used for dumping. The dumping technology dep@mde/aste processing, namely by pumping, bulking or
stacking for unprocessed, modified or packed wdasterently, for example in Germany, they are atstage of
trial runs or operations of such underground diapaite types: chambers of salt mines, horizontalem
workings, and suitably modified wells.

A practical example of EIA process for the particuér activity of OKD, a.s.

The assessment of mining work with respect to emvirental protection is one of the essential coofiti
for approval of development work and mining work exclusive deposit by The State Mining Administati
Nowadays, the company OKD in Ostrava-Karvina regitmals with the conclusions of documentation on
environmental impact assessment (so-called EIA}gs®sed with the intention to continue mining wofkoi&D,
Karvina mine atCSA plant for the period of 2015 — 2023 (Informa sytém EIA, 2016). This intention is
cardinal for solving the present insolvency sitoiatiof the mining plant OKD as it concerns the passi
extraction of more than 16 million tons of qualitpostly coking coal and almost 74 million cubic erst of
methane. EIA conclusions should be properly intetigat based on wider knowledge of assessing minog w
with respect to environmental protection, eithar tfte professional and general public. The factwaitent of
the presented article aims to support the the@leéducation of both of these groups (professi@mal non-
professional) and show the application of the gitreory in the case of EIA done for the intentioantioned
above to continue mining work of OKD.

Forecasting methods and an initial assumption for ssessing environmental impact

For processing documentation on environmental impasessment (EIA) for the intention to continue
mining work of OKD, Karvina mine afSA plant during 2015 — 2023, standard methods wseel.

The methodology used for the hydrogeological surigyherefore based on a hydrogeological study
processed using long-term time series of hydroggcdd data of EIA processor from the area of irgeend its
broader surroundings. Moreover, the data from im@do monitoring and hydraulic model processed in
MOSFLOW program for the area of Stare Mesto neawida were used in the given study (Rapantova, 013

Recommended methodology was used to process tkieysaf personnel safety hazards. The correlation
Dose — effect was assessed with the help of Authtbon manual AN 15a — assessing health hazardsisé
(SzU, 2007) and also based on recommended vabunele noise environment by WHO (WHO: Guidelines fo
community noise) and the national legislature (N. N272/2011 Coll.). In the case of harmful chemical
pollutants, assessing the correlation Dose — effexst based on national legislative limits for hegltotection
and also on recommended values by WHO (WHO, 20@bVERIO, 2006) and toxicological values of IRIS
database (US EPA, 2013) given for the referenceamnation of the case in question. Within assestie
exposure, residential areas of the nearest suriogsdf the intention in question were taken intoaunt which
resulted in the choice of specific reference poiiitse exposure was estimated with the help of coatee
method as the maximum possible level of harmfullybahts effect. Exposure to physical pollutants is
considered exclusively outdoor, exposure with régarchemical pollutants is evaluated as the outdoe and
input of pollutants into the exposed organism issitered exclusively via inhalation. Health hazawdse
analyzed based on assessing the average annuant@tion of harmful pollutants and maximum shert#
modeled emitted concentration of pollutants. Thaction ofCSA plant operations has been taken into account
already in the results of immission monitoring. Mhehe modeling processed the estimation of tharéut
immission share of pollutants produced as a redulhe implementation of other mining worksG8A plant.
Exposure to inhalation was assessed based on maxiocmmservative estimation. The estimation assumed
continuous 24-hour exposure per day, although ntrepidemiological studies assume a three-hour sfay
a person outside in average. This fact overestgnatmclusions on the possible environmental impudct
the operation to a great extent and correspontigetprinciple of precautionary provisions.
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The diffusions of pollutants were calculated usB¥MOA 97 software, the system of modeling sourdes o
immission diffusion in the air, updated versionnfr@013 (Idea-Envi, ValaSské Méi, 2013). The software is
accepted for similar operations as the obligatorgthmdology of assessing impacts on air quality by
the guideline of Department of Environment in the.@n accordance with the methodology, data ofcafiy
published immission factors for traffic impacts ating to the Department of Environment CR wereduee
calculating immission concentrations (MEFA, 2013).

In the noise study, the presented results corresporthe levels of sound pressure of noise affgctin
a facade of the assessed building, according to Ghé&leline of Ministry of Health CR of 1.11.2010.
The software HLUK (NOISE) + for stationary soureess calibrated on a model where the difference éetw
calculated and measured value was within the iateo¥ (-0,0 ; +1.0) dB compared to the measuredieal
The calibration of traffic noise was done in Aug2§t13. The difference between the calculated value
the measured value was +0.6 dB towards the measated. In the given assessment, there is the guatibn
of stationary noise as well as traffic noise (iraéfin tertiary roads). So the calculation deviatigh probably be
within the interval of <-2.0; +2.0> dB. The HLUK-bfware, v. 9.19 contains computation algorithrmuttsg
from the amendment to the guideline for calculatiaffic noise. Spreading of noise from stationaources is
calculated by the program using a model relyingtlom sound performance of sources, their locatiosh an
directionality.

Other uncertainties, used estimations and assunp@we presented in individual chapters. Generally
spoken, this means that in professional estimatiomseast favorable possibility was always cho3éis means
that the modeled or estimated environmental impacthis documentation are more serious that thdly w
actually be in reality, so the calculations arealaiith respect to safety.

Biological data are determined by general methddisodogical surveys and assessment of biota impact

In the given EIA, the presented work and technaalgprocedures in mining work in OKD underground,
Karvina mine, CSA plant, result from actually operated and appdoveining operations at the plant.
An important fact in comparison to the past is ¢inel of operations in the coal preparation plaré®# plant,
and all the mined rock is transported via an unaengd cross tunnel to the coal preparation plarbakov
plant. This fact has a positive influence on thss@@nd imission load which then affects assegtiegmpact of
the intention on public health.

While applying the above-mentioned forecasting meéshfor processing EIA concerning the intention of
continuing mining works of OKD, Karvina mine @SA plant during 2015 — 2023, shortcomings in infation
and uncertainties appeared, as it is usual andalonnevery mining work planning, yet this artidees not deal
with them.

Description of the measurement procedure, presente@sults
The assessment of the intention of continuing nginirks of OKD, Karvina mine afSA plant during
2015 - 2023 by the methods mentioned above imghigisthe subsidence mainly in the area of Karvioadg
and industrial zone Nove Pole near Karvina willb&s minimum (Fig. 5).
: ! / J

& ‘\’ |
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In coal mining and transportation, as well as iacing the environmental impacts of mining, no dgesn
in technological processes related to such operst@re expected. Neither are expected substitutidns
the existing technology of mining on controlled icayfor the filling method. This postulate is basmd either
technical-economical perspective and also safetgpeetive when filling the worked-out areas deagsas
the degree of the protective effect of worked-aams as a means of vibration prevention. The iadusafety
hazards of shock disturbances negatively affectthis surface of a built-up area by possible tremmibnerefore,
the seismic monitoring system is being expanded.

The given intention of continuing the mining workas$ not invoke any key changes in producing sewage,
and mine water, air pollution, noise load. Also,negative effects on public health and employmehtappear
there. Newly developing mining works in the areaStdre Mesto will, however, cause subsidence whiith
result in the liquidation of a considerable partud built-up area and the creation of a new lakgperted by
ground water. Mining in the area of Kozinec willegen and expand the already existing lake as dt ifsu
the previous mining works.

Moreover, assessing the intention of continuingingrworks of OKD, Karvina mine afSA plant during
2015 — 2023 implies that this intention of contimyimining works does not provoke any need to deterrmny
special precautions concerning public health, eitmwcerning the noise impact, air pollution resgitfrom
mine ventilation or traffic. There is a positiveerlent of underground transportation frGi8A plant to Darkov
plant which decreased the noise and imission loattheé surroundings of the former coal preparati@mtpat
CSA plant and along the surface transport line betwe mentioned plants.

Imission concentrations and noise climate will atifu not be changed as a result of implementing
the given intention of continuing mining works. Thember of citizens affected by the noise will ted& % in
studied areas which roughly corresponds to theeptestuation.

Surface mining impacts might affect houses of appdB50 citizens who will be offered purchase of
the houses and real estates.

In the area in question, affecting surface watgrgiound waters continues with the quantity andliua
approved by the competent water management ayth@#wage water discharge into receiving bodiasots
expected.

The key aspect of the proposed mining works fromphlrspective of landscape changes is the creation
floodable subsidence trough the area of Stare Mastioe broader floodplain of Olse river (Fig. his basin
will eliminate a part of a residential community 8tare Mesto and also a part of floodplain forests
subsidiary vegetation in this floodplain.

The important consequence of the mining intentioguestion is also the existence of an extensigtesy
of setting tanks area of which exceeded the lirhipassible load and will have to be reduced. Ttducéon
means liquidation of recultivation of some tanksl aaconstruction of remaining tanks to ensure fonst of
a sewage disposal plant.

As the intention of continuing mining works of OKBarvina mine CSA plant during 2015 — 2023 is only
defined by general parameters, it will be necesdarthe future, to deal with conflict of interesteamely by
more detailed assessment in the next steps ofntleation preparation, in correlation with specifioa of
individual aspects of the intention and the relatedirred investments.

Discussion

Natural conditions include geological structure amassif structure, hydrogeological conditions and
geomechanical assessment of selected rock posarotie individual rock types with respect to prisnanassif
stress-deformation state and the state broughttdipunining activities. Other factors are also imtpat:
petrographic composition, stage of diagenesis &ydipal- mechanical properties of rocks (DirnerQ8p

Geological structure of the massif

In terms of geology, goal-directed and carefulraiten must be paid to the issue of waste dumpiiitgis-
the case of basic questions on the massif struatsii@e whole, structure, and position of specifickrpositions
(positions of water-bearing horizons and positiofisstratification insulants) and tectonic condigsorAs for
the overall mode of deposition, an important fadsothe depth of deposit placement or position wheaste
disposal site will be situated. The geological emvinent acts as an effective barrier against threasp of
contaminants and isolates such substances frotsidephere.

The effectiveness of the geological environmergiven by the ability to prevent the flow of grouraher
in the disposal site vicinity and to reduce possibigration to a minimum by this way. The geolog&taucture
predetermines the geochemical conditions in th@odial site vicinity and conditions the hydrogeobadi
regime, including the ground water quality. Groundter may contain certain elements, in dependemce o
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the rock petrographic composition, stimulating osion of packing materials or support other proegss
(Svandova, 2016).

For assessment, tectonic conditions are very irapbds they significantly influence the hydrogeatay
regime of the rock mass and determine the initi@racter of primary massif stress-deformation stietdms,
1988).

Hydrogeological conditions

The study of hydrogeological conditions is one té basic preconditions of the underground dumping
solution. For example, in the Ostrava-Karvina Distin the superincumbent and coal measures, sewetar-
bearing horizons exist that may be within the gases (CH, CGO,). In principle, it is the case of a water-bearing
subterranean horizon in the Quaternary, two oretiwater-bearing sandy horizons in the Tertiary a@iming
mineralized confined water, water-bearing horizdnbasal clastics on the boundary of the Tertiarg an
Carboniferous, called the Ostrava-Karvina detritagnifesting various thicknesses and depths of roeace,
water-bearing zones and crevisse water in the @é#dyous contains mainly mineralized water of vaso
composition and tension.

An operated mine shows water inflows which muststantly be drawn off. Apart from the mentioned
sources, process water is also meaningful.

When a mine is in operation, the so-called steadteminflow is formed all the time. Due to permainen
changes in workplaces in mine workings, water infloto a mine may considerably vary especially $farring
into other areas. The situation is different whamiae is going to be abandoned.

In the final stage of mine abandonment, with stadppamping, gradual inundation of the worked space
occurs. These are, in particular, cross drifts,dspaspatial mine workings (depot, engine halls, gow
transformation substations, engine depots, etd)cdesh workings. The rate of inundation and watse rilepend
on the quantity of inflowing water, the volume @ietfree space in the mine and its horizontal anticed
distribution (Gomo, 2014). Water inflow into a mirean be quite reliably determined from operation
documentation. It is more difficult with estimatirthe volume of inaccessible flooded space. Longemin
workings, whose total length reaches several huh#ilemeters, are more or less suppressed or caldd,
workings in the worked out sections are filled withved broken rock or backfill. The volume of fregace
going to be filled with water can be determinedyaiughly and thus also the estimated course afdation, in
particular a rise in water level, can fluctuatet |

Petrographic composition, physical and mechanicalmpperties of rocks
Both in the enclosing rock as well as coal masspession strength, mass density and bulk density,
porosity, modulus of elasticity, total elastic e;eand speed of ultrasonic’s spread are identified.

Conclusion

Deformation and disruption of the rock mass in minactivities depend on the geological structure of
the massif, including the structurally geologicatusture of the massif and petrographic compositbnocks,
physical-mechanical properties of rocks, primamngss field given predominantly by a gravitationeld and
field of primary tectonic stress and finally, sedary induced stress field forming through rearranget of
primary stress due to mining activities. The indial factors form separate units within, but theg also
mutually interrelated and influence one anotherr Fwstance, primary stress fields are affected byhb
the geological structure as well as by physical meghanical properties of rocks.

Mechanical properties of rocks depend on theirgueaphic structure, age (consolidation), structumd
other geological factors. In the end, induced stfesdds are also the function of not only disttibn of mine
workings in time and space, but the geologicalcstme and mechanical properties as well.

Dealing with the issues of deformation and disuptf the massif, it is necessary to build on aitkd
geological cognition of the territory in questigrhysical and mechanical properties of rocks andssssent of
primary and secondary stress fields and their abgmgthin the part of the interest of the massif.

The locality must be assessed in terms of geochemik is vital to take into account the issue of
geochemical stability of water-air-rock phase ifatee, i.e. parameters affecting the rate of rockirenment
weathering, type of secondary transformations, quiis@ capacities, and functions of geochemicalibes.
Interactions between the identified rock types,ewv&gpes and expected waste material must alsofsdered.
An analysis of dissolution of loose and crushedemialt in an enclosed system is carried out. Tharidantical
process in the flow through the system is monitofHte surroundings of the prepared disposal sitg bea
strained thermally. An idea of the reaction of tbek mass on the thermal changes can be obtaioadtfre so-
called thermal test. A very important value to asghe stability of the disposal site is a detaitlte rock mass
stress-deformation state and its changes in time.
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The presented article describes, in its first pdme, actual approach to assessing the mining wattx w
respect to environmental protection. In the prattjgart, the text deals with the highly up-to-dpteblem of
documentation on assessing environmental impagtsged EIA) related to the intention of contingimining
works of OKD, Karvina mine af'SA plant during 2015 - 2023.
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