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Environmental impact assessment of mining activities.
A new approach for mining methods selection

Introduction

One of the main tasks in exploitation of mineral deposits is to select a method suitable for
the deposits specific features. Characteristics that have a major impact on the determination
of the mining method includes: physical and geologic characteristics of the deposit, ground
condition of the hanging wall, footwall, and ore zone, mining and capital cost and rate,
availability and cost of labor, environmental consideration.

The selection of a mining method is shifting from an activity that is primary an art to
one that is primarily science (Hartman, Mutmansky 2002). It should be noted that there
is no single appropriate mining method for a deposit; there are usually two or more
feasible method. Each method entails some inherent problems. Consequently, the optimum
method is that method with the least problems. The factors that determine the mining
method selection for exploitation of the deposit are grouped in six categories (Hartman,
Mutmansky 2002):

— Spatial characteristics of the deposit.

— Geologic and hydrology conditions.

— Geotechnical properties.

— Economical consideration.
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— Technological factors.

— Environmental concerns.

Sometimes several mining methods may appear to be equally feasible. In order to further
determine which method(s) is the most suitable, the input variables of mining cost, labor
availability and environmental regulation should be considered in more detail (Nicholas
1993).

In mining method selection, it is important to remember that no one method is able to meet
all of the requirements and conditions. Rather, the appropriate mining method is method that
is technically feasible for the ore geometry and ground conditions, while also being a low
operation cost and environmental impacts. This means that the best mining method is the one
with the least technical and environmental problems. The mining engineer must balance all of
the input parameters (such as environmental criteria) and select that method that appears to be
the most suitable. Potential environmental hazards in mining activities can and should be
accounted for in the mining method selection during feasibility or prefeasibility study of
projects. However, this does not guarantee that all potential hazards can be avoided. It is
therefore necessary to minimize environmental effects and hazards. This allows mining
designers to minimize any future adverse environmental effects before the starting any
activities.

Mining units should design in such a way that have the least impact on individuals and
environment, because mining activities are in direct relationship with surrounding envi-
ronment. Prevention or even lessening of the destructive effects in the start up, exploitation,
and at the end of mining projects is the main goal of the environmental assessment
(Mirmohammadi et al. 2007).

Depending on the technology in use and the mining methods adopted, mining activities
can cause considerable environmental degradation and industrial pollution. Exploration and
mine development may result in loss of vegetative cover, land degradation, and ecosystem
disruption. Mining dumps and tailings are frequently the principal source of solid waste as
well as liquid waste pollution. Mining may also cause the contamination of ground and
surface waters with toxic chemicals and metals. Hence, mining method should select in such
a way that have the least impact on environment, because mining operations are in direct
relationship with ecosystem. Moreover mining industry is attracting increasing attention in
many countries of the world, although it has a major impact on the environment. These
effects should be identified at the initial mining method selection stage during a feasibility
study. They should form part of the auditing of the project and the decision making regarding
the project viability.

The paper focuses on environmental consideration in mining method selection. In facts,
the main aim of this study is to present a model to determine environmental impacts of
different mining methods in order to select the method which has minimum impact on
environment.

Several specialists have studied on mining method selection problem until now and
several methods have been developed in the past to evaluate suitable mining methods for an
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ore deposit based on its physical characteristics. These approaches consider the spatial
characteristics of the deposit, geologic and hydrology conditions, geotechnical properties
and so on. These approaches can be classified in three categories: profile/checklist,
numerical ranking (scoring) and models based on multiple decision making theory (Samimi
Namin et al. 2008). In profile/checklist and numerical ranking (scoring) methods,
the influences of environmental effects on selection procedure are ignored. The most
of the decision making model presented in order to determine optimal mining method
eliminate the environmental parameters as effective criteria in their procedure but it is
not discussed how determining of environmental impacts indicators. Application of pro-
posed model with various mining method selection model eliminated the above mentioned
disadvantage.

In order to introduce the suggested model, firstly, the environmental impacts of mining
activities are presented. Then, the basic concepts of the model are introduced. Moreover, the
proposed model is introduced based on the impacting factor and environmental components
by modifying of Folchi algorithm. An application of the proposed model is carried out
through a case study.

1. Field of the study

According Figure 1, mining activities include prospecting and exploration, development,
mining operations, ore handling and transport, and mineral processing. The major aim of this
study is minimize environmental impacts of mining operations by selecting of mining

{ Prospecting and Exploration ]

_____________ i Field of study

[ Primary Crushing ]

v

[ Mineral Processing ]

Metallurgy

Fig. 1. Mining project activities and field of the study

Rys. 1. Dziatalno$¢ gornicza i zakres prac
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method where has a less effects on ecosystem. Therefore, this paper focuses on influence of
different mining methods on the environment. Hence, the environmental impacts of some
operations such as exploration and mineral prOspecting are ignored. Furthermore, the study
will also look at ore handling and transport because have many differences for mining
methods. A flow chart of the mining project activities and investigation field has been
included in Figure 1.

On the other hand, the environmental impacts of mining projects can be divided into two
group: the potential environmental impact during mine production and the environmental
impact after mine closure. The illustrations in Figure 2-a and 2-b provide simple examples of
some of the environmental hazards which occur at active and abandoned mines respectively.
This study will indicate most of the potential environmental hazards arising from mining
activity at both active and abandoned mines.

For an active mine, three primary activities have been identified which can generate
potential environmental hazards; extraction, dewatering, and waste rock handling and
storage. The hazards generated by active or abandoned mine site have been categorized as
being either physical or chemical in nature. The environmental impacts identified at
abandoned underground mine is uncontrolled ground movements as a major hazard in
abandoned underground mines (Figure 2-b). Most of the hazards identified in abandoned
mine sites, both open pit and underground, were the same as those identified at active sites.
The only major difference was in the severity and areal extent of the impact.

2. Environmental impacts of mining methods issues

It is important at this stage to know the environmental impacts of mining activities and
related literature. Environmental impacts of mining operations are numerous and diverse. At
first, we will provide the reader with a brief description of the most common environmental
impacts associated with mining methods and will present the summarized literature review.
Various studies have been conducted so far on the devastating effects of mining on the
environment and the ways to assess them. Some of those researcher are: White (1991), Pain
etal. (1998), Tadesse (2000), Gobling (2001), Haupt et al. (2001), Blodgett, Kuipers (2002),
Folchi (2003), Bascetin (2007), Monjezi et al. (2008).

The effects of open pit mining on the environment include land degradation, noise, dust,
poisonous gases and pollution of water and so on (Dudka, Adriano 1997). Open-pit mining
changes the topography and vegetation, as well. From the noise and vibration point of view,
drilling and blasting operations as well as application of heavy vehicles are very important
(Ashtiani 2005). Blasting, haulage and transportation are the main reasons for the dust
generation. However, it may be produced in nearly all the phases of the processing plant,
from the beginning point (crusher) to the end (drying of ore concentration) (Shu et al. 2001;
Rawat 2003). Water pollution is another aspect of mine operations greatly impacting the
environment (Fernandez-Galvez et al. 2007; Jordanov et al. 2007; Casiot et al. 2007,
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Shikazono et al. 2008; Chalupnik, Wysocka 2008). If a springhead is situated in the mine
area, the pollution endangers springs existed in the area (Blodgett, Kuipers 2002). Similarly,
the contaminated water in the mining operation has vital impacts on the rivers, agriculture,
fresh drinking waters and ecosystems, because of abundance of heavy metals, suspended
solid particles and decreasing level of pH. Decreasing water level in the mines due to
drainage not only causes undesirable changes in the nearby lakes but it can also threat the
aquatics (Baker, Amacher 1982; Ritcy 1989). The main reason of environment pollution of
the fresh water is the acidic water draining from mines (Shu et al. 2001). Mining operations
with degradation of the land largely contribute to the corrosion of soil-a phenomenon that can
be seen more in the surface mining activities (Sengupta 1993).

Much of the mine wastes has high concentration of heavy metals and toxic materials
which are harmful for the environment. Various approaches have been offered by researchers
such as Osanloo and Ataei (2003), Shahriar and Samimi Namin (2007) to waste dump site
selection. Uncontrolled ground movements in the form of landslides are a major concern
when the ore body extract by open pit methods. The greatest environmental hazard resulting
from the underground mining methods is subsidence. Uncontrolled ground movement can
occur during regular mining activity or years after mining has ceased. Using backfill decries
waste has to be disposed on surface and subsidence are minimized. Smithen (1999) examines
the need for considering environmental liabilities before describing the approach adopted in
undertaking due diligence studies for the preparation of bankable feasibility documents and
some of the difficulties experienced. Kocagil and Eduardo (1996) studied the effects of new
environmental standards on mining industry and offered simple methodology to analyze the
impacts of their proposed environmental standards on the mining industry.

Environment impacts of surface mining stabilize much faster than the underground and
the nature healing process also being early. But environmental impact of surface mining
remains visible to the public view and thus raises much of the outcry. Also, clearly the extra
handling of overburden adds to the damage which is not possible in underground mining. But
in underground mines, the effects are not immediately discernible. Since mining activity is
started predominantly in forests, mountainous region or agricultural lands; its impact on local
agrarian economy, prime natural resources, land flora and fauna and ground water are
considered to be paramount. Environmental impacts of mining, by nature and significance,
are dynamic in nature and always “more than what meets the eye”. So when the visible macro
impacts are observable, the micro impacts are too many to be kept count of, as are the
intricacies of the nature (Bhattacharya 2003).

3. Environmental impact assessment of mining methods
The suggested algorithm is an attempt to modify the Folchi matrix method for assessment

of the environmental effects of mining (include open pit and different underground methods)
for optimal mining method selection. The Folchi method (2003) was first applied for



119

amining project in the Italian city of Sardina. It is the numerical expression of environmental
impact of open pit mines. Later Folchi method applied for different open pit mines in Iran by
Monjezi et al. (2008). Furthermore this algorithm has been developed by Mirmohammadi et
al. (2007) for underground mining, in general form and without assumption for the type of
methods in details. Folchi algorithm consists of the seven stages include; (1) Characterizing
the pre-existing environmental context in terms of geology, geo-technics, hydrology,
weather, economy and so on, (2) Identifying the impacting factors, which could modify the
pre-existing environmental conditions in the mine life, (3) Defining the possible ranges for
the magnitude of the variation caused by each impacting factor, (4) Singling out the
environmental components whose pre-existing condition could be modified as a result of
mining, (5) Correlating each impacting factor and each environmental component, (6)
Estimating the specific magnitude for each impacting factor, using the already defined
ranges, (7) Calculating the weighted sum of the environmental impact on each environmental
component (Folchi 2003). Environmental assessments are performed by using matrix me-
thods in which one dimension of the matrix is impacting factor and the other one is the
environmental components which are affected by environmental factors. In this method,
some parameters such as general health and safety, social relationships, weather and climate
conditions, vegetation and, animals are defined first, for an area affected by a mining
operation. Then, consequences of effective (directly or indirectly) mining indexes on
the each of the environmental parameters are determined, by applying a rating system
for each parameter, based on various concerned scenarios. The sum of all the ratings
of effective parameters determines overall effect on each of the environmental indexes)
Monjezi et al. 2008).

We consider ten major mining methods as scoring mining method selection model and
identify environmental impacts considered to be relevant to these methods. The considered
methods according to increasing operating costs are: open pit mining, block caving, sublevel
stoping, sublevel caving, longwall, room and pillar, shrinkage, cut and fill, top slicing and
square-set. In this paper each of described mining methods has environmental advantages
and disadvantages. At first, it is necessary to introduce effective parameters for
environmental assessment. To evaluate the effects of above mentioned mining methods,
twelve parameters are proposed as impact factor which their magnitude of different mining
methods are listed in Table 1.

In the first step, the weights of each impact factor must be determined in order to obtain
the topics mentioned above by expert group. For severely destructive parameters, the impact
factors mark is between 0 and 10, where O indicates ineffective impact factor, and 10
indicates the most critical effects for impact factor. Table 1 shows values of environmental
impacting factors for ten mining methods.

In the next step, the environment sections which are affected with mining pollutions are
defined as environmental components. The environment surrounding the mine was broken
down into the ten components include: (1) Human health and safety, (2) Social relationship,
(3) Water quality, (4) Air quality, (5) Ecosystem (Flora-Fauna), (6) Surface construction,
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(7) Underground construction, (8) Area landscape, (9) Quietness and (10) Economical
issues. The scoring is defined on the basis of the influence of impact factors on environmental
components. Effect of each factor is expressed by four statements, Nil, Minimum (Min),
Medium (Med), and Maximum (Max), on each environmental components. Table 2 shows
the perturbation level of the impact factors for each environmental components and the
related numeric weighting factors calculated as described above. Each factor changes the
condition of each environmental component before mining, in respect of a coefficient.
Assuming the sum of these coefficients equals to 10, and the Max effect is twice the Med,
and the effect of Med is twice the Min, these coefficients lead to establish a matrix E¢
([Ecliax10)- Note that the effect of Nil is 0. In matrix £, sum of the columns equals to 10,
because the sum of all the perturbation levels for each environmental component was
normalized by imposing the sum equal to 10. Then, influence of impact factors on each
environmental component could be written as Eq. 1.

LEcr Jixi0 =U F lixa2 X[Ec hi2x10 (D

In the equations above, E¢ is a 12x10 matrix with elements that represent the
environmental components; also, Iz is a 1x10 matrix with elements which represent the
values of impact factors. Finally, the overall components of matrix Ecy are depicted in
a column graph which describes the amount of effect on each environmental component
separately. For each mining methods, the overall effect on each environmental component is
calculated by summing the weighted magnitudes of all the impact factors. For each mining
methods, the overall effect on each environmental component is calculated by summing the
weighted magnitudes of the all impact factors (see appendix). Furthermore, It was then
possible to summarize the overall effect on each environmental component for the mining
methods as a simple graphical representation as shown in Figure 3.

The Figure 3 shows the percentage values of environmental components for different
mining methods. For example, it can be clearly seen that three environmental components
(noise pollution or quietness, area landscape and social relationship) have a more effect on
open pit mining in compare to other components. The block caving most effected on the
underground and surface constructions and water quality components. Note that we do not
compare the percentage of each method to other methods; we only show the compare
between the environmental components for special mining method. On the other hand, the
Figure 4 summarizes the overall effect of each mining methods on the environment.

In this graph of relative overall effects of mining methods on environmental para-
meters, we can see that the open pit mining is has the most environmental hazardous
between other methods. Figure 4 shows that mining methods which use backfill (such as
cut and fill stoping) are environmentally friendlier than others, as less waste has to be
disposed of on surface and uncontrolled ground movements such as subsidence are
minimized. Moreover, we can use this graph for mining method selection as well as
following illustrative example.
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Open —pit mining Block caving

Sub-level stoping Sub-level caving

’

Long-wall mining Room and pillar

Shrinkage stoping Cut and fill mining

Top-slicing Square-set stoping
m Human health& safety = Social relationship  m Underground construction ® Area landscape
= Water quality m Air quality Quietness ® Economical issues
W Ecosystem ® Surface construction

Fig. 3. The compare of each environmental component for each mining methods

Rys. 3. Poréwnanie kazdego elementu srodowiska dla kazdej z metod gorniczych
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Relative Overall Effects of Mining Methods on Environment

Cuté& fill ' 58%

Square-set 66%
Shrinkage stoping
Top slicing
Sublevel stoping
Room& pillar
Block caving
Sublevel caving

Long-wall

Open-pit

0 20 40 60 80 100

Fig. 4. The overall effects of each environmental component for each mining method

Rys. 4. Wptyw na $rodowisko kazdej z metod gérniczych

4. Illustrative example of application

In order to investigate the application of the proposed model, Gol-E-Gohar (GEG)
deposit No.3, south of Iran, was chosen. GEG iron ore district is located at 55 km southwest
of Sirjan in Kerman province. In fact, this district located at the center of a triangle consisting
of Kerman, Shiraz and Bandar-Abbas with height of 1750 m from sea level (Figure 5). This
area is a combination of metamorphic (Paleozoic) and sedimentary (Mesozoic) rocks,
consisting mostly of gneiss, mica schist, amphibolites, quartz schist and calcite types of
rocks. The GEG iron ore district includes six anomalies which anomaly No.l was being
extracted for many years with open pit mining. Recently, exploitation of the deposit No.3 has
been considered. The above mentioned case example portrays a typical iron ore deposit
located in the Iranian shield. In 1969 the Iran Barite Company began exploration at the site;
exploration was delegated to the National Iron and Steel Company (NISCO), a government
corporation. NISCO entered a joint venture with Granges International Mining of Sweden
(GIM). NISCO and GIM advanced the exploration work programs and advanced the
engineering and planning development of the GEG. A joint venture was undertaken with
Aero Service Corporation in 1970, and an aerial magnetic survey was completed covering
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Caspian Sea

" Sirjan g
Shiraz

[ ]
Gol-e-Gohar
iron ore

Bandar Abbas
L]

Fig. 5. Location of GEG iron ore district in Iran

Rys. 5. Lokalizacja ztoza rud zelaza GEG w Iranie

45 000 km? from Abadeh to Jasmurian (north of Bandar-Abbas). The survey identified
many anomalous areas with high potential magnetic iron ores. The largest such anomaly,
and the most prominent group of anomalies, situated at GEG. The Geoinstitute of Belgrade
completed ground magnetic and gravimetric surveying over 74 km? at GEG in 1974.
Subsequent drilling started on testing the six separate targets in 1975, intercepting good
quality iron ore in all six. Geophysical modeling indicated the potential for 1135 Mt
(exploration estimate only) for all six anomalies. Deposit No. 3 comprises two anomalous
zones that join at depth. The southern area has a greater thickness of overburden (over 140 m)
than the northern area (over 90 m). The southern area appears anomalous due to greater
magnetic intensity reflected in the acromagnetic data. Prior to 1993, 14 holes (3200 m) were
drilled. In 1997 semi-detailed exploration commenced on deposit No.3 and finished in 1999.
During this period GEG drilled 75 exploration holes for a total of 28 000 m (75 core drilling
holes). The detailed exploration infill drilling commenced in 2001 and 50 holes have since
been drilled. The total exploration holes in deposit No. 3 is 148 holes (approximately
46 000 m). The general shape of deposit No.3 GEG is generally semi-lenticular. The
maximum vertical thickness of the ore-body ranges from 15-130 m and is 40 m thick in the
central ore-body. The surrounding rocks consist of a metamorphic assemblage of probable
Ordovician-Silurian age termed, the GEG complex litho stratigraphy unit. This assemblage
at GEG includes quartzo-feldspathic gneisses, quartz chlorite, quartz muscovite and chlorite
schist, and amphibolites. The overlying rock consists of muscovite chlorite schist and gneiss.
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Acres Davy Consultants (ADC) has calculated 643 Mt Ore Reserves for deposit No.3 in 2004
(Samimi Namin et al. 2007).

Deposit No. 3 with length 0f 2200 m in north-south line and with average width of 1800 m
in west of anomaly No. 1 which is located under a relatively flat field. The geometric
and some the some geo-mechanical specifications of deposit No. 3 for mining method
selection procedure are given in Table 3 based on the latest detailed exploration results
(Samimi Namin 2008). In order to select the most suitable mining method according to
technical characteristics of this deposit, ten methods are considered for comparison and
competition.

Technical consideration: Several scoring methods have been developed in the past
to evaluate suitable mining methods for an ore deposit based on physical characteristics
of the deposit. The Nicholas method is one such procedure, which applies a numerical
approach to rate different mining methods based on the ranking of specific input parameters.

TABLE 3

Specifications of GEG iron ore deposit No.3 (Samimi Namin 2008)
TABELA 3

Specytikacje ztoza rud zelaza GEG numer 3 (Samimi Namin 2008)

Criteria Description
general shape tabular
ore thickness 15-130, average 40 meters
ore dip 20 degree
grade distribution gradational
depth 95 ~ 600 meters
Ore zone
RQD 75%
RSS 8.9
RMR good (60-80)
ore reserve 643 million tons
joint condition filled (low strength )
RQD 38%
RSS 6
Hanging wall
RMR good (60-80)
joint condition clean with a smooth surface
RQD 15%
RSS 6.5
Foot wall
RMR good (60-80)
joint condition clean with a rough surface
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A numeric rating for each mining method is arrived at by summing these rankings (Nicholas,
Mark 1981; Nicholas 1993). The University of British Columbia (UBC) algorithm is
a modification to the Nicholas approach (Miller et al. 1995). Using the UBC method the top
four mining methods and their scores respectively are as following:

— Sublevel stoping: 34

— Open pit: 33

— Cut and fill stoping: 33

— Sublevel caving: 28

As you can see the scores the top of three methods is very near together and make
a decision is not possible in this stage.

Economical consideration: At economical point in the selection process, it is important to
be aware of the costs for each method. Accordingly, this section of the paper discusses
mining method costs. Hartman and Mutmansky 2002, outlines the basic information on the
typical commodities mined and relative costs. They provide a listing of relative mining costs
that can be used for comparison purposes. The value100% of relative costs belongs to
square-set stoping.

— Open pit: 5%

— Sublevel caving: 15%

— Sublevel stoping: 20%

— Cut and fill stoping: 55%

Environmental consideration: A complete analysis for the environmental impact of each
mining method was carried out in previous section. The results are given in below:

— Cut and fill stoping: 58%

— Sublevel stoping: 77%

— Sublevel caving: 93%

— Open pit: 100%

Final decision making: For choosing a most suitable mining method from these
four alternative (emphasis on the results of the technical, economical and environmental
consideration), the Expert Choice (EC) software tool based on Analytic Hierarchy
Process (AHP) can be used. AHP was used for mining and equipment selection by
Bascetin 2004.

The first step is making judgments/pair-wise comparisons for objectives and alternatives.
Normalized judgments/pair-wise comparisons data for deposit No. 3 GEG was entered to
the software tool. After the all judgments have been completed and priorities have been
calculated a synthesis is performed. Figure 6 shows the synthesis for each alternative after the
data processed by EC software tool.

Sensitivity analyses from this selection will show the sensitivity of the alternatives with
respect to the objectives below the goal. When performing a sensitivity analysis we may vary
the priorities of the objectives and observe how the priorities of the alternatives would
change. The graphic sensitivity analyses show how the alternatives priorities change when
the objectives priorities increase or decrease. The performance sensitivity analysis shows
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Goal: mining method selection for GEG No.3
Technical consideration (L: .540)
Economical consideration (L: .163)
Environmental consideration (L: .297)

Synthesis with respect to:
Goal: mining method selection for GEG No.3

Overall Inconsistency = .01

sublevel caving 149 E——

sublevel stoping 331 | ——
open pit mining method 243 EEEE——

cut and fill stoping 278 ——

Fig. 6. The performance sensitivity analyses of the results

Rys. 6. Analiza wrazliwos$ci dla uzyskanych wynikow

how the alternatives were prioritized relative to other alternatives with respect to each
objective as well as overall (Figure 7).

As you can see at the end of this decision, sublevel stoping with 0.33 points is the first
and other methods which are lower rank than sublevel-stoping have lowered the chosen
probability.

The above case study describes a mining method selection based on technical criteria with
environmental impacts consideration and mitigation environmental impacts.

In mining method selection, the environmental impacts prediction of extraction operation
is ones which should be considered, at the time of mining project feasibility study. As such, it
is suggested when the feasibility study is being conducted, the environmental impacts must
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Fig. 7. The performance sensitivity analyses of the results
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be predicted. Environmental impacts and related consideration must be taken into account in
the mining method selection.

Conclusion

This paper discusses the concepts of environmental impacts associated with mining
methods. Furthermore, it outlines the different mining methods based on related en-
vironmental impacts and illustrates application of results for mining method selection in
order to mitigation mining environmental impacts. This paper presents a new approach
related to the environmental impact assessment and selection of mining methods, sup-
ported by Folchi algorithm. As a means of assessing the mining engineering, the described
approach is considered an appropriate starting point, and useful guideline for mining
method selection. All mining methods involve an element of environmental impacts.
There are certain generic, hazardous and impacts that are inherent to a particular mining
method.

In this paper, environmental impacts of major mining methods very clearly assign
responsibility for mining method selection procedure. The environmental performance
assessments of inherent mining methods we have developed are especially adapted for the
mining industry. It is the authors’ belief that especially assessment systems for the mining
sectors are necessary, and it is our hope that the new approaches presented in this paper
stimulate further research on this area.

Appendix
For each mining methods, the overall effect on each environmental component is

calculated by summing the weighted magnitudes of the all impact factors. The overall effects
are sown in Tables 4-13.
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OCENA WPLYWU GORNICTWA NA SRODOWISKO.
NOWE PODEJSCIE DO WYBORU METOD EKSPLOATACJI

Stowa kluczowe

Oocena wplywu na $§rodowisko, przemyst goérniczy, wybdr metod ekspoatacji, zmodyfikowana metoda
Folchiego, ztoze rudy zelaza Gol-E-Gohar w Iranie

Streszczenie

Dziatania gornicze, poczawszy od rozpoznania zt6z az po transport finalnego produktu, to szereg etapow
prowadzacych do zanieczyszczenia $rodowiska. Metody eksploatacji moga i powinny by¢ dobierane w taki
sposob, by ich wptyw na srodowisko i cztowieka byt jak najmniejszy. Rozni specjaliSci zajmujacy sig gérnictwem
przeprowadzili do tej pory szereg badan dotyczacych zagadnienia wyboru metod eksploatacji. Niestety, do-
tychczas stosowane podej$cia nie braty pod uwage srodowiska i metodologii, w ktéorych wptyw na $rodo-
wisko stanowitby kryterium oceny. Ta praca przedstawia wpltyw operacji gérniczych na srodowisko w zalez-
nosci od zastosowanych systemow eksploatacji. W tym celu wykorzystano metodg Folchi’ego, odpowiednio
zmodyfikowana dla potrzeb oceny wptywu na srodowisko, do ktorej wlaczono metody eksploatacji i opracowano
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procedury pomagajace dokona¢ wyboru tych whasciwych. Na wstgpie przedstawione zostaty ogélne i objasniajace
informacje na temat wptywu gérnictwa na zanieczyszczenie srodowiska. Nastgpnie zaprezentowano przedmiot
i cele badania. Praca przedstawia oceng $rodowiskowa dla réznych systemoéw eksploatacji. Omawia rowniez
szczegotowo wplyw poszezegolnych metod eksploatacji na srodowisko wraz z ocena. W podsumowaniu zawarto
uwagi koncowe oraz przedyskutowano ich zastosowania dla wyboru metod eksploatacji na przyktadzie studium
przypadku. Gtéwna zaleta nowego algorytmu jest fakt, iz bierze pod uwagg interakcje wielu czynnikow $ro-
dowiskowych przy ocenie wptywu na $rodowisko wybranych metod eksploatacji.

ENVIRONMENTAL IMPACT ASSESSMENT OF MINING ACTIVITIES.
A NEW APPROACH FOR MINING METHODS SELECTION

Key words

Environmental impacts assessment, mining industry, mining method selection, modified folchi approach,
Gol-E-Gohar iron ore deposit in Iran

Abstract

Mining activities from exploration to final material handling up to shipment pass through various stages where
environmental pollution results. Mining method can and should be selected in such a way that their impact on
individuals and environmental to be minimized. Until now, different mining specialists have carried out many
studies on mining method selection. Unfortunately neither of previous approaches takes into account of the
environmental consideration and methodology for assessment of environmental impacts criterion. This paper
discusses environmental impacts of mining operations associated with different mining methods. For this purpose,
the Folchi approach was modified for environmental impact assessment which associates the mining methods
inherently and developed of a procedure to assist a selecting of mining method. Firstly, the general and explanatory
information about effects of mining on the environmental pollution are given in the paper. Moreover field and
purposes of the study are introduced. The paper presents an environmental assessment for different mining
methods. And, secondly, the impacts of each mining methods on environment are focused and discussed.
Finally, some concluding remarks are made and the related applications for the mining method selection
are discussed by using in a case study. As the main advantage, this new algorithm takes several environ-
mental issues and their interaction takes into consideration for environmental assessment of a mining method
selection.



