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Mine Reclamation

The mining and mineral industry has an important role in supporting the sustainable
development of countries. Many countries rely on the income derived from natural
resources but exploitation of the natural resources may affect the environment and
destroy the ecosystem. The mining activities usually affect the surrounding lands and
ecosystems. The natural, social, and economic environments are parts of this
ecosystem that are directly involved in these activities. In order to reduce the
environmentally destructive effects of mining on the ecosystem, some important
measures must be taken to minimize the negative impacts of mining and the related
industries. In this work, for the first time, a study is conducted to define and categorize
the reclamation criteria in three largest iron ore mines. During this research work, an
attempt is made to establish, define, and evaluate forty reclamation criteria. Since the
number of criteria is high, in order to adopt the best practice in a mine reclamation
program, these criteria should be prioritized. The defined criteria are ranked by the
mining experts, mining managers, and related university professors according to their
experience and knowledge. The collected raw data is evaluated, processed by the
Delphi-Fuzzy process, and finally, analyzed using the multi-criteria decision-making
method. The prioritized criteria can provide the authorities with a guideline to start a
reclamation planning based on the mining and environment requirements and
budgeting and also to make the most fruitful, effective, and low-cost decisions.

1. Introduction

Mine reclamation was first introduced in USA,
aiming to rehabilitate the mining sites over the
country through the elimination of risks, restriction
of production and recycling of harmful materials,
and physical, chemical, and biological rehabilitation
of the sites.

Nowadays, in the developed countries such as
USA, Canada, and Australia, the details of mine
closure are the inherent component of the successful
mining projects, and the reclamation of mining sites
along with relevant procedures has been legitimized.
In such countries, the environmental protection is
practical and feasible with the minimum cost or even
sometimes at no cost owing to the advanced
pollution and contamination prevention plans [1].

Mine reclamation has grown from the fields of
agriculture (including soil science) and forestry. The
traditional land reclamation involves planting the
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trees in the affected lands. However, this can only be
done once the destroyed land has been fully
reclaimed [2].

Reclamation is the term that is used in this paper.
In general, reclamation refers to the activities carried
out to prepare the mined-out lands for the re-use and
rehabilitation [3, 4]. Such activities do not
necessarily restore the land to its former or original
form and conditions (prior to mining) but return the
affected land to a condition and to the productive use
similar to the pre-mining conditions [5]. The
restoration, rehabilitation, reclamation, and
remediation terms are often used interchangeably.
Rehabilitation is to repair the ecosystem processes,
productivity, and services without necessarily
achieving the return to the pre-disturbance
conditions. Land rehabilitation will prevent the
continued environmental deterioration and is
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consistent with the surrounding aesthetic values.
Reclamation is the physical stabilization of the land
into a non-erodible state, and remediation is the
process of correcting a specific problem, thereby,
reversing or avoiding the damage to the environment
(Table 1). Within the mining context, restoration is
synonymous with rehabilitation and is defined as the
progressive activity related to the recovery of the
original ecosystem. In other words, it is a process by
which the impacts of mining on the environment are
reduced through the reconstruction of a stable land
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surface followed by revegetation or development of
an alternative land use in the reconstructed land form
[6].

Understanding the ecosystem degradation
processes can guide through the treatments that can
be wused to assist in the recovery of large
disturbances; however, they continue to be based on
the historical treatments. Understanding how the
natural recovery processes operate allows new
systems for mine reclamation to be developed [6].

Table 1. Definitions and explanations of different restoration-related concepts [6].

Concept Definition
. To remedy is to “make good’’. The process of correcting a specific problem, reversing or avoiding the damage
Remediation to the environment
To reclaim is to bring back the land to a proper state or to provide a suitable substitute; the physical
Reclamation stabilization of the terrain to bring back the land to a proper state. Similar to restoration but focuses on one
aspect of the ecosystem services
To rehabilitate is to restore close to a previous condition or status, not expected to bring the land back to
Rehabilitation perfection, not as intact or original as a restored land; the establishment of a stable and self-sustaining
ecosystem.
. To restore is to bring back the original to an intact state; the process of rebuilding the ecosystem that existed
Restoration

prior to the disturbance

Different parts of a mining area including pit, waste
dumps, and tailing dams will be covered by the
reclamation activities. In fact, reclamation is not an
activity distinct from design, planning, and mining
but it is regarded as a component of mining activity
that begins with the design and continues to the
mining stage [7].

The history of long-term mining activities and
successful reclamation of destructed areas [8, 9]
shows that the decommissioning of mine sites and
mine closure followed by mine reclamation require
technical planning and managerial actions along
with considering the sequence of activities [10].

The selected optimal reclamation method is one of
the most important factors in the open-pit mine
design and production planning as the pit location
and depth and the economic requirements affect the
determination of the reclamation method [11].

The background of mining activities in the past
was not satisfactory due to the negative impact and
disturbance on the environment after mine closure;
of course, it does not mean the mine operators’
carelessness.

Different components of mining activities
including exploration, extraction, and processing
induce extensive physical, chemical, and biological
changes in the environment due to the nature and
characteristics of the activities [12].

Each mine has a limited life span due to the limited
nature of the resources being extracted. Eventually,
the resources are exhausted or the mine reserve is
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reached, which is no longer profitable to extract for
any number of reasons. This changes the land during
the mine life span.

In many cases, the mining sites lie within the
residential and agricultural lands or natural habitats,
intensifying the contradiction between land use and
environmental protection. Therefore, the
implementation of environmental management of
mines to minimize the adverse effects of mining
activities on the environment and also the planning
for reclamation of mine sites after the completion of
mining activities have a great importance.

The operation of large mines has not yet been
finished in Iran, and reviewing the laws and
regulations through this study shows that there are
no specific instructions, requirements or regulations
for the reclamation of mining sites in this country. In
the Environmental Regulations of Mining Activities,
it is specified that the owner of the mine operation
license will be committed and responsible for mine
reclamation after mine closure.

Reviewing the previous research works indicate
that reclamation has been considered as one of the
mining phases and it is not necessarily a field of
science [13]. In order to have a successful land
reclamation, the basic activity is to improve and
restore the land remained after mine closure [14].
Recultivation with regard to the characteristics of
waste [15] and non-hazardous materials [16] is one
of the best methods for the stabilization of waste
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dumps, tailings dams, pollutant and contaminant
mitigation, and improvement of landscape.

During the post-closure period, the human
involvement in natural sequence will speed-up the
reclamation progress [17]. One of the most
significant physical elements involved in the
reclamation is the soil type. The major criterion for
accomplishment of the reclamation objectives is to
have an intact uncontaminated soil [18]. In the areas
with a very poor soil for plant growth, the proper use
of nitrogen helps to stabilize the plant and
herbaceous species, and as a result, the exotic
perennial and biennial plant species will be observed
within a short period of time [17].

The capability of the destructed soil for organic
carbon accumulation, carbon elimination from
atmosphere, soil quality improvement, and reaction
and restoration of biological population followed by
site reclamation are often unknown [19]. The soil
nature and evaluation of soil quality, which provide
the context for biological, chemical and physical
processes, are considered as important factors for
making a decision on reclamation [5, 20]. In the
recent decades, wetlands have been regarded as one
of the most important components of the ecosystem
after completion of the mining activities [21].
However, the role of wetlands in the mitigation or
elimination of contaminants resulting from the
mining activity is not properly regarded in the
reclamation planning and rehabilitation of mine
sites.

The major objectives of mine reclamation are
environmental impact and risk mitigation, safety
improvement, rehabilitation of lands (affected by
mining activities), and water and socio-economic
resources of site after the completion of mining
activities [22]. Since the number of criteria are high,
in order to adopt the best practice in providing the
reclamation program, these criteria should be
prioritized.

2. Materials and Method
2.1. Studied area

In this research work, three largest iron mines in
Iran including Golgohar in the Kerman Province,
Sangan in the Khorasan Province, and Chadormalu
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in the Yazd Province were selected for definition of
the reclamation criteria. These three large mining-
industrial complexes are located in hot arid regions
with similar ecosystems.

2.1.1. Golgohar Mine

The Golgohar mine consists of six separate
anomalies in the Kerman Province at the 55" 19" E
longitude and the 29° 7' N latitude. The biggest
anomaly of this large mine is anomaly 1, and the
operation life of the anomaly has been estimated to
be 30 years. The annual mining plan is the extraction
of 5,000,000 tons of iron ore [23].

The Golgohar ore body is located in a semi-arid
area surrounded by mountains with an elevation over
2500 m. Vegetation of the area is very sparse and
mostly in the form of bushes and wild xerophytic
plants. The dry and arid climate has caused extensive
fluctuations in temperature during different seasons
and during the day and night times [24].

2.1.2. Sangan Mine

The Sangan iron mine is located in the Khorasan-
e Razavi province at the 60° 16’ E longitude and the
34" 24’ N latitude, and consists of three anomalies.
The average elevation of the area from the sea level
is 1000 m. The project site is located in a semi-arid
area with a predominantly hot and dry climate. The
average annual temperature is 16.3 ‘C. The average
wind speed is 19.1 Km/h, chiefly blowing northerly
and northeasterly during the summer. The maximum
wind speed occurs in May to October [25].

2.1.3. Chadormalu Iron Mine

The Chadormalu iron mine is located in the Yazd
Province at the 32° 17" N latitude and 55 30’ E
longitude (Figure 1). The maximum depth of the
deposit from the ground is 310 m. It consists of four
iron ore anomalies with an elevation of 150-250 m
higher than the surrounding area, and three northern
anomalies join in depth, forming the northern ore
body containing 80% of the reserve. Due to the
vicinity to the Markazi and Lut Deserts, the area has
a hot and dry climate with an average temperature of
20.8 'C [24].
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Figure 1. Locations of the three iron mines in the
studied area.

2.2. Definition of reclamation criteria

Decision-making involves setting the right goals,
determining different possible solutions, assessing
the solution feasibility, dealing with the
consequences of implementing each solution, and
finally, selecting and implementing a solution. In
order to define the best solution, suitable criteria
should be established. The more detailed the criteria,
the more accurate the results will be. In this research
work, in order to establish the reclamation criteria,
the literature review, field survey in two different
seasons on type of ecosystem of the studied area,
mine site visit, and interview with experts were
carried out. Forty criteria were developed in three
categories including natural, social, and economic
environments, all of which were qualitative. Since it
was impossible to use mathematic models, in order
to quantify the criteria and to make a multi-criteria
decision, the Fuzzy Delphi Analytical Hierarchy
Process (FDAHP) method was used [26].

The multi-criteria decision-making system has
many applications; for instance, it is applied for the
prioritization of abandoned mines for future
planning [27] and the optimum use of lands after
completion of the mining activities with different
land use scenarios [28].

2.3. Decision-making group

In FDAHP, the minimum number of participating
experts is 5 and the maximum one is 20 [26]. Plenty
of studies reveal that the experience and technical
knowledge of the selected expert group in the Delphi
method helps the effectiveness of the method and
accuracy of the results [29].

Twenty well-experienced experts were selected in
three categories including 8 university professors
with different expertise in the environment, mine,
environmental health, phytology, and zoology, well-
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experienced experts in the mining activities with
expertise in geo-environment, geology,
environment, and mining, and executive managers
of three iron mines mentioned above [30, 31].

2.4. Data collection

The opinions of the experts were collected through
a close-ended questionnaire. In this questionnaire,
40 criteria were defined. The importance degree of
the criteria was represented by (1), (3), (5), (7), and
(9) for very low, low, moderate, high, and very high,
respectively.

The purpose of designing this questionnaire and
obtaining the opinion of experts is that “which one
of the following criteria has a priority and to what
extent?”

Since multi-criteria decision-making covers
various disciplines [32], the criteria defined in this
work were categorized into the natural, social, and
economic environments.

A) The criteria in the natural environment include:

- Topography and landform (slope and land relief)

- Vegetation (density, composition, economic
value, medicinal value, cultivation method, and
final land use)

- Water (drainage pattern, quality, and quantity)

- Climate (precipitation, temperature, wind, and
humidity)

- Soil (texture, water retention in soil, pH, organic
matter percentage, nutrient percentage, physical
and chemical properties, fertility, solubility, and

erosion)
- Mine location (distance from residential areas,
protected areas, sensitive ecosystems and

historical heritage, former land uses, access roads,
and extent of destructed land)

B) The criteria in the social environment include:
Native inhabitants, immigration, land ownership,
employment, value of inhabitants’ properties, safety,
sanitation, and health

C) The criteria in the economic environment include:
Losing job, income, improvement of individual
skills, and cost.

After collecting the completed questionnaires, the
obtained data was analyzed based on FDAHP [26].

2.5. Delphi-fuzzy approach

In this research work, due to the quality of the
criteria and the impossibility of using the
mathematical models and taking advantage of the
group communication structure and using the expert
experience, the Delphi-fuzzy hierarchical analysis
was employed as one of the most widely used multi-
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criteria decision-making methods. This method was
used in this work because it was required to gather
the people's opinions and judgments in a specialized
area and provide a flexible framework that covers
many obstacles related to inaccuracy. In this method,
with one step of completing the questionnaire, all
comments are collected, the opinions of all experts
are respected, and there is no need to spend money.

In FDAHP, the forecasts presented by well-versed
experts are stated in definite numbers. The Delphi
method is a strong process depending on the
collective opinions. This method is used when
knowledge and information are not sufficient or
when the application of rules, formulas, and
mathematic models are limited. As a result, the
opinions and judgments of the experts in a specific
subject are collected; in other words, the judgment is
left to the experts [26].

After collecting the completed questionnaires of
criteria, the required data was extracted and the
criteria were prioritized based on the following
equations [26].

a) Calculate fuzzy numbers

ai; = (ai;. 8. vi;) M
a;j = Min(B;x ). k=1...n 2)
8y = (Iey By k= 1.m 3)
¥ij = Max(Biji), k=1...n 4)

In the above equations, B;j, represents the relative
importance of the parameter i over the parameter j
according to the k' expert. ; and y; are the highest
and lowest importance values given by the
respondents, respectively, and §; is the geometric
mean of the opinions. It is obvious that the fuzzy
components are defined asa;; < 6;; <y;;. The values
of these components vary within {1/9, 9}. At this
stage, the fuzzy pairwise comparison matrix of
different parameters is computed as follows:

b) Fuzzy inverse matrix formation

A=la;]a; x a;

j VU= 1.2...,n
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or:
(1.1.1) (13- 613-¥13)
(@23 623-¥23)

(1.1.1)

(a12-612-v12)
i (i it} (1.1.1)
1 1 1 1 1 1
G G
The relative weight of the parameters is computed
as follows:

)

¢) Calculate the relative fuzzy weight of the

parameters
1
Zl.= [dU (... (din]n (7)
W=Z((Z (2] (8)
where:
a”11(@12=(a1x a;2,6,1 x §,;2,y,1 ©)

X ylZ ) W_ll.

where W, is a linear vector showing the fuzzy
weight of the i parameter.

At this stage, in order to change the fuzzy
parameters into the non-fuzzy parameters, the
geometric mean of fuzzy parameters is computed
and the weight of the parameters is stated by a
definite Figure.

d) Non-fuzzy weighting of parameters
e 1
W, = (1_[ w;;)3
j=1

4. Results and Discussion

(10)

A total of 30 questionnaires were sent to the expert
group, and 20 filled out questionnaires were
received. The data received through these
questionnaires was extracted, classified, and used as
the input data for FDAHP. The Fuzzy pairwise
comparison matrix was computed, and the given
value given to each criterion was compared by
different experts. Table 2 shows one part of the
experts' scoring table. Then a pairwise comparison
matrix was formed corresponding to each one of the
criteria for each expert (Table 3). In the next stage,
the minimum, geometric mean, and maximum of
each criterion were defined (Tables 4, 5 and 6).
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Table 2. Expert's scoring table.

Expert
Parameter 1 2 3 1 5 6 7 8 9 10
Slope 7 7 9 7 5 9 7 7 7 7
Land relief 5 7 7 7 5 7 7 3 5 7
Plant density 9 7 7 5 5 5 7 9 7 3
Plant composition 7 5 7 3 7 3 9 7 5 3
Plant Medical value 7 5 3 3 3 1 3 5 3 1
Plant Economic value 5 5 5 7 5 5 3 7 7 3
Cultivated method 5 5 5 5 5 1 7 1 3 1
Final land use 5 7 5 9 7 3 3 9 5 3
Drainage pattern 3 7 7 3 3 5 3 5 7 3
Water quantity 5 5 7 9 5 7 7 7 3 5
Water quality 5 7 5 7 7 5 9 9 3 5
Table 3. Paired comparison matrix for expert No. 1.
Parameter Score  Code S1 Rf De Cm Mv Ev Pm Pl Dp Qu Qa
Slope 7.00 Sl 1.00 1.40 0.78 1.00 1.00 1.40 1.40 1.40 2.33 1.40 1.40
Land relief 5.00 Rf 0.71 1.00 0.56 0.71 0.71 1.00 1.00 1.00 1.67 1.00 1.00
Plant density 9.00 De 1.29 1.80 1.00 1.29 1.29 1.80 1.80 1.80 3.00 1.80 1.80
Plant composition 7.00 Cm 1.00 1.40 0.78 1.00 1.00 1.40 1.40 1.40 2.33 1.40 1.40
Plant medical value 7.00 Mv 1.00 1.40 0.78 1.00 1.00 1.40 1.40 1.40 2.33 1.40 1.40
Plant economic value 5.00 Ev 0.71 1.00 0.56 0.71 0.71 1.00 1.00 1.00 1.67 1.00 1.00
Cultivated method 5.00 Pm 0.71 1.00 0.56 0.71 0.71 1.00 1.00 1.00 1.67 1.00 1.00
Final land use 5.00 P1 0.71 1.00 0.56 0.71 0.71 1.00 1.00 1.00 1.67 1.00 1.00
Drainage pattern 3.00 Dp 0.43 0.60 0.33 0.43 0.43 0.60 0.60 0.60 1.00 0.60 0.60
Water quantity 5.00 Qu 0.71 1.00 0.56 0.71 0.71 1.00 1.00 1.00 1.67 1.00 1.00
Water quality 5.00 Qa 0.71 1.00 0.56 0.71 0.71 1.00 1.00 1.00 1.67 1.00 1.00
Table 4. Part of the minimum matrix.
Criteria Code Sl Rf De Cm Mv Ev Pm
Slope Sl 1.00 0.60 0.43 0.71 1.00 1.00 0.71
Land relief Rf 0.43 1.00 0.33 0.43 0.60 0.43 0.60
Plant density De 0.43 0.43 1.00 0.60 0.78 0.60 1.00
Plant composition Cm 0.33 0.33 0.43 1.00 0.78 0.43 0.43
Plant medical value My 0.11 0.11 0.11 0.11 1.00 0.20 0.33
Plant economic value Ev 0.20 0.20 0.33 0.33 0.33 1.00 0.33
Cultivated method Pm 0.11 0.14 0.11 0.14 0.20 0.14 1.00
Final land use Pl 0.33 0.33 0.43 0.33 0.71 0.60 0.43
Drainage pattern Dp 0.43 0.43 0.33 0.33 0.43 0.43 0.43
Water quantity Qu 0.20 0.20 0.33 0.33 0.33 0.43 0.33
Water quality Qa 0.43 0.56 0.43 0.60 0.71 0.43 0.71
Table 5. Part of the geometric mean matrix.
Criteria Code SI Rf De Cm My Ev Pm
Slope Sl 1.00 1.14 1.07 1.26 2.23 1.49 1.90
Land relief Rf 0.88 1.00 0.94 1.11 1.96 1.31 1.68
Plant density De 0.93 1.06 1.00 1.18 2.08 1.39 1.78
Plant composition Cm 0.79 0.90 0.85 1.00 1.76 1.18 1.51
Plant medical value Mv 0.45 0.51 0.48 0.57 1.00 0.67 0.85
Plant economic value Ev 0.67 0.76 0.72 0.85 1.50 1.00 1.28
Cultivated method Pm 0.53 0.60 0.56 0.66 1.17 0.78 1.00
Final land use Pl 0.79 0.89 0.84 0.99 1.75 1.17 1.49
Drainage pattern Dp 0.77 0.87 0.82 0.97 1.70 1.14 1.46
Water quantity Qu 0.87 0.99 0.93 1.10 1.94 1.29 1.65
Water quality Qa 0.93 1.05 0.99 1.17 2.06 1.38 1.76
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Table 6. Part of the maximum matrix.

Criteria Code S1 Rf De Cm Mv Ev Pm
Slope St 1.00 2.33 2.33 3.00 9.00 5.00 9.00
Land relief Rf 1.67 1.00 2.33 3.00 9.00 5.00 7.00
Plant density De 2.33 3.00 1.00 2.33 9.00 3.00 9.00
Plant composition Cm 1.40 2.33 1.67 1.00 9.00 3.00 7.00
Plant medical value Myv 1.00 1.67 1.29 1.29 1.00 3.00 5.00
Plant economic value Ev 1.00 2.33 1.67 2.33 5.00 1.00 7.00
Cultivated method Pm 1.40 1.67 1.00 2.33 3.00 3.00 1.00
Final land use PI 1.40 3.00 1.80 3.00 5.00 3.00 9.00
Drainage pattern Dp 1.40 2.33 2.33 2.33 9.00 3.00 5.00
Water quantity Qu 1.80 2.33 2.33 3.00 9.00 3.00 7.00
Water quality Qa 1.40 3.00 2.33 2.33 9.00 5.00 9.00
Then the relative weights of the criteria were Then to form the non-fuzzy weight of the criteria,
calculated as the fuzzy numbers Z and Zi for the geometric mean of the fuzzy numbers is
different criteria. Table 7 shows a part of this calculated as follows (Wi) and the weight of the
matrix. At this stage, the fuzzy numbers Z and Zi criteria is expressed as a definite number in Table 9.
were calculated. The result obtained are shown in
Table 8.
Table 7. Paired comparison matrix.
Criteria Code St Rf De Cm
Min Power Max Min Power Max Min Power Max Min Power Max
Slope S1 1.00 1.00 1.00 0.60 1.14 233 0.43 1.07 233 0.71 1.26  3.00
Land relief Rf 043 088 1.67 100 1.00 1.00 033 094 233 043 1.11 3.00
Plant density De 043 093 233 043 1.06 3.00 1.00 1.00 1.00 0.60 1.18 233
Plant composition Cm 033 079 140 033 090 233 043 0.85 1.67 1.00 1.00 1.00

Plant medical value Mv 0.11 045 1.00 0.11 0.1 1.67 0.11 048 129 0.11 057 129
Plant economic value Ev 020 0.67 1.00 020 076 233 033 072 167 033 085 233

Cultivated method Pm 011 053 140 0.14 060 1.67 0.11 056 1.00 0.14 066 233
Final land use P1 033 079 140 033 089 3.00 043 084 180 033 099 3.00
Drainage pattern Dp 043 077 140 043 087 233 033 082 233 033 097 233
Water quantity Qu 020 087 180 020 09 233 033 093 233 033 1.10 3.00
Water quality Qa 043 093 140 056 1.05 300 043 099 233 060 1.17 233
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Figure 2. Percentage of expert’s opinions about the importance degree of the criteria.
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Table 8. Calculated fuzzy numbers Z and Zi.

Criteria 7. (Min) 7. (Ave) Z (Max) Zi(Min) Zi(Ave) Zi(Max)
Slope 9.3E-09  44603.36 9.09E+26 0.63 1.31 4.72
Land relief 0 280.9484  4.83E+25 0.44 1.15 4.39
Plant density 0 2949.283  8.76E+24 0.51 1.22 4.20
Plant composition 0 3.979874  4.4E+19 0.42 1.04 3.10
Plant medical value 0 6E-10 2.63E+11 0.14 0.59 1.93
Plant economic value 0 0.005595  3.19E+18 0.29 0.88 2.90
Cultivated method 0 3.07E-07  7.27E+12 0.15 0.69 2.10
Final land use 0 2.877761  5.34E+18 0.40 1.03 2.94
Drainage pattern 0 1.035994  5.21E+21 0.39 1.00 3.49
Water quantity 0 167.1929  7.73E+22 0.30 1.14 3.73
Water quality 0 2132.563  7.73E+23 0.50 1.21 3.96
Precipitation 0 8059.246  6.36E+23 0.32 1.25 3.94
Temperature 0 51.60276  2.24E+23 0.25 1.10 3.83
Wind 0 2.877761  2.41E+24 0.41 1.03 4.07
Humidity 0 0.009248  8.38E+19 0.25 0.89 3.15
Soil texture 0 0.165835  1.08E+19 0.20 0.96 2.99
Water retention in soil 0 1.769642  2.14E+19 0.21 1.01 3.04
Soil pH 0 101.1414  8.35E+23 0.23 1.12 3.96
Soil organic matter percentage 0 0.006526  7.18E+17 0.20 0.88 2.80
Soil nutrient percentage 0 0.003329  6.54E+16 0.18 0.87 2.63
Soil physical & chemical
pmpg myes 0 2.877761 5 on s 0.23 1.03 3.73
Soil fertility 0 0.11511 3.46E+19 0.29 0.95 3.08
Soluble material in soil 0 0.652852  2.63E+20 0.23 0.99 3.24
Erosion 0 2998.031  2.53E+23 0.51 1.22 3.85
Distance from residential area 0 1.740868  6.79E+24 0.22 1.01 4.18
Distance from sensitive area 0 25.89985  3.08E+25 0.22 1.08 4.34
Distance from historical places 0 0.007611  1.23E+25 0.16 0.89 4.24
Former land use 0 0.006633  8.42E+19 0.25 0.88 3.15
Access roads 0 335.8155 9.02E+24 0.51 1.16 4.21
Extent of destroyed area 1E-10 1088.042  6.46E+25 0.55 1.19 4.42
Native inhabitants 0 327.6982  5.24E+21 0.45 1.16 3.49
Immigration 0 0.000725  5.19E+23 0.18 0.83 3.92
Land ownership 0 0.000261  6.23E+21 0.15 0.81 3.51
Employment 0 2.030548  1.08E+22 0.29 1.02 3.55
Values of inhabitants’
properties 0 0.000261 4.04E+19 0.18 0.81 3.09
Safety & health 0 7.993781  2.24E+21 0.45 1.05 3.42
Losing job 0 1.035994  7.79E+22 0.21 1.00 3.73
Income 0 6.853378  1.17E+21 0.42 1.05 3.36
Improvement of individual
e 0 0.000224 g0 021 0.81 2.75
Cost of reclamation 0 4111.86  6.84E+25 0.47 1.23 4.42

As a general conclusion, based on the data
presented in Table 10, 5.5% of the expert group gave
a very low importance to the natural environment
criteria, 19% low importance, 30.3% moderate
importance, 30.5% high importance, and 14.7% very
high importance. 6.7% of the expert group allocated
a very low importance to the social environment
criteria, 26.6% low importance, 25.9% moderate
importance, 26.6% high importance, and 14.2% very
high importance. 2.5% of the expert group allocated
a very low importance to the economic environment
criteria, 25% low importance, 32.5% moderate
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importance, 25% high importance, and 15% very
high importance. Figure 2 shows the percentage of
the expert’s opinion about the importance of the
criteria.

The following Figures show the comparison of
importance between the criteria based on the
expert’s opinions. Figure 3 shows that only 20% of
experts believe that slope has the maximum
importance among the other criteria and rank it as a
very important criterion. 60% of experts ranked both
criteria (slope and land relief) at the very important
level.
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Table 9. Fuzzy and non-fuzzy weights.

Criteria Code Wij (Min) Wij (Ave) Wij (Max) Wi
Slope S1 0.00 0.03 0.38 0.0378
Land relief Rf 0.00 0.03 0.35 0.0312
Plant density De 0.00 0.03 0.33 0.0330
Plant composition Cm 0.00 0.03 0.25 0.0265
Plant medical value Mv 0.00 0.01 0.15 0.0130
Plant economic value Ev 0.00 0.02 0.23 0.0216
Cultivated method Pm 0.00 0.02 0.17 0.0144
Final land use Pl 0.00 0.03 0.23 0.0255
Drainage pattern Dp 0.00 0.02 0.28 0.0266
Water quantity Qu 0.00 0.03 0.30 0.0261
Water quality Qa 0.00 0.03 0.31 0.0322
Precipitation Pr 0.00 0.03 0.31 0.0279
Temperature Te 0.00 0.03 0.31 0.0244
Wind Wi 0.00 0.03 0.32 0.0287
Humidity Hu 0.00 0.02 0.25 0.0213
Soil texture Tx 0.00 0.02 0.24 0.0200
Water retention in soil Wr 0.00 0.03 0.24 0.0207
Soil pH pH 0.00 0.03 0.32 0.0242
Soil organic matter percentage Om 0.00 0.02 0.22 0.0189
Soil nutrient percentage Nm 0.00 0.02 0.21 0.0180
Soil physical & chemical properties Pc 0.00 0.03 0.30 0.0232
Soil fertility Fe 0.00 0.02 0.25 0.0227
Soluble material in soil Sm 0.00 0.02 0.26 0.0216
Erosion Er 0.00 0.03 0.31 0.0322
Distance from residential area Re 0.00 0.03 0.33 0.0234
Distance from sensitive area Ve 0.00 0.03 0.35 0.0242
Distance from historical places Mh 0.00 0.02 0.34 0.0203
Former land use Fl 0.00 0.02 0.25 0.0213
Access roads Ar 0.00 0.03 0.33 0.0325
Extent of destroyed area Da 0.00 0.03 0.35 0.0343
Native inhabitants Nr 0.00 0.03 0.28 0.0293
Immigration Em 0.00 0.02 0.31 0.0202
Land ownership Lo 0.00 0.02 0.28 0.0181
Employment Ep 0.00 0.03 0.28 0.0244
Values of inhabitants’ properties Vn 0.00 0.02 0.25 0.0183
Safety & health Sh 0.00 0.03 0.27 0.0281
Losing job Di 0.00 0.02 0.30 0.0221
Income In 0.00 0.03 0.27 0.0275
Improvement of individual skills Is 0.00 0.02 0.22 0.0188
Cost of reclamation Co 0.00 0.03 0.35 0.0328

Table 10. Percentage of expert’s opinions about importance degree of the criteria.
Percentage of expert opinions

Main criteria

Very low low moderate high Very hi&
Natural environment 5.5 19 30.3 30.5 14.7
Social environment 6.7 26.6 25.9 26.6 14.2
Economic environment 2.5 25 32.5 25 15

Figure 4 shows that 20% of experts believe that believe the water quality and the other 20%

density has the maximum importance among the comment that water quantity has the maximum
other criteria and rank it as a very important importance among the other criteria and rank it as a
criterion. 15% of experts ranked the final land use, very important criterion. 15% of experts ranked the

and 15% ranked the composition of flora at a very drainage pattern at a very important level.
important level. Figure 5 shows that 20% of experts
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Figure 3. Comparison of importance between the topography and land relief criteria.
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Figure 4. Comparison of importance between the vegetation criteria.
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Figure 5. Comparison of importance between the water criteria.

Figure 6 shows that 10% of experts believe that
each one of the four criteria in the climate category
has the maximum importance and rank them as very
important criteria. 35% of experts believed that
among the climate criteria, precipitation had the
maximum importance and ranked it as a very
important criterion. Figure 7 shows that 20% of
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experts believe the physical and chemical properties
and the other 20% comment that the soil nutrient
percentage has the maximum importance and rank
them as high important criteria. 15% of experts have
the same opinion about the soil fertility, 15% about
organic matter, and the other 15% about the pH and
rank these criteria as a very important criterion.
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Figure 7. Comparison of importance between the soil criteria.

Figure 8 shows that 25% of experts believe that the
distance from the environmentally protected area has
the maximum importance and rank it as a very
important criterion. 20% of experts also commented
that the soil fertility of destructed land had the
maximum importance and ranked it as a very
important criterion. Figure 9 shows that 20% of
experts believe that land ownership has the
maximum importance and rank it as a very important
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criterion. 15% of experts also commented that the
safety, sanitation, and health had the maximum
importance and ranked it as a very important
criterion. Figure 10 shows that 30% of experts
believe that the reclamation cost has the maximum
importance and rank it as a very important criterion.
20% of experts also commented that losing job has
the maximum importance and ranked it as a very
important criterion.
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Based on the calculations presented in the previous
chapter, the non-fuzzy weights of the criteria were
determined and the criteria were prioritized as shown
in Table 11.

Three criteria including slope, extent of destructed
area, and vegetation density were assessed as the
three most important criteria, while the least
importance and preference was given to the
cultivation method and medicinal value of the
cultivated plants.

In the next step, considering the frequency and
distribution of the criteria, another classification was
done, and ultimately, 16 criteria were selected with
the highest preference and priority in iron mine
reclamation for the purpose of construction of
reclamation model and instruction. The prioritized
criteria are as follow:

Journal of Mining & Environment, Vol. 12, No. 2, 2021

In the topography and landform category, slope
and relief

In the vegetation category, vegetation density and
vegetation composition for cultivation

In the water category, water quality and drainage
pattern

In the climate category,
precipitation

In the soil category, soil erosion and soil pH

In the mine location category, extent of destructed
area and access roads

In the social environment category, indigenous
inhabitants of the area, and safety, sanitation, and
health

In the economic environment
reclamation cost and income.

Table 11 shows the final results of this study,
where forty criteria were prioritized based on the
multi-criteria decision-making method.

wind blow and

category,

Table 11. Priority of the criteria.

Priority Criterion W; Priority Criterion W;
1 Slope 0.0378 21 Distance from sensitive area 0.0242
2 Extent of destroyed area 0.0343 22 Distance from residential area 0.0234
3 Plant density 0.0330 22 Soil physical & chemical 0.0232
properties
4 Cost of reclamation 0.0328 23 Soil fertility 0.0227
5 Access roads 0.0325 25 Losing job 0.0221
6 Water quantity 0.0322 26 Soluble material in soil 0.0216
7 Erosion 0.0322 27 Plant economic value 0.0216
8 Land relief 0.0312 28 Humidity 0.0213
9 Native inhabitants 0.0293 29 Former land use 0.0213
10 Wind 0.0287 30 Water retention in soil 0.0207
11 Safety & health 0.0281 31 Distance from historical places 0.0203
12 Precipitation 0.0279 32 Immigration 0.0202
13 Income 0.0275 33 Soil texture 0.0200
14 Drainage pattern 0.0266 34 Soil organic matter percentage 0.0189
15 Plant composition 0.0265 35 Improvement of individual skills ~ 0.0188
16 Water quality 0.0261 36 Values of inhabitants’ properties  0.0183
17 Final land use 0.0255 37 Land ownership 0.0181
18 Employment 0.0244 38 Soil nutrient percentage 0.0180
19 Temperature 0.0244 39 Cultivated method 0.0144
20 pH 0.0242 40 Plant medical value 0.0130

The findings of this research work indicate that 16
criteria have priority over the other ones in iron mine
reclamation in Iran. The prerequisites for the
preparation of an executive plan for the iron mine
reclamation based on the criteria studied in this
research work depend on the mining method, mine
decommissioning, and mine closure plan.

Lack of mine decommissioning and closure plan
may yield adverse outcomes for the environment or
for the socio-economic environment and local
communities [4]. As a component of mine life cycle,
the time factor has an essential role in the
implementation of mine reclamation plans. The
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more the duration between the environmental
damage and reclamation, the more the destruction of
the existing resources. From the sustainable
development viewpoint, it is better to consider the
decommissioning of equipment and machineries as
a component of operation activity and to allocate
budget to it. The objective of mining
decommissioning is to ensure that there will be no
risk to the human health and the environment due to
the existence of the physical and chemical pollutants
and contaminants left over the area after the mining
operation.
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Depending on the mine type (metallic or non-
metallic), mining method, ecosystem, climate, and
legal requirements, different reclamation methods
can be used for open-pit mines, which have their
own advantages and disadvantageous. The major
methods are the post-closure reclamation, temporary
reclamation, progressive reclamation, and partial
reclamation [33].

Regardless of the selected reclamation method, the
most significant mine components for which the
reclamation plan is provided are natural ecosystem
(destructed vegetation), mine pit, waste dump,
tailings dam, landfills, contaminated soils,
contaminated surface water and groundwater, access
roads, and industrial and semi-industrial sites.

Investigating the selected criteria shows that the
Golgohar, Sangan, and Chadormalu mines have
similar climate conditions and ecosystems. In these
three mines, the highest degree of soil erosion is
observed for the following reasons:

- Hot, dry, and arid ecosystem;

- Low precipitation (maximum: 200 mm/y);

- Very high rate of evaporation;

- Limited water quantity and shortage of water
resources;

- Seasonal wind blow (wind blows with very high
speed at the Sangan site most of the time
throughout the year);

- Soil property (as a determinative factor for
erodibility and infiltration rate);

- Topography or slope (as a determining factor for
run-off water velocity and water energy, which
cause erosion);

- Lack of vegetation with appropriate diversity and
density.

In the above-mentioned mines, the surface soil is
generally poor, which is the most fertile part with
respect to nutrients, microorganisms, seeds, and
roots of the plant [33, 34]. As a result, collecting and
storing the surface soil of Sangan and Chadormalu
(as one of the major components of reclamation in
which biological, chemical, and physical processes
occur) are practically useless [20]. The thickness of
the surface soil at the Golgohar mine to be
appropriate for the growth of plants reaches up to 0.5
m over some areas. However, no plan has been
considered for collecting and storing such soil to
improve and enhance the biological indicators and to
perform revegetation [18].

In addition to the surface soil, the waste soil
removed from the pit bottom and dumped at the
waste dump is deprived of biological indicators such
as microorganisms, nutrients, seeds, and roots of
plants; therefore, the soil remediation plan should be
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implemented to restore and stabilize the soil and to
perform revegetation.

As the investigations indicate, the soil pH within
the Golgohar, Sangan, and Chadormalu mining sites
is alkaline due to a hot and dry climate and the lack
of precipitation. In the areas affected by the impact
of the Sangan mining activities, the soil pH is 6.8-
7.8 [35].

Most normal plants grow in a neutral soil. The
most appropriate soil pH for the recultivation of
plants is 5.1-6.1 [36]. The most significant role of the
soil pH is to control the solubility of nutrient
elements in soil; in other words, the absorption of
nutrient elements by soil highly depends on the soil
pH.

In addition to the above-mentioned issues, the land
slope and design and the mining method in the three
aforesaid mines were studied. In most open-pit
mines, the bench slope varies from 55" to 80°, and in
normal conditions, a slope of 65° is recommended at
the beginning of the activity. The final pit of mine
No. 1 in Golgohar is in the form of an ellipse with
diagonals of about 2200 m % 700 m. This pit consists
of 21 benches with an elevation of 15 m. The overall
slope of pit walls is 38-45". Access ramps to the mine
were designed with a slope of 8% and a width of 25
m [23].

The Sangan deposit has the estimated dimensions
of 8 x 26 km’ consisting of three mining zones
(eastern, central, and western zones) with magnetite
as the major mineral. The slope of the pit wall varies
between 42° and 55 [25].

In Chadormalu, the pit wall slope is 54.7% [37].
The slope and width of the access roads are 8% and
20-35 m, respectively.

Two factors that affect the cultivation of plants and
production of sediments are the slope direction and
steepness [33]. The slopes should be leveled and
cultivated in order to be stabilized and to prevent
surface soil erosion. It is necessary to create long
steady slopes during the reclamation and to consider
natural landforms of the adjacent areas in the slope
design to avoid run-off flows with a higher speed on
longer and steeper slopes [36].

In addition to the biological environment, the
socio-economic criteria are investigated in the mine
reclamation plan. Usually at the beginning of the
mining activities, there are two groups of local
communities in the area. The first group is the
communities and villagers who live within the
immediate affected area; they have to leave the area
entirely. The second group is the local communities
who live distant enough from the mining site but
they are directly or indirectly dependent on the
mining activities for earning their livings and
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expected to have benefit from the mining activities
(through local jobs and employment in mining
activities). The greatest impact and stress are
imposed on the latter group during the mine closure
and reclamation.

There is no village within the immediate area of
the three above-mentioned mines. However, a
considerable number of workforce have been
sourced from the surrounding villages and small
towns. They will lose their jobs during the mine
closure and reclamation, and the families will be
deprived of the services and secondary industries
provided during the mine operation [4].

Based on the experiences, if the local communities
are scrutinized in the EIA study of projects and
entitled to be involved in decision-making, which
affect their life [38], and if feasible economic
alternative and proper change of land use are
considered in the reclamation plan, then the mining
activities and mine closure will impose a minimum
negative effect on the local communities, sanitation,
and health [39].

The mine site reclamation plan reduces the
reclamation costs from the physical and financial
aspects. The most important factors that should be
regarded to forecast the reclamation costs are pit
size, wall slope, and waste dump slope [40].

Generally, the reclamation costs cover earthworks,
soil stabilization and revegetation, water treatment,
waste disposal, waste and tailings dam management,
clearing the area of buildings, equipment and
utilities, monitoring, mine closure and reclamation
plan, workforce, machineries, cost of maintenance
after mine closure and reclamation, and direct and
executive costs.

Up to 90% of the reclamation costs are related to
earthworks (filling and grading) [36]. The best way
for the minimization of costs is to change the slope
and grade the area. Sometimes the minimization of
grading changes at a site may result in the change of
the project design or change in the project scale. The
slopes greater than 30% should be modified to
minimize erosion and run-off flows [41]. A portion
of reclamation costs is supplied through selling the
equipment and installations by mining companies
[42].

5. Conclusions

Reclamation of mines in Iran is a requirement of
mining activities and a crucial issue, even though
major mines have not reached the end of their life
span and the estimated reserve. However, this does
not mean that no attention should be paid to the
reclamation plan, as mine life span will eventually
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end and the owners and beneficiaries should
consider the reclamation plan at present. For
executing this activity, many variable criteria should
be considered. Making decision with so many
parameters would not be feasible since to adopt the
best practice in the mine reclamation program, these
criteria should be prioritized. Considering this issue
in this work for the first time in Iran, the reclamation
criteria were determined in three large iron ore
mines. The criteria were evaluated using the Delphi-
fuzzy process and prioritized based on the multi-
criteria decision-making method. The findings
indicated the priority of forty defined criteria where
five most important and preferred ones were
determined as slope, extent of destroyed area, plant
density, cost of reclamation, and access roads.

The prerequisites for the preparation of an
executive plan for the iron ore mine reclamation
based on the criteria studied in this research work
depend on the mining method, mine
decommissioning, and mine closure plan.

The prioritized criteria provide the authorities with
a guideline to start reclamation planning based on
the mining and environment requirements and
budgeting. The management quality is essentially
subject to decision quality because the quality of
plans and programs, efficiency of strategies, and
quality of the results obtained from their application
all depend on the quality of the decisions the
manager makes.

References

[1]. MMSD. (2002). Research on Mine Closure Policy
No. 44. International Institute for Environment and
Development (IIED).

[2]. Meshcheryakov, L.I. and Shirin, A.L. (2011).
Reclamation Technology of Land Destroyed by Mining
and Logistics Monitoring Criteria. Earth and Planetary
Science. 3: 62-65.

[3]. Osanloo, M. (2001). Mine Reclamation, Amir Kabir
University of Technology, 228 P.

[4]. Warhurst, A. and Noronha, L. (2000). Environmental
Policy in Mining Corporate Strategy and Planning for
Closure, CRC Press LLc.

[5]. Bangian, A.H. and Osanloo, M. (2008). Decision-
Making for Plant Species Selection in Mined Land
Reclamation Plans through MADM Model. Mine
Planning and Equipment Selection Conference 20-22,
October, Beijing, China, 81-94.

[6]. Festin, Emma. Tigabu, Mulualem. Chileshe, Mutale.
Sympungani, Stephen. Dden, Perchrister. (2019).
Progress in restoration of post-mining landscape in
Africa. Journal of Forestry Research. Springer. 30 (2):
381-396



Hajkazemiha et al

[7]. Osanloo, M. (2007). Surface mining methods. Amir
Kabir University of Technology.

[8]. Didier, C. (2008). The French experience of post
mining management. Post-Mining Conference, Nancy,
France, 1-17.

[9]. Vrbova, M. and Stys, S. (2008). 60 years of land
reclamation after opencast coal mining — a success story
of Czech reclamation work. Mine Planning and
Equipment Selection Conference, Beijing, China, 20-22
October, 23-27.

[10]. Mchaina, D.M. (2001). Environmental planning
considerations for the decommissioning, closure and
reclamation of a mine site. Int. J. Surface Mining,
Reclamation and Environment. 15: 163-176.

[11]. Bascetin A, (2007). A decision support system using
analytical hierarchy process (AHP) for the optimal
environmental reclamation of an open-pit mine. Environ
Geol. 52: 663—672.

[12]. Li, M.S. (2005). Ecological restoration of mine land
with particular reference to the metalliferous mine
wasteland in China: A review of research and practice.
Science of the Total Environment. 357: 38— 53.

[13]. Schladweiler, Brenda K. (2018). 40 years of the
Surface Mining Control and Reclamation Act (SMCRA):
what have we learned in the State of Wyoming.
International Journal of Coal Science & Technology.
Springer, 4 (2): 67-79

[14]. Miao, Z and Marrs, R. (2000). Ecological restoration
and land reclamation in open-cast mines in Shanxi
Province, China. J. Environmental Management. 59: 205—
221.

[15]. Tordoff, G.M., Baker, A.JM. and Willis, A.J.
(2000). Current approaches to the revegetation and
reclamation of metalliferous mine wastes. Chemosphere.
41: 219-228.

[16]. Dudeney, A.W.L., Tarasova, L.I. and Tyrologou, P.
(2004). Co-utilisation of mineral and biological wastes in
mine site restoration. Minerals Engineering. 17: 131-139.

[17]. Antwi, EK., Krawczynski, R. and Wiegleb, G.
(2008). Detecting the effect of disturbance on habitat
diversity and land cover change in a post-mining area
using GIS. Landscape and Urban Planning. 87: 22-32.

[18]. Mummey, D.L., Stahl, P.D. and Buyer, J.S. (2002).
Microbial biomarkers as an indicator of ecosystem
recovery following surface mine reclamation. Applied
Soil Ecology 21: 251-259.

[19]. Anderson, J.D, Ingram, L.J. and Stahl, P.D. (2008).
Influence of reclamation management practices on
microbial biomass carbon and soil organic carbon
accumulation in semiarid mined lands of Wyoming.
Applied Soil Ecology. 40: 387-397.

[20]. Haney, R.L, Hossner, L.R. and Haney, E.B. (2007).
Soil microbial respiration as a tool to assess post mine

382

Journal of Mining & Environment, Vol. 12, No. 2, 2021

reclamation. Int. J. Reclamation and

Environment. 22: 48-59.

[21]. Kalin, M., (2001). Biogeochemical and ecological
considerations in designing wetland treatment systems in
post-mining landscapes. Waste Management. 21 (2): 191-
196.

Mining,

[22]. Cao, X. (2007). Regulating mine land reclamation in
developing countries, the case of China. Land Use Policy.
24: 472-483.

[23]. http://www.golgohar.com/Modules/CMS/CMSPage
s/ShowPage.aspx?MItemID=IRMuIMIKIMaM

[24].  http://www.ngdir.ir/geoportalinfo/psubjectinfodet
ail.asppid=483.

[25]. AMEC Americas Limited. (2007). Sangan project.
Tailings Dam Design. 148831 Report.

[26]. Ataei, M. (2010). Fuzzy multi-criteria decision-
making. Shahrood University of Technology.

[27]. Incea, E., Mutmanskyb, M.J. and Albertc, K.E.
(1991). Fuzzy multiple-criteria  decision-making:
Application to AML project selection. Int. J. Surface
Mining, Reclamation and Environment. 5: 167-176.

[28]. Guo, L., Zhou, L., Yang, C. and Fecko P. (2010).
Fuzzy comprehensive evaluation of land reclamation
suitability in mining subsidence based on GIS, Natural
Computation (ICNC). International Conference IV: 8,
3998 —4002.

[29]. Rowe, G and Wright, G. (1999). The Delphi
technique as a forecasting tool: issues and analysis.
International Journal of Forecasting. 15: 353-375.

[30]. Linstone, A.H., Turoff, M. and Helmer, O. (2002).
The Delphi method techniques and applications. On line
at: is.njit.edu/pubs/delphibook/delphibook.pdf.

[31]. Okoi, C and Pawlowski, D.S. (2004). The Delphi
method as a research tool: an example, design
considerations and applications. Information &
Management. 42: 15-29.

[32]. Huang, LB, Keisler, J. Linkov, 1. (2011). Multi-
criteria decision analysis in environmental sciences: Ten
years of applications and trends. Science of the Total
Environment. 409: 3578-3594.

[33]. Norman, D.K., Wampler, P.J., Throop, A.H.,
Schnitzer, E.F. and Roloff, JM. (1997). Best
Management Practices for Reclamation Surface Mines in
Washington & Oregon, Washington. Division of geology
and earth resources. Open file report 96-2.

[34]. Asri, Y. (2005). Flora Ecology. Payam-e-Nour
University.

[35]. Toseh Nirou Co. (2007). Soil Investigation Report
for Sangan Iron Mine Project, Technical archive.

[36]. Baker, P., Burton, P., Davidson, R., Falvey, S. and
Gallegos, T, (2000). The Practical Guide to Reclamation
in Utah, Department of Natural Resources; Utah, Division


http://www.golgohar.com/Modules/CMS/CMSPage
http://www.ngdir.ir/geoportalinfo/psubjectinfodet

Hajkazemiha et al

of Oil Gas and Miningz On line at:
https://fs.ogm.utah. gov/pub/mines/coal/ReclamationMa
nual.pdf.

[37]. Kani Kavan Shargh, (2011). Study of slope stability,
instrumentation, monitoring and compiled present and
future program for Chadormalu iron mine. Technical
Archive.

[38]. CSML, (2010). The Socio Economic Aspect of Mine
Closure and Sustainable Development. Coaltec, Online at:
WWW.CSmI.co.za.

[39]. Shandro, A.J., Veiga, M., Shoveller, J., Scoble, M.
and Koehoorn, M. (2011). Perspective on community

383

Journal of Mining & Environment, Vol. 12, No. 2, 2021

health issues and the mining boom-bust cycle. Resource
Policy. 36: 178-186.

[40]. North Dakota Public Service Commission,
Reclamation Division. (2006). Reclamation cost
estimating guidelines. On line at:

www.psc.nd.gov/docs/guidelines.

[41]. World Bank Policies and Guidelines, (1995). Mining
and Milling. Open-Pit.

[42]. Laurence, D. (2001). Classification of Risk Factors
Associated with Mine Closure. School of Mining
Engineering. UNSW, Sydney, Australia. On line at:
web.idrc.ca/uploads/user-S/1119897305 llaurence.pdf.


https://fs.ogm.utah.gov/pub/mines/coal/Reclamation_Ma
http://www.csmi.co.za.
http://www.psc.nd.gov/docs/guidelines.

1Fe e Jlo io90 0,las 0005153 0,90 i jlaoro g (dee Ldpghy - cole 4yl ohlas 5 b a5 7>

S — (A 0,509, 3l eoliswl b (yolee (53lwil (s jluxe (L)l

T olas soxo 5 (6590 O grumo o ary i dozmo Mol Szl S 3

RUTER Y v 13T olKitils ¢y i i g pale g ey j buxo g b 2ol susiiils )

Olnl @gyls 09yl Sao oliiils S 895 g Sl ((ydro (guadigen 0aS LSl -Y
AR RVEVNER Q=R 3% RUIVNA R Y W

shariat.seyed@gmail.com :olslSe Jyims odiums g 3

HRWE

Aed Sk grmb mlbe Jlaseul i fol> Sl s 8,98 5l (6 o 15,10 oage @ ot ohi 1,98 b aswg I Colem o Saxe mlis g ose
SlptamsS g ol p Voo 5 Soane glacudlad yled co cu 55 | pimmssST g o0ls I8 ,.JL o |y e b mlis 5l gy o g0 ope Ll
ol b ot i (b 4y oS witis o ol gel e STl sle isy goladl g eloia ] el i sST 0138 o ,.JL ol Gkl
058 D jgo goten Y Slaladl b ¢ Sgel o miewsST (65, (6 S0 cdlad J L5U s lase oyt Dl alS jglate 405,85 e )8 e el
3 Bae (gadge (pul (28,5 Slai o b awy (Ses Jlas 4 Sllae aails o s 10500 0 e 0 o) 4 dily plo 5 goxe sl o ol I L
s s3hust sl Jone ez canlion il (b 53 a5bign b ol 5l 1955 F 51 e s 55 (sl sl fno SR 5 iy o e ol
b b jlre ol oyolae 5losl 5 Lot (s5,40b 0 sl g,y oyt ST (gl el 0l b Lra ol olaw a8 bm] 5l aiod byl 5 iy panns
el slaosls .aiad (gandads olRiils aslul g ol 2! o yase Hlaasie [iils g 4y o 4 dz g b oads (o 23 (slo Lne jslaie ol 4y 05gd 20w ol
5 8,5 )8 Jlow 5 i 050 ojleme Wiz 6Tl by 3l ool b caled o 5 wd (3o 5 el 38 - sl by e sl e
294z 8,5 i o b oles (3Ll asliy g Jerlygiws g s o B aulai oo SaS 110500 100 s 00l (gancu slol (sl JLae aial eocs olsl

Anled 3l aey cnl o 1) (654030 05 59 5,550 « onie Olasaal 5 oaged pladl i jlass 5 Joxe slaculed Sl ol

B O UV S LR NI VOISO ORI SR VONpRp=S W5 PR PPURE N WU L gt P L



mailto:shariat.seyed@gmail.com

