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Abstract
Restoration of abandoned quarry sites has been for quite a few years practiced in various places in
Greece, mainly in the broader district of Athens, a wide range of rehabilitation solutions has been used
by the local authorities in order to cover basic needs of the population (cultural and athletic centres,
municipal storage and parking facilities for heavy vehicles, open theatres, municipal waste facilities,
cemeteries etc.). Still restoration of abandoned quarries (aggregate material, marble, industrial minerals etc) remains a major problem for almost every prefecture and has to be solved gradually due
to lack of the necessary funds, solving the most acute environmental problems and covering basic
needs of the population for municipal facilities.
In this paper the development of a methodology is presented for the elaboration of a priority list for
the restoration/rehabilitation of numerous abandoned quarries comprised in a geographical or administrative entity. Using multi-criteria analysis and geographical information system we have concluded in a quick and cost effective method for the hierarchical classification of restoration sites. The
establishment of an adequate set of criteria for the priority list is of main importance for the successful application of the method.
Key words: Restoration, abandoned quarry, rehabilitation, multi-criteria analysis, hierarchical classification.
1. Introduction
Restoration of abandoned quarry sites has been for quite a few years practiced in various places in
Greece, mainly in the broader district of Athens, a wide range of rehabilitation solutions has been
used by the local authorities in order to cover basic needs of the population (cultural and athletic centres, municipal storage and parking facilities for heavy vehicles, open theatres, municipal waste facilities, cemeteries etc.). Still restoration of abandoned quarries (aggregate material, marble,
industrial minerals etc) remains a major problem (Figs 1 & 2) for almost every prefecture and has
to be solved gradually due to lack of the necessary funds, solving the most acute environmental
problems and covering basic needs of the population for municipal facilities (Fig. 3.).
In this paper the development of a methodology is presented for the elaboration of a priority list for
the restoration/ rehabilitation of numerous abandoned quarries comprised in a geographical or ad-
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Fig. 1: Uncontrolled waste dump in an abandoned quarry (Kozani).

Fig. 2:Visual disturbance from abandoned quarry excavation (Ioannina).

Fig. 3: Alternative plans
for abandoned quarry rehabilitation (a. theatre,
b. reforestation/recreation park, c. litter tranship station, d. athletic
centre.
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ministrative entity. Using multi-criteria analysis and geographical information system we have concluded in a quick and cost effective method for the hierarchical classification of restoration sites. The
establishment of an adequate set of criteria for the priority list is of main importance for the successful application of the method.

2. Scope
Taking into consideration all the aforementioned, a project was formulated, within the Third Community Support Framework, aiming to provide a methodological tool for use by the local administration authorities, at any level, in order to acquire a priority intervention list and select the most
appropriate rehabilitation solution for abandoned quarries located in their region, taking into account environmental, social and economic criteria based on their priorities and their economic and
technical potential.
3. Methodology
It is well known that there is no systematic recording of the quarrying activity at central level and
for the granting of operating concessions a number of public authorities are involved (Prefectures,
Mining inspectorate Agencies, Dpts of Industry and Mineral Wealth of the Regional Administration), varying according to the ownership status of the land (public of private) and the commodity
produced (Marble, aggregates etc.). Thus, abandoned quarries, especially if they are more than a
decade old, are often of “unknown identity”, that is to say it is almost impossible to find concrete
elements for the period of operation, the exploiter or their property arrangement. That made necessary a first phase for the survey of abandoned quarries and the localization of the quarry sites.

4. Selection of pilot areas
The following five representative districts were
selected taking into account, besides the former
extensive quarrying activity, the size of the urban
centres, namely the following:
Prefecture of Achaia
Prefecture of Ioannina
Prefecture of Drama
Region of Western Macedonia
Prefecture of Attica
Phase I: Survey of abandoned quarries Creation of a Data Base
In the selected regions, with the assistance of the
Regional Administration, the Prefectures and
local Municipalities, a survey of abandoned public quarries was carried out. A questionnaire was
drawn up with data related to the geographic site,
the area, the access and the orientation of each
quarry, its morphology, as well as data on the soil,
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the climate, the fauna and flora of the region. Furthermore, geological, mineral, hydro geological,
hydrological, geotechnical and ground characteristics, land uses in the direct and wider environment
of the quarry were also recorded, as well as the population (size, economic activity etc) and the deficiencies in communal facilities.
Phase II: Hierarchical classification of abandoned quarries for restoration
The application of, well established or most up to date, rehabilitation solutions for quarry sites, can
not be carried out simultaneously, due mainly to luck of the necessary funds. Therefore the selection of specific criteria is necessitated for the compilation of a priority list concerning the most urgent intervention for quarry sites rehabilitation.
Using multi-criteria analysis and GIS we concluded in a quick and cost effective method for the hierarchical classification of restoration sites. The establishment of an adequate set of criteria for the
priority list is of main importance for the successful application of the method.
The application of criteria, with determined factors of importance, can set the quarries of a district in
order of precedence and consequently lead to the rational planning of feasible rehabilitation solutions.
The following criteria were set for the establishment of a priority list (Table 1., Figure 6.) of inert
quarry sites restoration/ rehabilitation, at any administration level, with the corresponding measurement index:
A. The intensity of the pollution problem
Three criteria were used, ground water pollution hazard, safety hazard and visual disturbance, for
the calculation of the environmental problem caused by abandoned quarries:
Ground water pollution /Health hazard
• The use of the site as a waste dump and the sort of the deposited waste (inert, municipal or
industrial/dangerous)
• The permeability of the quarry rocks
Safety hazard
• Quarry site hazard (slope and face stability etc.)
• Accessibility of the site (protective fencing, distance from roads and populated areas)
Visual disturbance (Figure 4)
• Extent of visibility

Fig. 4: Calculation of the visual disturbance
indicator with the use of Geographical Information System.
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Fig. 5. Calculation of the population indicator with the use of Geographical Information System.

• The population included in this extent
• The length of national roads network included in this extent
• The presence of special protection areas (NATURA, archaeological sites etc
B. The adequacy of the quarry site for communal facilities
Two criteria were considered adequate for the evaluation of quarry sites as far as their competence
for communal facilities is concerned:
• The area of the quarry site
• The distance and the accessibility from neighbouring settlements as well as the population size
that could be possibly serviced (figure 5.)
PHASE III: Selection of the optimal rehabilitation solution for specific quarry sites
For this purpose a methodology of gradual approach was followed, including the following 5 steps:
1. Detailed examination of the quarry site, legal status, ownership status, topographic chart, geometrical characteristics, geological, hydro geological, geotechnical and environmental data.
2. Recording of deficiencies in infrastructure and communal facilities at local and peripheral level.
Initial approach of feasible alternative solutions, based on permissible land use
3. Limitation of the number of alternative solutions based on restrictive/prohibitive conditions, for
every solution under consideration, and the specific conditions of the quarry site under examination.
4. Modulation of distinct alternative rehabilitation plans and their detailed description.
5. Assessment of the alternative plans with Multi-criteria Analysis. Consultation with the directly involved parts (citizens, municipality, local organizations and associations). Formulation of the final
list of alternative plans and their scores.
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Fig. 6. Abandoned quarry sites in
Achaia prefecture and their ranking with
environmental and population criteria.

Table 1. Quarry site scoring according to environmental and population indicators
QUARRY GR.WATER SAFETY
VISUAL
TOTAL AREA POPULA- TOTAL TOTAL RANK
HAZARD HAZARD DISTURBANCE 1
TION
2
A_Vr1
A_Vr2
A_K1
A_K2
A_K3
A_K4
A_K5
A_K6
A_La1
A_La2
A_Le
A_M1
A_M2
A_P
A_F1
A_F2
A_F3
A_O1
A_O2

0
0
0
0
0
0
1
0
0
0
0
0
4
0
0
0
0
0
0

6
1
10
2
2
6
6
6
2
6
2
10
10
2
2
2
2
2
2

0,002
0,002
0,492
2,762
2,542
0,225
1,834
0,416
0,168
3,428
0,368
3,684
4,185
0,464
0,187
1,591
5,486
3,301
0,321

1,80
0,30
3,10
1,15
0,96
1,85
2,67
1,88
0,63
2,49
0,67
3,74
5,84
0,69
0,64
0,92
1,70
1,26
0,66

10
4,5
1,5
0,3
0,2
2
1,5
0,2
2
10
0,4
2,4
3,5
0,5
1
0,6
3,2
2
0,3

5,94
5,94
0,96
0,88
0,92
0,86
1,51
1,52
1,00
1,02
0,63
9,25
9,80
0,61
5,03
5,59
6,16
1,00
1,30

7,97
5,22
1,23
0,59
0,56
1,43
1,50
0,86
1,50
5,51
0,52
5,83
6,65
0,55
3,01
3,10
4,68
1,50
0,80

4,27
2,27
2,35
0,93
0,80
1,68
2,20
1,47
0,98
3,70
0,61
4,57
6,16
0,64
1,59
1,79
2,89
1,36
0,72
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3
7
6
15
16
10
8
12
14
4
19
2
1
18
11
9
5
13
17

Table 2. Selection criteria for optimal quarry rehabilitation planning.
Local/ peripheral needs
Requirements of each solution in space and infrastructure
Operating cost/ Maintenance cost
Investment cost/economic limitations of the operator
Technical requirements/ capabilities
Environmental impacts
Legal framework limitations
Possibility of combination of different solutions
Compatibility with the development plan of the district
The selection criteria for the optimal rehabilitation plan for each quarry site under examination are
presented in Table 2.
4. Conclusions-Results
A great number of abandoned quarries (aggregates, decorative rocks and industrial minerals) are located, more or less, throughout the country. Some renters continue their suspended operation under
the pretext of site restoration. Other quarries have been abandoned in the restoration capabilities of
the nature. Quite a few have been used as uncontrolled waste dumps, thus becoming a major focal
point for severe environmental pollution.
During the last 30 years, a growing interest for the rational management of the quarrying activity, as
well as the restoration of the abandoned quarries, appears by the local authorities. It became at last
common belief that the operation of a quarry has severe impact on the natural environment and can
damage the environmental balance (natural relief, water resources, soil, flora and fauna). The legislation for quarry exploitation takes into account the protection of the natural environment and becomes stricter all over Europe, establishing more environmental restrictions for the quarrying activity.
The gradual restoration/ exploitation of abandoned quarry sites with local intervention can contribute to the amelioration of the environmental quality into and in the surroundings of the cities
and towns and can be included in the regional development planning.
The abandoned quarry excavations indicate recent irrational quarry exploitation. Very high and steep
slopes and irregular levels are a very common image leading in safety hazards (rock falls mass
movement).The adverse impact on the environment is obvious, while the problem is enlarged in the
vicinity of large urban centres, in the boundaries of which many aggregate quarries are often found.
Apart from the excavation activity a major aesthetic violence of the landscape is caused by the
residues of the processing plants, especially the fines, as well as during the construction of the roads
networks.
The proposed methodology on adequate quarry sites selection and determination of the most suitable rehabilitation solution proposed in the present study can constitute a useful tool for the local administration at any level. The compiled database can be enriched with new data, concluding from
the materialization of the proposed solutions.
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