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The reasons for developing this type of solution were, first of all, the characteristic features of 
this minerals base with great economic importance, the large number of deposits in the world, as 
well as their attractiveness for various forms of use in building construction, road construction 
and various possibilities of reclamation of the post-mining areas. 

The paper is structured as follows. In Section 2 characteristic of fuzzy system FSDR is 
presented, according to its development stages. Results of system execution for various mining 
plant examples are presented in Section 3. Section 4 concludes the paper and provides remarks 
for system usage.

2. Development of fuzzy system for decision support 
of post-mining regions reclamation (FSDR)

The early concept of an expert system supporting the decision regarding selection of recla-
mation direction after mining of natural gravel and sand aggregates was described in (Bielecka 
& Korczak-Król, 2010). In the process of improving the mentioned solution, the inference tree 
was abandoned and the determined choices were replaced with fuzzy rules. In addition, other 
possible directions of reclamation were introduced, e.g. agricultural or commercial, which made 
it possible to create a more universal system for the various conditions typical for the excavations 
of natural gravel and sand aggregates. New linguistic variables were also introduced. 

The work on the system was divided into the following stages:
1) In the first stage, the factors determining the selection of reclamation direction were 

found – input data t o the fuzzy system were specified. 
2) Then, possible reclamation alternatives were identified – output data to the fuzzy system 

were specified. 
3) The foundations of the fuzzy system were developed in the following scope: 

– defi ning the fuzzy sets describing the input and output data,
– preparing the fuzzy rules base,
– selecting the fuzzy inference scheme and the method of defuzzifi cation of the results.

4) Then the developed fuzzy system was implemented into the MATLAB environment and 
sample calculations were performed.

2.1. Identification of factors determining the selection 
of the direction of reclamation

The following factors were chosen for the main elements characterising the mining plant 
affecting the direction of reclamation: 

1) Economic – in terms of financial resources at the disposal of the entrepreneur, used to 
carry out the reclamation. 

2) Social – social aspects were characterised in terms of current and potential users of a given 
area. Assuming the local community as the main potential beneficiaries of the reclaimed 
area, the basis for the proper selection is the analysis of data on demography, entrepre-
neurship or recreation interests. The following variables were selected in this respect:
– demographic conditions – expressed in terms of population density,
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– entrepreneurship – expressed as entrepreneurship factor, defi ned as “the number of 
economic entities registered in the REGON system per 1000 residents”,

– sports facilities – expressed in terms of a set of facilities with public functions for 
sports,

– interest in recreation and fi shing – expressed by the results of surveys describing local 
community preferences in this area,

– traditions and customs, social needs, farming and commercial traditions – as expressed 
by the results of the analysis of the historic structure of a given region and the for-
mulation of the occurrence or absence of traditions, customs or social needs, 

– social acceptance (position) – expressed by the results of surveys defi ning the pref-
erences of the local community, especially with respect to the possible economic 
direction of reclamation. 

3) Formal and legal – a point of verification of formal and legal factors may be the provisions 
of e.g. the commune’s local spatial development plan, the provisions of the commune’s 
development strategy, which would result in the permitted designation of areas and, 
among other things, the principles of reclamation. These factors include, for example, 
the existence of any forms of nature conservation in a given area. Various forms of legal 
protection may also include valuable plants, animals and other distinctive features, e.g. 
geological formations. Therefore, the following factor was identified in this group:
– protected plant and animal species – expressed in terms of the number of protected 

plant and animal species that are considered to be valuable and/or threatened by 
extinction. 

4) Environmental – in order to check the contribution of the environmental factors in de-
termining the direction of reclamation, it is necessary to analyse the natural environment 
from the point of view of vegetation in the mining area of the analysed plant, fauna and 
flora. The following characteristics were selected from the group of environmental fac-
tors:
– landscape value – expressed in a 1–10 numerical scale rating, determined on the 

basis of partial measures such as conservation status, landscape diversity, harmony, 
distinctiveness,

– environmental attractiveness – expressed in a 1–10 numerical scale rating, determined 
on the basis of partial measures such as natural values and the state of development, 

– forest cover – expressed as the share of forest complexes in the total surface area of 
the region.

5) Spatial – in terms of spatial factors, the analysis should take into account whether a given 
mining plant has a favourable and satisfactory system of external transport infrastructure. 
The following variables were selected in this respect:
– transport access – the frequency of public transport connections, 
– distance from residential areas – expressed in terms of distance from residential 

development areas. 
6) Hydrological and hydrogeological – water accumulation and water quality class are 

crucial in terms of this factor. Therefore, the following variables were identified in this 
group: 
– water purity status – expressed by water quality class,
– excavation fl ooding – expressed as the share of water in the excavation cross-section.
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and forest areas belonging to the first attractiveness zone of the highest environmental values. The 
forms of nature protection in the area are represented by environmental conservation reserves, 
e.g. a forest-water-ornithological nature reserve. The picturesque areas of the commune deter-
mine its agritourism-focused character. The structure of the ponds and the way in which they are 
managed determines their extraordinary biodiversity, which is manifested by the presence of rare 
and endangered bird species (night heron). The surrounding gravel mines and post-mining areas 
increase the diversity of breeding and feeding habitats, and the entire habitat system creates an 
attractive place for bird watchers. The dense network of roads is ideal for cycling tourism. These 
qualities suggest that the preferred way of development of the commune should be recreation, 
as well as protection of environmental values. 

The described mining plant is an establishment forming part of a multi-industry company 
established in the 1950s, which now forms a joint-stock company. According to preliminary 
estimates, the mining plant selected from the 10 other plants belonging to the same company 
shows potential for improvement of works related to the reclamation of post-mining areas in 
view of the increasing financial problems of the company. 

Input data for the selected mining plant X have been entered into the FSDR system and then 
subjected to the fuzzification process, as shown in Table 4. 

TABLE 4

FSDR system input data for plant X and their linguistic values

Variable name Unit Input data Linguistic value
fi nancial resources of the entrepreneur [PLN/ha] 67,300 small
demography [persons/km2] 179 small

entrepreneurship [number of entities 
/ 1000 residents] 68 small

sports facilities [number of facilities 
/ 1000 residents] 2 bad

interest in recreation [%] 70 big
interest in fi shing [%] 69 big
farming and commercial traditions [%] 64 big
social acceptance [%] 5 small

protected plant and animal species [number of protected 
species] 21 big

landscape value [score] 10 big
environmental attractiveness [score] 10 big
forest cover [%] 5 small
transport access [h] 0.75 good
distance from residential areas [m] 200 small
excavation fl ooding [%] 75 big
water quality class [class] 2 high
excavation depth [m] 3 small
slope pitch [°] 35 big

After entering the input data and their fuzzification, the inference process was performed 
following the rules base, as shown in Figure 2. 
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The units used to verify the method supporting the selection of the reclamation direction 
were four mining plants operating in sand and gravel aggregate deposits. These plants have been 
named for the purposes of this paper: “A”, “B”, “C” and “D” (Table 5). 

Mining plants „A“,“B“ and „C“ are owned by individual entrepreneurs. The owner of mining 
plant “A” has been involved in the mining industry for over a dozen years. Thus, the action plan 
for reclamation has already been developed by the entrepreneur to some extent. Furthermore, 
these plants have a similar surface area to the analysed mining plant. Mining plant “D“ is part of 
a large mining company and is located on a surface area of more than 20 ha. 

As a result of the conclusion made for individual mining plants: „A”, „B”, „C”, „D“, the 
FSDR system proposed reclamation directions with a certain membership degree – the results 
are summarised in Table 6. 

On the basis of the above analyses, it should be stated that in each of the five mining plants 
(with different input data), the system suggested different solutions. It is worth noting that for 
each of the presented examples, different variables have lesser or greater impact on the results 
of aggregation and defuzzification. This mean that the system is sensitive on variables change 
and can be used for different conditions of natural gravel and sand aggregate mining plants.

1 

2 

Fig. 3. Membership functions for the resulting value of the FSDR system. Surce: (Król-Korczak, 2016) 

Fig. 4. View of the reclaimed post-mining area. Surce: (Król-Korczak, 2016)
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4. Conclusions

Supporting the decision to select the reclamation direction is particularly important in the 
case open pit gravel and sand aggregate mines, which carry out the mining process under certain 
conditions. These conditions refer to plant-specific factors, and in particular relate to economic, 
social, formal and legal, environmental, spatial, hydrological, hydrogeological and geological 
characteristics. 

This specificity and low repeatability of identical conditions in terms of factors character-
istic for natural aggregate mining plants require focusing attention on previous experience and 
knowledge accumulated as a result of reclamation works in the decision-making process related 
to the selection of the direction of reclamation. 

TABLE 5

Input data to the FSDR system for the sample mining plants
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1. Mining 
plant “A” 74 235 125 2 28 41 35 25 22 6 1 10 2 950 39 3 1 30

2. Mining 
plant “B” 58 300 110 3 33.5 45 60 28 25 8.8 4 29 2 800 48 4 5 23

3. Mining 
plant “C” 78 265 100 3 42 60 35 22 13 9 4 49 2.5 800 49 4 4 39

4. Mining 
plant “D” 84 288 123 4 92 85 60 24 35 10 10 19 2.5 1050 55 5 5 50

Surce: based on (Król-Korczak, 2016)

TABLE 6

Results of the FSDR system for the analysed mining plants

No. Plant DefuzziÞ cation result
(sharp value)

Reclamation variant with 
membership degree

1. Mining plant “X” 2.00 II – 1.00
2. Mining plant “A” 1.01 I – 0.99
3. Mining plant “B” 2.77 III – 0.77
4. Mining plant “C” 3.72 IV – 0.72
5. Mining plant “D” 4.81 V – 0.82

Surce: based on (Król-Korczak, 2016)








