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1. Introduction

Unscientific mining has caused degradation of land, severe ecological imbalance and damage to the land use
patterns in and around mining regions [1]. Mines due to a variety of reasons, especially because of need for
construction of several access roads to different parts of a mine, are considered as one of the major causes of
damage to natural resources and forests. Construction of new access roads during mine exploration and development
is among the most important environmental damaging factors [2]. In this paper, Kruskal's algorithm has been
considered to determine the optimal routes between different access points of the Takht coal mine in such a way to
reduce costs and environmental damages.

2. Methodology

In this paper, the possible network of routes has been modeled in the form of a graph. In this network, each
available key point (such as collar of the boreholes, entrance of the tunnels, staff accommodation) has been shown
by a node. The relation between two adjacent nodes has been considered as an edge in this simulated graph. The
weight of each edge or the value of route between two points is directly related to the distance between two points
and the amount of vegetation existing around the route.

2.1. Vegetation consideration

In order to quantify the value of vegetation on the possible routes between key points in the investigated areas,
"vegetation coefficient" is defined. Vegetation coefficient indicates the rate of plants (e.g. trees and etc.) coverage of
the paths. In this paper vegetation coefficient is evaluated based on the classification defined in Table 1 across all
the key points. The lower the vegetation coefficient is, the less the environmental damage is, so that the cost will be
diminished.

Table 1. Vegetation classification

Vegetation Category Index (%)
Very poor 5 0-20
Poor 4 20-40
Average 3 40-60
Dense 2 60-80
Very dense 1 80-100
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2.2. Modeling

The modeled graph of the possible routes in this network consisting of 16 nodes and 48 edges is shown in Fig. 1.
In this figure, the value of each edge is written on the same edge. To determine the equivalent value of edges, it is
necessary to calculate and define the gap between edges primarily and then the vegetation index between all nodes
of the graph. If the two nodes of the edge are to be located on the path to pre-built road, due to no vegetation, a zero
value will be assigned to that edge. Otherwise, since the path between nodes is surrounded by the vegetation, road
construction requires the destruction of vegetation and subsequently, the enforced cost is calculated as the product of
gap multiplied by vegetation index.
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Fig. 1. A modeled graph of possible path network

3. Results

Fig. 2 shows the result of implementing Kruskal's algorithm on the graph of Fig. 1. The optimal route is marked
on the graph and also the minimum spanning tree from algorithm implementation is shown.

4. Conclusions

Finally, after solving the modeled graph of routes network by Kruskal algorithm, the general optimal path was
obtained with the value of 331. This general route includes 15 paths between key points that 6 of them have been
constructed in the pre-built road of the region, and therefore, there are no environmental consequences. Four paths
are passed though the region with very dense vegetation, 3 paths are passed through the region with very poor
vegetation and the 2 paths are passed through the region with poor vegetation. By this method, the road (for
completing the exploration process and exploitation) can be constructed with the least costs and minimum
environmental damage.
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Fig. 2. The optimal route of path network between access points in flat mine
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