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  Defining the optimal point of opening and developing 

a surface pit mine 
 
 

Ivo Galić 1, Dragan Krasić 2 and Tihomir Knežiček 3  
 
 

Contemporary methods of projecting surface pit mines are applicable exclusively by means of computing technique and specified-
purposed programs. One of the developed methods is The Method of movable slopes has been confirmed by the test on the  "Kongora" 
open pit. The process of projecting surface open pit mines includes the defining of the digging block sequences. The optimal pit opening 
position and pit development determined by the Method of uniformed ratio.  

 
Key words: open surface  pit, optimal point of opening, development, contemporary methods. 

 
 

Introduction 
 

Optimalization of the contours of the "Kongora" open surface pit, applying the Method of movable 
slopes (l) has been elaborated in the Master thesis "Projecting in the mining by applying application 
programs" [10]. In the basic proposition of the Method of movable slopes, fix values of the energy market 
prices and the elementary prices of mineral raw material digging, have been taken into consideration for 
the reason of simplified procedure in verifying the method in the course of elaborating the algorithms [9,10]. 
According to the algorithms of contemporary methods, a process of projecting surface pit mines includes also 
determination of blocks digging seguences [14]. It includes an exact defining of optimal opening point and 
the direction of developing surface pit. 

The change of the exploitation price is considerably influenced by the factors such as - the place of 
opening, the way of digging, direction of advancing and some additional investments [1]. Formerly 
determined final contours of the surface pit might serve as an ultimate goal of optimalization. An exact 
sequence of technological operations should be determined to be able to reach the established goal [4,5]. 

The point of opening and developing of the surface pit is greatly influenced by the following factors: 
value of the mineral raw material (economic factor), shape of ore body, quality of the mineral raw material 
and the quantity of the overburden (natural and technological factors) as well as the morphology of the 
ground. Inside any surface pit mine there is tendency of continuity in sense of profit but also with regard to 
really possible technological solutions. It means that a crucial problem is to achieve constant quality of 
mineral raw material, quality of overburden and the form of mining works [2,3,6]. Following these 
propositions, a contemporary method of determination an optimal point of opening and developing of 
the surface pit has been elaborated, primarily for the stratified deposits as well as for the other types of 
deposits, nominated as the Method of uniformed ratio (MUR). This method has been tested on 
the representative example of the "Kongora" coal mine pit.  

  
Theoretical model of the method of uniformed ratios 

 
Basic propositions of the Method of uniformed ratios (MUR) 
Existing algorithm of the Method of movable slopes (MMS) represents the basis of the contemporary 

method in projecting surface mine pits [9,10,11]. 
In optimization of the contours of a surface pit, it is doubtless that MMS resulted as an effective method. 

However, projecting a surface pit is a large scale and long lasting process so that the segment of 
determination an optimal point and developing of a surface pit has remained unsolved. 

To determine an optimal point of opening and developing surface pits, various criteria should be 
scientifically explored and taken into consideration. 
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 They are as follows: 
• Natural: basis of geological, hydrogeological, hydrologic, geomechanical and other data; 
• Technological-exploitative: basis of mining data; 
• Technological with specified purpose: basis of the data for specified-purpose objects;  
• Economic: the basis of economic models. 

 
Taking into consideration that above said data have been elaborated or they could be delt by the method 

of movable slopes, a research is directed to certain relation terms by means of which a number of influencing 
factors can be reduced to minimum [4,8,15]. Using this method of research, one can achieve an issue value 
that would illustrate a requested goal, in other words, it might determine the point of opening and 
the sequence of blocks digging [17,18]. 

Following this, factors which have the greatest influence on the point of opening and developing 
the digging blocks on the surface pit, should be clearly pointed out. They are as follows: 
• An utmost possible profit 
• The shortest transport ways 
• Constant quality of mineral raw material 
• Uniform coefficient of overburden 

 
Profit as a positive value and the length of transport ways as an expense, represent a pure economic 

factor, where the profit is being increased by reducing transport expenses and reversely. It is understood that 
for the sequence of exploitation, the most suitable are the blocks and/or the zones of blocks of (surface pits 
which have the highest profit and the shortest distancev [21,22]. 

However, the problem becomes complex when technological requests for a constant quality of mineral 
raw material and a constant coefficient of overburden is added. Quality .of mineral raw material is oscillating 
even in the most homogenous deposits so that it is obligatory to determine the mode of exploitation, i.e. 
development of a surface pit which should secure a definite constant quality of mineral raw material. [3]. In 
this case it should be taken into consideration that the point of opening is only the zone of maximum where 
the development of surface pit will be initiated. The plan and the quality of overburden is uneven and usually 
it becomes thicker and grows as the pit gets deeper. 

 
According to above stated problems, an algorithm for equalizing coefficients has been worked out; it 

expressed the most convenient relation between factors of influence for determing the opening point and 
developing the surface pit, nominated as the Method of uniformed ratios (MUR). 

 
Numerical expressions of the Method of uniformed ratio (MUR) 
The basic starting point for numerical expressions of the Method of uniformed ratio (MUR) are 

the given criteria and the factors of influence, as well as the reciprocal connection with numerical expressions 
of the Method of movable slopes (MMS) [23]. The elaborated data from the economic method obtained by 
the MMS [12] are used as entry data. 

According to the Method of movable slopes, the value (profit) of the blocks is obtained with 
the expression: 

kjikjitkji TECB ,,,,,, −⋅=          (1) 
Ct  - price of the mineral raw material on the world market, (money unit/ equ.) 
Ei,j,k- equivalent value of the block bi,j,k , (equ.) 
Ti,j,k- expenses of the exploitation of the block bi,j,k , (money unit) 
 
Expression for constant quality of mineral raw material: 

av

av
q q

qq
k

+∆
=           (2) 

∆q - difference between quality of mineral raw material in the block i,j,k         
           and an average quality (for coal: thermal value) in optimal contour (from 1 to 2) 

 

avkji qqq −=∆ ,,  
qi,j,k - quality of mineral raw material in the block i,j,k 
qav - average quality of the mineral raw material in the whole deposit 
 



 
Acta  Montanistica  Slovaca     Ročník 19(2014),   číslo 1, 47-57 

             49 

 
Expression for the coefficient of the overburden quantity: 

av

avkji
ko O

OO
k

+
= ,,          (3) 

Oi,j,k- quantity of the overburden in the block i,j,k 
Oav  - average quantity of the overburden by a block 
 
Unifying the coefficients of uniformed quality of mineral raw material and quantity of overburden in 

any block, we get a technological coefficient of uniformity for an observed block: 
 

ku= kq x kko           (4) 
 
However, for every contour of the surface pit, on any position of the block bi,j,k, it is necessary to 

define an average or middle coefficient of the overburden which would practically include the substance of 
all the blocks which should be digged above the lowest observed block. 

Average (middle) coefficient of uniformity (Ks) is obtained 
by the expression: 

b

n

i
u

s N

k
K

∑
== 1           (5) 

∑
=

n

i
uk

1

-amount of technological coefficients of uniformity in the contour of the pit Si,j,k 

Nb      - number of the blocks in the contour of the pit  Si,j,k 
The contour of the surface pit, in geometric symmetrical forms, can be approximated, i.e. observed as an 

inverted cone. 
The number of blocks in 3D in an inversed cone can be observed in two ways: 

a, For the case when the level i=n, there is a minimal number of blocks, i.e. one block is used for the 
fallowing expression: 

∑
=

⋅=
n

i 1

2
b 1)-i(2N          (6) 

Correctness of the expression (6) is confirmed by the example in the Table 1. 
 
Tab. 1.  Defining the number of the blocks in 3D in an inversed cone when i=n, and ∆j=1 and ∆k=1 on the lowest level. 

 
Σi ∆j=2i - 1 ∆k=2i - 1 Nb 
1 1 1 1 
2 3 3 10 
3 5 5 35 
4 7 7 84 
5 9 9 165 
6 11 11 286 
7 13 13 455 
.. .. .. .. 
n 2 x n -1 2 x n -1 Nn 

 

b, For the case when on the level i=n e.g. 3, there are jxk blocks, e. g. 2x3, the following expression is 
used: 

)k  j(N
1

b ∑
=

∆⋅∆=
n

i

         (7) 

The expression (7) is confirmed by the example in the Table 2. 
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Tab. 2.  Defining the number of the blocks in 3D in an inversed cone when i=n, and ∆j≠1 and/or ∆k≠1 and/or on the lowest level. 

Σi ∆j ∆k Nb 
1 2 3 6 
2 4 5 26 
3 6 7 68 
4 8 9 140 
5 10 11 250 
6 12 13 406 
7 14 15 616 
... ... ... ... 
n m l Nn 

 
When the expressions (4) and (6) are included into the expression (5) one gets an average coefficient of 

uniformity which usage is simplified. 

∑
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And, finally, when the technological coefficients are uniformed one can come to a relation connection 

between these coefficients and economic factors. Here, one should have in mind that value of the block 
(profit) falls with the increase of transport distance. 

Optimal point of opening and the most appropriate sequence of blocks digging will be obtained by 
determing the maximum, i.e., the order of the blocks from the highest to the lowest value [4]. 

The most appropriate order, i.e. the sequence of the blocks digging, in other words, the formation of 
the series of the surface pits is obtained by the expression: 

)(,, sekjiO KTBI ⋅−=          (9) 
 
Iv    - index value of the sequence of digging 
Bi,j,k  - value of the block bi,j,k (it can be positive or negative)  
Te    - transport expanses, from the position of the block till the deposit, (money unit) 

ttte CLQT ⋅⋅=           (10) 
 
Qt  - total amount which is transported from the pit contour, m3 
Lt - distance of transport, from the position of the block till the deposit, m 
Ct  - unit price of the transport, (money unit/m3 m') 
Ka - average coefficient of the uniform quality m.s. and the quantity of the overburden in the contour of   

the pit Si,j,k 
 
The sequence of digging the blocks, i.e. the series of surface pits will be obtained by the principle of 

maximal value, it means that the pit with greater index will have priority value, thus: 
{ }(min))1(min)2(max)1(max(max) ;;...;;; OOOOOD IIIIIS +−−=          (11) 

The sequence of digging is practically the sum of all the index values in the optimal contour of 
the surface pit with a falling seria, i.e. the order from maximal to minimal value [17,18]. 

According to the expression (11) we obtain pure mathematical values, but practical solutions for 
an optimal point of opening and developing a surface pit will be achieved by the interpretation of treated 
amount of data and after defining zones of maximum and submaximum. Such an approach is the result of 
technological criteria which having taken into consideration theoretically obtained sizes, presume that real 
solutions are achieved on the ground. They are, for example, possibility of forming digging open-pit benches, 
traffic ways and other objects on the surface pit. Their main features are dynamism and continuity of 
fhe works. 

 
Procedure in applying the Method of uniformed ratio 
Elaboration of geological and economic model of a deposit is the basic presumption for applying 

the method of uniformed ratio (coefficients), i.e. for defining an optimal point of opening and sequence of 
blocks digging [4,7,15]. Here, it is also necessary to determine, previously, an optimal contour or any contour 
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Tab. 3.  Proved reserves of the coal in the "Kongora" deposit  [11,13]. 
RESERVES OF COAL, t 

CATEGORY Geologic reserves Balance reserves 
B 135,568,000 129,831,000 
C1 80,333,000 76,582,000 

TOTALLY 215,901,000 206,413,000 
C2 57,888,000 57,888,000 

 
 
Determination of the order of blocks and starting point in space 
The first step in the application of MUR on the "Kongora" deposit was to define the order of blocks and 

starting point in space. Taking into consideration that block model had been previously positioned in space, 
the working task was to define x,y,z coordinates, for each block in the model (Fig. 3). 

The second step was to position the starting point, i.e. defining x,y,z coordinates, of the place to which 
the mineral raw material (coal) would be transported. Position of the block i,j,k =1,1,1 was chosen as 
a starting point as there was practically supposed the location for depositing coal,i.ef the industrial zone of 
the thermoelectric plant. 

 
The third step in th 
 
e preparation of the Method of uniformed ratio (MUR) was more particular and demanded task, i.e., to 

elaborate estimation of the distance of each block from the starting point.  
The data about the space order and the distance of the blocks from the starting point were recorded in 

the estimation tables and afterwards used in economic models. 
 
Elaboration of economic model of the MUR on the basis of the model of MMS (Method of 
movable slopes) 
Starting point for elaboration of the model MUR were the expressions defined in the point 2 (from 2 to 

11) as well as formerly worked the economic model of MMS which matrix is shown on the Fig. 4. 
 
In the model MMS each block is consisted of 3 cells, i.e. links which represent definite parameters of 

the optimalization of the surface pit contours. 
However, the application of MUR, i.e. defining the starting point of opening and developing of the 

surface pit can be worked out only by introducing new parameters which were elaborated and stated in the 
expressions from (2) to (11). 

Thus, the existing model of MMS was used as a form, therefore the economic model of MUR with 13 
cells in each block was elaborated (Pict.5). Here, it is essential to know that by means of economic model we 
stimulate the space order of blocks in nature. 

By means of economic model of MUR one of the chosen contours of the surface pit to which we want to 
come through the best order of blocks digging is being observed. 

 

 
 

Fig. 3.  Block model of the "Kongora" deposit. 
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