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Abstract. The economic efficiency of the enterprise and the length of its operation, the full utilization of 
mineral reserves and the total cost of operation depend on the selected depth and boundaries of opencast 
mining. In such conditions of the deposits’ development it is necessary to evaluate the capabilities of the raw 
material base for the further development of the mining enterprise. The basis for determining of the border 
overburden ratio is on the condition that the price of manufactured marketable output of the designed 
enterprise should not exceed the price of the same marketable output in the world market. The realization of 
this condition is achieved analytically. This takes into account the impact of the rate of return on the final 
depth of the designed open pit. A new method of determining of the border overburden ratio is developed, 
which ensures the competitiveness of iron ore concentrate in the world market. The value of the border 
overburden ratio is developed for the Pershotravnevij open pit of the Northern mining and processing plant, 
depending on the situation of the iron-containing products’ prices, which ensures the competitiveness of 
marketable iron-ore output in the domestic and world markets. 

1 Introduction 
The economic efficiency of the enterprise and the 
operation period, the full utilization of mineral reserves 
and the total cost of operation depend on the selected 
depth and boundaries of the opencast mining.  

Nowadays, in the development of steeply falling iron 
ore deposits, their working contours on the surface have 
reached design marks on the most open pits. Mining 
development occurs only when they are lowered. In such 
conditions of the deposit development it is necessary to 
evaluate the capabilities of the raw material base for the 
further development of the mining enterprise. 

When choosing opencast mining alternatives, their 
main parameters – open pit boundaries, mining mode and 
ore productivity – are assessed by economic indicators. 
These indicators are: profit from sales of saleable output; 
production costs of the saleable output; profitability, etc.  

As practice shows, the depth and position of the final 
boundaries of the most large open pits as the mineral 
deposits are worked out are repeatedly revised and 
adjusted. However, it is imperative to determine the final 
boundaries of the open pit mining in which the 
development of open pit deposits will be effective. There 
is a concern about the designing a new enterprise, when 
similar mining companies are already operating. 

Recent applied and scientific studies on this issue 
clearly indicate the need to re-evaluate the final 
boundaries of Ukraine’s open pits [1-3]. The development 
in the approved by existing designs boundaries can lead 

to the rapid depreciation of the loading faces of the open 
pits on the final designed boundaries in the near future. 
And this will entail a significant increase in the cost of the 
opencast mining due to the reactivation of non-working 
faces, if the open-pit boundary will be redefined in future. 

At present, there are a lot of methods in the theory and 
practice of design to determine the border overburden 
ratio and open-pit boundaries that develop steep-dipping 
banks. Today, the open pit boundaries are determined on 
the basis of a comparison of one of the overburden ratio 
of the designed open pit with the border overburden ratio. 
At the same time, to determine the border overburden 
ratio, economic indicators of the cost of ore underground 
mining method or the wholesale price of the mineral are 
most often used. However, in the world market of 
commodity iron ore products the only indicator of its 
competitiveness is price. Production costs and 
profitability are commercial secret. Therefore, the main 
condition for a comparative assessment of the operational 
efficiency of mining and processing plant in the world 
market is to compare the price of marketable products 
with the price of the same marketable products in the 
world market. 

2 Object and methods of research 
A great number of scientists were engaged in the 
questions of determining the open pit boundaries. The 
largest contribution [4-11] in the theory of designing the 
boundaries of open-cast mining is owned by 
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Designers and scientists use the main criteria for 
evaluating [9-10] the boundaries of effective mining of 
open-pit deposits use the cut-off (economically viable) 
overburden ratio as the main criterion, which is the 
maximum permissible overburden ratio, according to 
which open-pit mining in these specific conditions 
economically feasible. 

There are several well-known principles to justify the 
depth of the open pits, based on the comparison of one of 
the overburden ratio (average, initial, contour, current, 
mid-operational) or the sum of these coefficients with the 
cut-off (economically feasible) overburden ratio. 

The economic basis of all calculation principles for 
determining the boundaries of the open pits is to compare 
the possible cost of ore mining with the expected over the 
designed open pit [12], and the cut-off overburden ratio of 
the overburden is calculated by the technical and 
economic indicators achieved at the mining enterprises at 
the time of design.  

In this case, to determine the cut-off overburden ratio, 
the most commonly used economic indicators of the cost 
of ore mining by underground method or the wholesale 
price of minerals.  

However, it should be understood that comparing the 
cost of open and underground mining is not correct due to 
the different production volumes; the open pit 
productivity is much higher than the productivity of 
mines, which to a different extent covers the needs of the 
market. In addition, the cost of mining by underground 
method remains equally high throughout all the service 
life, while the open pit reaches a production cost peak in 
only one of the operating periods at which the surface 
boundaries reach the final pit.  

Recently, studies have been conducted on the 
determination of prospective mining boundaries of the 
open pits: the Scientific and Research Mining Institute 
(SRMI) [1, 13]; The Academy of Mining Sciences of 
Ukraine [2] and Kryvyi Rih National University (KNU) 
[3]. The determination of the cut-off overburden ratio was 
performed by these institutes on the basis of comparison 
of indicators of work of the investigated enterprise with 
indicators of enterprises with the underground method of 
mining, as well as with indicators of similar mining and 
processing plants. The price of the marketable products 
(concentrate), which depends on its quality, has always 
determined the boundaries of opencast mining. However, 
at different mining enterprises, marketable products of the 
same quality may have different selling prices [14], which 
in turn may make an error in determining the final 
boundaries of the open pits. Therefore, in the paper [15] it 
was proved contractual factors influence on the price of 
commodity products, which makes inaccurate application 
of existing methods for determining the final open pit 
boundaries. 

However, the existing methods of determining the cut-
off overburden ratio [16-18] do not take into account the 
competitiveness of the iron ore products of the designed 
enterprise in the world market.  

At present, the strategic assessment of the interaction 
of the company with the external environment we must 
first take into account the qualitative and quantitative 
impact of competitors and demand on pricing [19], and, 
accordingly, the profit of the enterprise [20]. With 
different levels of the competitive environment and the 
supply-demand relationship, different options for 
choosing mining company strategy and, accordingly, a 
suitable methodology for selecting the final open pit 
outline. 

Therefore, the goal was to develop a method of 
determining the cut off overburden ratio, which will allow 
while the formation of the price for iron ore products on 
the world market to determine the boundaries of the open 
pit, that ensures the competitiveness of mining and 
processing plant.  

To achieve this goal, a complex research method was 
used in the work, which includes theoretical and 
instrumental methods: analysis and theoretical 
generalization of enterprises reports, scientific and 
technical publications and other information sources in 
the field of determining the boundaries of careers in 
substantiating the problem and task of research; system 
analysis in researching career indicators; analytical, 
graphical and graphoanalytical methods of the research of 
technological and economic interconnections of the 
mining mode and the productivity by minerals in 
determining the boundaries of the career; economic and 
mathematical modeling of career options. 

3 Results 
The only indicator of the competitiveness of the 
marketable iron ore products is its price. Therefore, the 
main condition for a comparative assessment of the 
designed mining and processing plant in the world market 
is to compare the price of finished product with the price 
of the same product in the world market. Hence, the basis 
of the determination of the cut-off overburden ratio will 
be the condition that the price of the finished product of 
the designed enterprise does not exceed the prices of the 
same marketable products in the world market, which is 
represented by inequality: 

                                   ܲ
ௗ ≤ ܲ

ௐ (1) 

where ܲ
ௗ – the price of the concentrate of the designed 

mining and processing plant, UAH/t; ܲ
ௐ the price of the 

concentrate in the world market, UAH/t. 
At any mining enterprise we plan the profit margin, 

which is expressed by the final sum of production 
profitability of the enterprise. Therefore, the price of the 
concentrate of the designed mining and processing plant 
can be represented as:  

                       ܲ
ௗ = Сௗ ⋅ (1 + ߰), UAH/t, (2) 

where Сௗ – the prime cost of the concentrate of the 
designed mining and processing plant, UAH/t;  – target 
profit marginу, parts un. 
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The cost of production of the concentrate of the 
designed mining and processing plant will be represented 
by the expression:  

                          Сௗ = а ାаା⋅
ఊ

, UAH/t, (3) 

where аௗ  – the cost of ore mining without the expense of 
the overburden in the designed open pit, UAH/t; аௗ – the 
cost of the ore conversion to the concentrate at the 
designed mining and processing plant, UAH/t; ܾௗ – the 
cost of the overburden in the designed open pit, UAH/m3; 
n – the overburden ration in the designed open pit, m3/t; 
 ௗ – concentrate output from one ton of ore to theߛ
designed mining and processing plant, parts un. 

On this basis, the expression of determination of the 
concentrate price of the designed mining and processing 
plant (2) will take the following form: 

                 ܲ
ௗ = а ାаା⋅

ఊ
⋅ (1 + ߰), UAH/t. (4) 

The price of concentrate, which is on the world 
market, depends on the content of iron. Therefore, the 
price of the concentrate of the designed mining and 
processing plant should be brought (in terms of the 
content of iron) to the price of the base enterprise (the 
price of concentrate and its iron content in the world 
market). Then the expression will look like this [1]: 

                                 ܲ′ௗ = ܲ
ௐ ⋅ ఉ



ఉೈ
, (5) 

where ܲ′ௗ – the present value of the concentrate of the 
designed mining and processing plant at the price of 
concentrate and the content of iron in it on the world 
market, UAH/t; ߚௐ і ߚௗ – iron content in the concentrate 
in the world market and designed mining and processing 
plant, accordingly, parts un. 

On this basis, the price of the designed concentrate 
will be defined as:  

             ܲ′ௗ = ఉ⋅൫а ାаା⋅൯
ఊ⋅ఉೈ

⋅ (1 + ߰), UAH/t. (6) 

Based on formula (2), the cost of concentrate on the 
designed mining and processing plant as an indicator of 
competitiveness, depends on the planned profit and 
volume of overburden works. Other indicators are 
determined by the level of technology and technology of 
ore and dead rocks mining (аௗ  і ܾௗ), achieved at the 
enterprise, indicators of technology for ore conversion to 
concentrate and quality of ore (аௗ, ߛௗ, ߚௗ). 

These indicators in determining the competitiveness 
of similar companies, can be taken constant, as they do 
not change for a long time, and if they change, then at 
almost the same rate. For example, let’s consider the 
graphs of the change in the price of concentrate of the 
North mining and processing plant from the current 
overburden ratio with different iron content in concentrate 
in the world market (Fig. 1, 2). 

From the presented pictures we can see that while 
maintaining the profitability of the enterprise at the same 
level, with the increase of the overburden ratio, the price 

of production should increase. With a constant 
overburden ratio, increasing profitability is possible only 
with the increase of the price of products. 

 
Fig. 1. Changes in the price of the concentrate of the Northern 
mining and processing plant, depending on the current 
overburden ratio when the iron content of the concentrate in the 
world market 65%: 1 – at the rate of profit ψ = 0 %; 2 – when 
ψ = 30; 3 – when ψ = 50. 

 
Fig. 2. Changes in the price of the concentrate of the Northern 
mining and processing plant, depending on the current 
overburden ratio when the iron content of the concentrate in the 
world market 66%: 1 – at the rate of the profit ψ = 0 %; 2 – 
when ψ = 30; 3 – when ψ = 50. 

Thus, with the increase of the overburden ratio and 
with the increase of the profitability of the enterprise, the 
price of production of the designed enterprise will 
increase. There will come a time when the price of 
production will rise to the limit value ܲ

ௐ. Then, 
substituting in the condition of competitiveness of 
marketable product of the designed pit (1), the value of its 
possible price, we obtain: 

                     ఉ
⋅൫а ାаା⋅..൯⋅(ଵାట)

ఊ⋅ఉೈ
≤ ܲ

ௐ. (7) 

Based on this inequality, the cut-off overburden ratio 
is defined as: 
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                    ݊с.о. =
ು
ೈ⋅ം

⋅ഁೈ

ഁ⋅(భశഗ)
ି(а ାа)


. (8) 

In the table 1 we report the present value of the 
concentrate of the Northern mining and processing plant 
calculated by the formula 6. 

Table 1. The price of concentrate on the world market and the 
price of the concentrate of the Northern mining and processing 

plant depending from the iron content. 

Iron content in the 
concentrate, % 

The price of the concentrate, 
UAH/t 

In the world 
market 

Discounted 
value 

Northern MPP 
62 1086,4 1150,2 
63 1127,0 1174,2 
64 1167,2 1197,1 
65 1208,0 1219,9 
66 1248,0 1241,2 

 
Substituting the value of economic and technological 

indicators of the Northern mining and processing plant in 
expression (8), we determine the cut-off overburden ratio 
with different values of profitability (profit rate: 1 – 0%; 
2 – 10%; 3 – 20%; 4 – 30 %; 5 – 40%; 6 – 50%). This is 
shown in Fig. 3. The points in the Fig. 3 correspond to the 
iron content of the concentrate on the world market. 

 
Fig. 3. The dependence of the cut-off overburden ratio on the 
price of concentrate in the world market: 1 – at the profit rate ψ 
= 0%; 2 – with ψ = 10%; 3 – with ψ = 20%; 4 – with ψ = 30%; 
5 – with ψ = 40%; 6 – with ψ = 50%. 

In Fig. 4 we present the dependence of overburden 
ratio from the profit rate for the working conditions of the 
Pershotravnevij open pit of the Northern MPP. 

For example, it is necessary to find out what the price 
of a concentrate with an iron content of 65.5% at a rate of 
40% will be. To do this, on the curve with the required 
norm of the profit (curve 5, Fig. 3) we find a given value 
of iron content. From the value of the desired iron content 
(between the group of vertical points 65% and 66%), 
lower the perpendicular (dashed lines, Fig. 3) on the y-
axis and abscissa and determine the values of the 
overburden ratio and the concentrate price. That is, with 

an iron content of 65.5% and a profit rate of 40%, the 
overburden ratio will be 4.8 m3/t, and the price of 
concentrate – 1228 UAH/t. 

 
Fig. 4. The dependence of the cut off overburden ratio on the 
profit rate for the working conditions of the Pershotravnevij 
open pit of the Northern mining and processing plant. 

Studies on theoretical open pits and powerful iron ore 
open pits of Kryvbas have shown that the accuracy in 
determining of the open pit boundaries that do not take 
into account market conditions is up to 50%. Thus, it was 
determined that in order to more accurately determine the 
open pit boundaries, it is not necessary to take into 
account the levels of competition, supply and demand. 
However, in light of the fact, that it is difficult to predict 
economic indicators with a high degree of accuracy, it is 
necessary to move from difficult-to-predicted economic 
indicators to more stable technological ones when 
determining the pit outline. 

Such technological indicators may serve changes of 
the ore volumes and overburdens in open pits-
competitions. 

In this regard, before designing it is important to carry 
out analytical work, to make forecasts about the future 
conditions of competition and demand, as well as changes 
in price trends and cost of marketable product. At the 
design stage, it is important to work out the most likely 
scenarios, and the economic effectiveness of the variants 
of the final pit boundaries must be determined taking into 
account the risks of the probably change in the market 
conditions. 

4 Conclusions 
A new method of determination of the cut-off overburden 
ratio has been developed, that allows the determining 
while the world market price of iron ore products to 
determine the open pit boundaries, which ensure the 
competitiveness of mining and processing plant. 
According to the developed method, the values of the cut 
off overburden ratio for the Pershotravnevij open pit of 
the Northern mining and processing plant were 
determined, which ensure the competitiveness of iron ore 
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marketable product in the world market at different values 
of the profit rate. Thus, this principle of defining the 
boundaries of opencast mining takes into account the 
dynamics of the external competitive environment of the 
mining enterprise. 
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