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the value of metals present in the ore, i.e. lead, zinc, copper and silver. The economic effects of 
ore exploitation are calculated on the basis of the selling price of payable metals in the ore, i.e. 
lead, zinc, copper and silver. Based on this, the cut-off grade of equivalent lead and zinc (Pb + 
Zn) metals in the ore was determined, which is GS = 0.6% Pb + Zn. Blocks with content for Pb + 
Zn below GS are treated as waste. 

One of the key factors in creating an economic model for the ZPV and Brskovo deposits is the 
assessment of mercury content in concentrate, i.e. the value limitation to 900 ppm. 

To estimate the mercury content in concentrate, the following formula was developed, on the 
basis of conducted experimental research: 

ைே_݃ܪ ൌ 	ቆ
ሿ݉ሾ݃ܪ

ܼ݊ሾ%ሿ ൈ 0.01
ቇ ∙ 0.406 ሾ݉ሿ (1)

The formula is based on the mean contents of mercury (Hg, ppm) and zinc (Zn,%) in the run-of-
mine ore. The next step is to create a new attribute of mercury content called ZnHg, which 
contains ≤900ppm Hg. A script is written using a scripting language that defines the ore with 
mercury content of ≤900ppm. 

The panel in Figure 1 shows a script used by the Gems software to separate the ore with mercury 
content ≤900ppm and ore with mercury content > 900ppm. 

 
Figure 1. Script used by the Gemssoftware for separation the defined ore types 

3. OPTIMIZATION THE BOUNDARY OF THE OPEN PTIS - SELECTION OF 
OPTIMAL FINAL CONTOURS AND PUSHBACKS 

Optimization of the open pits at the Brskovo site was made on the basis of two block models of 
deposits and defined the input techno-economic parameters. 

Optimization of the open pits was made on the balance reserves using the Whittle software that is 
the industry standard for this area. The Whittle software package uses a modified Lerch 
Grosmman algorithm in the optimization process, according to which the optimal contour of the 
open pit is obtained on the basis of economic value of individual mini blocks in the deposit. The 
software has the ability to change the size of revenue applying the revenue factor to the metal 
prices and thus generate more possible contours of the open pits [2]. 

Taking into account the amount of exploitation reserves affected by the open with a coefficient 
of revenue factor of 1, which corresponds to the optimal open pit based on undiscounted profit, 
the ore excavation capacity, minimum width between excavations of 50m, a decision was 
adopted to determine the final limit of optimal open pit for discounted profit based on the 
excavation of the final open pit in two pushbacks [3]. Based on this solution, the analysis of 
potential contours of the first pushback and optimal final contour of the open pit ZPV was 
carried out. The results of carried out analysis are shown graphically in Figure 2. 

Analyzing the optimal development of the open pit ZPV, for the case of phase development with 
one Pushback (open pit 12 in the analysis), it was obtained that the optimal final contour of the 
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