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Abstract

The most important issue, in the case of deposits with high axial expansion, is determining the "optimum
transition depth from open-pit to underground mining (OTD)." The main objectives of the research are
providing a framework-based method (mathematical model) to determine environmental costs and propose
an optimization trick for combined mining options and transition planning (optimum transition depth),
development, implementation and validation of the optimization framework based on the Mixed integer
linear programming (MILP). The result of the MILP is to determine the most suitable mining option(s) for
the mining of the ore and to schedule the extraction in such a way as to maximize the NPV. Python and
MATLAB programming platforms were chosen to implement the MILP, and a large-scale meta-heuristic
optimization solver was presented for this research. The MILP planned the Songun copper mine reserve with
sequentially combined mining over a mine life of 13 years. The optimum transition depth from open-pit to
underground mining was 950.
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1- Introduction

Mineral deposits close to the surface with deep expansion and high slope can be mined by open-
Pit (OP), underground (UG), or a combination of these two methods. The transition from OP
mining to UG operations is one of the challenging issues of mining engineering. Mines that are
capable of transitioning will eventually reach a transition point where a decision must be made
whether to expand the pit or switch to underground mining. The most important issue, in this case,
is determining the OTD. The main goal of the paper is to determine the optimum transition time and
depth from OP to UG mining with the aim of maximizing net present value (NPV). In general, two
approaches are usually adopted to determine the optimum mining option and transition depth. The
first approach is to continue OP mining until it is economically viable, and then start underground
mining. The second approach is the result of this idea that parts of the reserve that are located at
intermediate depths and are supposed to be mined in the OP may be mined more profitably if
underground methods are used. In this research, mixed integer linear programming (MILP) method
was used to determine the optimum transition depth and time. The MILP planned the Songun
copper mine reserve with sequentially combined mining over a mine life of 13 years. The optimum
transition depth from OP to UG mining was 950.

2- Methods

In this research, a mathematical programming model was developed based on the MILP
optimization framework to determine the optimum transition depth and time and production
planning. The MILP framework is based on the Competitive Economic Evaluation (CEE) approach,
the CEE optimization technique allows the optimizer to select the optimizer depth and time,
production planning, and the most suitable mining option(s) and extraction strategy for the deposit.

3- Findings and Argument

The evaluation of the Sungun copper deposit using the MILP model revealed that a sequential
combined mining operation would be the preferred mining option, offering the highest NPV,
amounting to 7.51 billion USD (inclusive of environmental costs). A mine life considering
environmental costs of 13 years (9 years OP and 4 years UG) is best represented by a sequential
OP-UG mining option. Figure 1 illustrates a cross-sectional view of the ore body with independent
OP, independent UG mining, and combined OP and UG sections. The initial 71 horizons were
allocated for OP mining, with horizons 72-85 slated for UG mining.
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Figure 6. Cross-sectional view of the block model and mining options: (a) Independent OP mining; (b)
Independent BC mining; (c) Sequential OP and BC mining
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4- Conclusions

Over the years, the challenges of production scheduling, determining the optimal mining
approach, and optimizing the transition depth from OP to UG operations have gained increasing
significance in the realm of mine design. This study primarily aimed to optimize the transition from
OP to UG mining, a challenge that necessitated the development of a novel MILP model. An
impartial MILP framework was developed to evaluate the strategic approach to a mineral deposit
that encompassed both OP and UG mining. The evaluation of the mine using the MILP model
revealed that a sequential combined mining operation emerged as the preferred choice, boasting the
highest NPV. The MILP planned the Songun copper mine reserve with sequentially combined
mining over a mine life of 13 years. The optimum transition depth from open-pit to underground
mining was 950. To achieve a comprehensive and precise economic evaluation, it is suggested that
future iterations of this methodology consider quantifying and incorporating social considerations
alongside ore price uncertainty into the model, ultimately contributing to methodological
improvements.
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