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ABSTRACT

Today, underground mining has a small share of mineral production worldwide. However, underground
mining is expected to receive more attention soon due to the extraction of most surface deposits, increasing pit
depth, and environmental issues. Stope boundary optimization (SBO), development network, and production
scheduling are three main problems in underground mine planning, which are affected by numerous
shortcomings and oversimplifications. To overcome one of these shortcomings, a new Integer Linear
Programming (ILP) model has been introduced in this article to solve the SBO problem. The new proposed
model guarantees an optimal solution and could accelerate problem-solving using an efficient variable
reduction technique. Implementing the new proposed model on a hypothetical example and accurate data
confirmed its ability to produce robust solutions in a reasonable computation time. We strongly believe that
further improvement in the solving process is still possible by using variable reduction, decomposition
methods, or relaxation techniques.

Keywords

Optimization, Underground Stopes, Underground Mining, Mathematical Model, Mixed Integer
Programming

* Corresponding author and correspondent
—


https://creativecommons.org/licenses/by/4.0/

An Integer Programming Mathematical Model for ... Iranian Journal of Mining Engineering (IJME)

1- INTRODUCTION

Switching in mining methods from open-pit to underground is a phenomenon we can see
worldwide. Their main reasons are the extraction of most surface deposits, increasing pit depth, and
negative environmental impacts due to producing a high amount of waste materials. As a result, the
role of underground mining as another alternative is frequently highlighted. As a result, it is expected
that the portion of underground mining in global mineral production will increase to higher levels [1].
Therefore, designing efficient optimization methods and software packages is necessary for
underground mine planners. Stope boundary optimization (SBO), decline network optimization, and
underground production scheduling are three main problems in underground mine planning that
suffer from different weaknesses. There is no comprehensive, fast, and rigorous optimization method.

This article focuses on solving the SBO problem by introducing a new Integer Linear
Programming (ILP) model. Current optimization methods suffer from one or all of the following
drawbacks:

Different simplifications
high runtime
producing non-optimal solutions

fail to solve Large scale problems

The new ILP model aims to overcome these shortcomings. It guarantees optimal solutions and
accelerates the solving process regardless of the size of the problem.

The SBO problem was first addressed using an approximate dynamic programming method, which
can be used in block-caving mining [2]. This two-dimensional algorithm also fails to find an optimal
solution and is just proposed for use in a specific underground mining method [3]. After that, and
especially in recent years, many researchers have tried to solve this problem; however, their methods
suffer from one or all of the drawbacks above [4-23].

2- METHODOLOGY

The following equations introduce A new MILP model (EQs 1-12). Using a binary decision
variable, we select a stope in our solution. If the value of y;;, becomes one, it means that stope S; jx
is selected; otherwise, it is not specified. Since the shape of stopes is a cube, overlapping of stopes is
possible. As a result, the value of all blocks inside the intersection area is counted more than once.
This problem may lead to wrong decisions. To overcome this challenge, we first recognize these
blocks by x;;, then we find overcounting by «;j; . Finally, we subtraction ¥.; ; xy Pijk X a;j from
X(ijkea Vijk X Yijik- 1T block b, falls in the overlapping area, it means that this block belongs to
more than one stope, then x; ;. returnsurns one.

As shown in Figure 1, suppose that block b;;, Falls in the gray color area. This gray area is
common between stope No.1 and stope No.2. In this situation, the value of both x;; and a;j
variables become one. So, by subtracting p; ;, From the objective function, its value becomes true.
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Figure (1): Overlapping of two stopes
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3- CONCLUSION

The reasonable anticipations tell us that due to the extraction of most surface deposits,
environmental issues, and the production of high amounts of waste materials in open-pit mine
operations, mining companies will pay more attention to underground mining shortly as a more
profitable method. Despite the critical role of underground mine planning in mining industries, a few
algorithms and computer programs have been developed in this field compared to open-pit mine
planning. This is mainly due to the inherent complexity, uncertainty, and variety of underground
mining methods. The slope boundary optimization problem falls under the category of underground
mine planning, but it has significant effects on other issues. Although mine planning researchers have
paid more attention to solving this problem in recent years, we don’t observe a fast, optimal, and
comprehensive method today. So, a new ILP model is proposed in this article to overcome the current
shortcomings of the SBO problem. This model is supported by a variable reduction technique to
produce fast solutions. Implementation of the new proposed model on a lead-zinc deposit confirmed
that it can provide optimal solutions with less computation efforts.
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