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SUMMARY

Life of Mine planning is a critical process for mining company, that ensures the economic
viability over the entire life of a mining project. With Life of Mine Plan, a company can predict
potential operational and financial risks, providing the sustainable and profitable operation over
the life of the mine period. Micromine Beyond Optimiser uses the Lehrch-Grossman algorithm
to generate a Life of Mine Plan based on nested pit shells and pushbacks based on defined
parameters and mining scenario.

Life of Mine Plan preparation is demonstrated on the example of open-pit mines, but the
Micromine Beyond Optimiser has similar tools for underground mines.
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Introduction

In the highly technical and fast-evolving mining industry, life-of-mine planning is a critical process that
ensures the economic viability over the entire life of a mining project. With Life of Mine, a company
can predict potential operational and financial risks, providing the sustainable and profitable operation
of mining facilities.

Life of mine (LOM) determines the number of years of ore mining and processing based on various
input conditions, including geological, mining, economic, environmental, business, etc. A Life of Mine
Plan (LOMP) can be generally defined as mineral resource mining strategy to maximize net present
value with reasonable risk levels during the life of the mine. The mining planning process consists of a
sequence of increasingly detailed feasibility studies (Bariatska, 2023), involving three distinct levels
(Otto & Musingwini, 2019):

° Life of Mine Plan,
) Long-Term Plan based on Life of Mine Plan,
° Short-Term Plan based on Long-Term Plan.

Pit-by-Pit Analysis by Lerch-Grossman algorithm

A key stage prior to Life of Mine planning is Pit-by-Pit Analysis, focused on open pit optimisation and
the generation of nested shells based on Revenue factor (Anisimov & Bariatska, 2023, Breed &
Heerden, 2016 and others). Lerchs and Grossman algorithm is one of the most appropriate methods for
optimizing open pit contours (Lerchs & Grossman, 1965). Various open pit design software such as
Micromine uses Lerchs and Grossman algorithm.

The Lehrch-Grossman algorithm uses the value of block, which is the total sales income excluding all
expenses. Ore blocks have a positive value. Waste blocks have a negative value, consisting of mining
and transportation expenses. Including a block with a positive value adds to the total value to the
solution, and vice versa, if the block has a negative value, its including reduces the solution value. The
optimization algorithm maximizes the amount of “positive” blocks included in the solution and at the
same time minimizes the “negative” blocks which should be included to meet the requirements.

Parameters of optimisation include four main groups.

1. Geological and Mining Parameters include Mineral Elements, Types of Mineralisation,
Recourse Block Model, Density, Types of Rocks, Mining Losses or Recovery and Dilution,
Enrichment Losses or Recovery and Dilution, Cost of Rehabilitation, Adjustment Coefficients
for Mining and Enrichment costs;

2. Engineering and Technical (Design) Parameters include Expenses for Mining, Slope
Parameters, Method of Optimisation, Areas of Exclusion, Staging with Adjustment Coefficient
of Revenue;

3. Enrichment Parameters include Enrichment Recovery, Basic and Additional Cost of
Enrichment, G&A (General and administration) expenses;

4. Sales Parameters include Price and Expenses for Selling per Valuable Component or Element.

The Lehrch-Grossman algorithm (Lerchs & Grossman, 1965) is used both to pit and to pushback
(mining sequences) design (Songolo, 2010).
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Open Pit Shell Analysis by Periods (Pushback Design)

For the analysis by periods, Micromine Beyond Open Pit Optimizer offers three different sequence
options (mining scenarios), such as ‘best case’, ‘worst case’ and ‘specified case’ (or ‘constant lag’).
Sequence options use customizable pushback parameters and nested pit shells.

The Best Case is a mining scenario where each pit shell is mined one after the other and ore is mined
together with the waste from the shell (Figure 1). High-value ore is extracted at the early stages , which
maximizes cash flows. Big open pits are optimal for this scenario.

The Worst Case scenario is to mine bench by bench, ignoring the pit shells (Figure 1). This scenario
leads to the prestripping of whole deposit, delaying ore extraction and reducing cash flows. Commonly
used for small open pits.

The Specified Case (or Constant Lag Case) allows to set the number of panels to be mined within each
bench moving on to mining the next bench (Figure 1). The Constant Lag Case is an average option
between the worst and best cases.

The Best Case The Worst Case The Constant Lag

Figure 1 Mining scenarios.
Specific parameters are used for period-by-period analysis and can be further shown in LOMP charts:

Total Tonnage and Volume of Ore or Waste.

Content of each element.

Stripping Ratio shows how much waste (overburden) is mined per unit of ore.

Mass of commercial element.

The cost of mining.

Cashflow — a set of distributed in time cash inflows and outflows.

NPV — Net Present Value — the sum of the present values (PV) of the incoming and outgoing
payments (expenses and income).

Revenue generated by all valuable elements.
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The optimiser uses the specified set of parameters for the mining periods in accordance with the selected
scenario. The optimizer proposes a mining sequence and pushback design based on nested pit shells
and pushback parameters (Figure 2).
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Figure 2 Recommended mining sequence (constant lag scenario).
Results and Conclusions

The optimisation results by period can be represented by a chart, known as a Life of Mine Plan (LOMP),
which is lifetime strategic plan of mining. The Figure 3 shows examples of LOMPs that include reserves
and average grades of gold and silver, and NPV per year. Other analysed parameters can also be added
to the LOMP chart.
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Figure 3 LOMP Charts.

Life of Mine Plan is a crucial document that helps mining companies effectively manage their resources,
finances, and operations of LOM. It is key for ensuring profitability, minimizing risks, complying with
regulations, and maintaining long-term financial sustainability. LOMP is important for understanding
the main trends in the company’s further development. It can be considered as a preliminary long-term
mining plan and serve as a basis for medium-term and short-term (operational) plans.

This research shows that a LOM plan can be based not only on direct economic calculations, but on
mineral resource optimization algorithms that are widely used in the mining industry to determine
optimal pit outlines and strategic mining planning.
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