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Abstract

Short term mine scheduling aims to provide a constant amount of material to the milling facility. Among
the available approaches, mathematical modeling is reliable in determining an optimum solution. Cut and fill
mining is conducted in mineral reserves with weak surroundings. In this paper, a new mathematical model is
introduced to production scheduling of drift and fill mining method while the special constraints of cut and
fill mining is considered. The model is capable to consider mining operation in several levels. The model is
applied for stope sequencing in Anguran mining project. The data from the +2721, +2733 and +2737 levels
are used for production scheduling and stope sequencing. The Anguran underground project is a cut and fill
mining project. In this mine the levels are separated into 2 northern and southern panels. The results show
that simultaneous mining of +2721 and +2737 levels is capable of reaching the predetermined production
level with a maximum deviation of 2.4%..
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1- Introduction

Mine planning and stope sequencing is critical for underground mining. The variation of
underground mining methods and their respective constraints has limited the use of optimization
techniques. Optimization of underground mines is accomplished in 3 steps. First, the stope
boundary is determined. Then, the mine development network is designed and finally the stope
sequence is optimized (Chowdu et al, 2022; Shami-Qalandari et al, 2022). The optimization
techniques are mathematical or search based heuristics.

This paper tries to provide a mathematical model for optimization of stope sequence in the case
of cut and fill mining method. In cut and fill mining method, the excavated area is filled with some
material to facilitate the excavation of the remaining ore. The fill material act as support for the
area. As shown in Figure 1, drift-and-fill is a variation of cut and fill mining method where the
orebody is mined via several parallel drifts (Stephan, 2011). When a drift is mined out, the void is
filled backed with some cemented waste material. Then, it is possible to start a new drift while the
sides are supported by the filled drifts. The problem arises with the case where the average grade of
material in stopes are different. Also, the relative location of the active stopes must be determined
such that the stability of the area is satisfied. The determination of an optimal stope sequence is a
challenge. It is clear that the net present value of the mine depends on the grade of material that is
mined annually, and the run of mine depends on stope sequencing.

Orebody |
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Filled stope |:|

Figure 1. Plan view of a massive deposit that is mined by drift and fill method

There are several related works that are presented for optimization of underground optimization
(Little et al, 2013; O’Sullivan and Newman, 2015; Foroughi et al, 2019; Shenavar et al 2020; Sari
and Kumral, 2021). There are limited works on optimization of stope sequencing in cut and fill
mining. Huang et al, (2020), presented a mathematical model for production planning in cut and fill
mining. They supposed that the stopes are equal in size and the objective function is to maximize
the net present value. Manriquez et al, (2020), has also presented a simulation-based model for
short-term planning of cut and fill mining operation in a vertically oriented and layered deposits.
Brickey et al (2021), has presented a mathematical model for daily resource management in a cut
and fill mining operation. The model tries to reach some predefined goals by minimizing the
deviations costs. The main assumption of the model is that the stope sequence is known in advance.

Because of limited number of works in this field, and the necessity of stope optimization, this
paper introduces a mathematical model to provide an optimized stope sequence in cut and fill
mining. The model is based on the binary linear programming framework. The model is developed
in MatLab and Cplex solver is used to obtain the model solution. The main objective of the model is
to minimize the deviations from the production goals. The model is applied in a case study and it is
shown that the deviations are 0% and 2.4% in the 1% and 2" period of the operation.
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2- Methods

This paper provides a binary linear programming model for stope sequencing in cut and fill
mining. The model is formulated such that the deviations from production goals are minimized
(Equation 1).

T
MinZ=Zyt++y{ 1)
t=1

where, y;~ and y; represent the overproduction or underproduction at time t.
The 1% constraint evaluates the deviations (Equation 2).
TP,— TR, —y} +y; =0,VteT )
where, TP, and TR, represent the planned and true production at time t.
The 2™ constraint evaluates the true production based on the stopes selected for excavation

(Equation 3).
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where, a;in: 1S @ binary decision variable and it determines whether the ith stope on kth row and
nth level is excavated at time t or not. Moreover, T;,, IS the ore tonnage in the ith stope on kth row
and nth level and it depends on stope length (L;x,), stope face (A4), and the density (p;rn), 1.€.

Tikn = A X Lign X Pign)-
The next constraint ensures that the stopes are excavated or filled once in a time (Equation 4 and
5).

T
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where, b;;,; 1S @ binary decision variable that determines whether the ith stope on kth row and
nth level is backfilled at time t or not.

The next constraints ensure that the opposite and the adjacent stopes are not excavated at the
same time (Equation 6 and 7).

Aiknt + Aiyskne < LV, k,n,t,s =1,...,S (6)
Aiknt + Aikr1ne < LV N, Gk =1 (7)
where, S is the safety distance between the active stopes.

The next constraint ensures that the excavated stopes are filled right after the excavation is
completed (Equation 8).

biknt + biknt+1 — Qikne = 0, Vi, k,n, t (8)
The next constraint evaluates the number of active stopes at time t (Equation 9).
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where, g, is the number of mining crew.

The next constraints control the haulage, filling, and mill capacity at time t (Equation 10-12).
K N
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where, T£, B/, and T/™! is the haulage, backfilling and milling capacities respectively. Biy,
represent the required amount of backfill material for the ith stope on kth row and nth level at time t.

The next constraints control the earliest and latest time of excavating a stope (Equation 13 and
14).

Ajgnt X t < LSikn (13)

Aiknt Xt= ESikn (14)

o~ o~
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where, 1S;,, and ES;,, is the earliest and latest time of excavating the ith stope on kth row and
nth level respectively. By, represent the

And finally, the last constraint ensures that the adjacent stopes that are located in different layers
are not excavated at the same time (Equation 15).

i+1

Qe + ) Qunsae S 1, VEET (15)

3- Findings and Argument

The model is applied in a massive lead/zinc case study. The data from the +2721, +2733 and
+2737 levels are used for production scheduling and stope sequencing. The density of material is
variable according to the ore grade and the stope lengths are different. The assumptions are: there
are 4 mining crew, the distance between the active stopes is equal to the width of 2 stopes, the
haulage capacity is 50 tph, daily backfilling capacity is 280 m?, and the planning period is 4 years.
For the sake of long-term planning the model is composed of equations 2-5, 8, 10, 13-15, while for
the sake of short-term plans all the equations are imposed to the model.

In this paper, 2 scenarios are evaluated. In the 1¥ scenario, the model is applied to optimize the
stope sequence at level +2733 and +2721, while in the 2" scenario, the model is applied to optimize
the stope sequence at level +2737 and +2721. The stope sequence within the 2" scenario is depicted
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in figure 2. Based on the results mining at level +2737 and +2721 will generate less deviations from
the production target that is about 0% and -2.4% in the 1% and 2™ year of operation (Table 1).

[ mmcmm

=

b) Monthly plan of level +2737 d) Monthly plan of level +2721

Fig 2- Annual and monthly mining sequence of stopes for the level +2737 and +2721

Table 1- Planning results based on the defined scenarios

Scenario | 1- Mining at level +2737 and +2733 | 2- Mining at level +2737 and +2721
Year to[n)r?;:;?atlo?g/o ) Number of stopes to?ﬁ;;aeuo?;) ) Number of stopes

1 1 0.0 47 1 0.0 45

2 5494 4.1 48 -2863 | -2.4 44

3 -5297 | -3.9 48 -1750 | -14 42

4 -203 -2.0 38 4620 3.8 43

4- Conclusions

The results show that any scenario will results in different deviations from the targets. Therefore,
there is a need for a method that is capable to optimize different scenarios to ease the decision
making. The model is based on binary linear programming and it is formulated for cut and fill
mining in massive deposits. The model evaluates the possible excavation of several stopes while the
logical, safety and capacity constraints are satisfied. The results implied that mining at level +2737
and +2721 will result less deviation from production targets (about 0% and -2.4% in the 1% and 2™
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year of operation) while the safety constraints are satisfied.
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