Journal of Mining and Geological Sciences, Volume 62, Number 4, 2019

AN ECONOMIC AND MATHEMATICAL MODEL FOR DETERMINING OPTIMAL MINING
WITH PRE-DETERMINED QUALITY INDICATORS IN A MINING ENTERPRISE
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ABSTRACT. Ore mining in a mining enterprise has different contents of useful and harmful components. For further processing, the ore quality is required to be within
a certain range, and it is necessary to plan the mining process. This article proposes an economic and mathematical model describing the planning and management
of ore mining according to pre-defined indicators. The model is applied to the conditions of a mining enterprise in Bulgaria.
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WKOHOMUKO-MATEMATUYECKK MOJEN 3A ONPEAENAHE HA ONTUMANEH 0OBUB NMPU 3AOALEHU MOKA3ATENN 3A
KAYECTBO B MMHHO NPEQNPUATUE

Benuyka Xpucmosa, Kpucmuna Unuesa-Cmoiivesa, Muner lMemkos

Qunuan Kvpdxanu Ha MuHHo-2eonoxku yHugepcumem “Ce. Mgan Puncku” Cogpus, 6600 Kbpdxanu

PE3IOME. [106vBbT Ha pyAa B MUHHO MPEAMNpUSTUE € C pasnnyHO CbbpXaHie Ha NONe3Hn U BPeAHN KOMMOHEHTW. 3a crieABaLyoTo My npepaboTBaHe ce n3nckea
kayecTBO Ha pyAaTa B onpefeneH AnanasoH 1 € HeobXxoaMMo NnaHupaHe Ha AobuBa OT pyAHMLM UMK yyacTbLM. B HacToswwaTa cTatis e NpeanoxeH UKOHOMUKO-
matemaTUyecku Mofen, OnMCBall, MnaHupaHe W ynpaBneHWe Ha AobuB Ha pyda no 3ajajeHn nokasatenu. MopenmbT e NpuUnoxeH 3a yCnoBusiTa Ha MMHHO
npeanpusTie B Bbnrapus.

KniouoBu AYMU: UKOHOMUKO-MATEMaTNYECKN Moaen, NUHENHO nporpamupate, py,ElO,ElOﬁI/IB, MWHHO npeanpuatue

Introduction - a; - content of the 1st component in i — th mine;
- B; - content of the 2" component in i — th mine;

The specificity of work in a mining enterprise is the ore - i - content of the 3 component in i - th mine;
mining from separate areas of the mine or separate mines with - QP*, Q™" - respectively maximum and minimum volume
different contents of useful and harmful constituents of the ore. of mining of i — th mine;
The further processing of the ore requires a metal content - ¢; - mining costs in the in i — th mine;
within a certain range “in the input” of an enrichment plant. - Qpy — planned volume of ore mining;
Therefore, it is necessary to plan the mining from each mine or - at; - planned content of the 1st component;
area in such.a way so th.at. the total flow cprresponds to - gmin gmax . minimym and maximum permitted content of
specified requirements for mining and/or processing. the 21 component:

In mining enterprises these problems in the planning and
management of mining are solved with linear optimisation.
Linear models, in which the objective function and all its
constraints are linear, adequately describe the processes in
the mode of average indicators (Lalova et al., 1980; Reklaitis et

- y™a* - maximum permitted content of the 3 harmful
component.
The model is with minimising the objective function:

al, 1983) Y1 X;. ¢ = min. (1
The limitations are:
Model - by the productivity of each mine:
ode
P 2 x> QP @
The creation of an economic and -mathematical model for

determining the optimal mining from several mines with - by the total volume of work:

specified capacities of each one and the requirements for the

ore quality is based on linear programming and refers to the nx = Q (3)
X = Qe

class of mixed problems.
The control parameters are: L
- x; - volume of mining of i —th mine /i = 1,n/;

- by the ore quality:
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- by the positive values of the volume of mining for
each mine:
x>0, i=T1n (7)

Application of the model for the conditions of
Varba-Batantsi AD

Varba-Batantsi AD and Gorubso-Madan AD are
enterprises located in South Central Bulgaria. Their activity is
mining of lead-zinc ores from three concession areas:
Petrovitsa, Krushev dol and Varba-Batantsi situated in the
Madan ore field. The owners of the first enterprise are KCM
2000 Group AD and Minstroy Holding AD, with equal
participation, while the majority ownership of the second
enterprise is held by Varba-Batantsi AD (Sabev, Yordanov,
2014).

By common characteristic, the Madan ore deposits are
polymetallic with a basic content of lead and zinc, and
accompanying precious components such as silver, gold,
copper, etc.

Vein and metasomatic ore bodies in Petrovitsa, Krushev
dol and Varba-Batantsi deposits are mainly composed of
sulphide - galena, sphalerite, pyrite, chalcopyrite, etc. and non
- metallic - quartz, calcite, rhodochrosite, etc. (Georgiev et al.,
2007).

The mining of lead-zinc ore is carried out underground and
amounts to 353074 tonnes per year from the three mines for
2018. The metal content of lead-zinc ore is low and direct
metallurgical processing is unprofitable. The ore is subjected to
a preliminary processing by applying a flotation method in an
enrichment plant in the town of Rudozem /owned by Varba-
Batantsi AD/. The daily production capacity of the enrichment
plant is processing of 1765 tonnes of ore. The result from the
processing is as followslead concentrate with lead content
70%, zinc concentrate with zinc content 52-54% and waste.
Lead extraction is 94-96%, and zinc - about 82%. The
produced lead and zinc concentrate is transported to KCM
2000 Group AD - Plovdiv where they are metallurgically
processed and the final technological waste is deposited in a
tailings dam.

The economic and mathematical model is calculated with
data from the Consolidated financial statements of the mining
enterprise for 2018 (Consolidated financial statements of
Varba-Batantsi AD, 2018). The enrichment plant processes
lead-zinc ore from the three mines with an annual processing
volume of 353074 tonnes. The requirement is that the content
of lead should be in the range: 1.9 =+ 2.6%, and the zinc
content: 2.2%.

According to the presented model, the annual planned
mining volumes of the plant are searched at specified quality in
Table 1 with minimal costs.
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Table 1. Parameters of the ore

Indicators Mine 1 Mine 2 Mine 3
“Petrovitsa”| “Krushev | “Varba-
Dol” Batantsi”
Mining costs per 1 105 111 129
tonne of ore,
[thousand BGN]
Maximum volume of 126.567 127.341 99.166
mining,
[thousand tonnes]
Content of Pb in ore, 2.54 3.25 2.45
[%]
Content of Zn in ore, 1.71 2.95 1.88
[%]

The annual volume of mining for each mine is: x;, x5, xs.
The objective function to minimise mining costs is:

Z =105.x; +111.x, + 129.x3 —
min, [thousand BGN],

At limitations:
- by maximum capacity of each mine:

x; < 126.567; x, < 127,341, [thousand tonnes]. (9)
- by total volume of work:

x; + x, + x5 = 353,074, [thousand tonnes]. (10)

- by the quality of the ore:

v minimum and maximum percentages of lead in
the ore:

2.54.x1+3.25.x2+2.45.x
1 2 3 > 1.9' [%],

X1+X+X3

2.54.x1+3.25.x2+2.45.x3 <26 [
= 4.0,

%].

X1+X2+Xx3

v" maximum zinc content in the ore:

1.71.X1+2.95.x,+1.88.x3
<22, [

%]. (13)

X1+Xx+Xx3

- by positive values of the volume of mining for each
mine;
x; =0, x, =0, x3 =0, [thousand BGN]. (14)

The solution of the optimisation problem in PTC Mathcad
worksheet is presented in Figure 1. In the solved block, the
objective function and constraints with Boolean operators are
entered and built-in function Minimise is used to minimise the
function through the method of the least squares (Maxfield,
2014).

The solution of the objective function is 41574 thousand
BGN with an optimised mining respectively from the first mine -
126567 tonnes; second mine - 51963 tonnes and from the
third mine - 174544 tonnes.

In case that the mining enterprise requires the use of
uniformity criteria or minimum fluctuations in quality, the
problem is changed and refers to non-linear programming.
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ORIGIN =1

Z(x1,32,33) = 10551 + 1112 + 129-3
=1 =1 o=l
(Given

25441 +3252+ 2458
d+2+83 B

19

25431 +325:0 42458
d+2+03 i

26

17042952+ 188
f+32+3 -

22

1 +2+x3=353074

0sxl 0<x2 03
x1 £ 126.567 2 £ 127341

R = Mininize(Z,x1 ,2,13)

126.567
R=| 5193
174.544
Z|R1 ,RQ,R3| = 41573611

Fig. 1. Worksheet of the problem in PTC Mathcad
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Conclusions

The mining plan in a mining enterprise with several mines
or areas under the conditions of a corresponding common flow
with specified requirements and effective processing in an
enrichment plant is a problem of the mining practice of a
Bulgarian company.

The paper presents an algorithm and a solution of the
economic and mathematical model for the average quantity
mode of linear programming in PTC Mathcad programming
environment. The model simulation results can be used to
make future more effective solutions.
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