IOP Conference Series: Earth and Environmental Science

PAPER « OPEN ACCESS

|dentification of the life of mining enterprises in context of reclamation
processes

To cite this article: V E Kislyakov and S A Bobrov 2019 IOP Conf. Ser.: Earth Environ. Sci. 378 012091

View the article online for updates and enhancements.

This content was downloaded from IP address 91.238.248.20 on 02/07/2020 at 08:29


https://doi.org/10.1088/1755-1315/378/1/012091

IPDME 2019 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 378 (2019) 012091  doi:10.1088/1755-1315/378/1/012091

Identification of the life of mining enterprises in context of
reclamation processes

V E Kislyakov?!, S A Bobrov?
LSiberian Federal University, pr. Svobodny 79, Krasnoyarsk, 660025, Russia.

Abstract. The article proposes a methodological approach to determining the full life of mining
enterprises, considering the mining and biological processes of land reclamation. It also
describes the working area of the strip-pit with elements of stripping, mining and reclamation
operations, which predetermine its contour and establish the main parameters of the working
area, and the technology of opencast mining in the development of flat deposits. The paper also
describes the time (the number, sequence, and duration of the mining and biological reclamation
processes at the enterprise facilities) when it is necessary to achieve certain economic indicators
based on calculations of mining operations efficiency by year.

1. Introduction

Mining companies have a pronounced effect on the economy, the community and the environment,
which makes it important to ensure their sustainable development and corporate social responsibility for
operator companies [1].

The design of the mine engineering reclamation of disturbed lands while developing of mineral
deposits shall be performed according to the requirements for the normative-legal documents,
regulations and scientifically grounded recommendations.

Despite the importance of determining the lifetime of mining enterprises, there are no methodological
recommendations for designing or planning stripping, mining and reclamation operations in the rational
(or optimal) mode of surface disturbance and restoration [2, 3, 4]. The issue arises when we face this
practical task, which is a key interest for subsoil users and the state bodies exercising land management
[5, 6, 7]. The main question is what time is needed for restoration of lands disturbed by mining
operations considering the number, sequence, and duration of the mining and biological rehabilitation
processes at the enterprise facilities and what is the full life of the mining enterprise[8, 9]. For this
purpose, they present the working area of the strip-pit including the list of the reclamation processes,
the place, number and sequence of their implementation.

2. Materials and methods

Figure 1 shows the elements of the working area in the development of flat deposits. By the requirements
of [10, 11, 12,13] for the mining and engineering reclamation stage, for example, for agricultural land
use, the following list of landscape restoration processes and recommendations is proposed. It is
recommended to have plots of land equal to the annual advancement of the external (7, 18, 7, 8, 7, 6, 5,
4, 3 - provided that it is formed as shown in Fig. 2) and internal (7, 9, 8, 7, 6, 5, 4, 3) dumps (Fig. 3).
The relevant processes of mining and biological reclamation are carried out at these dumps by all
regulations and guidelines to ensure the safety and efficiency of these operations [14,15,16]. According
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to [11, 17, 18], there is duration of the biological stage of agricultural reclamation for pastures and
hayfields in the external and internal dumps, as well as the sealing of the deposit and reclamation of the
abandoned bench of the strip-pit will take eight years and three years respectively. It impacts the life of
the mining enterprise, considering the mining and biological stages of reclamation, should be determined
as follows.
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1 - width of the strip-pit working area; 2 - width of the recultivated area; 3 - width of the biological
reclamation area; 4 - width of the laying area and planning of the top soil; 5 - width of the area ensuring
the safety laying and planning of the top soil; 6 - width of the section of the secondary layout of the
dumps; 7 - width of the dump setting; 8 - width of the dump primary planning area; 9 - width of the area
ensuring the safety of mining and planning works; 10 - width of the dumping operations area; 11 - width
of the area of the annual advancement of mining; 12 - width of the stripping area; 13 and 14 - widths of
the sections for removal and preparation for removal of the top soil; 15 and 16 - widths of sections for
removal and preparation for removal of the top soil under the dump; 17 - width of the removal area of
the top soil under the dump; 18 and 19 - widths of areas for flattening or terracing of external and internal
dumps; 20 - width of the area of deposit sealing; 21 - width of the section for flattening and terracing of
the abandoned bench; 22 - width of the residual mined space over the top; 23 - depth of strip-pit working
area; 1-3 - dumping stages
Figure 1. Elements of the strip-pit working area with the distribution of stripping, mining and
reclamation operations in the development of flat deposits.

For example, based on the list of these operations on the external dump the time needed to reclaim
the land after stripping during three years of construction will be determined by the following logical
sequence of the mining and biological reclamation processes. Mining-engineering reclamation of
dumping stages (1-3) will end by the 9" year if the period of dump setting is conventionally accepted
for one year and the processes of mining-engineering reclamation start from 2, 3 and 4 years
respectively. At the same time, the mining engineering stage for the third stage of dumping will start on
the 5" year and will end in the 12" year. Considering the duration of the biological reclamation processes
at the sites of dumping stages (1-3), reclamation will finish in the 17"" year. At the same time, since the
main role is played by mode of stripping, mining and reclamation works and the methods of its
regulation, it is proposed to carry out reclamation at sites of dumping stages 2 and 3 by moving the
processes of biological stages (3*) in time, for example, for even distribution of the biological stage in
the strip-pit working area. Reclamation of the third stage of dumping will be completed in the 20" year.
Figure 2 shows a diagram explaining the identification of the reclamation duration for the external dump.

The volume of stripping work on the internal dumps of the operational period performed, for
example, over 11 years of dumping (Fig. 3) and the adopted list of mining and biological reclamation
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processes (Fig. 1) will be reclaimed over the period, which can be estimated as follows. Let us assume
that during the construction stripping, the space developed in the internal dump of space required to pass
the opening shafts and that the process of internal dumping, in this case, begins from 4 years.
Reclamation of 1 year of dumping will end at the 14™ year, two years - at the 15", etc. Therefore,
reclamation of the 11" year of dumping will start on the 24" year.
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Figure 2. Calculation of the reclamation duration for the external dump: 1-20 — years; 3* - areas for
regulation of the biological stage of reclamation.
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Figure 3. Calculation of the reclamation duration for the internal dump and residual workings: 1-11 —
years of dumping; 14-24 — a period in years
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Figure 3 shows the duration of the reclamation of the residual mined-out space (flattening or terracing
the slopes of the internal dumps, the abandoned benches of the strip-pit and the sealing of the deposit)
determined by the above calculation method. These calculations assume that the processes of land
restoration on the internal dump, the abandoned benches of the strip-pit and the sealing of the deposit
begin by the 12" and 13" year respectively.

Thus, the full life of the mining enterprise is determined by amount and sequence of the mining-
engineering processes, and the number, duration, and sequence of the biological phase in the internal
dump and will be 24 years. At the same time, it exceeds the conditionally established (11 years) period
of mining balance reserves in the proposed example by 2.2 times.

By linking the mining and biological reclamation processes with the annual movement of the work
front gives the principle (mapping elements of the strip-pit working area with the distribution of
stripping, mining and reclamation works) and indicators for determining the full life of the mining
enterprise (the main issue is linkage to the annual movement of the work front). There are other objects
of reclamation at the mining enterprises, for example, technological roads, a pit of quarry waters, sites
under various objects of a mining enterprise, etc. These facilities, as the balance reserves are mined
(secondary attribute), are no longer used and must be recultivated. The combination of the principle and
indicators determining the life of the mining enterprise, considering the reclamation works, is one of the
main parameters of the strip-pit [5, 6]. Based on this parameter we can justify the feasibility of the open-
pit mining method.

If we calculate the feasibility of the proposed open pit mining, for example, using the net present
value (NPV) [7], then this value will be determined to take into account the cost of the encashed mineral
and the income received from the reclaimed lands according to the formula:

T Tr 1
NPV =3 (R"- Q" -+ D" -T," —C")- W+ E) + Y (RT-Q/ —C/ + D! =T/ -C/ ) ——,
=0 t=0 (1+ E)

where - P,™ — coal price in the t-th year, rub/t; Q" — production output in the same year, t; P —
hayfield income in the t-th year, rub/ha; Q, — the amount of reclaimed land in the same year, ha; C"
and C; — annual operating costs of mining and reclamation works in the t-th year, rub/year; D" and
D, — depreciation deductions of mining and reclamation in the t-th year, rub.; T," and T," —the amount
of taxes paid and mandatory deductions of mining and reclamation works in the t-th year, rub.; C;" and

C, - capital investments of mining and reclamation works in the t-th year, rub.; E — capital investment

ratio (E=0.08); T™ — period of balance reserves mining, years; TR — reclamation period, years. In the
above example: TM=1 — 11 and TR=14 — 24.

3. Conclusion

The proposed methodological approach to determining the life of mining enterprises at the design or
planning stage of mining operations will ensure timeliness of reclamation works, a high rate of
restoration of disturbed land, minimal time and area for their reclamation, as well as economical and
safe development of mineral resources.
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