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Abstract. Kemerovo region is one of the largest industrial regions of
Russia, with a raw material specialization. The rapid growth of the coal
industry in recent years has been greatly facilitated by the expansion and
development of open pit mining for coal seams extraction, accompanied by
an increase in the volumes of overburden and the height of the dumps.
There are about 400 objects in the Russian Federation Government
Register of Waste Disposal Facilities 80% of which are dumps.
Approaches both to external dumping and to the technical stage of
reclamation currently contribute to the growth of geomorphic system’s
instability. Thus, it is proposed to slightly change the approaches to
external dumping: the essence consists in the formation of an external
dump of overburden, which in future would represent a favorable
landscape unit of a flat surface relief used for subsequent differently
directed purposes.

1 Introduction

Sustainable development of Kuzbass (Kemerovo region, Western Siberia, Russia) depends
both on economic growth and natural environment preservation [1-2]. This problem is quite
typical for old mining regions of Europe and Russia [3-6]. Despite implicating new equip-
ment on Kuzbass open pits [7] and technological development of surface mining in the re-
gion [8], the practice of open pit coal mining in Kemerovo region shows that the backfilling
of overburden dumps by the methods of 1970-1980 sharply reduces the ecological efficien-
cy and raises material and financial costs of coal extraction [9-10]. The area of reclaimed
dumps is getting reduced, the area of natural landscape on which the dump is placed is also
getting smaller [11, 12, 13].

When analyzing the technical and economic indicators of the low-profile dump backfill-
ing, it is necessary to find the optimal values of its parameters, such as: transportation dis-
tance, height, area and, correspondingly, the land capacity. First, it is needed to set the re-
quired amount of overburden, which will later contain the dump. Secondly, it is required to
find the most convenient location of the future dump with a minimum range of transporta-
tion from the quarry to its most remote point. The dump should be located taking into ac-
count the surface relief and factors (water resources, geological conditions, etc.) affecting
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the convenience and the possibility of overburden disposal in the place of its perspective
storage.

2 Materials and methods

Taking into account the performance of other models, it is possible to estimate the econom-
ic efficiency of designing a low-profile dump. Efficiency lies in the best combination of
geomechanical, ecological and operational components of the area dump backfilling com-
pared to the pyramidal technology which is common for Kuzbass. Also, this dumping pat-
tern allows optimizing the process of overburden transportation from the quarry to the
dump taking into account the variation in the transportation distance that is, reducing or
increasing the transportation distance from the largest to the smaller, depending on the
overall technical and economic situation of the mining enterprise. Another reason to con-
sider the low-profile external dumping is increasing dump’s stability as an important eco-
logical factor [14-15].

Let's consider the effectiveness of low-profile dumping on the example of the Tersinsky
geological and economic area. The projected open pit spreads from the south-west to the
northeast. Its area is 510.7 hectares with a length of 4.5 km and a width of 1.5 km, and its
maximum depth varies from 260 m to 180 m, depending on the topography of the surface.
Considering the volume of rock mass extracted from the quarry (about 800 million m3),
and the average stripping ratio (10 tons/m?), it was calculated that the reserves within the
licensed boundaries vary in the range of 60-80 million tons. A quarry with such a number
of reserves can be attributed to the average — with a production capacity of 3-5 million tons
per year. Thus, taking into account the volume of coal reserves and the possible production
capacity, we conclude that the life of the quarry is approximately 20 years, without taking
into account development and damping.

The initial height of the dump is formed on the basis of the surface relief, the optimum
ratio of its capacity (volume, m*) and the transportation distance (length, km). For an ex-
ample of calculations, we take an even surface and a quarry, located next to the dump. De-
pending on the volume of rock mass extracted from the open pit mime, the area and height
of the future dump are calculated. The relief feature of the coal deposit allows us to place
the dump considering the difference between the lowest and the highest points on the sur-
face. Backfilling the hollows with overburden will not only allow making the dump more
stable, but also creating an absolutely flat horizontal platform with the option of further use
for any industrial or civil purposes. The dump placement can be carried out in narrows and
hollows at a distance from the quarry not exceeding the economically advantageous trans-
portation length. With the use of AutoCAD CIVIL 3D software, the body of the dumps was
projected (Fig. 1a, b) and its capacity and occupancy were calculated (Table 1). The aver-
age transportation distance did not exceed 5 km.
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Fig. 1. a) Profiles of projected low-profile and pyramid dumps; b) plan for distributing the parts of the
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backfill of the reformed low-profile dump by years with tracing to each section

Table 1. Low-profile dump parameters

Overburden volume, Area of dump’s part, Transportation distance,
Year of million m? hectares km
backfilling Body Body Body
1 2 3 1 2 3 1 2 3

1 34.9 102.5 5.5

2 36.6 82.5 5.2

3 36 58.7 5.1

4 34.6 86.7 5

5 37.1 105.1 4.9

6 35.7 106.1 4.4

7 35 60.2 43

8 354 101.8 43

9 40.2 89.9 4.3

10 37.2 108.9 4

11 32.2 134 3.5

12 36.5 111 34

13 31.1 113.3 3.1

14 30.4 45.6 2.5

15 27.5 110.5 2.5

16 29 493 2.2

17 27.6 48.5 2.1

18 28.2 433 1.9

19 29.9 67.7 1.6

20 28.4 71.1 1.6

21 28.9 40.5 1.4

Total 142.1 3204 | 2299 | 399.9 | 860.8 | 476.5 Average = 3.5
692.4 1737.2
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3 Results and discussion

From Table 1 it can be seen that, along with a decrease in the average length of transporta-
tion, the area of land that is leased under the dump is also decreasing, which will also bring
a positive impact on the economic performance of the low-profile dump with the given lay-
out of the dump bodies.

The option of a step-by-step layout of the low-profile dump also gives us the opportuni-
ty to start backfilling from the most remote point of the projected dump and to reduce the
transportation length as the pit is deepened, thereby maintaining a balance and helping to
regulate the technical and economic performance over the quarry life. This cannot be
achieved by backfilling a pyramid dump. Also, when planning a low-profile dump, it be-
comes possible to lease a site for a part of the dump for a short time, and after backfilling,
shrinking and reclamation of a dump site, immediately return it for further alternative use.
Thus, we economically exploit leased territory and in a short time we return some of the
lands environmentally suitable and economically feasible for farming or subsequent devel-
opment. To reduce overburden transportation distance, it is proposed to transfer the project-
ed areas to the dump from the longest distances to shorter distances. This will reduce both
the peak values of each of transportation distances and their average value (Fig. 2).

Graphical analysis and modeling have shown that the most rational option for reducing
the transportation distance is the transfer and placement of the dumping rock volume from
the dump bodies located from the north of the open pit to the body of the dump projected in
the southern part of it. Moving a part of the dump from the north side jf the pit to the south-
ern part, we reduce the transportation distance (Fig. 3).

Re-planning of the dump bodies is carried out depending on the location of a particular
site and its distance from the pit from larger to smaller. This makes possible to more flexi-
bly adjust the backfilled overburden into the low-profile dump (reformed) by introducing a
new body and adjust it to the required volume. Along with the decrease in the average
transportation range, the area of land leased for filling (Table 1) also decreases.
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Fig. 2. Comparing the transportation distances for low-profile and pyramid dumps
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Fig .3. The dependence of transportation expenditures on the transportation distance

Table 2. Summary table of dump backfilling expenditures

Pyramid dump Low-profile dump
RUB million RUB million
Land leasing 1062.2 868.6
Transportation 68613.48 43560.3
Leveling 4317.1 3994.6
Reclamation 1062.15 868.6
Total 75055 49292

It can be seen from the graph in Fig. 3 and Table 2 that the main part of the costs is con-
nected with overburden transportation and much exceeds other costs: leasing, leveling, rec-
lamation. Therefore, the cost of overburden transporting in the dumps is considered to be
top priority and dominant. Reduction of transportation costs is possible in different ways. If
the backfilled low-profile dump is placed along the open pit on both sides, it becomes pos-
sible to significantly reduce the transportation distance and the associated costs. Low-
profile dump makes it possible to regulate the range of transportation, taking into account
the deepening of the open pit. The pyramid dump is deprived of the possibility of a thor-
ough planning of the surface taking into account the development of open pit mining opera-
tions in an upright direction.

4 Conclusion

The system of step-by-step backfilling allows conducting dump’s local reclamation and
lease of land for overburden storage for shorter time periods, and reclaimed lands can yield
income from alternative land use, giving an advantage to this scheme of dumping in eco-
nomic and social development. The geomechanical stability of the low-profile dump ex-
cludes the possibility of man-made disasters, such as landslides, mudflows, etc., and also
avoids additional costs of cumulative risk factor and protects the enterprise from adverse
economic and technical consequences.
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