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SIMULATION OF JOINT FORMATION OF CAREER OVERBURDEN ROCK WITH
PLACEMENT OF IRON ORE ENRICHMENT WASTE

Purpose. The purpose of the research presented in the article is to substantiate the possibility
of dump formation during joint dumping of quarry overburden rocks and iron ore wastes during
the development of the Horishne-Plavnivsky deposit of iron quartzites.

Task. Perform geomechanical modeling of the behavior of the quarry dump with the
placement of funnels with enrichment wastes and establish the possibility of their joint storage
in the dumps of the Horishno-Plavnivskoye deposit; to establish regularities of development of
deformation processes in a dump in process of construction of each layer at dump of wastes of
enrichment in funnels and to calculate a factor of a stock of stability of a dump after its
formation.

Research methods. To achieve the goal of research used: the method of complex analysis —
to summarize previous research on the establishment and justification of the most rational
method of dumping of enrichment waste; modeling methods — to establish the possibility and
feasibility of joint dumping of enrichment wests and overburden rocks from the quarry.

Scientific novelty. For the conditions of the Horishne-Plavnivsky deposit of ferrous
quartzites by the method of geomechanical modeling the expediency and possibility of
placement of dehydrated enrichment wastes in funnels on dump of overburden rocks is
substantiated.

Conclusions and practical significance of the article. For research results the predicted
behavior of a dump during all term of its use is received. The obtained values of the maximum
deformations are deviated in the process of its formation by each of layer and the investigated
efficiency of deformation at formation of the following layer is established. The indicator of the
coefficient of safety of the stability of the corresponding deviation after its formation and
building, which means that it exceeds the minimum, in accordance with current regulations
(n=1,329>1,3), after it is formation with further use joint dumping of overburden rocks and
enrichment wastes is possible and appropriate.

Keywords: quarry, waste, iron ore, deposit, geomechanical modeling, deformation, stock
ratio.

INTRODUCTION

Actuality of theme. After enrichment of iron ores at the enrichment plant, iron ore concentrate
and tailings (waste of wet magnetic separation) are obtained, which enter the tailings pond for storage
[1-4].

Every year the problem of dumping and storage of enrichment waste is exacerbated, as new
additional land areas need to be allocated for tailings, which, at best, should be withdrawn from public
circulation and, at worst, not at all. In this regard, scientists are developing new methods and
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technologies for storage of waste products of beneficiation, aimed at maximizing the capacity of the
project parameters of the designed tailings and reducing the area of storage of beneficiation products.

When opencast iron ore is mined, one of the methods of solving the problem of tailings storage is
their placement together with empty rocks on the dumps. However, in the process of design and direct
construction of such compatible dumps there are certain difficulties, which are associated, first of all,
with different conditions of storage and storage of open pit quarries and beneficiation products. In
particular, the physical and mechanical properties of overburden and tail rocks, their heterogeneity
and variability over time differ significantly. It is also impossible to accurately predict the physical
and mechanical parameters of the mixed rock mass and the behavior of the compatible dump due to
the load of the upper tiers of rocks.

Despite the large number of scientific publications and studies on the joint dumping of enrichment
waste and overburden rocks on the same dump, a single methodology that would comprehensively
cover the issues of geomechanics, safety, ecology, technology and economics, would take into
account social factors and the process of reclamation of dumps after their formation. Therefore, the
problem of joint dumping of overburden and tailings in dumps under different mining-geological and
hydrogeological conditions of their placement is given much attention, and the establishment of
effective methods and parameters of dumping is an urgent task in Ukraine and elsewhere where ores
are mined. Its successful solution will provide an opportunity to rationally use land resources, safely
operate dumps with less environmental impact and improve the technical and economic performance
of the mining company as a whole.

Analysis of recent research and publications. The study and analysis of scientific research has
allowed to some extent to generalize the existing technologies for dumping of enrichment waste.
Usually the tails from enrichment plant are represented by finely ground sand, which is stored in the
tailings in a dry or wet way. The wet method involves the arrangement of dams along the perimeter
of the dump, and the supply of waste to the tailings is carried out in the form of pulp or pasty
consistency. A layer of water must be placed on top of the tails to prevent dust formation.

Dry dumping is performed under the condition of enrichment of iron ore by anhydrous technology
or, if after enrichment of ore with the involvement of water, use drying units. In this case, the
technology of dry storage of beneficiation waste involves the addition of binders or chemical reagents
that reduce dusting from the dry enrichment waste dump [2].

Among the existing types of dumping of tailings waste in tailings, the most common are [4]: pulp-
like waste; hydrocyclone waste; pasty waste; dry waste. Large areas of land are required for the
storage of pulp-like waste, as slopes of the washed surface are formed. In particular, it is proved that
the storage areas in dry dumps are 3 times smaller than the areas of land that are involved in the
storage of pulp-like waste [3]. In addition, the disadvantages of this method include the high operating
costs for dumping of tailings and the risks of breaking the dam.

A feature of hydrocyclone waste dumping is the distribution of tailings by fractions in the tailings.
The heavier coarse-grained fraction is located near the dam, and the fine-grained fraction is located
in the central part of the tailings. Waste dumping with the help of hydrocyclones is characterized by
a significant increase in the cost of building a pioneer dam, sawing tailings, the complexity of
construction in rainy weather [5].

When dumping pasty waste, their unloading is carried out from a height of 10-25 m in funnels
with a diameter of 0.3-1.2 km. This method can be used with the addition of a cement component. It
does not require the construction of a large pioneer dam, which significantly reduces capital costs,
also eliminates problems associated with the stability of the dump, there is no filtration of water into
the soil, pasty waste is much safer than usual [5]. However, such technology requires the use of
dumps, which significantly complicates the process of formation of tailings, and does not solve the
main problem — reducing the area of land involved. Storage of pasty waste enrichment is effective
only when the content of the solid component does not exceed 62% (Fig. 1).

For dumping of dry waste enrichment involve motor transport or conveyor transport. There are
three main technological stages: unloading, planning and compaction of tails. This method is
characterized by high energy consumption, high operating costs, dusting and dependence on
meteorological conditions [5].
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The analysis of the above methods
of dumping of enrichment waste
shows that none of them solves the
problem of reducing the area of land
that is involved in tailings. This task
can be achieved, in particular, by
placing enrichment waste in the
dumbs of quarry rocks. Research on
the joint dumping of quarry
overburden rocks and enrichment
e waste shows that the problem of

. . _— reducing the area under the dumps is
Figure 1 - UnIoag![r;%:rapnajftiylIenrlchment waste solved Iocall)_/ in specific conditions
of the enterprise.

From the geomechanical point of view, the problem of stability of dumps with the joint placement
of quarry overburden rocks and waste products has not been studied, as there was no need for this
due to the separate storage of tailings. Only simulating of the behavior of overburden dumps in
different mining-geological and technological conditions was performed, including soils, overburden
rocks or their joint dump formation [6-12].

The aim of the study. Based on the above analysis of scientific research on the dumping of iron
ore enrichment waste, the purpose of this article is formulated, which is to substantiate the possibility
of dump formation in the joint dumping of quarry overburden rocks and iron ore enrichment waste in
the development of Horishno-Plavnivinske iron ore deposit. The urgency of solving the problem of
substantiating the parameters of a joint dump is due to the filling of the existing capacious volumes
of sludge.

THE MAIN PART

Analysis of world experience shows that the joint dumping of enrichment waste with quarry
overburden rocks is appropriate only in the dry state and can be performed in two ways [5]:

1) storage of dry waste enrichment with quarry opening rocks by bulldozer dump formation (Fig. 2);

2) storage of dry waste enrichment in funnels, which are formed on the main dump of overburden

(Fig. 3).

To achieve this purpose, the option
: of storage of enrichment desiderated
orete Dulsttedemn waste with a humidity in the range of
LN 10-15% was chosen [13]. Despite the
energy intensity of dry waste storage,
this method is the easiest to implement
and most solves the problem of
Bi— shortage of tailings.
| In the case of joint dumping of
tailings and overburden by bulldozer
dump formation, they will be
segregated in any case when the
bulldozer collides with the unloading
site on the slope. According to the law
ﬂ% i of gravity, the overburden rocks, the
| it particle size distribution of which is
greater than the beneficiation waste,
will slide down the tier, and smaller
fractions will be placed closer to the top
of the dump tier.

mmmmmmmm

/.

Figure 2 — Scheme of bulldozer dump formation
with help of motor transport
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According to the results of research in [14] it was found that due to the particle size distribution of
sludge and the possible particle size distribution of overburden, it can be argued that the enrichment
waste will be concentrated only in the upper tier and the sludge will not fall on the lower quarter of
the dump tier.
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Figure 3 — Technological scheme of dumping in the funnel [5]

Storage of dry enrichment waste in funnels involves the primary dumping along the final contour
of the dump (circle) of a strip of empty rocks opening a quarry width of 100.0 m (top). This lane will
also serve as a transport berm, and later a buttress. In addition, water will drain through this strip
along the entire slope of the tier of the dump. After backfilling, a strip of rock mass is formed inside
to move the conveyor equipment. The width of the backfill strip inside the funnel is 40 m at the top
to ensure the reversal of dump trucks. Such strips will serve as a kind of "reinforcing mesh™ for the
dump and together with it will form a single geomechanical structure.

Geomechanical modeling of quarry overbuden dump behavior with dehydrated enrichment waste
is performed in Plaxis 3D software to establish the maximum allowable deformations and stresses
that may occur during construction, and the of safety of the dump. The basis of mathematical
modeling is the Coulomb-Mora model [15, 16], with the help of which, by the finite element method,
it is possible to determine the deformations of both natural and artificially created rock massif and to
establish its stability. In fig. 4 shows the design cross section in the middle of the dump of only
overburden at the end of development (fig. 4, a) and the same section of the dump, taking into account
the placement of funnels with enrichment waste (fig. 4, b) [17].

. )

Paspia Mibwisko-3axidkud +68/+288 | r e

a) b)

Figure 4 — Design cross section of the slope of the dump: a — folded by a rock overburden; b —
geomechanical model of the section with funnels in Plaxis 3D

The initial data for modeling are the design parameters of the dump of overburden and enrichment
waste (Table 1) and their main weighted average physical and mechanical properties (Table 2) [17].
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Table 1 - The main parameters of the design dump

Ne Parametr Dimensionality Indicator

1 2 3 4

1 | The number of existing layers of the dump unit 3

5 '(;{IJ?;I;S of horizons of layers of an existing m +70,0: +88.0; +108.,0
3 | Number of design layers of the dump unit 11

4 | Design mark of the dump M +268,0

5 | The average height of the layers m 20,0

6 | The angle of non-working slope of the dump degree 30-35

7 | Width of terraces m 50,0-80,0

Table 2 — The main weighted average physical and mechanical properties of rocks in the dump

Dehydrated Overbuden
No Parametr Dimensionality | Overburden waste of
; and wate
enrichment
1 2 3 4 5 6
Density in the
1 | conditions of natural kH/M3 25,8 15,8 28,8
occurrence
o | Density in the KH/vC 28,8 17,4 28,8
waterlogged state
3 | Poisson's ratio kH/M? 0,3 0,3 0,3
4 | Adhesion kH/Mm? 20,0 1,0 20,0
5 fThe.ang'e of intemal rpa 30,64 26,0 30,64
riction

Geomechanical modeling was carried out in stages (layer by layer), starting from the construction
of the 4th layer of the dump to the last layer, in order to determine the deformation processes and the
stability of the dump. The simulation was performed from the 4th layer because 3 layer already exist
[18]. In fig. 5 presents the results of modeling the 4th and last 11th layers of the dump. The last layer
is modeled exclusively by overburden without funnel formation with dehydrated waste in order to
reduce the sawing of the dump after its reclamation. The simulation results are presented in table 3.

b)

Figure 5 - Geomechanical models in Plaxis 3D:
a - model of the 4th layer of the dump; b - model of a full dump
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Table 3 - Simulation results

Phase deformations, m Maximum
No Ne layer def(_)rmations _AU / their
B B Ax Ay Az AU increase with the
previous layer, m
1 2 3 4 5 6 7
1 1-3 layers 3,6 0,01 0,05 20,2 20,2
2 4 layer 3,1 0,03 0,5 10,1 26,5/6,3
3 5 layer 2,9 0,02 0,3 11,4 35,8/9,3
4 6 layer 3,1 0,02 0,3 12,8 46,3/10,5
5 7 layer 3,3 0,01 0,2 14,1 59,0/12,7
6 8 layer 3,6 0,02 0,3 15,1 72,8/13,8
7 9 layer 3,7 0,01 0,3 16,4 86,1/13,3
8 10 layer 3,7 0,01 0,3 18,3 103,4/17,3
9 11 layer 1,8 0,01 0,1 11,7 115,1/11,7
Stability coefficient 1,329

In fig. 6 presents the patterns of development of deformation processes in the dump as the
construction of each layer in the joint dump of overburden and enrichment waste in funnels. From
the diagram of the change of deformation along the layers there is a constant increase in deformation
during the formation of each layer, but a clear pattern between the increase in deformation of
neighboring layers is not observed.

From the table. 1 shows that the coefficient of stability of the dump of overburden under the
condition of dumb of dehydrated waste from beneficiation in the funnels provides the value of the
coefficient of stability more than 1.3, which is the minimum allowable coefficient according to
current regulations [19]. The calculation of the coefficient of safety margin is based on the condition
of equilibrium of incoherent rocks on layer of the dump. Analytical calculation of the coefficient of
stability is based on the theory of the limit equilibrium of the "bulk medium", which also includes the
limit equilibria of the connected medium with friction, which includes the dump of overburden [20].
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Figure 6 — Diagram of deformation of the dump in layers
Based on the above, the coefficient of stability of the slope of the layer of the dumb n by the

method of algebraic addition of forces is determined for the most loaded sliding surface by the
formula [20]:
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Z[(N - D, )tge, +C|l ]
n=- (1)

2T

where Ni —is the normal weight component of a single layer, t; Di - hydrostatic pressure force, t; ¢ —
angle of internal friction of the rock, deg; C — adhesion of the rock, kg/cm?; li — is the length of the
segments of the probable sliding surface (the length of the base of the layer), m; Ti— is the tangent
component of the weight of a single tier, t.

Given the above simulation results, it is proved that the joint storage of overburden and dehydrated
waste by the method of funnel formation is possible in the dumps of the Horishno-Plavnivske deposit.

CONCLUSIONS and prospects for further research.

As a result of the geomechanical modeling for the formation of a compatible dump of waste rock
and dehydrated waste in the funnels, the predicted behavior of the dump during the entire period of
its operation is established. The values of the maximum deformations of the dump in the process of
its formation in layers are obtained and a constant increase of deformation during the formation of
each subsequent layer is established. However, there is no clear pattern between the increase in
deformations of adjacent layers.

The value of the coefficient of stability of the joint dump after its formation was determined and
it was found that its value exceeds the minimum allowable, according to current regulations
(n=1,329> 1,3), that is, the formation of the dump and its further operation with joint placement of
rocks and waste enrichment is possible and appropriate.

The obtained research results proved the prospects of scientific and research work in this direction,
as the problem of dumping of enrichment waste is very acute. Further research will be aimed at
determining the optimal parameters of joint dumping for the maximum possible placement of tails,
the behavior of dumps in difficult meteorological and climatic conditions and forecasting their
stability.
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MOAEJIIOBAHHSA ®OPMYBAHHSA BIIBAJIY POSKPUBHUX ITOPIJ{ KAP’EPY 3
PO3SMIIIEHHSAM B HbOMY BIJIXOIIB 3BATAYEHHS 3AJII3HOI PYIU

Meta. MeToro J10CIiIKEeHb, TPEJICTABICHUX B CTATTI, € OOTPYHTYBAHHS MOXKJIMBOCTI ()OPMYBAHHS BiJ[BAITY
MIPU CyMiCHOMY CKJIQJlyBaHHI pO3KPUBHUX MOPiJI Kap’e€py Ta BIIXO/iB 30aradeHHs 3a1i3H01 pyAH PpH po3poOii
INopinmapo-ITnaBHIBCHKOTO POIOBHINA 3aTI3UCTUX KBAPIIUTIB.

3aBaanns. BukoHaTH reomexaHiuHe MOJENIOBAHHS MOBEIIHKM BiBaly PO3KPHUBHUX MOpPiA Kap’epy 3
PO3MILIEHHSAM Y HBOMY BOPOHOK 3 BiJIXO0JaMH 30aradeHHs Ta BCTAHOBUTU MOXIIUBICTH IXHBOTO CYMiCHOT'O
CKIagyBaHHA B yMoBax BiaBaiiB [opimHbo-IIaBHIBCEKOrO pOJOBHINA; BCTAHOBHTH 3aKOHOMIPHOCTI
po3BUTKY AedopMaliifiHuX mpoueciB y BifBaii mo Mipi OyIiBHHMLTBA KOXXHOTO SPYCy NpH CKJIagyBaHHI
BiIXONiB 30araueHHss y BOPOHKH Ta po3paxyBaTh Koe(imieHT 3amacy CTIHKOCTI BiABaly micis HOro
¢dbopMyBaHHS.

Metonu pocaimkeHHsi. s JOCATHEHHS TOCTAaBICHOI METH JOCTIKEHb BHKOPHCTaHO: METOJ
KOMIUIEKCHOTO aHai3y — JUIsl y3arajibHeHHsl TOTEepeIHiX HAayKOBUX JOCIHIPKEHb IIOJ0 BCTAHOBICHHS Ta
OOrpyHTYBaHHS HAHOUIbII paIllOHAJBLHOIO CIOCO0Y CKIaJyBaHHS BIAXOMAIB 30aradeHHs; METOIU
MOJICITIOBAHHSA — JJIS BCTAHOBJICHHS MOJKIIMBOCTI Ta IOIIIIBHOCTI CYMICHOTO CKJIaJyBaHHS NPOIYKTIB
30aradeHHs Ta TiPCHKUX TOPiJ pO3KPUBY 3 Kap’epa.

HayxkoBa HoBu3Ha. [l ymoB [opimHbo-I11aBHIBCEKOTO POMOBHUINA 3QTI3UCTHX KBapPIMTIB METOIAOM
TeOMEXaHITHOTO MOJICITIOBAHHS OOTPYHTOBAHA MOIUTHHICTH 1 MOXKIIMBICTh PO3MIIIICHHS 3HCBOTHEHUX BiTXOIIB
30aradeHHs y BOPOHKAX Ha BifBajax PO3KPUBHUX TIPCHKUX TOPI.
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BucHoBKkH Ta mpakTu4He 3HA4YeHHsI cTATTi. 3a pe3ynbTaTaMH HOCTIIXEHb OTPHMMaHa MPOTHO3HA
MOBEJiHKA CYMICHOTO BiJBaJly MPOTATOM BCHOTO TEpMiHy Horo ekcrutyatamii. OTpuUMaHi 3Ha4YEHHS
MaKCUMaJIbHUX AedopMalliil BiABady B mpoieci Horo ¢opMyBaHHS IO spycaM Ta BCTAHOBJIEHA MTOCHiIOBHICTh
i ABUILCHHS zle(popMauu npH (bopMyBaHHl KO)KHOTO HAacTyImHOTo spycy. Po3paxoBaHuii MOKa3HHK
KoeillieHTy 3amacy CTiMKOCTi CyMiCHOTO Bl)JBaJIy micnst oro (opmMyBaHHsS Ta BCTAaHOBJIEHO, IO HOTO
3HAYEHHS MEPEBUILY€E MiHIMAIbHE MPUIYCTHME, 3TiAHO Airouux HOpM (N=1,329>1,3), To6TO popmyBaHH:S
BiJBaJTy Ta HOTO Mojanblia eKCIUTyaTalis 3 CYMICHUM PO3MIIIEHHSIM B HbOMY TipCHKUX HOPiJl PO3KPUBY Ta
BIIXOMIIB 30aradueHHs € MOKJIMBUM 1 TOIIIILHUAM.

Knrouosi cnosa: xap'ep, 8ioxoou, 3anizua pyoa, pooosuuye, 2eomexaniuhe MoOent08anHts, oeghopmayis,
Koeghiyicnm 3anacie
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