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WAYS OF INCREASING QUALITATIVE AND QUANTITATIVE
RECOVERY PERCENTAGES OF ORE IN CONDITIONS
OF DEEP HORIZONS OF THE MINES OF KRIVBASS

The scientific article deals with research of technological solutions that allow increasing the com-
pleteness of extracted ore recovery and the quality of ore mass. As a result, it has been established
that one of the key solutions to this problem is to increase the intensity of the technological process
for the ore drawing from the cleaning rooms through the draw hole. Since this will increase the
volume of extraction of pure ore by an average of 5-51%, depending on the mining and geological
and mining conditions for the development of deposits of natural-rich iron ores at significant depths.
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The problem and its connection with the scien-
tific and practical tasks. The reserves of oxidized
natural rich iron ores of Kryvbas are characterized by
the content of the useful component in them from 46
to 67% and are developed in the depth range 1200-
1400 m [1; 2]. These conditions, due to the active
manifestation of geomechanical processes, create the
need to constantly increase the share of the technol-
ogy of sub-level caving, which is characterized, in
real terms, by significant of ore loss (16-30%) and
dilution of ore mass (15-25%) [3]. These indicators
with depth constantly deteriorate by 5-8%, which is
accompanied by a decrease in the quality of extracted
ore mass on average by 3-4% [3]. At the same time, a
decrease in the quality of the extracted ore mass leads
to the need to expand the scale of ore enrichment
and increase the scale of cleaning of ore [4]. Since
iron ore is the most important factor in the formation
of the country’s budget [1]. Therefore, research and
improvement of technological solutions to improve
the qualitative and quantitative extraction of minerals
in the underground Kryvbas is an urgent task and will
provide an opportunity to ensure the competitiveness
of the national economy.

Research and publications analysis. Based on
the analysis of the theory and experience of using
the sub-level caving [2; 5-7] it was established that
the reserves of further constructive and technological
improvement of them based on the use of stationary
and portable mine equipment in the conditions of deep
mine horizons are practically exhausted. The exploit-

ation of the productive horizons of the Kryvbas mines
for the extraction of natural-rich iron ores is accom-
panied by a low intensity of actual mining, which var-
ies between 1.2-1.8 tons/m? per day (average 1.5) [8].
This makes it possible to form undercut only in the
range of 8-12% of the volume of the stock pied ore of
the panel, provided they are stable for the entire life-
time [2]. And this leads to a significant deterioration
in the process of ore drawing [9], since the blasting of
rock ore is made in practically a «clamped» medium.
Therefore, in order to blasting the ore, it is necessary
to form undercut that provide the ore loosening fac-
tor within 1.2-1.3 [9]. An increase in the volume of
undercut will also increase the amount of heading,
which will have a positive effect on the recovery per-
centages [10; 11].

Calculation of sustainable design parameters for
underground mining of natural rich iron ore deposits
of Kryvbas is carried out according to the approved
NIGRI method [12]. This methodology is based on
the integral accounting of the deposit development
class, the depth of mining, the ore hardness and the
adjacent strata and the lifetime of outcrops. Since the
depth and natural strength of the ore-rock massifcan’t
be influenced by engineering methods, an increase in
the volume of the cleaning room (undercut) is pos-
sible provided the lifetime of their outcrops is short-
ened. This is possible due to increased intensification
of actual mining.

Foreign experience in the underground mining of
mineral deposits indicates that a significant increase
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in labor productivity in the technological process
of ore drawing and delivery is impossible without
the use of self-propelled machinery [13—15]. But
large-scale application of self-propelled machin-
ery in the conditions of Kryvbas is contradicted by
complex geomechanical conditions [8; 9]. There-
fore, an effective way to increase the productivity
of the technological process of ore drawing and
delivery in this case is the application of the com-
bined method with the help of the «multi-bucket
scraper winches 55LS-2S — self-propelled loading
and unloading machine TORO 400E» [16; 18]. The
productivity of this complex under medium condi-
tions can reach 1200-1400 ton/shift, which ensures
the intensity of ore drawing within the limits of 5.5-
6.0 tons/m? per day [16], and in ideal conditions can
reach 10-12 tons/m? per day [13].

Formulation of the problem. On the basis of the
method of functional characteristics of determining
the permissible sizes of structural elements of the
underground mining methods of iron ore deposits,
it is necessary to investigate the dependence of the
value of the parameters of stable outcrops of clean-
ing room (undercut) spaces depending on mining and
geological and mining factors to improve the reco-
very percentages.

Presentation of the main material and results.
The object of the study is the deposit of the iron
ore deposit of Krivbass, represented by a plate-
like ore body with a hardness coefficient of 4-6 on
the scale of Professor M. M. Protodyakonov, with

a thickness of 15-40 m and a pith angle of 35-65°.
The adjacent strata of the hanging wall are repre-
sented by quartzites with a hardness coefficient of
>8, and the bottom layer — by killas with a hard-
ness coefficient of > 4. The geological stress field
is geostatic. The height of the sub-level is 40 m,
and the length of the panel along the strike of the
ore deposit is 25-35 m. It is conditionally assumed
that the actual mining is carried out by one clean-
ing panel for the entire thickness of the ore deposit.
During development, a caving zone of collapse from
the abandoned workings. The shape of the caving
zone of collapse is determined by the depth of min-
ing operations, the thickness and pith angle of inci-
dence of the ore body, the nature of collapse and
displacement of the rocks of the hanging wall: with-
out lagging or lagging behind the clearing horizon;
with the transition to a closed zone. Mining is con-
ducted at depths of 1200-1400 m by a resource-sav-
ing combined system of sub-level caving with
blasting and combined mechanized delivery [13].

Based on the technique [12], a calculation pro-
gram was developed in the software package Exel 10
of the operating system Windows 8 (figure 1).

With the help of the developed program, the pos-
sible relative volumes of the primary treatment areas
were established by the condition of maximum sta-
bility of outcrops of the cleaning room (undercut) and
the capabilities of the delivery vehicles. Based on the
calculations carried out using the graph-analytical
method, graphs of the dependence of the relative vol-
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Fig. 1. Fragment of the developed program for calculating the parameters of stable outcrops
of structural elements of sub-level caving
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ume of the purification cleaning room (undercut) on
the thickness of the ore deposit (width of the panel in
the cross of the strike) for different intensity of the
technological process of ore drawing and delivery of
the ore mass, different classes of reservoir develop-
ment, ore at a different depth of mining (figure 2,
figure 3).

From Figure 2 and 3 it can be seen that:

1) for class I mining presented below ores medium
strong (f=4), and stability in the depth range of 1200-
1400 m (see Figure 2 a and Figure 3 a), the specific
volume cleaning room (undercut) of the spaces may
increase in 7.3- 49.5%;

2) for class II mining deposits presented below
ores medium strong (= 4), and stability in the range
of 1200-1400 meters depth (see Figure 2 b and Figure
3 b), the specific volume cleaning room (undercut)
of the spaces may increase in 5-51%;

3) for class I mining presented ores medium
strength (f= 6) and stability in a depth range of 1200-
1400 m (see Figure 2 c and Figure 3 c), the specific
volume cleaning room (undercut) of the spaces may
increase in 7.0-15.8%

4) for class II mining deposits represented ores
medium strength (f= 6) and stability in the range of
1200-1400 meters depth (see Figure 2 d and Figure 3 d),
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Fig. 2. Graphs of the dependence of the relative volume of the cleaning room (undercut) chamber
on the thickness (width of the panel in the cross of the strike) of the ore deposit for the various intensity
of the technological process of ore drawing and delivery of ore during the actual mining at a depth
of 1200 m: a — I class of development of natural-rich deposits iron ore with a hardness coefficient of 4;
b —II class development of the deposit of natural-rich iron ore with a hardness coefficient of 4;
¢ — I class of development of a deposit of natural-rich iron ore with a hardness coefficient of 6;

d —II class of development of a deposit of naturally-rich iron ore with a hardness coefficient of 6;
1,5-10,4 — intensity of conducting works on ore delivery, tons/m? per day
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Fig. 3. Graphs of the dependence of the relative volume of the cleaning room (undercut) chamber
on the thickness (width of the panel in the cross of the strike) of the ore deposit for the various intensity of
the technological process of ore drawing and delivery of ore during the actual mining at a depth
of 1400 m: a — I class of development of natural-rich deposits iron ore with a hardness coefficient of 4;

b — II class development of the deposit of natural-rich iron ore with a hardness coefficient of 4;
¢ — I class of development of a deposit of natural-rich iron ore with a hardness coefficient of 6;

d —II class of development of a deposit of naturally-rich iron ore with a hardness coefficient of 6;

1,5-10,4 — intensity of conducting works on ore delivery, tons/m? per day

the specific volume cleaning room (undercut) of the
spaces may increase in 8.8-21.3%.

Conclusions. During research, it was found that
one way of a significant increase in the volume of
space in stable undercut unstable metallic arrays,
lying in complex geotechnical conditions, is to inten-
sify the process of ore drawing and delivery of the
ore mass.

Thus, when mining deposits of natural-rich
iron ores with a hardness coefficient of 4-6 on the
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scale of Professor M. M. Protodyakonov, average
and below average stability and with a thickness
of 15-40 m, which are concentrated in the depth
range 1200-1400 m, it becomes possible to create
stable outcrops of sewage cameras with a volume of
up to 70% of the main stock of the cleaning panel.
And, as a consequence, it will allow to increase
the volume of extraction of pure ore by 5-51%,
depending on mining and geological and mining
conditions of development.
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ITYTHU MOBBLIMEHWS KAYECTBEHHBIX U KOJIMUECTBEHHBIX ITOKA3ATEJIEN
MU3BJIEYHEHUA PY]IbI B YCJIOBUAX INTYBOKUX TOPU30HTOB IIAXT KPUBBACCA

B cmamve npouzeooumcs ucciedosanie mexHoi02UHeckux peweHul, no380s0WuUx NOGbICUMb HOTHOMY
usgneyeHUss omoumou pyovl u Kauecmeo pyoHol Maccyl. Beredcmesue ueeo ycmaHo8ieHo, 4mo 0OHUM U3 KJo-
YeBbIX peutenuti 9motl npobieMbl AN sl NOSbIUUEHUE UHMEHCUBHOCIU MEXHOLO2UYECKO20 NPOYeCccd GblNy-
cKa pyovl U pYOHOU MACCHL U3 OYUCHIHBIX NPOCMPAHCME Yepe3 8blpabomku guinycka. Tax kak smo nosgonum
yeenuuums 00bEM usieueHus Yucmou pyosl 8 cpednem Ha 5-51% 6 3a8ucumocmu om 20pHO-2e0102UYeCKUX
U 2OPHOMEXHUYECKUX YCIO0BULL PA3pabomKu 3anediceti npupoOHO-D02AMbIX JHCELEIHbIX PYO HA 3HAYUMETbHBIX
2nyOUHax.

Knroueswvle cnosa: npupoono-6oeameie dcenesnvle pyosl, nomepu pyovl, pasyooxicusanue, N0OIMANCHOe
0bpywiene, KOMREHCAYUOHHAsL KaMepd, OYUCMHOe NPOCTPAHCMEO, OYUCTHbIE PAOOmbl, NOKA3amenu u3eie-
YeHusl.

HJIAXW NIABUINEHHSA AKICHHUX I KIJIBKICHUX ITIOKA3ZHUKIB
BUJIIYUYEHHSA PYAU B YMOBAX INTIMBOKUX I'OPU30HTIB IHAXT KPUBBACY

Y cmammi npoeodumucsa 0ocnioxcennss mexHon02iuHuX piuieHb, wo 00360A10Mb NIOGUUINMY NOGHOMY
BUTYUeHHS 8I0OUMOI pyou i sKicme pyoHoi macu. BHAcCaiook 4020 6CMAHOBNIEHO, W0 OOHUM i3 KIAHOUOBUX
piwens yiei npobnemu € nioguUWeHHs IHMEHCUBHOCTT MEXHONO2IYHO20 Npoyecy 8UnycKy pyou i pyoHoi macu
3 OUUCHUX NPOCMOPIE yepes 6upooKu unycky. OcKinbku ye 003601Ums 30buumu 00cse GUIYUeHHs YUCMOT
pyou 6 cepeonvomy na 5-51% y 3anexicnocmi 6i0 2ipHU40-2€0N02IUHUX | 2IPHULOMEXHIUHUX YMOG PO3POOKU
NOK1a0i8 NPUPOOHO-0aA2amux 3ai3HUX pyO HA 3HAYHUX 2TUOUHAX.

Knrouoei cnosa: npupoono-oazami i 3anisni pyou, empamu pyou, 3acmiveHus pyou, nionosepxose 006a-
JICHHA, KOMNEHCAYiina Kamepa, O4UCHUL RPOCMIp, OYUCHI pOOOMU, NOKASHUKU GULYYEHHS.
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