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Abstract

Purpose. The research is aimed at substantiating the optimal parameters of blast-hole ore breaking to reduce the rock mass
destruction when mining low-thickness vein deposits using the mining system of sublevel drifts (SD). The focus is on analyzing
the impact of blasting on the out-contour rock mass during the blast-hole breaking process.

Methods. The three-dimensional block model is constructed using rating classifications of rocks based on studying their
strength properties and structural peculiarities. The inelastic deformation zones around the stoping extraction are determined
by numerical analysis using the finite element method in 2D formulation. Experimental blasts are assessed by varying the
blast-hole drilling scheme depending on the stability rating.

Findings. During the experimental-industrial tests, rational blast-hole drilling schemes have been substantiated, contri-
buting to maintaining the stability of the host rocks when mining low-thickness veins.

Originality. Effective methods for reducing the ore dilution have been substantiated, which take into account not only the
strength properties and structural peculiarities of rocks, but also their seismic impact from blasting on the out-contour rock
mass stability when mining low-thickness deposits using a system of sublevel drifts.

Practical implications. Practical significance is in the possibility of minimizing the percentage of mineral dilution when
mining low-thickness ore bodies using a system of sublevel drifts, which can significantly reduce the cost of mined minerals
by reducing ore losses caused by the rock mass destruction during mining operations.

Keywords: ore, dilution, drilling and blasting operations, stope space, rocks, deposit

1. Introduction The mining of low-thickness vein deposits using the

The difficult mining-geological conditions of occurrence ~ OPen-stope space systems is complicated with high ore dilu-
of most vein deposits and it prediction are the reason for the ~ tion rates. The authors of the paper [15] analyze ore dilution
variety of mining systems used, the complexity of technolo-  in the underground deposits of Copper Cliff Mine (Canada),
gical operations for ore mining and the difficulty of selecting ~ Dugald River (Australia), Zholymbet (Kazakhstan), Akbakai
highly efficient mechanization tools for them [1], [2]. Open-  (Kazakhstan), Shaumyan (Armenia) and Cracow (Australia).
stope space, ore shrinkage in blocks and backfill systems are ~ All of the above fields mine low-thickness ore deposits
mainly used when mining the low-thickness and thin ~ Usinga sublevel drift system and all deposits have a high ore
veins [3], [4]. The disadvantages of the mining system with  dilution percentage.

ore shrinkage are low labor productivity, increased labor _ The advantage of the sublevel drift mining system is the
intensity, poor mechanization, significant losses and dilution ~ Nigh mining intensity due to the use of self-propelled ma-
of ore during mining the pillars [5]-[8]. chl_nes in all mining processes _and low Iabc_)r intensity. The

Mining systems with backfilling the stope space is one of ~ Main disadvantage of the mining system, in particular for
the most effective ways to maintain the mined-out area, allo-  low-thickness ore bodies, is high ore dilution. To date, to

wing for a complete ore mining and minimizing ore dilu-  reduce dilution when mining low-thickness veins using a
tion [9], [10]. Due to the high labor intensity, the large volume ~ Systém of sublevel drifts, the cable fastening is widely used
of preparatory works, and the high cost of backfill operations, O strengthen the stope space [16]-[18]. _

the considered system of mining vein deposits is not widely Foreign researchers in their studies [19]-[21] describe the
used. However, when mining ore bodies at deep horizons with ~ €ffectiveness in the use of cable fastening to control ore
increased rock pressure, the use of a mining system with back-  dilution using open-stope space systems.

filling the mined-out space is highly effective [11]-[14]. Th_e gxperimental tests are CC_)nducte_d using cable
fastening in the underground Akbakai deposit [15]. The tests
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are conducted on low-thickness ore deposits at ore thickness
up to 1.0 m and at a dip angle of more than 32° that is, in
inclined and steep-dipping ore deposits. As a result of the
research, a kinematic analysis has been performed in the
Dips software based on the linear survey data of fractures,
which determines the fracture systems that form wedges in
the footwall and hanging wall of the stope space. According
to the results of experiments, by artificially maintaining the
mined-out space in inclined veins with a dip angle of up to
40°, the average ore dilution is 66.1%, while the ore dilution
in the previously mined sublevels without fastening is
68.7%. In similar experiments in steep-dipping veins with a
dip angle of more than 60°, dilution decreases from 62.8 to
48.7%, that is, by 14%. Thus, according to the test results it
is noted that the effectiveness of the artificial maintenance of
the mined-our area in inclined veins up to 40° is insignificant
and does not cover the costs spent on drilling blast-holes and
materials for fastening. In this regard, to reduce ore dilution,
the use of cable fastening in the conditions of the Akbakai
mine is not effective.

For a more detailed analysis of dilution rates, a graph is
constructed based on the data of a survey of the stope space
in the previously mined sublevel drifts of the 400-520 m
horizons of the Akbakai mine. The results are shown in
Figure 1. Actual ore dilution ranges within 51-68%, with a
planned maximum of 38%.
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Figure 1. Comparative analysis of planned/actual ore dilution for
sublevel drifts
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Analysis and synthesis of literature data [22]-[24] make it
possible to estimate that more than 90% of rocks during
mining are separated from the mass by blasting. Despite the
large volume of theoretical and experimental research, effec-
tive blast control is insufficiently studied, as there is current-
ly no method for calculating the parameters for drilling and
blasting operations (DBO) taking into account the structural,
strength and deformation properties of the rock mass and the
principal stresses acting in the rock mass. Therefore, the
problem of increasing out-contour rock mass stability is very
relevant and its solution is based on improving methods for
controlling blast energy, which are based on reliable physical
concepts of the processes of rock destruction by blasting.

Destruction by blasting of continuous stressed media and
identification of its patterns are the subject of research of
many scientists. A significant contribution to the research into
the processes of rock destruction, the formation and propaga-
tion of stress waves in the rock mass during blasting of explo-
sive charges has been made by a number of scientists, the
latest results of which are presented in the studies [25]-[29].
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Although much work has been done and research has
progressed in assessing the impact of mass stressed state on
the resulting impact of blasting, there are differing views
among researchers. To date, there is no definitive scientifi-
cally-based approach to determining the rational parameters
of drilling and blasting operations when driving mine wor-
kings [30]. Improving the efficiency of drilling and blasting
operations, taking into account the above factors, is an im-
portant practical and scientific challenge, the solution of
which will reduce costs per unit of mined mineral.

Existing methods for selecting parameters for drilling and
blasting operations do not fully take into account the princi-
pal stresses acting in the mass, structural and strength proper-
ties of rocks. The authors of the paper [31] believe that frac-
ture formation along the line of the predicted split during
blasting occurs due to the concentration of tensile stresses in
the blast-hole exceeding the maximum rock strength values.
Methods of mathematical theory of elasticity are widely used
to study the stress-strain state of rocks surrounding the mine
workings [32]-[35].

To date, ore dilution is an unsolved problem in all low-
thickness deposits. The consequence of dilution is an increase
in the cost of transporting and processing the ore, thereby
increasing the cost of the mineral [36]. Thus, the problem of
ore dilution during mining of low-thickness steep-dipping ore
bodies using a system of sublevel drifts is an urgent scientific-
practical task for both researchers and producers.

In order to control ore dilution at the Akbakai deposit,
experimental tests have been conducted to determine effec-
tive drilling schemes for stope chambers when mining low-
thickness ore bodies using a system of sublevel drifts. Re-
duction of ore dilution requires a comprehensive study of
structural peculiarities, strength properties, stress-strain state
of the rock mass and the seismic blast force impact on the
out-contour rock mass.

This paper is aimed at substantiating the optimal parame-
ters of blast-hole ore breaking to reduce dilution when mi-
ning low-thickness vein deposits using a system of sublevel
drifts. To achieve the purpose set, the following objectives
should be solved:

— perform geotechnical mapping of mine workings
according to International Rock Mechanics Community
(ISRM) standards on rating classifications;

— construct a geotechnical block model of a deposit di-
vided into structural domains based on rating classifications;

— conduct computer modeling of the rock mass using the
finite element method to determine possible zones of inelas-
tic deformations around the mined-out space;

—develop improved technological schemes for drilling
blast-holes depending on the rock stability rating;

— conduct experimental blasts using the developed dril-
ling schemes to reduce ore dilution when mining low-
thickness deposits using a system of sublevel drifts.

These objectives will not only achieve the purpose set,
but also provide new methods and solutions for efficient
operation in low-thickness deposits, which is of great im-
portance for the mining industry.

2. Methods

At present, rating assessments of the state of rock masses
are widespread when assessing the stability of mine wor-
kings. Rating rock mass classifications (systems) is a typolo-
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gy of the complexity of engineering-geological conditions of
a field, based on a complex quantitative assessment of com-
ponents of engineering-geological conditions, determining
complexity and their quantitative characteristics, which allow
a sufficiently clear identification of favorable and unfavora-
ble rock mass areas [37]-[41]. The essence of the assessment
is to assign a numerical value (rating) to a certain rock mass
area, obtained as a result of studying the main engineering-
geological characteristics — fracturing, strength, nature of the
filler, groundwater action, rock weathering degree and a
number of others. One of the main advantages of rating sys-
tems is the numerical representation of results, which allows
constructing models of the required accuracy and detail.

The Akbakai mine conducts geotechnical orientated dril-
ling to determine the mass stability rating. The drilling pro-
gram is aimed at studying the physical-mechanical properties
of rocks and determining the mass stability rating according
to the standards of the international rock mechanics commu-
nity. Drilling is conducted across the ore bedding in descend-
ing and ascending order. The number of positions is 8, the
distance between positions is about 25 m. Drilling operations
are planned to be conducted by the Levent-1001 machine.
Drilling diameter is TT-48 mm. The total volume of drilling
is 160 linear m, the number of blast-holes is 16 pcs. Figure 2
below demonstrates a sectional view of the geotechnical
drilling project blast-holes.
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Figure 2. View of geotechnical blast-holes (sectional view)

The geotechnical program for mapping the walls of the
mine workings and blast-holes is focused on mapping the
Geological Strength Index (GSI) and the Rock Quality Index
(RQD). Mapping is aimed at obtaining more structural data
from active mine workings between the 520-580 m horizons
for processing in kinematic analysis and further rock mass
stability analysis. The mine working wall mapping program
is conducted mainly on the eastern flank of the field, where
the main geotechnical hazard can be identified.

Figure 3 below illustrates the percentage distribution of
geotechnical intervals documented within geomechanical
zone boundaries.
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= Eastern flank
= Central flank
= Western flank

Figure 3. Percentage distribution of intervals (mine working wall map-
ping) documented within geomechanical zone boundaries

Structural documentation is prepared using the Trimble
DeviCore BBT diameter HQ core orientation system. Orien-
ting marks are placed on the end core surface, after which the
structural elements (a/ff angles) are measured from the
lowest point of the disturbance ellipse. Sixteen geotechnical
blast-holes are drilled with oriented core sampling using the
DeviCore system, as this system has proven to be a reliable
core orientation tool. After the core is extracted from the core
receiver, all individual core pieces are joined until they fit
tightly together. Then, an orientation line is drawn, starting
from the end core surface mark.

Based on the results of structural documentation of blast-
holes and geotechnical mapping of mine working walls, a
database is created for further construction of a 3D block
model. Based on the rating classification of the Akbakai
deposit rock mass, a geotechnical block model is constructed
using the RQD, Q, RMR and GSI rating classifications.

Figure 4 below demonstrates the geotechnical block
model for the Pologaya vein of the Akbakai deposit.

The Akbakai deposit is divided into 3 geotechnical
domains (areas) to form a 3D geotechnical model.
Geotechnical domains are named as follows: Western,
Eastern and Central. Domains are determined primarily by
structural and strength properties, but fracture intensity
(within the geological column), alteration and weathering
degree are also considered.

The differences in rock properties between the domains
of the western, eastern and central sites are taken into
account when modeling the rock mass stability. There is
some difference in the rock characteristics of these
domains, so they are divided into distinct domains, but the
difference is not sufficient reason to divide the mass into
even more domains.

At the Akbakai deposit, above-plan ore dilution occurs
during stope operations by breaking parallel blast-holes.
Figure 5 shows a single drilling scheme, which is used in all
veins with a thickness of up to 2.5 m.

For example, when blasting the drill rings on the western
flank of the Pologaya vein using this scheme, ore dilution
often does not exceed the planned rates, while when blasting
the drill rings on the eastern flank, above-plan dilution oc-
curs. It is worth assuming that the different effect from one
drilling scheme is due to the variability of structural and
strength mass properties.

The analysis presented in Figure 6 on the determination
of actual dilution rates depending on the stability rating of
the mass shows that the rock stability category directly af-
fects the percentage of dilution.
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Stability category legend by rating classifications

Rock stability ROD RMR/GSI Barton'sQ | | ona
category indicator ratings rating X
Quite unstable (V) 0-25 0-20 0-1
Unstable (IV) 25-50 20-40 1-4
Medium stable (IIT) 50-75 40-60 | 4-10
Stable (II) 75-90 60-80 10-40
Very stable (I) 90-100 80-100 40-1000

; & g - |4 = 1o 1 :

Figure 4. GSl-rated geotechnical block model
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Figure 7. Blast-hole drilling scheme used at Cracow mine

1.6m 0.75 m

Spark 0 msec . . ..
It is assessed that the caving of the host rocks is influenced

Figure 5. Drilling scheme applied before optimizing drilling by the location of the blast-holes at the “ore-rock” contact, and
parameters in this regard the results do not have a positive effect.
Numerical analysis in RS2 software is performed to deter-
mine the optimum parameters of technological drilling
schemes depending on the rock mass stability rating. The
purpose of the numerical analysis is to determine the zones of

inelastic deformation around the mined-out space, for predic-
tive ore dilution assessment. The advantage of RS2 software
compared to similar programs intended for numerical analysis

40%

is the parameter allowing determining the rock mass disturb-
ance (D-factor) from the quality of blasting operations [42].
The D-factor analysis is the main indicator for substantiating
technological schemes for drilling blast holes [43]. Numerical
analysis is performed by finite element method using the gene-
ralized Hoek-Brown criterion [42]. Initial data for numerical
modeling, obtained from a set of performed geotechnical works,
are used to determine the stability rating, strength and structural
properties of the mass by laboratory and field methods. Mode-
ling is performed on mine working sites with GSI ratings be-
tween 20% and 100%, as well as D-factor between 0 and 0.8.
After computer modeling, the results are compared with actual
breaking results to determine the actual D-factor value.

=0-40% =40-60% =>60%
Figure 6. Actual dilution rates by GSI rating

Based on a set of geotechnical works, comparative, statis-
tical and numerical analyses, a decision is made to conduct
experimental blasts aimed at reducing ore dilution by chan-
ging blast-hole drilling schemes depending on the mass sta-
bility rating and vein thickness. The experience of the Cra-
cow mine, located in Australia, is used to select optimal
schemes for drilling and blasting operations. The geological
and mining-engineering characteristics of the Cracow deposit
are similar to those of the Akbakai deposit. The Cracow mine . .
uses a “Zigzag” drilling scheme for veins up to 1.0 m thick. 3. Results and discussion
The drilling scheme is shown in Figure 7. According to the sections presented in Figure 8 of the ac-

As a result, experimental blasts conducted on the eastern  tual state of the mined-out space based on the survey data, it
flank of the sublevel drift No. 11 of the Pologaya vein using 1S evident that in the entire mine working length, ore dilution
this scheme, give unsatisfactory results. varies depending on the rock mass stability rating.
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Figure 8. Comparison of actual results of breaking the stope chambers according to the rock mass stability rating

It should be noted that the drilling scheme presented in
Figure 5 is used throughout the entire mine working length.

Figure 9 shows a graph of the change in ore dilution de-
pending on the rock mass stability rating. The graph is con-
structed based on statistical analysis of previously mined-out
sublevels 8, 9 and 10.

100
90
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70 — + —e
o\c 60 '————-———"-‘—_._——_.
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20
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10
0 —&— GSI=>60%
SD 8 SD 9 SD 10 SD_11

Figure 9. Graph of the change in ore dilution depending on the
rock mass stability rating

Statistical analysis shows that above-plan dilution is di-
rectly influenced by the blast force in the process of breaking
the stope chambers by blasting deep blast-holes. Consequent-
ly, correcting drilling schemes depending on the rock mass
stability rating may be the key to controlling above-plan ore
dilution during breaking of stope chambers.

Figure 10 graphically demonstrates the D-factor mass
disturbance variation depending on the category of rock
stability according to the GSI rating. The constructed de-
pendency graph indicates that in order to reduce the host
rock distur-bance, technological schemes for drilling blast-
holes should be developed taking into account the rock
stability category.

Based on this dependency graph, the following logarith-
mic equation can be formulated to determine the D-factor:

D =-0.463In(GSl ) +0.0385. 1)
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Figure 10. Dependency graph of the D-factor on the rock mass
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Based on this dependency graph, experimental blasting
will be conducted, aimed at reducing the disturbance of out-
contour rocks from the blast impact of by optimizing the
passports of drilling and blasting operations.

Figure 11 shows a comparison of the computer modeling
results of the predicted dilution estimate (43%), where
GSI =50 and D-factor =0 with the actual dilution results
(56.8%). From this comparison, it can be determined that the
actual dilution exceeds the predicted figures by 13/8%, that is,
the actual D-factor is 0/4. To improve the accuracy of dilution
prediction, a more thorough examination of the factors influ-
encing this process is needed, as well as improved modeling,
possibly including additional variables or more accurate data.

To determine the dependence of the disturbance factor in-
fluence on ore dilution, a quantitative numerical analysis of
large volumes of predicted dilution rates and a comparative
analysis with actual results are performed. In addition, the
dependency graph of ore dilution on the mass disturbance
factor is plotted on the basis of inverse calculations.

The results of the analysis indicate a significant influence
of the rock mass disturbance factor on the ore dilution
process. The dependency graph allows a visual assessment
of the nature of this dependence: perhaps it can be linear,
quadratic or other.
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(a)

Pologaya vein

Drill ring No.
192 section

108m

Predicted dilution
for the drill ring is 43%

Drill ring
No. 192 section

Ore thickness to
breaking ratio is 56.8%

S

Figure 11. Comparison of predicted-actual ore dilution: (a) com-
puter modeling results; (b) actual results

Understanding this dependence is important for predict-
ing and optimizing the dilution process, as it enables more
effective management of the factors that influence its results.

Consequently, it should be assumed that technogenic fac-
tors, such as the seismic blast force impact on the out-
contour rock mass, lead to the destruction of the host rocks
and directly to the above-plan dilution. Dependency graph in
Figure 12 shows that the actual disturbance D-factor is 0.7.
That is, the applied drilling scheme (Fig. 5) does not provide
stability of the host rocks and in order to reduce ore dilution
it is necessary to optimize drilling schemes depending on the
rock stability rating.

100
90 "’: (}-Slgen_nl:v
R?=0.993

80

70 } 0421Lﬂ 4646x
. R*=0.988
S 60 =
o — =0.301""™
: L y=
2 50 e " R2=0.9945
= «——*
A 40 ‘P’M"_/*XJ

30 |

20 —— 0-40% |

10 ——— 40-60%

0 =60%
0 0.2 0.4 0.6 0.8 1
Factor D

Figure 12. Dependency graph of ore dilution on D-factor
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Further, on the lower sublevels No. 12 and 13, the blast-
hole drilling scheme are corrected, as shown in Figure 13
with the blast-holes located in the middle of the ore vein.

r L5 .

B— 05 6— 05 &— 05 —&)

Figure 13. Scheme for drilling experimental blasts

Experimental blasts performed on No. 12 sublevel of the
Pologaya vein between drill rings No. 17-37, 30.0 m long,
have a positive effect and contribute to reducing ore dilution
compared to the overlying sublevels. In order to confirm the
results of experimental blasts conducted on the eastern flank
of sublevel drift No. 12, it is decided to repeat the experi-
mental blasts on the eastern flank of sublevel drift No. 13.
Figure 14 shows in red the areas of the experimental tests.
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Figure 15 below clearly shows is a sectional view of the
actual results of the stope chamber minable width in the
sublevel drifts No. 10-13 on drill ring No. 36. The remaining
results of experimental blasts between drill rings No. 26-42
with a total length of 27 m are summarized in a comparative
diagram presented in Figure 16.

Dilution 70.5%

1.5

3-0.5-6—0.5-0-0.5—¢

Dilution 49.8%

[ 1.5 ]

o—-05-e-05e-05-

PIL13.v

Dilution 52.4%

Figure 15. Ore dilution on drill ring No. 36
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Based on the comparative analysis results shown in
Figure 16, it follows that the experimental blasts performed
on sublevel drifts No. 12 and 13 had a positive effect and
contributed to reducing ore dilution by about 20%.
However, it is worth noting the fact that ore dilution is also
influenced by vein thickness in addition to actual minable
width. For example, the average vein thickness is 0.84 m in
the sublevel drift No. 11 and 0.92 m in the sublevel drift
No. 10, while in the sublevel drifts No.12 and 13 the
average thickness of the vein is 0.66 m.

By comparing minable widths, potential areas for
optimizing the ore mining process can be identified.
For example, if the results of blasting overlying sublevels
differ significantly from those of the experimental blasts,
this may indicate the need to correct the parameters or
methods for breaking.

To correctly compare the results of experimental blasts
with the results of breaking overlying sublevels, a
comparative diagram by minable width is constructed,
which is shown in Figure 17.

5.0
4.5
4.0 L7
Z 35 =
=
s 30
225
_f;u 20
> 15
1.0
0.5
0.0
o~ 8 — & wvi O > ¢ O O — & W
NNNNM(’\M(’\\"’:("}\"’:("\T'\('\VT"ﬂ'%ﬂ
Number of drill rings b}
mPl 13 v WPl 12 v ®wPL1l v =PLI0v Z
Figure 17. Comparative diagram by minable widths
From the comparative analysis data, it should be

assumed that the minable widths in experimental sublevels
No.12 and 13 decrease approximately by 50% in
comparison with the overlying sublevels. Based on the
results of the experimental blasts, it should be stated that
the test results are positive and this scheme is optimal for
breaking stope chambers in rocks with GSI rating up to
40% and with vein thickness up to 1.2 m.
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The drilling scheme used in experimental blasts will only
be used in low-rated rocks (less than 40%) and no more than
1.2 m thick. In areas with average stability rating (40-60%)
and in stable areas with rating above 60%, based on
experimental blasts, optimal technological schemes for
drilling blast-holes, contributing to the reduction of ore
dilution, are substantiated.

Figure 18 shows a section along the line of drill ring
No. 77 to visualize the results of the experimental blasts
performed in medium stability rocks, and the rest of the
results are summarized in the comparison diagram presented
in Figure 19.
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Figure 19. Comparative analysis based on the results of

experimental blasts on medium stability rocks
(GSI = 40-60%)
Recommendations for selecting drilling schemes

are presented in Figure 20. These results are substantiated
on the basis of a set of geomechanical studies
and experimental-industrial tests. When choosing the
optimal drilling schemes for blast drill rings, the RMR/GSI
stability rating of the mass and the ore deposit thickness
are taken as the basis.

These recommendations are intended to select drilling
schemes to reduce ore dilution depending on the ore body
thickness and the rock mass rating. Drilling schemes are
developed on the basis of conducted experimental blasts, as
well as visual, numerical, analytical and comparative
analyses of the minable width actual results of the stope
chambers with the predicted results of computer modeling of
rocks. Table 1 provides the economic efficiency calculations
comparing the results “before”/“after”.
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Figure 20. Optimal drilling schemes for the stope chamber

Table 1. Comparative analysis of economic efficiency

Cost name Before/  Deviation tﬁ ;:él;gl /
after +/%
after, $/ton
Drilling 0.74/0.59 0.15/20 3.6/2.9
Blasting 0.74/0.59 0.15/20 2.2/1.8
Rock mass removal 3145/1622  1523/48 2.4/1.2
Transportation 3145/1622  1523/48 2.3/1.2
Fastening - - 0.1/0.1
Communications - - 0.1/0.1
Variable costs - - 10.7/7.3
Staff costs - - 12.6/12.6
Spare parts, service, repair  3145/1622  1523/48 3.2/1.7
Electricity — - 1.5/1.5
Fixed costs - - 17.3/15.8
Laboratory analyses - - 0.6/0.6
Security staff - - 1.0/1.0
Land transportations - - 2.0/2.0
Support services - - 4.5/4.5
Overhead costs - - 8.1/8.1
Total Akbakai output - - 36.1/31.1

The economic efficiency of technological developments
is analyzed by comparing the actual variable cost indicators
of the above sublevels No. 10-11 with the experimental
sublevels No. 12-13.

The following economic indicators have been obtained
from the comparative analysis:

—drilling costs is reduced by 20%;

—the cost of specific explosive substance consumption
decreases by 20%;

—the cost of removing and transporting rock mass is
reduced by 48%.

During the experimental blasts, the cost of ore mined has
decreased by approximately 5%, which is a very positive
result. Based on the above, it can be summarized that in the
course of the research work at the Akbakai deposit, a reduction
in ore dilution has been achieved through optimization of
drilling and blasting operations when mining low-thickness
ore bodies using the mining system of sublevel drifts.

There are a number of prospects for further research in
the field of optimization of blast-hole ore breaking using a
system of sublevel drifts. Firstly, an in-depth study of the
mechanisms of the impact of drilling parameters on the
structural and strength rock characteristics is possible, which
will make it possible to more accurately determine the
optimal parameters for minimizing mining damage. In
addition, in the future it is important to pay attention to the
development of mathematical models that can predict the
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rock mass behavior under conditions of blast-hole breaking
and blast action. Another important area of research is
assessing the effectiveness and practical applicability of
methods for optimizing the mining process.

4. Conclusions

Based on a set of geotechnical studies, a 3D geotechnical
block model of the deposit has been constructed according to
the rock mass rating classifications. Based on the constructed
block model, it is possible to divide the deposit into 3 struc-
tural domains (Eastern, Central and Western) according to
the rock mass stability rating. Structural domains are funda-
mental indicators to substantiate the optimal parameters for
blast-hole breaking.

Numerical modeling of rock mass by the finite element
method has been performed for the predictive assessment
of ore dilution during the mining of stope chambers. The
conducted comparative analysis of the predictive assess-
ment with actual dilution indicators has revealed that
actual dilution rates exceed the predicted data, which indi-
cates the influence of technogenic factors on the host rock
stability. As a result of comparative and statistical ana-
lyses, a graph of ore dilution dependence on the mass
disturbance factor (D-factor) has been plotted, which
proves the necessity of correcting the blast-hole drilling
schemes depending on the rock stability rating in order to
maintain the host rock stability.

Technological schemes for drilling blast-holes have
been developed based on the constructed dependency
graph of dilution and rock stability rating. Experimental
blasts have been conducted using the developed drilling
schemes, the results of which are compared with the
results of previously mined-out overlying horizons. Based
on the results of experimental blasts, the optimum techno-
logical drilling schemes depending on the rock mass
stability rating and the ore deposit thickness have been
substantiated, which allows reducing ore dilution in the
course of stope operations.

The economic efficiency of the conducted experiments
has been substantiated by a comparative analysis of the actu-
al results of production cost for mining operations prior to
the execution of the work with the results obtained in the
course of the conducted research. The cost of mining 1 ton of
ore is expected to decrease by 13.8%, which determines the
economic efficiency of technological developments obtained
as a result of the research performed.
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Ynpapainnsg 30i1HeHHAM pyau NPHU BiiNpanioBaHHI MaJONOTYKHHUX
PYAHHX TIJI CHCTEMOIO MIANMOBEPXOBUX WITPEKiB

A. Mycin, A. Kuapamos, JK. Acanosa, €. A6npaxman, /. IBagininoBa

Mera. [locmimkeHHs CIpsIMOBaHE Ha OOTPYHTYBaHHS ONTHMAIBHUX IapaMeTPiB CBEPAJIOBUHHOTO BiNOWBAHHS PYAW AJIS 3HIKCHHS pyh-
HyBaHHS MOPOJHOTO MAaCHUBY IPH PO3pOOIi MAaTOMOTYKHUX >KHIBHHX POMOBHII 13 BUKOPHUCTAHHSM CHCTEMH PO3POOKHU ITiJIIOBEPXOBHMHU
mrpexamu (SD). OcHOBHa yBara NpUILSIETHCS aHANI3Y BIUIMBY BUOYXY Ha 3aKOHTYPHHI MacHB Y IPOIECi CBEPVIOBUHHOTO BiIOWBAaHHS.

Metoauka. [ToOynoBa TpuBHMipHOT 6JI0KOBOT MOJIENI 3/IiiiCHIOBaNACS i3 BUKOPUCTAHHSAM PEHTHHIOBUX KJIacHU(iKaIliif TipchKHUX MOpig Ha
OCHOBI BHBYEHHS X MII[HICHHX BJIACTMBOCTEH Ta CTPYKTYPHHUX 0coOMMBOCTel. Bu3HaueHHs 30H Henpy»XHUX JedopManiii HaBKOJIO OYHCHOT
BUIMKH TPOBOJIMIIOCS 32 JOTIOMOTOK YHCEIBHOTO aHAli3y METOJOM CKIHYCHHHX CJIEMEHTIB y MBOMIpHil mocTaHoBii. OI[iHKA JOCTiTHUX
BHOYXiB MIPOBOAMIIACS 3 YPaXyBaHHSIM 3MiHH cXeM OypiHHS BUOYXOBHX CBEPIJIOBUH 3aJICKHO BiJl pEHTHHTY CTIHKOCTI.

PesyabTaTtun. Y mporeci IOCHiIHO-TPOMHCIOBUX BUIIPOOYBaHb Oynu OOTPYHTOBaHI pamiOHANbHI CXeMH OypiHHS BHOYXOBHX CBEPJIO-
BHH, [I0 CIIPHUAIOTH 30€peXKEHHIO CTIHKOCTI BMIIIYIOUUX TOPIiJ] IPH pO3POOIIi MAIOTIOTYKHIX JKHIT.

HayxoBa HoBu3Ha. OOrpyHTOBaHO e€(eKTHBHI METOAM 3HIKCHHS 30iqHEHHS PYy[H, SKi BPaXOBYIOTh HE JIMIIE MIIHICHI BIACTHBOCTI Ta
CTPYKTYPHI OCOOJIHMBOCTI TPCHKUX MOPif, ajie TAaKOX iX ceicMiuHy Ail0 miJ yac BUOYXY Ha CTIMKICTh 3aKOHTYPHOTO MacHBY HPH BiIpario-
BaHHI MaJIONOTY)KHHUX MOKJIA/IB 13 BUKOPUCTAHHSIM CHCTEMH IiIIOBEPXOBHUX LITPEKIB.

IIpakTruna 3HaYnMicTsh. [Tonsirae y MOXKIMBOCTI MiHIMi3allii BigcoTKa 30iHEHHS KOPHCHOI KOIAJIMHHU NIPH BiANpalIOBaHHI MaJoIo-
TYXXHUX PYIHHX TiJ i3 BAKOPHCTaHHIM CHCTEMH ITiJINOBEPXOBHUX IITPEKIB, IO TO3BOJIHUTH 3HAYHO 3HU3UTH COOIBAPTICTH PYAH, IO BUIOOY-
BA€THCS, 38 PaXyHOK CKOPOUYCHH 1i BTpaT, BUKJIMKaHUX PyHHYBaHHSIM MOPOJIHOTO MAacHBY B Mpolieci BUI0OyBaHHS.

Knruoei cnosa: pyoa, 36ionenns, 6yponiopusHi pooomu, o4ucHull npocmip, Nopoou, pooosuuye
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