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Abstract: One of the most problematic aspects in underground ore extraction in mining-disturbed rock masses is back-
filling of man-made voids, which affect origination and redistribution of stress-strain state of the rock mass. Their ex-
istence in the earth's crust provokes subsidence/collapse of the day surface and also contributes to arising geomechanical
and seismic phenomena. The purpose of the study is to substantiate environmental-friendly and resource-saving meth-
ods for backfilling of voids in underground ore mining based on revealing the features of rock integrity of the day surface
and life-sustaining activity of the population living in the mining-affected area. The main negative consequences of the
impact of mining on the environment and humans are high costs for conserving day surface and ensuring life-sustaining
activity of the population living in the mining-affected area, as well as removing large areas of land from human activity,
etc. Based on the study of a rock mass stress-strain state using geophysical and surveying methods, an environment-
friendly method for backfilling of man-made voids in disturbed rock masses is proposed. It enables ensuring the integrity
of the day surface and life-sustaining activity of the population living in the mining-affected area (in the vicinity of
mines, dumps, sites of backfilling complexes, preconcentration and heap leaching of metals from substandard ores,
tailings storage facilities, etc.). Combined geotechnologies are proposed for backfilling of voids during the development
of ore deposits by underground block leaching, and scientific and methodological and technical support was provided
for drilling and blasting preparation of hard ores and underground leaching of pilot blocks at the Michurinsky deposit
of GP VostGOK, Ukraine. The research findings can be used in underground mining of ore deposits of complicated
structure.
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Pa3BuTHne NpupoI00XpPaHHBIX H pecypcocOeperaloumx TeXHoI0T il
MO/13¢MHOIi 100bIYH PY/A B JHEPrOHAPYIIEHHBIX MaCCHBAX

JIsimenko B. N.%, Xomenko O. E.2, Toauk B. 1.2

TocynapcTteennoe mpeanpusaTHe YKpPaMHCKMA HAayYHO-MCCIIEIOBATENBCKUM M MPOEKTHO-M3bICKATENbCKHUI
uHCTUTYT npombiiienHoi Texnonoruu (I'Tl « YkpHUITMWnpomtexnonorumy), . XKenteie Bonsl, Ykpanna,
’HanuoHanbHbIi TEXHUYECKUH YHUBEPCHUTET «J[HEMPOBCKas TIONMTEXHUKay, T. JlHenp, YKpauHa;
%Cesepo-Kapkasckuii ropao-metamryprudeckuii unctutyT (CKI'TY), r. Bnagukaskas, Poccus

AnHoTanusi: OTHUM U3 CaMbIX IPOOJIEMHBIX MECT IIPU MIOA3EMHON TOOBIYE Py B SHEPrOHAPYIICHHBIX MACCUBAX SIB-
JISIeTCsl TTOralleHue TEXHOT€HHBIX ITyCTOT, KOTOPhIE BIMSAIOT HA BOSHUKHOBEHHUE U IIepepaciipeieiieHIe HalpsKeHHO-
nedopmarmonnoro coctosiHusa (HJIC) maccuBa ropHBIX mopoj. WX cymiecTBOBaHME B 3eMHOW KOpPE MPOBOLMPYET
HapyIleHUE JHEBHON MOBEPXHOCTH, A TAK)KE CIIOCOOCTBYET BOHUKHOBEHHIO T€OMEXaHUIECKHUX U CEHCMHUYECKHX SIB-
nenuid. Llens uccnenoBanust (1 000CHOBaHHE MPUPOAOOXPAHHBIX M PECYPCOCOEPETaroNINX TEXHOJIOTHIA TOTaleH s
MYCTOT IPH MOA3EMHOMN J0OBIYE Py/] Ha OCHOBE YCTAHOBJICHHSI 3aKOHOMEPHOCTEH NPOSIBIICHHS TOPHOTO J]ABJICHHUS Mac-
CHBa TOPHBIX IOPOJ, YTO MO3BOJIHUT 0OECTICUUTh COXPAHHOCTh THEBHOM MOBEPXHOCTH U JKU3HENESTEIBHOCTD HAcee-
HUA, IPOKUBAIOLICTO B 30HC BIIMAHUA I‘OpHO}Z[O6I)IBa}OHICF O peruoHa. OCHOBHBIMHA OTPHUUATCIIbHBIMU MOCIICACTBUSAMU
BO3JICHCTBHS TOPHOM TEXHOJIOTUH HA OKPYKAIOIIYI0 IPUPOAHYIO CPEy M YeJIOBeKa SIBJISIFOTCS OOJIBILINE 3aTPaThl HA
COXPAHHOCTb JIHEBHOM ITOBEPXHOCTU M 00ecIieyeHHE )KU3HEACATEIbHOCTH HACENCHUs, TPOXKUBAIOLLETO B 30HE BIIHSA-
HHS TOPHBIX 0OBEKTOB, BBIBOJ OOJBIINX IIIOLIAAEH 3eMeb U3 SKOHOMUYECKOro odopota u 1p. Ha ocHoBe uccnenona-
Hust Mexannzma HJIC mMaccrBa mopost ¢ Ucnonb30BaHueM Te0(pU3NUECKUX U MapKIIEHISPCKUX METOIOB Tpe/IoKeHa
MIPUPOJOOXPaHHAs TEXHOJIOTHS MOTallICHNs] TEXHOTEHHBIX ITyCTOT B SHEPrOHAapyYIIEHHBIX MaccuBax. OHa MO3BOJIAET
00ecne4nTh COXPaHHOCTh AHEBHOM MOBEPXHOCTH U JKU3HEACSTEIIBHOCTD HACEJICHUS], IIPO’KUBAIOILETO B 30HE BIMAHUS
TOPHBIX OOBEKTOR (IIaXThI, OTBAJIBL, TPOMBIIUICHHBIC ILIOIMIAAKH TS 3aKJIaJT0YHBIX KOMILICKCOB, IPEIKOHIICHTPAIIN
Y KY4HOT'O BBIIIETIAYMBaHNSI METAJUIOB U3 HEKOHIUIIMOHHOTO PYAHOTO ChIPhs, XBOCTOXpaHWIHII U Ap.). [IpennosxeHsl
KOMOVHHMPOBaHHBIE T€OTEXHOJIOTHH MOTAIIEHHE MYCTOT IIPU Pa3pabOTKe PyIHBIX MECTOPOXKICHUN MOA3EMHBIM 0JI0U-
HBIM BBILIETAYMBAHIEM 1 OCYLIECTBIECHO HAyYHO—METOIMYECKOE COIIPOBOKACHNE M TEXHUUECKOE oOecreueHre Oypo-
B3PBIBHOH MOATOTOBKU CKAIBHBIX pyI U 0TpaboTku [IBB onbITHO—3KCIepuMEHTANBHBIX OJIOKOB Ha MUYYpHHCKOM
mectopoxkaenun I'TI «Boctl OK», Ykpanna. Pe3ynbTaTsr uccieoBaHuii MOTYT OBITH HCIIOJIE30BaHBI TIPH TIOA3EMHOI
pa3paboTKe PYAHBIX MECTOPOXKIACHHIA CIIOKHOU CTPYKTYPBL

KiroueBble cJI0Ba: SHEProHApYIIEHHBIA TOPHBIA MAaCCUB, MOJ3EMHAast 100bIUa Py, IPUPOIOOXPaHHAS U Pecyp-
cocOeperaroinas TEXHOJIOTHS, TOTAIICHHE TEXHOTEHHBIX MTyCTOT.
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Introduction

The main indicators of effective under-
ground ore mining in the course of development
of deposits of complex structure are the rock mass
characteristics and technogenic mining conditions
[1, 2]. The key factor for ensuring day surface sta-
bility during ore mining is the factor of void fill-
ing [3, 4]. The problem is especially acute in con-
ditions of complicated deposits, in heterogeneous
rock masses with high rock strength and compli-
cated structure [5, 6].

Therefore, substantiation of environmen-
tally sound and resource-saving methods for
backfilling of man-made voids in the course of
underground ore mining on the basis of establish-
ing patterns of manifestation of rock mass pres-
sure to ensure vital activity of the population liv-
ing in the mining-affected districts is an urgent
scientific, practical and social issue requiring de-
velopment of effective solutions [7]. This study is
a continuation of the studies with the authors par-
ticipation, the main scientific and practical results
of which are most fully described in [8, 9].

Objective and tasks

The purpose of the study —is substantiation
of environmentally sound and resource-saving
methods for backfilling of man-made voids in the
course of underground ore mining on the basis of
establishing patterns of manifestation of rock
mass pressure to ensure stability of the day sur-
face and vital activity of the population living in
the mining-affected districts.

In the furtherance of this goal, it is neces-
sary to complete the following tasks.

1. To analyze the factors of rock pressure
manifestation in hard rock masses of complicated
structure with high intensity of faults/fractures.

2. ldentify the conditions for the formation
of residual bearing capacity in disturbed rocks un-
der triaxial compression.
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3. Determine the conditions of stump blast-
ing, reducing the fragmentation index while blast-
ing a rock mass layer in a closed volume and in-
creasing seismic effect of explosive vibrations.

4. Determine the parameters of seismic vi-
brations, the ore mass crushing quality and index
of fragmentation of the “fragmented” material.

5. Develop environmentally sound and re-
source-saving backfilling methods for under-
ground ore mining in disturbed rock masses of
complicated structure.

Basic Provisions

Review of existing solutions to the problem.
Review of man-made voids shows that with increas-
ing the depth of ore mining and the duration of stope
(void) existence, the frequency of collapsing rocks
in them increases. The review suggests importance
of the formation of man-made voids, which affect
the occurrence and redistribution of strain-stress
state (SSS) of a rock mass. Their existence in the
earth's crust provokes collapse (cave-in) of the day
surface, as well as effect of geomechanical and seis-
mic phenomena [10, 11].

Research Methods. In the course of the
study, we used the methods of complex analysis
and synthesis, practical experience and scientific
achievements in the fields of:

— geotechnology;

— methods and facilities for backfilling of
voids during underground mining of ores in dis-
turbed rock masses;

—theories and practices of explosive rupture
of solid media.

Using simulation methods based on equiva-
lent and optically active materials, we studied:

— the effect of disturbance (broken condi-
tion) of a rock mass on the stability of mining
workings, changing the factors of manifestation
of rock pressure with increasing depth of mining;
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—dependence of the strain-stress state of the
disturbed rocks on the overall dimensions of the
mine workings.

Methods of continuum mechanics, mathe-
matical statistics, and methods of studying wave
processes were also used [12, 13].

Study of stress and strain development mech-
anism in the zone affected by underground voids. In
the practice of using the techniques and facilities for
backfilling of voids during underground mining of
ores in disturbed rock masses, the following ap-
proaches are the most widespread (Fig. 1).

Isolating voids by bulkheads without
backfilling is used when extracting ore bodies of
small and medium thickness, flank and blind ore
bodies that do not affect underground facilities
and the earth’s surface [14, 15].

Filling voids by collapse of the enclosing
rocks is the most common way that is connected
with simplicity of the work organization, high
degree of possible mechanization, and low cost.
Its disadvantages include difficulties in
controlling the void filling completeness and
controlling the collapse process while decreasing
thickness of ore bodies at depths of more than
500-600 m.

When developing deposits at great depths,
the need to change to other methods of void filling
arises. The method of void filling by collapse of
the enclosing rocks is characterized by significant
losses, and dilution and rupture of the rock mass
up to the surface [16-18].

Backfilling by solidifying stowing (backfill-
ing) mix provides better performance of subsoil
use. Most of the voids is backfilled with mixes
while simultaneously extracting, by open-cut and
underground methods, thick steeply dipping ore
bodies of deposits located in intensely disturbed

EXPLOITATION OF MINERAL RESOURCES

rocks of medium stability. This approach ad-
vantages include minimal costs, relatively small
losses and dilution, controllability, integrity of the
enclosing rock mass and the earth's surface. The
method features include increased requirement for
detailed knowledge about a rock mass and perma-
nent geotechnical and seismic monitoring [19, 20].
Recently, in a backfill mix, cement is often re-
placed with crushed binders mixed with sand and
gravel materials. Backfill strength varies widely
depending on the purpose of the artificial rock
masses. In a number of deposits, a solidifying
backfilling mix is used because of the need to pre-
serve the day surface due to environmental condi-
tions and for improving health and safety in min-
ing regions [21, 22].

Combined backfilling of voids when devel-
oping ore deposits by underground block leaching
method (UBL, a kind of ISL — In-Situ Leaching)
is used in developed mining countries (Fig. 2).

During two-stage ore mining, the abutment
pressure is redistributed to the stopes of the second
stage, and the load on the structures is determined
by the mass of rocks inside the arising natural self-
supporting rock arch. Disturbed rocks within
the arch are being deformed, but can form rugged
structure and not interfere with the leaching process
[23, 24]. Promising geotechnologies enable winding
rich ores to the day surface, whereas the rest of ores
is processed in situ (Table 1).

UBL (ISL) development of ore deposits in-
volves the creation of areas of different strength
rocks in disturbed rock masses:

— the blocks are filled with ore material,
which is mobile and prone to compaction;

— the blocks are characterized by water sat-
uration and decreasing the rock strength;

— during leaching, mineral particles move.
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Fig. 1. The impact of voids on the earth's surface (schematics):
a — overlaying hard rock; b — flat roof at rock self-strengthening; c — rock collapse, not reaching the earth's surface;
g — rock collapse involving the earth's surface

Fig. 2. Combined development of an ore deposit:
1, 2 —rich and poor ores, respectively; 3 — complex for heap leaching of poor and off-balance ores ((heterogeneities);
4,5 — ore control and concentration plant (CCP) and processing plant (PP), respectively; 6 — stowing complex;
7 — shop for preparation of leaching solutions

EXPLOITATION OF MINERAL RESOURCES
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Table 1

Typification of underground block leaching processes

Process

Process parameters

Process Conditions

Ore crushing

Providing grain size ranging +20 mm to -50 mm

Uniform ore density. The possibility of
creating a compensation space for a
blast

pregnant solutions

Ore spraying Boreholes in an intact rock mass. The lack of impervious zones and chan-
Spraying from the ore surface. nels in the broken ore (muck)
Applying casing for boreholes within broken ores.
Applying fine-grained materials.
Hydraulic fracturing

Collection of | Impervious curtains. Prevention of leaching product access

Waterproofing of leaching areas.
Electrovacuum drainage of solutions.
Applying synthetic polymeric materials

to the environment

Process
intensification

trasonic vibrations,

Physical methods: injection of compressed air, ore blast- | Producing specified loosening.
ing, particle size reduction proportional to the concentra-
tion gradient, slabbing at variable line of least resistance | nent in pregnant solution to an accepta-
of charges, control of the release ellipsoid, analysis of ul- | ble value

electromagnetic treatment of solutions.

Chemical methods: washing with water with activating
additives, injection of chemical compounds.

Biological methods: applying bacterial strains

Increasing the content of useful compo-

Downhole methods: rock drilling for introducing monitor- | Representativeness of the samples and

Leaching
completeness ing devices, drilling through broken ore with sampling.
control Roadheading with sampling

measurements for the whole block

Creation of such areas provokes increasing
tensile stresses and loads on the elements of the
natural-technogenic system [25, 26]. The bal-
anced state of the ore-hosting rock mass is en-
sured if the UBL blocks are unloaded (to elimi-
nate critical stresses) by artificial and natural rock
masses.

The practice of preparing ore reserves
for underground block leaching

Assessment of a blast seismic effect on un-
derground and surface facilities. Recently, min-
ing conditions have become more complicated
due to increasing mining depth, extracting ore
bodies under built-up areas, and the presence of
protecting pillars in the immediate vicinity of the
earth's surface. An indispensable requirement for
mining operations under these conditions is, on
the one hand, providing complete integrity of fa-
cilities and the earth's surface and, on the other

EXPLOITATION OF MINERAL RESOURCES

hand, ensuring the required performance. Mining
safety largely depends on the nature and intensity
of wave propagation effects during blasting, the
state of the rock mass transmitting blasting
shocks, and the behavior of different facilities
when interacting with waves during blasting.

The main condition for maintaining a rock
mass stability at periodic dynamic stresses is
preservation of the medium volume, i.e. the mag-
nitudes of stresses arising from blasting should
not cause permanent deformations in the rock
mass. Then, based on the conditions of keeping a
rock mass integrity/stability, the values of relative
deformations caused by a blasting, Ee, should not
exceed the permissible levels, Ep, i.e.

Ee > E. 1)

Relative deformations caused by blasting,
taking into account the twofold factor of safety
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(FoS) of a rock mass, are determined from the ex-
pression:

E

Ue
= , 2
=%, 2)
where Ue is the displacement velocity during
blasting, cm/s; C, is the P-wave (compressional)

velocity in a rock mass, cm/s.

Science and Technology

Therefore, to ensure the stability and integ-
rity of a rock mass and the environment, the dis-
placement velocity during blasting should not ex-
ceed the permissible level Up, i.e. the following
condition must be met:

Up > Ue. €]

Permissible soil vibration velocities in the
base of structures of different classes in different
rocks are given in Table 2.

Table 2
Permissible vibration velocities for structures
Rock characterization Protodyakonov | P-wave (compres- | Permissible soil vibration velocity, cm/s, for
rock hardness sional) velocity, buildings of class
index, f km/s
| I 1| v

Regolith, debris 0.5-1.0 1-2 4.1 8.2 12.2 20.4
Highly fractured rocks of high
porosity with clay 1-3 2-3 6.8 13.6 20.3 34.0
Hard rock of significant natural
fracturing 3-5 3-4 9.5 19.0 28.4 475
Relatively monolithic  rocks
with some fractures and voids 5-9 4-5 12.2 24.4 36.7 60.0
Monolithic rocks, low-fractured 9-14 5-6 14.9 29.8 44.6 74.5
Very hard rocks, monolithic,
practically without fractures 14-20 6-7 17.8 35.6 53.3 89.0

As seen from the data of Table 2, subject to
observance of the specified parameters, the sur-
face integrity during underground blasting is en-
sured, and the buildings and structures built on the
surface will not be ruptured, since the permissible
displacement velocity (1-3 cm/s) for residential
buildings is much lower than the permissible ve-
locities for different rocks.

Assessment of the influence of geological
conditions on the blasting seismic effect. Review
of the historical site survey and geological data
showed that topsoil (Qas), loess-like loams
(I3 Q2-3), sandy loams and loams (N2>—Q1), and
Buchak fine-grained sands (f2 B) participate in the
site sequence (from top to bottom). Total thick-
ness of sedimentary rocks is 12—14 m. The sedi-
mentary deposits everywhere overlay the eluvium

EXPLOITATION OF MINERAL RESOURCES

of the weathering crust (P—M;) on the crystalline
Proterozoic rocks (RR1). The weathering crust is
represented by argillous-clastic material: primary
kaolin, silty/sandy medium gravel, sand-clay, de-
pending on the crystalline rock composition.
According to data from monitoring bore-
holes drilled along the strike of the ore body, the
lower boundary of the weathering crust between
the axes 61-69 is at a depth of 20-24 m from the
earth’s surface. The basement crystalline rock in
the studied areas until the depth of 60 m are rep-
resented by massive texture albitite of medium
strength, highly cataclastic and fractured. The
production blocks are located almost in the center
of the depression funnel, extending longitudinally
along the whole deposit. As a result of mining, the
groundwater level here drops by 20-30 m below
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the level of 210 m. The rocks are practically not
flooded. The crystalline rocks of production
blocks 5-84-86 and 5-88-90 are represented by
gray medium-grained (with porphyry aggregates
of feldspar crystals) biotite migmatite.
There are remnants of silicified biotite gneiss.
The rock is slightly fractured, compact, hard. Rare
fractures are in layers with carbonate having hard-
ness f = 14-15.

In terms of mining and geological condi-
tions, the blocks are located between two tectonic
faults. One of the fault is located to the south of
the blocks at a distance of 25-30 m, and the sec-
ond fault is located to the north of the blocks at a
distance of 40 m. The width of the tectonic faults
ranges from 5 to 10 m. The indicated tectonic
faults can serve both as a zone of seismic vibra-
tion absorption during passing waves across the
fault strike and as waveguides when seismic
waves pass along the faults.

In terms of mining and technical conditions,
both towards the protected facilities (houses of the
village of Kizelgur, Ukraine) and towards the In-
gul river, above blocks 5-84-86 and 5-88-90,
mined-out and backfilled blocks are located,
which, when blasting in the pilot block, will serve
as a zone of absorption and reflection of the seis-
mic waves. Each geological structure is character-
ized by common and local factors affecting seis-
mic wave propagation. The common geological
factors that can affect the intensity of blasting-in-
duced seismic waves include loose sediments,
tectonic faults (the latter can be considered as pos-
sible waveguides), and the rock dip angles. The
seismic wave propagation velocity is determined
by the degree of the rock mass fracturing.

When a seismic wave passes into the frac-
turing zones, its intensity may increase or de-
crease. Loose alluvial rocks are a kind of filter of
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vibrations in a seismic wave, when the latter is re-
fracted in them.

The vibration intensity depends entirely on
the sediment thickness: the higher the thickness,
the lower the seismic effect. In a rock mass that is
not affected by mining and does not have faults,
the seismic effect is enhanced. The seismic effect
decreases by 1.5-2.0 times when seismic waves
pass through the obstacle in the form of stope
mined-out space, mined-out and backfilled
blocks. The greatest effect on changing intensity
of seismic vibrations is exerted by technological
factors of a deposit development:

— in the back side of a blast, the rock mass
disturbance velocity is 1.5 times higher than in the
flank side, and 2 times higher than towards the
front;

— blasting in a block at the underlying level
after extracting the overlying blocks and their
backfilling leads to 2-fold decrease in the dis-
placement velocity within the seismic wave, and,
at blasting of borehole rows when forming blasted
slot, to the 1.5-fold decrease;

— passing the blast wave through the mined-
out space decreases the vibration velocity by 2
times.

In the case at hand, when preparing produc-
tion blocks 5-84-86 and 5-88-90 for under-
ground leaching, blast waves will pass through
the faults and the mined-out space, which reduce
seismic vibrations by 2 times and decrease the
seismic effect by 1.5-2.0 times, and through allu-
vial soils, which also reduce seismic vibrations in
about 2 times. Assessing the conditions for ex-
tracting production blocks 5-84-86 and 5-88-90,
it should be noted that physico-mechanical and
hydrogeological properties of the rock mass, the
presence of mined-out and backfilled blocks,
faults and alluvial soils contribute to keeping the
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integrity of the day surface and residential build-
ings in the village of Kizelgur, and are favorable
for blasting in the blocks.

Estimation of the permissible weight of ex-
plosive charges per a delay. The concentration of
blast wave energy in a layer rock mass with fan
pattern of borehole charges is unevenly distrib-
uted, and the minimum load falls on the ends of
the boreholes, whereas the maximum load, to cen-
tral part of the rock mass (closer to the collars),
that affects the crushing quality. Therefore, the
wave rupturing processes caused by blasting pro-
duce complicated picture, especially in the near
zone, not exceeding five radii of the being blasted
layer from its center.

Outside of this zone, it is possible to deter-
mine dependences of changing the displacement
velocities characterizing the disruptive effect of
the fan-pattern charges in the being blasted ore
layer (per a delay) on the charge spatial position
in relation to the protected facility and the dis-
tance to it. Since the fan-pattern charges are areal
with uneven distribution of energy concentration,
its spatial position in relation to the protected fa-
cility, along with the distance to the protected fa-
cility, is rather important.

The stability of protected underground and
surface facilities can be provided by the correct
establishing and observation of regulatory re-
strictions, i.e. establishing permissible displace-
ment velocities for each protected facility. A pro-
tected facility is protected from disruptive seismic
effects of vibrations of the rock mass and soil of
the day surface, provided that the actual displace-
ment velocity caused by underground blasting re-
mains below the permissible level, i.e. the follow-
ing condition is met:

U, <U... 4)
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Since the displacement velocity in the pro-
tected facility (within the rock mass in under-
ground conditions or on the day surface) is deter-
mined by the distance between the charge center
and the protected facility, the explosive weight
per a delay and the medium through which seis-
mic vibrations from underground commercial
blasting pass, then, to substantiate parameters of
safe charges in the conditions of Michurinsky de-
posit of SE VostGOK (Ukraine), pilot-plant stud-
ies were conducted. Ensuring the stability of pro-
tected facilities located in rock masses (various
underground mine workings, stopes, shafts) and
on the day surface is achieved by using the well-
known formula of M.A. Sadovsky [21], improved
by the authors, for estimating the rock mass dis-
placement velocities:

3/~2,08
U=K%%anm (5)

where U is the displacement velocity, cm/s; K is
the proportionality coefficient characterizing the
properties of the medium transmitting seismic vi-
brations and equal to 575 for the parallel arrange-
ment of fan-pattern borehole charges in relation to
the protected facility, and 145 for the end arrange-
ment; Q is the weight of charge per a delay, kg; R
is the distance from the center of the being blasted
(by the fan-pattern borehole charges) layer to the
protected facility, m.

Thus, depending on the position of the being
blasted layer relative to the facility, the depend-
ence is written as:

— at the parallel arrangement
3/ 2,08
U =575%, cm/s;
3Q2,08

— at the end arrangement U =145 REGE

cm/s.
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It can be seen from these dependences that
at the end arrangement, the energy decreases by 4
times that is used in estimating the permissible
charges per a delay. When estimating the permis-
sible charges per a delay when blasting balance
reserves of Michurinsky deposit production
blocks, it is recommended to take into account the
spatial position of the being blasted ore layer in
relation to the protected facility using the follow-
ing formulas:

Science and Technology

3 3
—atthe parallel arrangement Q = R® % kg,
1

where K1=545;

08

3
2

— at the end arrangement Q =R®

, kg,

where K>=145.

The maximum permissible charges (explo-
sive amount) per a delay for blasting the reserves
of production blocks 5-84-86 and 5-88-90 are
given in Table 3.

Table 3
The maximum amount of explosives per blast by block
Number of Level, m Borehole fan Delay series, ms I\gj:)(:g;:\l/?sapn;? lélndte?f
blast/block ' number '
lay, kg
1st blast 240-260 3 75 1771
2nd blast 225-240 1 25 2249
3rd blast 210-225 5+5a 150 2832
4th blast 210-263 1+1+1 50 5594
Block 5-84-86 225-210 8-8A 150 2777
Block 5-88-90 263-240 2 50 1969

The amounts of explosives per a delay dur-
ing counter-blasting with fan-pattern borehole
charges when estimating the displacement veloc-
ities of rock masses (underground facilities) and
the displacement velocities of soils at the base of
surface facilities are not summed up, since the di-
rection of the seismic vibration fronts after the
simultaneous blasting several layers in a rock
mass is mutually opposite. The maximum amount
of explosives per a delay in block 5-84-86 is
lower than the estimated permissible amount of
explosives for all protected facilities in the far
zone, except for nearby underground facilities:
Shaft 59, exploration drift in axes 59-71 (work-
ings, stopes, substations) located at distances of
22 to 35 m from the blast position (should be re-
stored if required). In block 5-88-90, the maxi-
mum amount of explosives per a delay is higher
than the estimated permissible level for the fol-
lowing facilities: Ingul river bed, residential

EXPLOITATION OF MINERAL RESOURCES

buildings, east drift at level 210 m, underground
electrical substation at level 210 m, Shaft 71 (92)
at level 280 m.

Blasting of reserves of production block 5—
84-86 based on the substantiated parameters of
drilling and blasting operations provides improve-
ment in the quality of crushing. The effect of frag-
mented medium due to stump blasting with the
optimal ore mass fragmentation indices in the
block is 1.30 on the average, and, for block 5-88—
90, 1.25. The increased (expected) compression in
the lower part of the mentioned block between
levels 260 and 240 m after blasting all the reserves
of the stope will produce favorable effect on the
process of ore leaching and obtaining pregnant so-
lution.

Thus, the combined control of geomechani-
cal state of disturbed rock masses is used in min-
ing of different-grade ores, for example, after ex-
traction of rich ores, when lean ores are leached
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in UBL blocks [28, 29]. Geomechanical stability
of a rock mass is ensured by dividing it into the
areas limited in terms of the condition the for-
mation of rock natural self-supporting arch main-
taining stable flat roof. Inside the isolated areas,
different underground ore mining methods can be
applied. Protection of the conjugate areas of the
deposit from the blasting seismic effects is en-
sured, for example, by shielding. The stress level
in a geomechanical system is regulated by engi-
neering activities [26, 27]:

— inclination of the artificial rock mass on
the ore mass reduces ore dilution by backfilling;

— protecting backfill rock mass at the border
of an ore body represents a protective wall that
enables extracting the bulk of reserves in favora-
ble mining conditions;- strengthening unstable
rocks with roof bolts and steel ropes provides bet-
ter ore recovery performance.

Thus, the rock mass management is carried
out by combined filling, including solidifying
backfill mixes and isolation, as well as technical
and technological supporting the filling processes
using environmentally sound and resource-saving
methods [28, 29].

Analysis of research results and general
recommendations

Based on the study of arising and redistribu-
tion of a rock mass stress-strain state using geo-
physical and surveying methods, an environmen-
tally sound method for backfilling of man-made
voids in mining-disturbed rock masses is pro-
posed [30, 31]. It enables ensuring the stability of
the day surface and life-sustaining activity of the
population living in the mining-affected area (in
the vicinity of mines, waste rock and off-balance
low-grade ore dumps, sites of backfilling com-
plexes, facilities for preconcentration and heap
leaching of metals from substandard ores, tailings
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storage facilities, etc.). The main negative conse-
quences of the impact of mining on the environ-
ment and humans are high costs for conserving
day surface and ensuring life-sustaining activity
of the population living in the mining-affected
area, as well as removing large areas of land from
human activity, etc. Therefore, funds must be pro-
vided for the following activities [32, 33]:

— advanced processing of technogenic
wastes (tailings), which demonstrate wide variety
of mineral forms in comparison with ordinary
ores;

— reclamation of industrial sites and adja-
cent territories after the mine closure;

— landscaping of the reclaimed territory
with grass and shrub;

— permanent monitoring of the environment
components in the zone affected by mining facil-
ities activity.

For processing of the technogenic waste
(tailings) it is necessary to develop new processes
to be based on the latest achievements of mining
science. The research aimed at reclaiming accu-
mulated waste of mining and metallurgical pro-
duction should be performed. Implementing ef-
fective methods for extraction of metals from the
waste will improve environmental situation in the
areas of their storage and provide additional vol-
umes of extracted valuable components. Large-
scale involvement of tailings in reclaiming, as
well as processing of off-balance ore dumps at
modular plants will contribute to obtaining an ad-
ditional source of valuable components and de-
creasing environmental impact in countries with
developed mining industry [32, 33].

It is also necessary to create protective for-
est belts along transport routes (automobile, rail-
way, slurry pipelines, etc.). The territories where
the maximum permissible concentration (MPC)
of pollutants is exceeded, should be transferred
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for sowing industrial crops; in polluted water bod-
ies, swimming, fishing, etc. should be banned [34,
35]. To prevent transfer of dusty contaminated
material outside mining facilities, sanitary protec-
tion zones and belts around them should be
planted with tall tree species that will inhibit wind
above these facilities. Such facilities include
mines, waste rock and off-balance low-grade ore
dumps, sites of backfilling complexes, facilities
for preconcentration and heap leaching of metals
from substandard ores, tailings storage facilities,
etc.). In this case, the dust will captured in these
forest stands and will not enter other territories,
including settlements [36, 37].

Conclusions

1. It is demonstrated that blasting stope re-
serves with a preset crushing quality to provide
efficient leaching a useful component requires in-
creasing the ore mass compression using stump
blasting, where the fragmentation index should be
in the range of 1.17-1.20. To achieve the desired
quality of crushing, the blasted slot must be lo-
cated in a block center for using counter blasting
when breaking the nearest (to the slot) layers by
blasting fan-pattern borehole charges.

2. It is demonstrated that to improve the
quality of crushing by increasing the explosive
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