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Abstract

Purpose. Development of a methodology for determining the level of actual losses and dilution of ore based on the identi-
fied patterns of the influence of occurring ore body elements and the stope parameters when mining thin slope deposits using a
system for delivering ore by the blasting force.

Methods. The task set is solved using an integrated approach, including the analysis of literary sources and the existing
practical experience on the issues of losses and dilution, conducting experimental-industrial experiments in the conditions of
the Akbakai deposit to assess the recommended method effectiveness for determining the values of excess losses and dilution
of ore, geomechanical assessment of the mass using the methods of limit equilibrium, numerical and probabilistic analyses.

Findings. A methodology for determining losses and dilution when mining thin slope deposits using a system for delive-
ring ore by the blasting force is proposed, which makes it possible to predict excess losses and dilution coefficients arising
from stope roof caving and incomplete ore delivery. The actual losses and dilution of ores in the Akbakai deposit have been
determined based on the proposed methodology and instrumental surveys. The developed methodology for determining the
values of excess losses and dilution makes it possible to take preliminary measures to prevent the stope roof caving with the
complete ore mass delivery using the blasting force.

Originality. New dependences have been revealed for the conditions of the Akbakai deposit: logarithmic — the value of di-
lution depending on the angle of the ore body occurrence; polynomial — the stope maximum span depending on the ore body
dip angle; exponential — ore losses depending on the angle of the ore body occurrence.

Practical implications. The practical significance, confirmed in the course of pilot-experimental work, is in minimizing
the percentage of loss and dilution of the useful component when mining thin slope ore deposits using a sublevel blast-hole

stoping system with an open stope space, which makes it possible to reduce the cost of the produced mineral.
Keywords: stability, rock caving, ore dilution, ore losses, stress-strain state, numerical analysis

1. Introduction

The global increase in prices for non-ferrous, rare and
precious metals had a positive impact on the dynamics of
growing productivity in the mining-and-metallurgical sector
of Kazakhstan. Based on the data of the Republican Agency
for National Statistics, at the end of 2021 — beginning of
2022, the production of non-ferrous metal ores in Kazakhstan
increased by 4.7% and is currently only growing. Corporation
Kazakhmys TOO began to mine more copper ore by 6%. JSC
AK Altynalmas increased mining of gold ore by 59%. Alu-
minium of Kazakhstan JSC for 10 months has mined bauxite
by 11% more than in the same period last year. Moreover,
against the backdrop of rising prices for metals, the above
corporations have recently become intensively involved in
mining of previously considered economically inefficient and
difficult-to-develop deposits with extremely difficult mining-
geological and mining-technical conditions [1]-[6].

Mining-geological and mining-technical factors that form
the complexity of mining deposits are very different. They are

expressed not only in the fracturing of ores and rocks, the
diversity of their physical-mechanical properties, but also in
the diversity and variability of the occurring elements. From
this point of view, in our opinion, gold vein deposits are one
of the most difficult geological objects to mine. Gold ore vein
deposits have a number of peculiarities: complex geological
structure and tectonic disturbance, extremely uneven distribu-
tion of reserves in the subsoil, limited dimensions of the mi-
ning space, morphological variability of the veins, a variety of
conditions for the stability of ores and host rocks [7]-[10].
There are 14 main gold mining regions on the territory of
the Republic of Kazakhstan, in which almost all gold re-
serves are concentrated. These are Mugadzharsk, Zhetyga-
rinsk, Kokshetau, Akmola, Maikinsk, North Pribalkhash,
Kalbinsk, Rudno-Altaysk, Yuzhno-Altaysk, Dzhungar, Zai-
lisk, Akbakai, Karatau, Zhezkazgan. The deposits are repre-
sented by ten geological-industrial types: quartz-vein; stock-
work; mineralized zones; weathering crusts; alluvial depos-
its; sulphide-polymetallic silver-gold; in complex with asso-
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ciated gold; sulphide-gold-silver-polymetallic; porphyritic-
gold-copper and sulphide-gold-copper [11]-[13]. The main
share of the above industrial regions is represented by deposits
with thin veins. The most important geological-industrial types
of deposits are ores of mineralized zones, which account for
more than 20% of explored reserves (Bakyrchik, Bolshevik,
etc.); quartz-vein ores, which account for about 16% of the
reserves (Aksu, Zholymbet, Akbakai, etc.); stockwork ores
14% (Vasilkovskoye, Yubileinoye, etc.); gold-sulphide ores
10% (Maykain, Abyz, etc.). When mining thin gold ore veins,
more than 40% of the ore is mined by underground method,
while the share of mining slope deposits is 20-30%.

It is known that one of the peculiarities of mining the
vein-type deposits and predominantly thin deposits is their
increased labor intensity compared to systems used for thick
ore deposits [14]-[17]. This is explained by the fact that the
conditions for mining thin deposits in a narrow stope space
do not allow the use of high-performance drilling and load-
haul-dump equipment, which would intensify mining pro-
cesses. Moreover, due to the ore body low thickness, its
mining is conducted with dinting of the host rocks, which
leads to a large mined ore dilution (up to 65%) and difficul-
ties in extracting gold during its processing. Since explosive
charges, placed in a narrow face, work in a large clamp,
resulting in the need to thicken the grid of their location.
This, in turn, leads to a significantly reduction in the yield of
broken ore and, as a result, an increase in labor costs for ore
breaking, economic and ecological issues [18]-[23]. Espe-
cially often, the narrow width of the extraction space causes
the difficult drawing of broken ore, as a result of which the
labor costs for this operation reach 35-40% of the total labor
intensity of the stope extraction, causing, in turn, increased
losses of broken ore (up to 12%). Dilution and losses of ore
are one of the main indicators of the efficiency of the applied
mining systems, on which the economy of mines and gold
extracting factories (GEF) largely depends.

In most cases, when mining vein deposits, the dilution
value is determined through the ratio of the thickness of the
broken waste rocks to the width of the stope space [24],
using the Formula:
p_Ms—my

mS

)

where:

ms — width of the stope space, m;

m, — vein thickness, m.

There is also a known method [25], the essence of which
is to determine the coefficient of actual dilution, equal to the
ratio of the mined ore weight to the weight of the vein mass
contained in it. The coefficient value of the broken ore real
dilution is determined based on the vein thickness, the width
of the mined-out space, the volume weight of the vein mass
and the host rocks:

my, _mv)Vr +Myyy
myyy

Po= ( ) 2
where:

7r — the volume weight of the host rocks, ton/m3;

» — the volume weight of the vein mass, ton/m?.

Although these methods are more flexible and make it
possible to determine the ore dilution separately for each
block, but have their drawbacks. These methods do not fully
take into account the ore body elements and geomechanical
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processes occurring in the mass after ore breaking. For ex-
ample, the ore body dip angle, possible roof caving, stope
bottom sliding, etc. are not taken into account.

The experience of mining thin slope ore deposits shows
that one of the most common ore mining technologies is a
sublevel blast-hole stoping using a system for delivering ore
by the blasting force implemented in some deposits to mine
more than 60% of the reserves [26]-[28]. Main advantage of
this mining system is its simplicity, which makes it universal
and allows mining ore deposits in various mining-geological
conditions. With a sublevel blast-hole stoping system, ore
losses are determined mainly by a variant-analytical method
according to the criterion of maximum output from 1 ton of
depleted balance mineral reserves based on a comparison of
the economic consequences of mining the reserves along the
bottom position contours along the stope. The value of the
balance ore (Ki) loss factor or balance ore loss (L) is ex-
pressed by the Formulas:

_,_D(a-b).
e ©
_|,_ D(a-b)|
n_{l— B(C_b)]loom, (4)
where:

D — the amount of mined ore mass, ton;

B — the value of depleted balance ore reserves, ton;

a — the useful component grade in the mined ore, %;

b — the useful component grade in the mixed rock, %;

¢ — the useful component grade in the deposit ore (mass), %.

Despite the large amount of research in this area [29]-[31],
the existing technologies for mining ores from thin slope
veins are characterized by high labor intensity, low technical
and economic indicators, significant losses, and ore dilution.

At present, in the main gold mines of Kazakhstan, in-
cluding mines of the Akbakai industrial zone [32], [33], a
sublevel blast-hole stoping system of ore breaking with deep
wells and delivery by the blasting force is used to mine thin
slope veins. Since this system provides higher performance
in terms of labor productivity, is the safest, and allows or-
ganizing the continuous ore mining. However, a system for
delivering ore by the blasting force has high loss and dilu-
tion coefficients. For example, the actual losses and dilution
coefficients in the mining of thin slope deposits in the mines of
the Akbakai industrial zone have been increasing in recent
years (Fig. 1). This is mainly due to the deepening of mining
operations to the deposit depth, as well as the involvement in
mining of previously unprofitable ore deposits with complex
morphology. As a result of the data analysis on loss and dilu-
tion in the “Pologaya-1” vein, it has been found that the
losses on sublevels 10-13 increase to 12%, when the planned
level of loss in the vein is 8.6%, and dilution increases to
55% with the planned 37.8%, respectively.

Currently, ore losses and dilution of the Akbakai deposit
are taken into account based on weighing and testing
results, adjusted according to the data from gold extracting
factories. However, this method does not provide an oppor-
tunity to assess the results of ore mining from stopes and
blocks. Accordingly, it cannot indicate the main sources of
losses and dilution, give an assessment of the applied vein
mining technology, in order to make a decision on reducing
losses and dilution.
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Figure 1. Comparative diagram of ore loss and dilution coeffi-
cients in the mining of thin slope Akbakai deposits
(2016-2021): 1-planned dilution level (37.8%);
2 — planned loss level (8.6%)

Therefore, the issues of finding more efficient and flexi-
ble methods for determining losses and dilution in the mining
of thin slope ore deposits, taking into account occurring ore
body elements and the geomechanical processes of the mass,
are relevant and do not lose their significance.

By properly accounting for losses and dilution, the causes
can be identified and the most effective measures can be taken
to reduce or eliminate them. It is very difficult to determine the
boundaries where losses and dilution can be excluded. In this
regard, in order to solve the above problem, the task set is to
reveal and study the main causes affecting the value of losses
and dilution when mining thin slope ore deposits.

2. Materials and methods

2.1. Study area

Mining of ore bodies in the Akbakai deposit using a
sublevel blast-hole stoping system by layer-by-layer breaking
of ore with deep wells and delivery by the blasting force pro-
vides for the mining of gold ore veins with dip angles of up to
35° and from 35 to 50°, with a thickness of 1.51 to 1.92 m.
Currently, the following veins are mined by this system:

— “Yubileynaya” vein with a dip angle of 40-55° and an
average thickness of 1.51 m;

— “Glubinnaya” vein with a dip angle of 35-55°
average thickness of 1.61 m;

— “Pologaya-1” vein with a dip angle of 35-50°
average thickness of 1.92 m;

— “Pologaya-6~ vein with a dip angle of 30-35°
average thickness of 1.74 m.

The main advantage of this system is that it eliminates the
presence of workers and machines in the stope space, thereby
increasing the safety of work, ensuring the independence of
breaking and drawing operations, while having sufficient
drilled and blocked-out ore reserves, as well as creating con-
ditions for the continuous performance of work. In addition,
this system makes it possible to mechanize all the technolo-
gical cycle production operations as much as possible, and
high-performance self-propelled equipment can be widely
used. But as noted above, the system for delivering ore by
the blasting force has high loss and dilution coefficients.

From the analysis of data on the deposit, it has been re-
vealed that losses and dilution depend on a number of fac-
tors: losses of broken ore on the stope bottom due to incom-
plete ore delivery by the blasting force; ore losses on the
contacts of ore bodies with host rocks; dilution of the ore due
to the roof caving and stope bottom sliding.

and an

and an

and an
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At the same time, it should be noted that at present there is
no reliable methodology for quantifying losses and dilution in
a system for delivering ore by the blasting force. Therefore,
there is a need to find a new methodology for determining
losses and dilution, taking into account the patterns of occur-
ring ore bodies, the geomechanical process, as well as the
trajectory and range of the ore throw after breaking.

For ore breaking when mining slope veins with a thick-
ness of up to 1.2 m at the Akbakai mine, a parallel grid is
used with a compensation well of small diameter (Fig. 2).

0.73m

a=32 mm

Figure 2. Well location grid (drill ring No. 187) along the
“Pologaya-1” vein at the Akbakai mine

The specific conditions for using a system for delivering
ore by the blasting force (the impossibility of direct inspec-
tion of the roof and bottom of the stope) make it difficult to
monitor the stope roof state. Existing mine surveying meth-
ods do not allow to perform these operations and, according-
ly, to determine the places of concentration of losses and
dilution. This problem has been solved by determining the
actual contours of the stope using remote tacheometric sur-
vey and predicting the geomechanical process of the rock
mass after blasting operations.

2.2. Calculation of the studied stope parameters

The study of any measures to reduce losses and dilution
is associated with the need to obtain data on the number (n)
and (P) within the specific stope under study. In this case, the
losses (n) include the ore losses (ny) in the arches and unbro-
ken crusts of the stope ceiling, ore losses in the pillars (n¢*)
when it overhangs the pillar contour limits, minus that part of
the ore (n¢") penetrating from pillars during their destruction,
ore loss (npn) on the stope bottom due to incomplete delivery,
minus the rock mass (no,) penetrating from the hanging wall
caving. Thus, ore losses within the stope can be determined
by the Formula:

.
Npt +(nc -ng )+nph

n= , 5
5 ®)
where:
B — balance ore reserves in the stope, ton.
Nph =M —ngp, ton, (6)

where:
M — the amount of rock mass bulked on the bottom, ton.
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The equivalent metal grade in the ore when host rocks
penetrate into it is determined by the Formula:
_ aNph +ap Ny

Bk =—— ———
nphnpr

U]

where:

ar — the metal grade in ore, g/ton;

apr — the metal grade in the host rocks, g/ton;

npr — the amount of diluting rock, ton.

Broken ore becomes substandard and is considered lost if
the inequality is met:

8ok < 8mip »

®)

where:

amin — Minimum cut-off metal grade in ore, g/ton.

From Equation 7 and Inequality 8, the boundary condition
for the transition of broken ore into losses can be obtained:

n

ph

Qpr +ar ——
npr

9)

Ny, <N
ph pr
Anin

The methodology for determining ore losses on the bot-
tom (npn) under the conditions of a system for delivering ore
by the blasting force is as follows:

— it is determined by remote surveying the total rock mass
(Vnb) bulked on the stope bottom;

—using a remote surveying and a preliminary prediction
of the mass geomechanical state, the volume of caving rocks
in the hanging wall (Vo) and the volume of sliding rocks of
the stope bottom are determined;

— the amount of lost ore on the stope bottom is calculated:

Nph = (an _VobK)7 , ton, (10)

where:

K — fragmentation index;

» — volume weight of ore in loosened state, ton/m?.

The volume of destruction in the stope bottom is deter-
mined quite simply by measuring the caving thickness of rocks
in the foot wall and further calculating their volume (Vpn).
Such measurements are made directly in the drill winze.

The ore dilution is determined for individual operational
blocks by a direct method according to the ratio of the amount
of diluting rock mass to the entire mined marketable ore:

G

P=—=-100, %, (11)
D

where:

G — the amount of diluting rock mass, ton.
G =G, +G,, ton, (12)
where:

G1 — the amount of diluting rock mass, ton;

G, — the amount of diluting off-balance ore, ton;

D — the amount of drawn rock mass, ton.
D=A+G, ton, (13)
where:

A — the amount of mined balance ore, ton.
Under the conditions of a system for delivering ore by the
blasting force in a narrow stope, the amount of diluting rock
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mass (G) is determined as follows. Using a remote sur-
veying, the volume of caved rocks of the hanging wall (Vob)
is determined, as well as the volume of sliding rocks of the
foot wall and drawn together with the ore (V). Then the
amount of diluting rock mass is calculated by the Formula:

G =(Vop +Vi; )7 , ton, (14)

where:

y — the volume weight of the host rocks, ton/m?®.

In order to predict the overplanned ore dilution according
to K. Matthews criteria, a methodology has been developed to
determine the optimal parameters of stopes and pillars [34]-
[36]. This methodology is based on the calculation and
mapping of two values: stability index N, which characterizes
the ability of the rock mass to maintain stability under given
conditions of stress state, structural organization of mass
disturbances and orientation of the stope space, and shape
factor S or hydraulic radius HR, which account for the
geometric interdependence of outcrop sizes.

The stability index N is calculated by the Formula:

_RQD ir
n

where:

RQD - rock quality index;

jn—an index of the number of fracture systems;

jr — fracture surface roughness index;

ja — fracture adhesion index;

A — parameter characterizing the ratio of strength to the
stress state of rocks;

B — parameter characterizing the fracture orientation;

C — parameter characterizing the outcrop dip angle (slope).

The correctness of accounting for dilution is controlled by
determining dilution when drawing ore from the stopes according
to the composition of the drawn ore. The dilution coefficient
for the studied stope is found by comparing the total weighed
sample material with the weight of the sorted rock fraction.

N A-B-C, (15)

2.3. Numerical modeling

In order to find effective methods to eliminate losses and
dilution, as well as to correctly select sites for the implemen-
tation of these methods, a quantitative analysis of the de-
pendences of various types of losses and dilution on the ore
body dip angle is necessary. To predict the mass stability
from the side of the ore body hanging wall, a geomechanical
model has been constructed along the drill ring No. 187 be-
tween sublevel drifts 17-18 based on the RQD and RMR
rating classification of the “Pologaya-1” vein at the Akbakai
deposit using the methodology of K. Matthews.

The initial data for revealing patterns of dilution from the
ore body dip angle, depending on the stope span dimensions,
are measurements of roof caving in the mined stopes of the
Akbakai deposit slope veins. A typical form of roof caving is
presented in Figure 3.

The index of dilution as a result of caved rocks is deter-
mined by the Formula:

Vob?

Fop =—5 (16)
where:

Voo — volume of caved rocks according to remote sur-
veying data, m?;

y — the volume weight of the hanging wall rocks, ton/m?2,
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Torm of roof caving

Figure 3. Typical form of the stope roof caving

A numerical geomechanical model of deposit mining is
developed to predict excess dilution coefficients arising from
possible stope roof caving and incomplete ore delivery by the
blasting force using the Rocscience RS2 software product.
This makes it possible to take into account a large number of
factors affecting the rock mass state. The calculations take
into account not only the physical-mechanical rock proper-
ties and the stresses acting in the mass, but also the structural
characteristics of the mass, as well as the degree of techno-
genic impact. The use of the Rocscience RS2 software pack-
age, as a result of taking into account a large number of fac-
tors influencing the mass state, significantly increases the
reliability of the mass stability assessment.

3. Results and discussion

The sublevel blast-hole stoping using a system for deliv-
ering ore by the blasting force is characterized by significant
changes in the value of losses and dilution depending on the
ore body dip angle. At dip angles less than 45°, there are
losses of broken ore on the stope bottom due to incomplete
delivery, and the value of such losses increases significantly
with a decrease in the dip angle of the deposit. The dilution
of the ore caused by the roof caving tends to decrease with
increasing dip angle, but at the same time, the stope bottom
often loses its stability.

To predict the mass stability from the side of the ore body
hanging wall based on the RQD and RMR rating classifica-

An analysis of the stability results of the mass along the
drill ring No. 187 between sublevel drifts 17-18 has shown
that there are unstable areas in the mass from the side of the
hanging wall, prone to caving during ore breaking with the
charges of the deep wells.

To predict excess dilution coefficients arising from pos-
sible stope roof caving and incomplete ore delivery by the
blasting force, a numerical model of deposit mining has
been developed based on the determined inelastic defor-
mation zones around the mined-out space using the RS2
software product (Fig. 4).

Predictive contour

Figure 4. Numerical model of mining the “Pologaya-1” vein
along the drill ring No. 187

As a result of numerical modeling, the change in the mass
stress-strain state has been determined. On the basis of this,
the surrounding mass stability coefficient, the values and
directions of its displacements have been calculated, as well
as the distribution zones of the mass destruction probability
in the given intervals of boundary conditions have been
determined. Based on performed numerical analysis, it has
been revealed that the predicted dilution along the drill ring
No. 187 is 57%. During mining of thin slope veins in the
Akbakai deposit, the authors have studied the dependence of
dilution on the ore body dip angle, depending on the stope
span dimensions. Monitoring results are presented in Table 2
and shown in Figure 5.

Table 2. Results of monitoring the ore dilution at different angles
of occurrence

tion of the “Pologaya-1” vein at the “Akbakai” deposits, Vein Sublevel DiPangle, Caving Dilution,
using the methodology of K. Matthews, a geomechanical name degree thickness, m %
model has been developed along the drill ring No. 187 -6 30 0.71 68
between sublevel drifts 17-18 (Table 1). Pologaya-6 __ 89 33 0.68 65
13-14 33 0.65 63
Table 1. Results of the stope hanging wall mass stability 10-11 35 0.64 62
_____Tanging wal : Pologaya-1 ~ 12-13 36 0.61 60
Hydraulic radius for various block geometrics
Vertical At an angle | Block length, m 17-18 38 0.60 59
Stope hlzlght,m Hleslgshst7m 10 | 15 ] 20 | 25 | 30 | 35 :20 ’%‘ ;990 ::s :4138 11-12 40 0.60 59
15 23336 603 | 656 | 7.00 [ 737 7.68 [ 750 | 815 | 8.40 Glubinnaya  13-14 40 0.58 57
20 31. 4 5.20
= AL 15-16 44 0.55 55
40 62.225
50 77.786 . . .
60 93343 As can be seen from the graph (Fig. 5), the dilution value
L 1089 increases at dip angles less than 45°. The difference in the
! v e g, dilution value depending on the angle of ore body occur-

Constant

Near-border without fastening
Constant with fastening
Near-border with fastening
Variable

3.29
5.5
8.4
10.4
10.4

60

rence, when mining thin slope ore deposits, is about 0.9% per
1°. These data make it possible to find effective methods that
would reduce dilution with constant stope spans.
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Figure 5. Dependency graph of the dilution value on the ore body
occurrence angle

As a research result, it has been determined that with an
increase in the angle of the ore body occurrence over 45°,
the roof caving decreases and dilution occurs mainly due to
the destruction and subsequent sliding of the bottom rocks
in the stopes.

The bottom destruction is caused by the impact of dy-
namic stress waves during blasting of the lower row of wells.
Bottom destruction with blasting is observed both at low and
steep dip angles (Fig. 6). But under conditions of inclined ore
body occurrence, the destroyed bottom, as a rule, does not
penetrate into the ore, but remains in the lower part of the
rock mass pile. In this case, the unfavorable effect of the
bottom destruction is that the bottom rocks, loosening, in-
crease the height of the pile, which makes it difficult to de-
liver broken ore by subsequent blasting operations.

Figure 6. State of the “Pologaya-1” vein stope bottom along the
drill ring No. 187

At steep angles, bottom sliding is conditioned by the ac-
tion of well blasting and, moreover, by the fact that the foot
wall is undercut with a sublevel drift. In such cases, the dilu-
tion due to the sliding of the foot wall rocks averages 6-7%.

When mining the thin slope of the Akbakai ore deposit
using the system for delivering ore by the blasting force, the
outcrop of hanging wall rocks occurs as the ore is broken
with deep wells. With an increase in the outcrop area, the
roof caving begins.

As a result of a geomechanical study of the stope roof
stability, it has been determined that the maximum span of
outcrops at dip angles of 35-45° ranges within 1.6-1.9 m, and
at dip angles of 50-55° it reaches 2.5 m. To determine the
dependence of the maximum span and the dip angle, the
values of equivalent spans are calculated by the Formula:

ab

Lo = ———
“ x/a2+b2

(17)
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where:

a, b — the values of the long and short sides of the rectan-
gular outcrop, respectively, m.

The dependence of the maximum span at different dip
angles corresponds to the following Expression:

la__1
lp cosa’

(18)

where:

lo — the maximum span at horizontal ore body occurrence, m;

l. — the maximum span at inclined ore body occurrence, m.

Given that when mining thin veins using a system for de-
livering ore by the blasting force, the presence of people in
the stope space is excluded, in connection with this, it is
proposed to take the stope width equal to approximately 90%
of the maximum span value.

As a result of monitoring the roof state, the caving thickness
values for different stope spans have been obtained (Fig. 7).

26
o 24
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2.0
S 138
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1.0

y = 0.0006x*-0.0138x+1.0809

—~

lodlo),

=
c

Maximum

0 10 20 30 40

Ore body occurrence angle (a), degree

Figure 7. Dependence of the stope maximum span on the ore body
dip angle

50 60

Analyzing the results of experimental observations on di-
lution depending on the stope width, it has been revealed that
with an increase in the stope width, dilution increases, and
ore losses decrease.

As noted above, specifics of the system used for mining
thin deposits is the use of the blasting force to deliver the
broken rock mass to the block bottom. This moment is very
important for areas of deposits with a dip angle of 35-50°,
since with a large delivery length of the broken ore, part of it
does not reach the block bottom and a rock mass pile is
formed (Fig. 8), resulting in ore losses.

Rock mass pile caused
by incomplete ore delivery

by blasting

Figure 8. Broken ore mass pile in the stope at the end of its
mining
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Observing the pile shape, it can be noted that the ore
throw initial velocity vector with the usual, normal location
of the wells to the stope bottom plane is parallel to the bot-
tom, and if the shear resistance of the lower layer part is
taken into account, then the vector (Vo) is directed directly to
the stope bottom. Therefore, the studied pile can have a sig-
nificant braking impact on the lower part of the broken layer.
It is clear that under such conditions it is difficult to provide
the required ore throwing distance, as a result of which ore
losses increase.

In order to determine the most effective position of the
lower half-plane focusing the location of the wells, it is nec-
essary to find the dependence of the ore delivery length on
the dip angle of this half-plane to the stope bottom at differ-
ent ore body dip angles. The laws of exterior ballistics are
used to find this dependence.

The distance of an elementary body throw from an
inclined plane with an initial velocity (Vo) is determined by
the Formula:

L V¢ sina m
g

(19)

where:

g — the free fall acceleration, m/s?;

a — the bottom inclination angle, degree.

If this body is raised relative to the inclined plane to a
height (h), then the throw distance (L) will have the follo-
wing form:

2 -

L-2Vosina i m. (20)

When the drill ring plane deviates by an angle (¢), the
distance of throwing increases due to an increased initial
velocity vector (Vo) by value of cos?(a — ¢), and also due to
the fact that each elementary volume of the broken layer
increases relative to its previous position by sing. Therefore,
the distance of throwing, when the blasting plane is displaced

by an angle (¢), can be determined by the Formula:

L 2V02tga
gcosa

cosz(a—(p)+htga+hsin(p, m. (21)

The loss of broken ore on the stope bottom due to incom-
plete delivery by the blasting force is determined based on
Formulas 5-10. The results of instrumental survey along the
drill ring No. 187 of the “Pologaya-1” vein are presented in
Table 3 and shown in Figure 9.

Table 3. Results of monitoring the ore dilution at different angles
of occurrence

. Dip Delivery Rock mass
Vein volume on Loss,
Sublevel angle, length, 0
name degree m the stope %
bottom, m?
5-6 30 14.2 3.2 9.3
Pologaya-6 8-9 33 13.8 2.7 8.8
13-14 34 14.0 29 9.1
10-11 35 13.1 2.5 8.4
Pologaya-1 12-13 36 125 2.2 8.1
17-18 38 13.7 2.6 8.7
11-12 40 12.7 2.0 8.0
Glubinnaya  13-14 40 12.2 2.0 7.7
15-16 44 13.0 2.3 8.2
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y = 12.079¢-0009

Losses (n), %

5
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Ore body occurrence angle (), degree

Figure 9. Dependence of ore losses on the ore body occurrence
angle

45

The research results confirm that when mining thin slope ore
deposits, the values of losses and dilution directly depend on the
elements of the ore body occurrence. The possible ore loss va-
lue, depending on the vein dip angle, ranges from 4 to 10%.

4. Conclusions

The system for delivering ore with the blasting force
when mining thin slope deposits is characterized by high
labor productivity, work safety and relatively low cost of ore
mining. However, it has high loss and dilution rates.

The actual ore loss when using the above system in the
mines of the Akbakai industrial zone is 5-7% under condi-
tions of complete broken ore delivery, which increases at an
angle of less than 40° to 10% due to the broken ore losses in
the stope, caused by incomplete ore mass delivery by the
blasting force. When mining stopes with small spans and
inclined occurrence, dilution is caused by dinting of host
rocks and roof caving, and in some places averages 55%,
sometimes reaching 70%.

The developed methodology for determining losses and
dilution when using a system for delivering ore by the blast-
ing force makes it possible, on the one hand, to predict ex-
cess losses and dilution resulting from a possible stope roof
caving and incomplete ore delivery. On the other hand, on its
basis, preliminary measures to eliminate them can be taken.

Losses from incomplete broken ore delivery to the outlet
workings increase at dip angles of less than 40° and can be
found by the function n = 12.079¢0%%,

The dilution caused by the stope roof caving increases
with a decrease in the angle of the ore body occurrence and
can be determined by the function P = -34.25In(a) + 184.01,
in deposits with similar conditions.
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JociigxeHHs BILIHBY €JIEMEHTIB 3aJSITrAaHHA MAJIONOTY:KHOI0 PYHOI0 MOKJIaxy

Ta napaMeTpiB KaMep HA BeJJMYHHY BTPATH i 30i1HeHHs

€. Cepparies, €. Ickakos, b. baxpamos, /. AMaHX0J0B

Merta. Po3po0Oka MeToAMKN BU3HAUYEHHS PiBHS (PaKTHYHMX BTPAT i 30iIHEHHS PYy/AU Ha OCHOBI BCTAHOBIICHHS 3aKOHOMIPHOCTEH BILIUBY
€JIEMEHTIB 3aJISATaHHS PYJHOTO TijNa Ta MapaMeTpiB Kamep IPH BiANPAIfOBaHHI MAaJONOTYXHHX, HOXHJINX MOKJIAiB CHCTEMOIO JOCTaBKU

pyAu CHIIOI0 BHOYXY.

Metoauka. [TocTaBiieHa 3aa4a BUpillieHAa BUKOPUCTAHHAM KOMILIEKCHOTO MiIXO/y, 110 BKIIIOUAE aHAII3 JIITepaTypHHUX JDKEPEN i HasiB-
HOTO Ha CHOTOJHINIHIN JIeHh MPAaKTHYHOTO JOCBIIY 3 IIHTaHb BTPAT i pO301KHOCTI, MPOBEACHHS IOCIITHO-IPOMHICIOBHX SKCIIEPUMEHTIB B
YMOBaxX pojoBHUINa “AkOakaii” aJisi BCTAHOBJIEHHS €()EKTHBHOCTI PEKOMEHI0BAaHOTO METO/y BH3HAUCHHs BEINYMHH HAHOPMAaTHBHHUX BTPAT
i pa3y, reOMeXaHi4HO1 OL[IHKM MacUBY 13 BUKOPHUCTAHHSIM METOiB TPAHUYHOI PIBHOBArH, YHCEIBHUX Ta HUMOBIPHICHHX aHAII3iB.

Pe3yabTaTn. 3anporoHOBaHO METOANKY BH3HAUEHHS BTPAT i PO301KHOCTI IPH BiANIPALFOBAaHHI MaJIOMOTYKHHUX, TOXMINX MOKIAIIB CHUC-
TEMOIO 3 JIOCTaBKOIO Py CHJIOIO BUOYXY, sIKa [Ja€ MOMJIMBICTD CIIPOIHO3YBaTH HaJHOPMATHBHI NTOKa3HUKU BTPAT i PO3OIXKHOCTI, 1110 BUHU-
KaloTh 4epe3 00BasI MOKPIBJi KaMep i HEMOBHOTY JOCTaBKH pyau. Bu3naueHno dakTuuni BTpatH it 30iAHEHHs pyA Mo AkOakaliChbKoMy poJo-
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BHIIly Ha OCHOBI 3aIPONOHOBAHOI METOAMKH Ta IHCTPYMEHTaJIbHUX 3HOMOK. Po3po0iieHa MeToiMKa BU3HAYCHHS BEJIMYUH HaJHOPMAaTHBHUX
BTpaT 1 301AHEHHS Ja€ MOXKJIMBICTh MOMEPEIHbO BXKUBATH 3aXOJiB MO0 3al00iraHHs 0OBaJCHHSIM IMOKPIBIi KaMep Ta MOBHOTH JAOCTAaBKH
PYIHOI MacH CHJIOIO BUOYXY.

HayxoBa HoBu3Ha. /{11 yMoB AxGakaliCHKOTO POJIOBHIIA BHSBIEHO HOBI 3aJIEXXHOCTI: Jorapr(MiuHa — BETMINHHE PO30DKHOCTI Bill KyTa
3aJATaHHS PYJHOTO TiIa; HMOJIIHOMialbHA — TPAHUYHOTO IPOIBOTY KaMepH BiJ KyTa IaJiHHSA PYAHOTO Tija; eKCIIOHEHIIiHa — BTpaTa pyau
BiJI KyTa 3aJITaHHS PyJHOTO Tila.

IpakTnyna 3HaYuUMicTh. [IpakTHdHa, TiATBEpPKEHA B XO/1 JOCIITHO-EKCIIEPUMEHTAIBHAX POOIT, 3HAUYNIICTh HOJISTae B MiHiMizamii
BiZICOTKAa BTpaT Ta 301IHEHHS KOPHCHOTO KOMIIOHEHTa INPH BiNPALIOBAaHHI MAJOMOTY>KHHX, MOXWINX PyIHHX MOKIANiB IiANOBEPXOBO-
KaMEepHOIO CHCTEMOIO 3 BIIKPUTHM OYHCHHM IMPOCTOPOM, IO JO3BOJISIE 3HU3UTH COOIBAPTICTH KOPUCHOTO MaTepiaiy.

Knrwuosi cnosa: cmitikicmo, 066anenns nopio, Kym naodinhs, pyuHyeawHs pyou, empamu pyou, HANpyjiCeHO-0eqhopMosanull cmat,
yucenbHull ananis
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