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Abstract

The paper presents mining-technological substantiation of complete extraction of conditioned ores from com-
plex-structured blocks of benches by mixing a layer of substandard ores of certain sizes. The relevance of the
work consists in the development of innovative methods of establishing the parameters of the substandard layer
of ores to be added to the conditioned ores. The main problem is to ensure complete extraction of useful compo-
nents into concentrate from shipped ore with acceptable deviations from the required ones. A new typification of
complex-structured ore blocks of the bench has been carried out. Analytical dependences of mining and geological
characteristics of complex-structured ore blocks were obtained. Theoretical dependences for determining the
main indicators of mineral processing are derived. Analytical dependences for determination of the content of
useful component in shipped ore a' — mixture of conditioned ore with the content of useful component o and
admixed layer of substandard ore with the content of useful component o' are offered. For the first time in mining
science, a new approach of complete extraction of conditioned ores from complex-structured blocks of benches
by grabbing a certain part of substandard ores during excavation, increasing the volume of extracted ore and
expanding the extraction of useful components in the concentrate has been substantiated. The increment of useful
components can reach 10-15 % of the total volume of extraction, which allows predicting a significant increase
in the completeness of mineral extraction from the Earth's interior.
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Introduction.

Complete extraction of minerals from the subsurface, including conditioned ores, reduction of
their losses and dilution during the exploitation of various deposits is one of the most acute and urgent
tasks of mining science and industry [1-3]. The problem becomes especially important in the develop-
ment of complex-structured ore deposits [4-6], which are usually represented by a diverse combina-
tion of ore bodies and host rocks (substandard ores) of complex configuration, different sizes and
physical, technical and geological characteristics. Contacts between conditioned and substandard ores
are visually indistinguishable and are probabilistic in nature. The share of complex-structured blocks at
non-ferrous metallurgy enterprises of CIS countries is 60-90 %, and operational losses of ore during
their development can reach 20-35 % [7-9].

The main reasons for the high level of losses and dilution during open pit mining of complex-
structured minerals are insufficient study of the geological and morphological structure of complex-
structured blocks of benches; inconsistency of the applied technologies of excavation and loading
operations with the real mining and geological conditions of occurrence of complex-structured min-
erals in the massif and in the blasted state; use of private methods of determining and rationing
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of losses and dilution, focused on mining and geological objects with clear geological boundaries —
veins, lenses, layers and stratification of deposits. Quantitative and qualitative losses of minerals in
them are usually established for the contour areas of ore blocks.

The majority of non-ferrous, noble and rare metal ore deposits in Kazakhstan are complex-
structured. Ore areas have complex geological and morphological structure, irregular mineralization,
visually indistinguishable boundaries with host rocks. They are characterized by different shape, size
of ore bodies, placement in the considered space, mineralization and physical and mechanical properties
of rocks [10-12]. The totality of these features determines the degree of complexity of the geological
and morphological structure of complex mineral sites. The development of innovative methods for
assessing the complexity of such areas and their use to significantly reduce losses and dilution during
the development of complex-structured minerals is an urgent and priority task of mining science and
industry.

The purpose of the research is mining and technological justification of complete extraction of
conditioned ores from complex-structured blocks of benches by means of mixing a layer of sub-
standard ores of set sizes. In this case the extraction of useful components into concentrate with
acceptable deviations from the required ones is provided.

Methods.

To assess the geological and morphological structure of complex-structured ore blocks (CSOB)
of the bench and its use in the effective development of these blocks, their mining and geological
models are created. The mining and geological model contains data of interval sampling of explora-
tion well cores for the content of useful components and harmful impurities, information on well
depths and geometric parameters of disparate ore bodies. On the basis of these data, taking into ac-
count the requirements presented by the customer to the commercial ore, the boundaries between
conditioned and substandard ores are established, ore bodies in the ore block of the bench are
delineated, and the CSOB of the bench is typified.

Analysis of literature sources on modeling [13-15] and typification [16-18] of complex-struc-
tured blocks [19-21], their theoretical understanding [22-24] show that complex-structured blocks of
benches can be divided into only two types by the nature of ore bodies location and their geometric
parameters [10]. At the same time, the spatial arrangement of fixed ore bodies in the ore block of the
bench and their fragmentation (separation of ore bodies in the block by the host rocks — unconfined
ores) are considered as determining features [25-27].

Ore bodies are defined as volumes of conditioned ore reserves established by analyzing blast
hole samples and other geophysical methods. They do not always coincide with the balance sheet ore
reserves, as they are identified as a result of additional exploration. In addition, the host rocks in
contact with the ore bodies represent substandard ores.

The first type of CSOB benches includes blocks composed of scattered continuous ore bodies
of various shapes and sizes with rectilinear contacts with rock interlayers (Fig.1).
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Fig.1. Types of complex-structured bench blocks composed of discontinuous continuous ore bodies:
A, B —angle of bodies dip from 0 to n/2; C, D — angle of bodies dip from n/2 to
h —block height; a, 2a — block width; Si — cross-sectional area of the i-th ore body; li — length of contact
lines of the i-th ore body with host rocks
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Fig.2. Types of complex-structured blocks composed of dispersed ore bodies:
A, B — trapezoidal bodies; C, D — parallelogram bodies

Datamine, Surpac, Micromine, etc. software products provide only straight-line contacts in block
model. They extend from one block boundary (mining unit) to another and form angles varying from
0 to = with the horizon.

The first type of CSOB benches may be represented by horizontal, inclined or vertical bedded
ore bodies of relatively mature thickness (contact lines are parallel) or lens-shaped inclusions of var-
iable thickness, between which interlayers of host rocks (unconfined ores) are placed.

The second type of CSOB benches is represented by blocks composed of dispersed ore bodies
in the form of geometric figures of various shapes and sizes, such as polygons with rectilinear contacts
with the host rocks (Fig. 2). The contact lines are located inside the block (mining unit). This type of
complex blocks may consist of nested ore bodies of various shapes and sizes, etc.

The given types of CSOB (Fig.1, 2) serve as a basis for determining their technological charac-
teristics, analytically interconnecting all the identified geometric parameters of the geological and
morphological structure of the blocks. Only in this case they will objectively reflect the natural state
of the studied object and contribute to a more complete extraction of minerals from the subsurface
through the appointment of the most effective technologies of drilling and blasting and excavation-
loading operations in the conditions of complex-structured blocks.

Discussion of results.

Mining and geological characteristics of complex-structured ore blocks of the bench. The most
common and relatively easy to measure values — the ore saturation coefficient of the block and the
index of complexity of the geological structure of the block — can be considered as the sought mining
and geological characteristics.

The given schemes of ore bodies placement of complex-structured blocks (Fig.1, 2) are charac-
terized by the level of their mineral saturation. This property for the considered section of the block
can be estimated by the ore saturation coefficient of the block

n
kos = Zsi /Sb !
i=1
where Sy, is the area of the considered cross-section of the complex-structured block, m?; n is
the number of ore bodies.
The average ore saturation factor for the whole complex-structured block is determined by the

following dependence:
1 m n
DR

where m is the number of cuts; j is the index of the current block cut.

The number of sections depends on the extent of the complex block. Each section covers a zone
with an extent equal, as a rule, to the distance between wells in a row.

When determining the numerical values of kos it is necessary to take into account that in open-
pit mining with the use of modern mobile mining and loading equipment the height of a complex-
structured mining bench usually does not exceed 10 m, and the smallest width of the drift along

av _
I(os -
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the pillar is 8-10 m. In case of explosive crushing of such blocks, excavation of the mineral layer with
thickness below 2.5 m is economically unprofitable and sometimes technically impossible. Therefore,
the lower value of the considered indicator can be taken as 0.25, and the upper one — 0.75. This means
that in most cases the ore saturation coefficient of a complex-structured block lies within the range
of 0.25-0.75.

Complex-structured blocks are subdivided by the degree of ore-saturation into more ore-satu-
rated (kos = 0.75-0.6); moderately ore-saturated (kos = 0.6-0.4); less ore-saturated (kos = 0.4-0.25).

The less ore saturated a block is, the more difficult it is to mine it without small quantitative and
qualitative losses. However, as the experience of mining enterprises shows, at the same value of the
ore saturation index, different final results of mineral recovery from various complex-structured
blocks are achieved. The determining parameters of the block in this case are the size of the area of
individual ore bodies and the lines of their contacts with the host rocks (substandard ores) in the
volume under consideration, the ratio of which characterizes the degree of complexity of the structure
of the CSOB and is calculated using the complexity factor of the geological and morphological struc-
ture of the block

Kes :ilit’ isﬂ 1)

where t' is the thickness of the layer of host rocks (or ores) falling into the ore mass (or into the
shipped rock) during excavation, m.

When excluding the sum signs from dependence (1), the complexity factor of the structure of
the i-th ore body in the block is determined.

The block complexity index ker expresses the ratio of the total surface area of the adjacent layer
of admixed rock or lost ore to the total surface area of ore bodies in a given section. In other words,
equation (1) defines the level of quantitative and qualitative losses of ore during its extraction from
the CSOB of the bench in fractions of one unit. Depending on the content of the numerator, this
indicator represents losses, dilution, or both. The smaller the sum of the areas of ore bodies, the greater
the complexity factor of the geological and morphological structure of the block, and vice versa. This
circumstance reflects quite fully the real state of affairs at mining enterprises.

If the thickness of the near-contact layer of admixed rock or lost ore for all ore bodies of the
CSOB is a constant value, it can be taken beyond the sign of the sum. Then quantitative and qualita-
tive losses will be proportional to the ratio of the sums of contact line lengths to the total area of ore
bodies in a given block section:

where p is some proportionality factor, p =t' (m).

As can be seen from equation (1), the index of complexity of the geological structure of ore
blocks depends on the thickness of the admixed layer of rock or ore. Calculations show that for com-
plex-structured deposits the considered criterion at the value of t', equal to 0.25 m (a tenth of the
smallest thickness of the ore layer), varies within 0.1-0.3. And the greater ke , the more complex the
block structure and the greater the source of losses. Based on this position complex ore blocks of benches,
according to the nature of geological and morphological structure, can be divided into complex-struc-
tured (ks = 0.1-0.2) and more complex-structured (kes = 0.2-0.3). If the value exceeds 0.3, selective
extraction of minerals from the CSOB for economic reasons becomes very problematic, as the current
costs of extraction reach irrecoverable amounts.

Analysis of mining and geological characteristics of the CSOB. The results of using the de-
veloped method of determining the mining and geological characteristics of the CSOB are presented
in Table 1 by numerical values. The height of blocks was taken equal to the height of the bench,
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i.e. h =10 m, width of blocks a = 9, 2a = 18 m. Areas of ore bodies S; and lengths of contact lines
of ore bodies with host rocks (or substandard ores) |; were assumed to be close to those in open
pits of non-ferrous metallurgy of CIS countries.

Table 1

Mining and geological characteristics of CSOBs composed of discontinuous continuous ore bodies

A

B

C

D

S1(l1) =21.12 (13.25)
So(I2) = 26.93 (15.94)

2Si(Z1) = 48.05 (29.19)
ket = 0.157; kes = 0.148
Kos = 0.534; ker = 0.152

S1(l1) = 17.69 (7.64)
Sy(l2) = 50.09 (28.23)
S3(ls) =29.35 (18.17)
£Si(Zh) = 97.13 (54.04)
Kef = 0.108; ker = 0.141; Kef = 0.155
Kos = 0.539; ke = 0.139

Si(l1) = 34.43 (23.89)
Sa(l2) = 13.89 (8.92)

TSi(Z1) = 48.32 (32.81)
ket =0.173; kes = 0.160
Kos = 0.536; ke = 0.169

S1(l1) = 13.23 (8.69)

So(I2) = 44.29 (33.48)

S3(ls) = 19.34 (10.54)
£Si(Z1) = 76.86 (52.71)

Ker = 0.164; ker = 0.189; ker = 0.136

Kos = 0.427; kef=0.171

Table 2

Mining and geological characteristics of CSOBs composed of dispersed ore bodies

A

B

C

D

S1(l1) = 14.59 (8.58)
So(l2) = 14.41 (12.20)

Sa(ls) = 12.08 (7.64)

$Si(Z1) = 41.08 (28.42)

kcf = 0147, kcf =0.212
ker = 0.158

Kos = 0.456; ket = 0.173

Si(l1) = 15.52 (11.5)
Sa(l2) = 14.50 (13.58)

Ss(ls) = 12.01 (10.3)
Sa(ls) = 14.95 (8.39)

Ss(ls) = 17.25 (16.95)
Se(ls) = 15.10 (8.19)

2Si(=1;) = 89.33 (68.91)

kef = 0.185; kes = 0.235
kef = 0.215; kef = 0.14
ket = 0.245; ke = 0.135

Kos = 0.496; ket = 0.193

S1(l1) = 11.25 (7.16)
So(l2) = 11.25 (11.66)
Sa(ls) = 11.25 (11.66)
Se(ls) = 11.25 (7.16)
Si(2l) = 45 (37.64)

Ker = 0.159; ker = 0.260
ket = 0.260; ker = 0.159

Kos = 0.500; ket = 0.209

Si(l1) = 11.25 (9.82)
S2(l2) = 11.25 (11.66)

Sa(ls) = 11.25 (14.32)
Sa(ls) = 11.25(7.16)
Ss(ls) = 11.25 (7.16)
Se(ls) = 11.25 (14.32)

S7(l7) = 11.25 (11.66)
Ss(ls) = 11.25 (9.82)
2Si(Z1) = 90 (85.92)

Ker = 0.218; ker = 0.259
Ker = 0.318; ker = 0.159
Ker = 0.159; ker = 0.318
Ker = 0.259; ker = 0.218

Kos = 0.500; ket = 0.238

The values of complexity coefficients of structure of separate ore bodies and blocks are presented
for variants A, B, C, D, containing ore bodies of different configurations, sizes and various mutual
arrangement (Fig.1, 2).

Analysis of the data in Tables 1, 2 shows that both ore blocks are moderately ore-saturated
(kos = 0.427-0.539) and complex-structured (kes = 0.139-0.193). The exception is the CSOBs com-
posed of dispersed ore bodies (C, D), for which ket = 0.209-0.238. Consequently, these blocks are
more complex. Blocks of the second type have a relatively higher value (ks = 0.173-0.238) than
blocks of the first type (kef = 0.139-0.171). This predetermines a higher level of quantitative and
qualitative mineral losses in blocks of the second type, which is quite natural.

The highest value of ke has ore bodies Sz, Sz (kef = 0.260) of block B and ore bodies Sz, Se
(ker = 0.318) of block D of the second type of CSOB, i.e. at extraction of these ore bodies quantitative
and qualitative losses make 26.0 and 31.8 % respectively.

Analytical definition of the main indicators of mineral processing. For mining and technological
justification of complete extraction of ores from complex blocks without losses and dilution, it is
necessary to consider the main indicators of the ore dressing process. The content of useful compo-
nent in concentrate (3 is the ratio of the mass of useful component My to the mass of concentrate M,
and the content of useful component in tailings 6 is the ratio of the mass of useful component in
tailings Myt to the mass of tailings M :

B:Muc/Mc; 8:Mut/Mt-
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The numerical values of B and & are established by chemical analysis.
Concentrate yield vyc is calculated as the ratio of concentrate mass M to feedstock mass M¢, and
tailings yield y: is the ratio of their mass M to feedstock mass Ms:

YCZMC/M ; YtZMt/Mf'

The recovery of useful component to concentrate ec and the recovery of useful component to
tailings &t are calculated as follows:

Sc =Muc/Mf O(‘:MCB/Mf o, 8t =Mut/Mf OL:MCS/Mf a.

These enrichment parameters are usually established by direct measurements and calcula-
tions [9, 28, 29]. To determine them theoretically, it is necessary to make an equation of the
balance of the mass of ore entering the plant and enrichment products, as well as an equation of
the balance of useful components in ore, concentrate, and tailings:

My =M +M,;, Mo=M,+M,=MB+M3. )

By solving equations (2) together, the following relations can be obtained:
« for concentrate yield

<
Q
&

= C:—; 3
[C v (3)
« tailings outlet
M, B-a
" T s (4)

« to extract the useful component into a concentrate

SC:M_cB:O‘__SE; (5)
Moo B-da

« for recovery of a useful component in tailings

_ Mo _p-as.

gt_Mfoc -0 a’ (©)

As can be seen, with known values a, B, 6 by the formulas (3)-(6) the main indicators that
characterize the process of mineral processing are easily calculated.

Since the masses of ore, concentrate and tailings can be measured, the recovery and yields
of the beneficiation products can also be assumed to be known, as they are calculated using for-
mulas (3)-(6).

The extraction of a useful component into the enrichment products and its yields are mutually
linked by the following relationships:

B. 8

&=V &=V —-
a (0
From formulas (3)-(6) it follows that
Ye+v: =1 g +¢ =1
These results are quite natural and confirm the validity of expressions (3)-(6). Analytical de-
pendences (3)-(6) for determining the main enrichment parameters differ slightly in form from the

known ones [30-32]. However, they are obtained by joint solution of the equations of the mass bal-
ance of ore raw materials and the balance of useful components during their processing, as well as
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clearly argued, which eliminates the roughness inherent in the known formulas. It follows from the
dependencies that in the ideal technology of mineral raw materials beneficiation useful components in
the tailings should be absent, so &; = 1, and the yield of concentrate (3) is equal to the ratio of the
content of a useful component in the feedstock to the same in the concentrate. The more metal in the
concentrate, the lower the concentrate yield, these conclusions are confirmed by the practice of min-
ing and processing enterprises.

Conclusions are also confirmed by the enrichment indicators of the most common copper, lead
and zinc ores with the content of useful component in the raw material acy = 0.40-1.0, app = 0.8-3.0,
ozn = 1.0-5.5 %; in the concentrate Bcy = 20.0, Bro = 45.0, Bzn = 40.0 %, in the tailings dcu = 0.086,
dpb = 0.07, 8zn = 0.08 %. The results of calculations are shown in Table 3 and Fig. 3. With the increase
in the content of useful component in the ore, the performance of their enrichment improves, which
is the case in real life. Using equations (3)-(6), it is possible to predict the mineral beneficiation indi-
cators of interest at different values of o,  and 9.

Table 3
Ore beneficiation rates at different grades of the useful component in the ore
Copper ore, % Lead ore, % Zinc ore, %
a € Ye &t Yt o € Ye &t Tt a € Ye &t Tt

040 | 8526 | 1.71 | 1474 | 9829 | 0.80 | 91.39 | 1.62 8.61 | 9838 | 1.00 | 9218 | 230 | 7.82 | 97.70
045 | 86.93 | 1.96 | 13.07 | 98.04 | 1.00 | 93.14 | 2.07 6.86 | 9793 | 1.40 | 94.47 | 3.31 | 553 | 96.69
050 | 88.26 | 2.21 | 11.74 | 97.79 | 1.20 | 9431 | 2.52 569 | 9748 | 1.80 | 9575 | 431 | 425 | 95.69
0.55 | 89.36 | 246 | 1064 | 9754 | 140 | 9515 | 296 | 4.85 | 97.04 | 2.20 | 96.56 | 531 | 3.44 | 94.69
060 | 90.27 | 271 | 973 | 9729 | 160 | 95.77 | 3.41 | 423 | 9659 | 2.60 | 97.12 | 631 | 2.88 | 93.69
065 | 91.04 | 296 | 896 | 97.04 | 180 | 96.26 | 3.85 | 3.74 | 96.15 | 3.00 | 97.53 | 7.31 | 2.47 | 92.69
0.70 | 91.70 | 3.21 | 830 | 96.79 | 2.00 | 96.65 | 430 | 3.35 | 95.70 | 3.40 | 97.84 | 832 | 2.16 | 91.68
0.75 | 9228 | 3.46 | 7.72 | 96.54 | 2.20 | 96.97 | 474 | 3.03 | 95.26 | 3.80 | 98.09 | 9.32 191 | 90.68
0.80 | 9278 | 3.71 | 7.22 | 96.29 | 240 | 97.23 | 5.19 277 | 9481 | 420 | 98.29 | 10.32 | 1.71 | 89.68
085 | 9322 | 396 | 6.78 | 96.04 | 2.60 | 97.46 | 5.63 254 | 9437 | 460 | 98.46 | 11.32 | 154 | 88.68
0.90 | 9361 | 421 | 639 | 95.79 | 280 | 9765 | 6.08 | 235 | 93.92 | 500 | 98.60 | 12.32 | 1.40 | 87.68
095 | 9397 | 446 | 6.03 | 9554 | 3.00 | 97.82 | 6.52 2.18 | 9348 | 540 | 98.72 | 13.33 | 1.28 | 86.67
1.00 | 9428 | 471 | 5.72 | 95.29 550 | 98.74 | 1358 | 1.26 | 86.42

Justification of complete extraction of ores from complex blocks of benches. To solve the task
at hand, it is necessary to pay attention to the principles of delineation of conditioned ores, which
is carried out on the basis of the maximum permissible minimum value of useful components in the
ore a, adopted for technological and economic reasons.

Ore volumes with the content of useful component below the specified level (< o) are considered
substandard and are included in the host rocks. At the same time, from the geology of deposits, in
particular ores of non-ferrous, noble and rare metals [33-35], it is known that the decrease in the
content of the useful component with distance from the center of the ore body occurs gradually. This
means that the content of the useful component of substandard ores directly in contact with the con-
ditioned ores is insignificantly different from the normative. However, as the specified volume in-
creases, the grade of the useful component in the total shipped ore decreases. The content of useful
component in such ore mass in 3D is determined by the formula:

a’ = \M a’ (7)
VCO +VSO

where V¢, — volume of conditioned ore, m®; Vs, — volume of the added layer of substandard
ore, m®; A — relative content of the useful component in the added volume of substandard ore, at the
distance from the contour of the ore body equal to 0.25; 0.4; 0.5 m; A is 0.75; 0.6; 0.5, respectively.
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Fig.3. Graphs of change of enrichment indicators (ec, yc) of copper (a), lead (b) and zinc (c) ores
depending on the content of useful component in ore

At given values of areas of ore bodies, lengths of their contact lines with substandard ores
(see Fig.1, 2) the content of useful component in shipped ore in 2D-format is calculated according
to the following dependence:

.S ALY
o' =———-"-

S+l ®

where t' is the thickness of admixed layers of substandard ores.

Usually, the minimum thickness t of the ore layer of complex-structured blocks at the open pits
of non-ferrous metallurgy of the CIS countries is 2.5 m (Fig.4). The area of the extracted ore body
per unit thickness of the ore block at this cross-section is tl, the area of admixed layers of substandard
ore is 2t'l, and the area of all shipped ore is (t + 2t")l. The grade of the useful component in the
shipped ore in a linear format is determined using the expression

, t+2At
a =
t+2t

As can be seen from equations (7)-(9), the content of the useful component in the shipped ore
from complex-structured blocks is very dependent on the patterns of decreasing content of the useful
component in the ore as it moves away from the center of the ore body and the size of the zones of
substandard ore. Taking into account the combination of these parameters, it is possible to establish
their most favorable values for the full development of established mineral reserves without losses
and dilution.

o. (9)
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In general, the volumes of conditioned and mixed
substandard ores at a given cross-section of complex-
structured blocks (see Fig.1, 2) are determined by the
following formulas:

n n
Vo =252 V=2 I 6 7,
i i1

where zi — depth of excavation of conditioned and
substandard ores by excavation and loading equip-
ment, m; ti — thickness of admixed substandard
ores, m.

Acceptable (rational) is the volume of substandard
ore that provides the required content of useful com-
ponent in the shipped ore in accordance with expres-
sions (7)-(9). _ _

Testing of the methodology for determining the Fig4. SC“Czr“mep?ngﬁ{ei;”}L”eegﬁi;;‘e’g‘tgﬁ‘; of useful
copper grade in shipped ore from complex blocks was 1 conditioned ore: 2 — substandard ore
carried out in the conditions of Aktogay copper ore de-
posit, mined by 10-meter high benches. The minimum thickness of the mined ore layer is 2.5 m. The open
pit ore production capacity is 24.3 million t per annum, the current copper grade is 0.56 %, the established
cut-off grade is 0.45 %, the copper grade in concentrate is 20 %, in tailings is 0.06 %, and the recovery in
concentrate is 86 %.

Three variants of complete extraction of conditioned mineral reserves together with some part
of substandard ores of complex-structured blocks at the minimum thickness of the ore body of 2.5 m
are considered. Other values of variables: variant 1 t' = 0.25 m, A = 0.75; variant 2 t' = 0.4, A = 0.6;
variant 3t' = 0.5, L = 0.5. The content of useful components in the shipped ore and their recovery
into concentrate for copper, lead and zinc ores are given in Table 4.

Table 4
Mineral content in the shipped ore and their recovery into concentrate
at different sizes of admixed layers of substandard ores, %
Options
Metal Initial 1 2 3
o & o & o & o &

Copper 0.45 86.93 0.43 86.35 0.41 85.49 0.39 84.70
0.60 90.27 0.58 89.83 0.54 89.19 0.51 88.60
0.75 92.28 0.72 91.93 0.68 91.42 0.64 90.94
0.95 93.97 0.91 93.69 0.86 93.29 0.81 9291
Lead 1.00 93.14 0.96 92.84 0.90 92.39 0.86 91.98
1.60 95.77 1.53 95.58 1.44 95.30 1.37 95.04
2.20 96.97 211 96.83 1.99 96.63 1.89 96.44
2.80 97.65 2.68 97.54 2.53 97.38 2.40 97.23
Zinc 1.40 94.47 1.34 94.23 1.26 93.86 1.20 93.52
2.60 97.12 2.49 96.98 2.35 96.79 2.23 96.60
4.20 98.29 4.03 98.21 3.79 98.09 3.60 97.97
5.40 98.72 5.18 98.65 4.88 98.56 4.63 98.47

The content of the useful component in the shipped copper ore increases with its content
in the conditioned ore in all variants and decreases with distance from the contour of the ore body
(Table 4). The similar tendency is characteristic for copper recovery in concentrate. However,
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these changes are insignificant. To assess their impact on the final result — recovery of useful com-
ponent in concentrate — it is necessary to consider the deviations of indicators in the cases under
consideration.

Absolute and relative deviations of these indicators are presented in Table 5. Relative deviation
of useful component content in shipped ore depending on its content in conditioned ore in all
variants remains at the same level —4.17; 9.7; 14.29 %. Relative deviation of extraction of useful com-
ponent in concentrate in the first variant varies from 0.67 to 0.29 %, in the second — from 1.65 to 0.72 %,
in the third — from 2.56 to 1.1 %. These indicators with the change of parameters of admixed layers of
substandard ores depending on the content of useful component in the conditioned ore indicate that the
relative deviation of extraction of useful component in the concentrate from the required is insignificant
and lies within acceptable limits. This means that at complete extraction of conditioned ores from complex
blocks of benches by mixing a layer of substandard ores of certain sizes the required quality of shipped
ore mass and increase of its volume are ensured.

Thus, under the new approach to the development of complex blocks, the expected diluting part
of substandard ores is transferred to the category of recoverable reserves. As a result, both the volume
of recoverable ore and the enhanced recovery of useful components in the concentrate increase. Such
an increase of useful components may reach 10-15 % of the total volume of extraction.

Table 5

Deviations of investigated parameters from the conditioned ones at different sizes of admixed layers
of substandard ores, %

Options

Metal 1 2 3
Ad' Ag Aad' Ag; Ad' Ag.
Copper 0.02 0.58 0.04 1.44 0.06 2.23
4.17 0.67 9.70 1.65 14.29 2.56
0.03 0.44 0.06 1.08 0.09 1.67
4.17 0.48 9.70 1.19 14.29 1.85
0.03 0.35 0.07 0.86 0.11 134
4.17 0.38 9.70 0.93 14.29 1.45
0.04 0.28 0.09 0.68 0.14 1.06
4.17 0.29 9.70 0.72 14.29 1.12
Lead 0.04 0.30 0.10 0.75 0.14 117
4.17 0.33 9.70 0.81 14.29 1.25
0.07 0.19 0.16 0.47 0.23 0.73
4.17 0.20 9.70 0.49 14.29 0.76
0.09 0.14 0.21 0.34 0.31 0.53
4.17 0.14 9.70 0.35 14.29 0.55
0.12 0.11 0.27 0.27 0.40 0.42
4.17 0.11 9.70 0.28 14.29 0.43
Zinc 0.06 0.25 0.14 0.61 0.20 0.95
4.17 0.26 9.70 0.65 14.29 1.01
0.11 0.13 0.25 0.33 0.37 0.51
4.17 0.14 9.70 0.34 14.29 0.53
0.18 0.08 0.41 0.20 0.60 0.32
4.17 0.08 9.70 0.21 14.29 0.32
0.23 0.06 0.52 0.16 0.77 0.25
4.17 0.07 9.70 0.16 14.29 0.25

Note. Absolute deviations are given in the numerator and relative deviations in the denominator.

If the annual capacity of copper ore mine is 10 million t, and the reduction of operational losses
is only 5 %, the increment of recovered ore will reach 500 thousand t. At a copper content of 0.45 %
ore at a cost of 6,500 dollars/t, the economic effect will be 14,625 thousand dollars.
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Conclusion.

As a result of the studies carried out, a new typification of complex-structured ore blocks of the
bench was carried out. The first type includes blocks composed of scattered continuous ore bodies of
various shapes and sizes with rectilinear contacts with rock interlayers. The second type of benches
is represented by blocks composed of scattered ore bodies in the form of polygons with rectilinear
contacts with host rocks.

The ore saturation coefficient of the block and the index of complexity of the geological structure
of the block are considered as the desired mining and geological characteristics of complex-structured
ore blocks, analytical dependencies of these characteristics are presented.

Analysis of the numerical values of the characteristics showed that both ore blocks are moderately
ore-saturated (Kos = 0.427-0.539) and complex-structured (ke = 0.139-0.193). The exceptions are variants
B and D of complex-structured blocks composed of dispersed ore bodies. They are more complex-
structured.

Theoretical dependencies for determining the main indicators of mineral processing are derived.
They are obtained by solving the equations of the mass balance of ore raw materials and the balance
of useful components during their processing.

To justify the complete extraction of ores from complex-structured blocks of benches, analytical
dependences for determining the content of useful component in the shipped ore o', which is a mix-
ture of conditioned ore with the content of useful component o and the admixed layer of substandard
ore with the content of useful component o™ are proposed.

According to the values of the content of useful component in the shipped ore, the relative devi-
ations of its extraction into concentrate were determined at different variants of changing the param-
eters of the admixed layer of substandard ores depending on the content of useful component in the
conditioned ore. They are insignificant and lie within acceptable limits.

With the new approach to the development of complex blocks, the estimated diluting portion of
substandard ore is transferred to the category of recoverable reserves. Both the volume of recoverable
ore and the enhanced recovery of useful components into concentrate are increased. The increment
of useful components can reach 10-15 % of the total production volume, thus creating prerequisites
for a significant increase in the completeness of mineral extraction from the subsurface.
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