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Abstract. The article discusses the features of the development of the
Donskoy chromite deposit and the improvement of the applied
development system with self-caving of ore. For a system with self-
destruction of ore, as well as for other similar systems, the weakest point is
mining under the collapsed massif, which largely affects the stability of
mine workings, their safety for the entire period of stope excavation, the
effect of extensive zones of collapse on the state and behavior surface. This
problem is one of the most important and urgent, especially with the
transition of mining operations to deeper horizons, where the technological
features of the mine field are significantly complicated. Therefore, the
formation of extensive zones of collapsed rocks in the process of stope
excavation leads to the development of negative processes for the
formation of extremely high loads on the support of mine workings, and in
certain geotechnical situations, the collapse zones affect the state of the day
surface, where subsidence is possible up to the formation of craters. All
this can lead to disastrous consequences, both in mine conditions and on
the surface. The study of the formation of caving zones during the
development of ore deposits is an urgent task.
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1 Introduction

The mining industry in Kazakhstan occupies one of the leading positions, the republic is
among the 15 leading mining countries, and ranks second in the extraction of chromite ore,
second only to South Africa [1-3].

The most indicative representatives of the widely using technologies of the caving
system are the mining enterprises of the Donskoy Ore Mining and Processing Plant, which
working out vast ore deposits of the field, fitted to the southern end of the Kempirsai
massif, where more than 160 deposits, occurrences and chromite mineralization have been
identified. At the same time, the overwhelming part of ore deposits, about 93%, is mined
underground. [4-6].

Statistical study of the structural disturbance of the massif involves the analysis of
field data on the spatial orientation of cracks, their thickness, intensity, the presence of

*Corresponding author: evfedorov58@gmail.com

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).



E3S Web of Conferences 192, 03009 (2020) https://doi.org/10.1051/e3sconf/202019203009

VIII International Scientific Conference “Problems of Complex Development of Georesources”

filler, its characteristics and a number of other morphological features. The study
and analysis of all these parameters was carried out mainly according to the data of the
geological services of the mines, which in the process of driving mine workings carried out
certification of the structural picture of the bottomhole space. Based on the results of
processing the obtained structural data for areas and workings of various technological
purposes, passed both in the rock and in the ore massif, a statistical analysis was carried out
and the average values of the main parameters of fracturing were determined. The analysis
of the spatial orientation of the cracks revealed four main systems with the following
parameters.

I system; azimuth of extension o = 90-120°, the angle of incidence of cracks in this
system varies from 25 to 90°, mostly it is 8 =70-80°, somewhat less often & = 60-70°.

IT system; azimuth of extension a = 290-350°, the cracks descent range is the widest:
from 25 to 90°, more than 80% cracks have drop 8 = 70-80°.

III cracks system; azimuth of extension o = 330-350°, y the angle of incidence of
cracks in this system varies 0-90°, predominant descent 8 = 70-80°, cracks with an angle of
incidence are quite common d = 50-70°, less often vertical.

IV system; azimuth of extension a = 180-220°, the angle of incidence is withind =
25-90°, Gonee 80% cracks have descent 8 = 60-70°, less 8 =80-90°. This system is most
pronounced.

Analyzing the data obtained, it can be noted that fractures with different dip angles,
from almost horizontal to vertical, occur in the studied areas of the field. However, most are
steeply dropping cracks with inclination angles 8 =70° (20,0%), 8 =80° (17,0%) and 8 =75°
(15,0%). Cracks are common with value 8 =45° (13,0%). Gentle cracks with 8=5-20° the
most rare and together account for 1-2% of the total number of investigated cracks.

Along with the spatial orientation of the cracks, an analysis of their intensity J and
thickness m was carried out. The results obtained for different sections of the mine field
give a spread of the J index from 5 to 13 units per linear meter, and in terms of the
thickness m from 0.1 to 1.4-1.5 cm. According to the genetic classification, these data refer
to the so-called secondary cracks that break the rock mass into separate structural blocks
and have a major impact on the strength and deformation properties of the rock mass.
Within the structural blocks, primary microcracks are observed, characterized by high
intensity within the range J = 20-40 pcs. on rm. meter and low power, less than one
millimeter. In tectonic zones, the thickness of the cracks reaches m = 3.0-5.0 ¢cm, and in
some areas, the massif is completely fragmented and is a loose surroundings.

Therefore, it becomes necessary to reveal the nature of these complications and, on the
basis of the revealed patterns of geomechanical processes accompanying mining,
reasonably select rational technological development schemes, determine their parameters
in order to exclude man-made catastrophic situations and ensure rational subsoil use.

2 Materials and methods

The system of mining with self-collapse of ore at the Donskoy Ore Mining and Processing
Plant is applicable mainly in rocks of medium and low stability, which fully applies to the
deposits of Don chromites, a characteristic feature of which is a high structural disturbance
of the massif, the presence of various systems of cracks with different morphology,
thickness, intensity and spatial orientation. All of this ultimately determines the low
strength of both ore bodies and host rock mass. In this regard, one of the main and most
urgent issues in the underground mining of chromite ore deposits is to ensure the stability
and reliability of the operation of preparatory and grooved mine workings for the entire
service life.
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The ores of the Kempirsay deposit are classified as easy to concentrate, there are two
types according to the technological grade of ores [7]: rich with more than 45% Cr203, less
- ordinary. The extraction of raw ore is carried out by underground methods (94.1%) by the
Molodezhnaya mine and the 10th anniversary of Kazakhstan's independence (DNA), as
well as by the open pit (5.9%) - by the «Yuzhny» open pit.

Underground mining of chrome ore is carried out by a self-caving system (Figure 1),
belonging to the second class of the mining system according to the classification of
Professor V.R. Imenitova.

This system of mining with self-caving of ore is characterized by the gradual separation
of the ore mass from the massif without forced blasting under the influence of its own
weight and rock pressure [8]. In the lower part of the block, under the collapsed ore massif,
a network of outlet workings is carried out, separated by small pillars, a horizontal outcrop
is created above the outlet horizon by an explosion - a jogging, on which, under the
influence of its own weight and the pressure of overlying rocks, the massif collapses by
cracking it under fractured conditions of unstable ores.

Fig.1. Development of reserves of the Don chromite deposit with a self-destruction system

To consider the methodological calculation scheme, the development of a powerful ore
body O.b 2 in two stages is considered. For this purpose, the ore body is conditionally
divided into two approximately equal parts - upper and lower. In this case, the height of the

treatment chambers in both cases will be equal, i.e. &, =h, . Above the ore body R.b 2,

the ore body O.b 1 was mined at an early stage, as a result of which a vast zone of collapsed
rocks was formed. The height of the inter-ore space in real conditions can take on different
values, we will designate this parameter 4, . This is shown schematically in Figure 1.

During the development of the first stage of the ore body R.b 2 above its lower part, by
analogy with the ore body O.b 1, a zone of collapsed rocks of the corresponding height will
form. Thus, the development of the lower part of the O.b 2 will be carried out under a
multi-layer massif with layers of different thickness and geotechnical parameters, in
particular, the coefficient of loosening 4; [12].
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Fig. 2. Scheme for calculating the formation of a caving zone during the development of an ore
deposit under a previously mined ore massif

The result is a collapse vault hv , defined by the equation

ho=h, +h +h+..+h, (1)
where
) [nl e =1y m (=1 B 1)+ (e - )] )
’ ki -1
The total height of the collapsed rocks
h,=h, +h, 3)
With a large number of layers in the overpressing thickness, equation (2) is solved if the
condition
i—1
Zhlrl (k, £ )’ )

n=l1

where n — number of layers involved in collapse.

Looseness coefficient values k, layers of collapsed and compacted rocks are found by
solving the equation k;' :ko_”’ s
sl
where k Sll is determined by the equation

Height of the inter-ore layer 4 equally A =h, (k] —h!)

3 Results and Discussion

For clarity and description of the sequence of operations in determining the limiting vault
of overlapping rocks during the development of treatment chambers under a multilayer
array, the methodology is presented as a numerical example of the calculation. The
considered calculation option is schematically shown in Figure 3.
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Fig.3. Scheme for calculating the limiting roof of collapse under a multilayer array
A heavy ore body O.b 2 of the second stage is being mined, i.e. its lower half. Mine

chamber height h,_ . = 80 m. As a result of the development of the upper half of the O.b 2,
where the height of the mine chamber was hu.c. = 80 m, a layer of collapsed rocks has

formed 5! . Height p! is hslu,-: 1,9785 hcl’”49 =260m

Next, we find the geotechnical parameters of the layer ! . Compaction coefficient value
k 15, is found according to [13]

] —0,0005hl' /
k'sl=1,553 r.St=1364
Loosening coefficient of a layer of collapsed and compacted rocks 5. takes on the

meaning
k k
I _ "ym rm —
k= kslz _1,5536-0,0005;;;,,,' =1,173
Layer ;i represented by an intact massif with a loosening coefficient ; = 1,6. The
layer thickness for the calculation is taken to be ;7 =20 m, which corresponds to the size of

the inter-ore space j, =200 m.

Layer hllr” formed during the development of an ore body R.b 1 with a thickness within
= 40 m, ie. with the size of the backing chamber s = 40 m. Basic geotechnical

parameters for ;" are found by analogy with the layer h,lr . As aresult, we have: p" =120
w; ki =1,463; k" = 1,094,
Having determined the basic initial data, we find the value of the collapse arch in the

process of mining the lower half of the ore body O.b 2 by chambers hC = 80 m, using

relations (1 and 2), as a result we have

h[ k[ _1 +h11 k][ _1 +h111 k[][ _1
hv’V = h =l 6/ - k,§ ) )]—20,0m
—

The height of the collapse vault will be 4 , = hllr + h,fl + hl',,]H + th =420m




E3S Web of Conferences 192, 03009 (2020) https://doi.org/10.1051/e3sconf/202019203009

VIII International Scientific Conference “Problems of Complex Development of Georesources”

Full height of the collapsed layer %, =h, ,+h =500m

Further, using relation (2.2), we find the relative compaction D for a layer of collapsed
rocks p, =500 m

D=0,68284""°-2,11 =20,6%

As a result of the compaction, a free space is formed (backing chamber %), defined by
the relation

h.,=h,;-D=103m

It should be noted here that the solution of this problem is carried out in a discrete form,
which allows step-by-step determination of the calculated parameters of the underbilling
process.

For a backing chamber hc/'p. find a layer of collapsed rocks h;

h/z‘.p. /
L p =275m
k,, -1

The total height of the collapsed rocks is &), =h, +h',=775m

=

om/

Relative compression for hc/Lt will be D' = 26,9%

Find a backing chamber hc{/ » and the collapse vault / l/,/ , which will have a value

W =h, (D' ~D)=49m K =13Im k), =h}, +h]=906m

d.t

Relative compression for h!t. =906m will be D =29:6%

Further, according to a similar scheme 5/ —244, b =64m, k. =970m,
D"=308% ; A =12m, hy=32m, h; =1002m, D" =31,4% ; B’ =6m
hy =16m

hy =16m— the value is relatively small, which does not require further calculations of

the chambers of the padding.

Finally, the total height of collapsed and unconsolidated rocks will be equal to 1018 m
[14]

As a result, we calculate the maximum height of collapsed and compacted rocks, which
will be 695 m.

4 Conclusion

Thus, when mining an ore deposit with a thickness of 160-170 m under a previously mined
ore mass with a massiveness of about 40 meters, located above at a distance of 200 m, the
capacity of the collapsed rock zone will be, according to calculations, a value close to 695
m.

The developed methodological scheme is the starting point for solving the problems of
bridging during the development of treatment chambers under the collapsed massif. As
noted above, this picture arises during the stage-by-stage mining of powerful ore deposits in
two stages. At the first stage, as a result of cleaning work, a zone of collapsed, loosened
rocks with a certain degree of compaction is formed in the overlying massif. At the second
stage, mining operations are carried out under a layered massif, where the lower layer is
represented by collapsed rocks, and the subsequent layers are intact massif with appropriate
geotechnical characteristics.
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Analytical studies and calculations carried out provide predictive data on the behavior
and condition of the day surface above the treatment area, which makes it possible to assess
the possibility of man-made disasters, both in the process of mining an ore deposit and
upon completion of mining operations.
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