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Abstract— Intensive mining in the Kuzbass region (Russia)
and high environmental impact imply the development of both
energy saving and environmental saving technologies. One of
the directions is the decrease in the use of heavy vehicles via
the non-transport flat seams mining. At the same time to
increase the efficiency of the draglines operation, it is necessary
to have information about the internal structure of the
breakdown rock mass formed by the explosion of high (H = 30
m) ledges. The drilling and blasting parameters used
(especially the slope of the boreholes) give a fundamentally
different structure of breakdown rock mass: with vertical
boreholes, a more homogeneous structure of breakdown is
observed than with the use of inclined ones. At the same time,
when using inclined boreholes, a more suitable breakdown
profile is formed to accommodate the draglines.
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I. INTRODUCTION

Today open pit mining is a soaring sector of coal industry
around the world, due to its economic [1] and safety
advantages [2, 3], and lower risks of investments [4, 5].

One of the very positive features of blasting with the use
of deep (up to 30 meters) inclined boreholes with a non-
transport mining system is the possibility of using explosion
energy to move a certain part of the overburden from the
blasted ledge into the worked-out space reducing the volume
of excavator operations. It is equivalent to increasing the
productivity of excavators [6-10].

In the regular explosions using vertical and inclined
boreholes depths up to 30 m, some of the rock is also moved
into the worked-out open pit mine and partly into a
permanent dump. In this case, the volume of the discharged
rock is 5-8% with vertical boreholes and 22-23% with
inclined ones depths of up to 30 m with tamping of 14-15 m.

The analysis of the obtained data of the discharge rock
mass volumes indicates the determination of the technical
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and economic indicators of drilling and blasting operations
and the assessment of the non-transport mining system
should be carried out with the effect of the discharge rock
mass into the worked-out open pit space.

Il. MATERIALS AND METHODS

In the Kuzbass, some researches were made of the
influence of the boreholes inclination, the specific
consumption of explosives, the height of the ledge, the height
of its face part and the width of the stope on the efficiency of
drilling, blasting and excavating operations. Also, the
geometry of the breakdown mass surface, the distribution of
rock in the worked-out open pit space, the shattering
coefficient of the rock in the blasted rock mass were studied.
The obtained data allow to predict the configuration of the
breakdown profile during blasts with the discharge of rocks
into the worked-out space [11-18].

It was found the geometry of the breakdown surface
affects the installation of the dragline on the blasted rock
mass and determines the volume of the intermediate bulk of
rocks.

Fig. 1 shows surveys of the breakdown profiles obtained
by blasting of the inclined deep boreholes. From the surveys
the surface of the breakdown in the profile has a complex
curvilinear shape.

For a more detailed study of the explosion of deep
inclined boreholes and the formation of a breakdown rock
mass, a high-speed video of the explosion was analyzed with
the following parameters of the blasted block: the total height
of the pit edge is 64 m; the height of the exploded ledge is 44
m.
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Fig. 1. Fig.1. The breakdown profiles obtained by blasting of the
inclined deep boreholes (the measures in meters).

The parameters of drilling and blasting operations: the
depth of boreholes is 44 m; the inclination of the boreholes is
80°(to horizontal plane); the tamping length is 8 m; diameter
of boreholes is 0.19 m; the length of the blasting charge is
38.8 m; the summary mass of the blasting charge is 1080 kg;
specific consumption of explosives is 400-600 g/m3; number
of rows of blastholes is 6.

The coefficient of overexposure in the profile of the
technological scheme is from 0.5 to 0.9, depending on the
method of development of the suite. The general coefficient
of overexposure, which takes into account the creation of
trails for lifting and lowering the dragline to the dumping
stages, is 1.7-2.3. The tiers of the internal dump may be two
or three, depending on the height of the rock formation being
developed. At present, the height of the internal dumps is 60-
70 m.

The overburden from the transport ledges in all sections
is transported to the surface of the internal dump, where it is
stored in two or three tiers. On the internal dumps it is
allowed to store the ground mix of bedrock and loose
sediments.

I1l. RESULTS AND DISCUSSION

The following results were obtained by the high-speed
image acquisition:

0.025 seconds into initiation of the first-line blasting
charges, the detonation products from the borehole ejected to
the height H(I) = 10 m.

0.050 sec into initiation of the first-line blasting charges
H(l) = 10 m, the detonation products from the second-row
boreholes were ejected.

0.050 sec into initiation of the first-line blasting charges
there was a detonation of the third row of boreholes, and H(l)
= 28 m. There was a shift on 4 m of the top of slope, limited
by the first row of boreholes, with a turn along the radius
equal to the height of the slope of the ledge with the location
of the center of rotation in the upper edge of the coal seam (it
is the bottom of the borehole). The lower part of the ledge
remains fixed, as shown on Fig.2.

0.200 sec into initiation of the first-line blasting charges
there was a detonation of the fith row of boreholes and H(l)
=40 m. There was a shift on 6 m of the top of slope.
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Fig. 3. The scheme for the formation of the breakdown of the rock mass:
1 — intervals of the blasting deceleration between the rows of boreholes, in
milliseconds; 2 — time of shift, in seconds; 3 — line of detachment and
displacement of the rock massif; 4 — part of the breakdown formed by the
displacement and deposition of the rock massif; 5 — part of the breakdown,
formed by the displacement and collapse of rock mass; 6 — broken not
shifted massif; 7 — shifted and fragmented massif with an disturbed structure;
8 — explosion-displaced massif; 9 — the rock mass remaining from the
previous stope; ABC and A'B'C' — rock triangles, respectively in situ and
displaced by an explosion; o = 15-20°— the angle of the slope of the
breakdown; 3 = 12° — the inclination of coal beds.

0.300 sec into initiation of the first-line blasting charges
there was a detonation of the last row of boreholes and H(I)
=50 m. There was a shift on 10 m of the top of slope and on
4 m of the toe of blasting slope. The rock prism shifted
beyond the top of slope basset downward along the coal-rock
slope onto the bedrock.

0.400 sec into initiation of the first-line blasting charges
there was a shift of the blasted massif along its entire height
and width to the worked-out space by 14 m.

0.500 sec into initiation of the first-line blasting charges
the scattering of pieces of rock began and the ejection of the
explosion products towards the worked-out space, the shift of
the ledge increased to 18 m.

0.700 sec into initiation of the first-line blasting charges
the shift of the ledge increased to 27 m.

0.900 sec into initiation of the first-line blasting charges
the shift of the ledge increased to 37 m.

The upper part of the breakdown (Fig.2, line B'-D)
located in the worked-out space is actually a straight line
directed at an angle o = 15-20°from the slope of the inner
dumps to the intersection with the former slope of the
exploded ledge. Point B' is the top of the breakdown. Further,
the line of the breakdown takes the form of a curved concave
surface. The structure of the breakdown through the
displacement of inter-row blocks to the worked-out space in
zone 7 and triangle A'-B'-C' (see Fig. 2) remains the same as
in the ledge, but only the disruption of continuity and volume
increase are appeared. The presence of such explosion-
shifted massifs with preservation of the structure is well
traced during excavation of the breakdown. The triangle A'-
B'-C' represents the shifted part of the ABC tamped layer,
since the stratification structure of the rock is the same as
that in the upper part of the ledge (legs A-B and A'-B").

IV. CONCLUSION

Analysis of high-speed image acquisition of the
explosion and the study of profiles of the shape of the
breakdowns of the exploded rock massifs using deep and
inclined boreholes, revealed a significant difference in the
mechanism of the impact of the explosion on the rock
massifs being destroyed in comparison with the explosions
of vertical boreholes. With vertical ones failure occurs in the
ascending direction in a crater-shaped manner with some
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swelling toward the ledge slope. This study shows that with
inclined boreholes of the blasted rock mass are shifted
toward the worked-out space at a speed of 35-40 m/sec with
a discharge factor of 42%.

Observations and analysis of the resulting surfaces of
breakdowns at deep inclined boreholes have shown that the
shape of the breakdown surface is very suitable both for
placing draglines on it and for the conditions of its
development. The explosion produces a “crest of
breakdown" is in fact an intermediate pile favor the
placement of the dragline in the bulk. As a result, the amount
of the bedding course and the secondary excavation is
negligible.

Convenient conditions for the development of the
breakdowns should also include the presence of rock "kick
out” (ejection) from the pit edge as a result of the increased
blasting charge of the last row of boreholes. The presence of
a notch contributes to better filling of the excavator bucket
and provides maximum productivity of draglines with
bottom scooping.
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