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ABSTRACT

Purpose. Mining and geological conditions are complicated due to the decreased level of mining within deposits of
West Kazakhstan. It results in significant increase in the amount of metal framed support which cannot always pro-
vide safety of mine workings. The problem may be solved by transition from heavy and labour-intensive in mounting
metal special shape framed supports to the cheaper and more easily erected reinforced shotcrete with reinforced
frames. “Dry” method of shotcrete application, used currently in Orlovskaia mine, can provide neither high quality
nor the required amounts of pneumatic concrete placing; in this context, “wet” method makes it possible to support
rock mass at a high mechanization level, and development of premium durable pavement. Thus, in the context of
Orlovskaia mine it is required to solve the problems concerning selection of efficient schemes to deliver shotcrete
mixtures or their components and to determine optimum location for a plant, producing shotcrete from the viewpoint
of minimization of expenditures connected with shotcrete support.

Methods. Calculations, determining the required shotcrete amounts to support mine workings, technological capacity
of a plant to produce shotcrete as well as self-propelled mixers, have been performed. Basic production facilities for
shotcrete operations have been selected. Three variants to allocate a plant for shotcrete manufacturing within
Orlovskaia mine have been considered. The discounted net cash flows have been compared ignoring sales of the
finished product of Orlovskaia mine in terms of the available and the proposed methods to support mine workings for
the period of 2016 — 2025.

Findings. Relying upon laboratory tests, carried out in Kazzink LLP as well as BASF and Normet Companies, effi-
cient compositions of shotcrete mixtures, providing preparation of shotcrete mixture of the required quality in terms
of minimal binder consumption have been identified. It has been recommended to use 3.5 m> mining machine
UnimecMF500 Transmixer by Normet Company as a mixture to deliver shotcrete; self-propelled equipment Mey-
coME-3 (theoretical output is up to 20 m’/h) by AtlasCopco Company has been proposed to apply “wet” shotcrete.
Use of underground 15 m*/h mobile plant on stands or on trailer of Normet Company has been substantiated to be
mounted in a small-cross chamber with cement bulk storage or in big bags. Schemes to allocate concrete mixing
plant have been developed for specific conditions of Orlovskaia mine.

Originality. Specific features of potential variants to allocate a plant, producing shotcrete to support mine workings
in terms of Orlovskaia mine, have been identified from technological and economic viewpoints.

Practical implications. Economic expediency of a process line intended to support mine workings in Orlovskaia
mine using a “wet” shotcrete has been developed and substantiated.

Keywords: shotcreting, support of a mine working, transportation schemes, economic efficiency

1. INTRODUCTION a support type in underground quarries is characterized
by two problems. On the one hand, it is the decreased
operational expenditures connected with supports; on the
other hand, it is safe mining.

Recent analysis of injuries in underground mines has
shown significant increase in the number of accidents
while mine working driving and supporting. Selection of
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Shotcrete support has an impressive number of ad-
vantages: versatile construction, which can be applied as
both temporary support, and permanent one while using
independently and in combination with anchors, and
reinforcing mesh. Its use helps decrease section of a mine
working as well as amount of driving owing to the sup-
port thinning. In this context, the shotcrete layer
operates as the integrated system with rock forming a
structure of high carrying capability. Even thin layer of
shotcrete prevents reliably rocks from destruction by
external factors (mainly, oxygen action). As a result,
rocks preserve their characteristics for a long time; at the
same time, under usual conditions, rock strength may
decrease by 60 — 70% in the course of time. High mech-
anization level of the supporting process increases labour
productivity of shaftmen-timbermen twice or thrice (Bar-
ton, 2002; Balg, Roduner, & Geobrugg, 2013; Shaposh-
nik, Konurin, Neverov, Neverov, & Shaposhnik, 2016;
Manin & Mel’nikov, 2018).

2. GEOTECHNOLOGICAL CONDITIONS
OF ORLOVSKOE DEPOSIT MINING

Orlovski polymetallic deposit in the East Kazakhstan
is within the tectonic block confined by Berezovski over-
lap fault south-westerly and by Vostochny fracture sub-
meridionally. The deposit is surrounded by granodiorite
rock mass northerly (Volkov, Ginatulin, Sakharov, &
Chekalova, 1972). Mainly, ore-hosting rocks consist of:
acid volcanics in a side wall; siliceous clayey aleurites
with interlayers and lenses of volcanic rocks, volcanic
ashes, and quartz-albitophyre tuffites in a lying wall.
Frequent rock alternation is typical for the ore zone, i.e.
lavas and lava-breccias of rhyolites, volcanic ashes, and
acid tuffites as well as lavas of andesite-basalt composition.

The deposit is characterized by complex mining and
geological conditions. Solid barite-polymetallic, copper-
zink, solid and quartzite embedded copper-sulphide ore
as well as certain rock types are of high-strength and
elastic characteristics. Hence, mine workings construc-
tion within the ores and rocks should involve dynamic
manifestations of rock pressure. Rock rigidity decreases
sharply within the areas of weathering, tectonic faults,
and areas of hydrothermal variation of rocks which
thickness varies from several meters up to 100 — 150 m
(Krupnik, Shaposhnik, & Shaposhnik, 2017). Wallrocks
are rather unstable due to numerous multidirectional
microfissures filled with calcite, pyrite, and multiply
slipping planes.

Roadway construction within the cracked and fractured
rock mass of Orlovski deposits should involve (Zhirnov,
Abdrakhmanov, Shaposhnik, & Konurin, 2018):

—rock mass injection methods;

— advance protective screens made of tubes;

— methods to fill in cavities and cave columns;

— monolithic concrete support;

— metal arch support;

— roof bolting;

— anchor cablebolts;

— shotcrete support inclusive of wet shotcreting.

Mining operations are concentrated within Yuzhnoe
and Severnoe orebodies within 9 — 15 levels (Fig. 1).
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The mine workings, constructed within the unstable
rocks (4" rigidity class) in Orlovskaia mine, are supported
by means of SVP-22 using timber backfilling of cavities.

A line to manufacture SVP frame metal support ope-
rates in Orlovskaia mine. SVP-22 is delivered to Orlovski
manufacturing complex in the form of linear segments.
Rail-road cars with 60 t total weight are applied. Almost
200t of SVP are delivered monthly. After unloading,
SVP-22 is transported to a plant of production facilities
under Orlovski manufacturing complex. Sets of clamp
components for SVP-22 frames are manufactured at the
territory of the plant of production facilities. A set of SVP-
22 frame consists of: two frame legs; two turning pieces; a
roof beam; and three interframe tightening devices. Metal
products to connect support elements are delivered sepa-
rately. Eight metal products are used to assemble one SVP
frame. Monthly delivery is almost 6000 pieces. Moreover,
linear segments of embedded details, i.e. clamps to hold
the packed timber along the mine working walls on SVP
frames made of metal mountings with 32 mm diameter
and 1.2 m length. One SVP frame needs four embedded
details. Interval between SVP frame mounting is a meter.
SVP frames are tightened by means of 2 m round timber.
The round timber diameter is 16 — 22 cm. Monthly timber
delivery amount is almost 700 m?.

As a schedule list demonstrates, as for the construc-
tion and timbering operations in Orlovskaia mine, the
amount of heavy SVP frame support has a steady tenden-
cy to its increase from 2016 to 2025 (Fig. 2). In 2016, the
amount of frame support was 9.5 thousand pieces. In
2025, 19 thousand pieces are planned. Another situation
is observed while planning shotcrete amounts. In 2016,
the planned amounts were 30 thousand cubic meters of
surface of mine workings to be shotcreted; in 2025, the
figure will be 17 thousand cubic meters.

Increase in specific amount of metal frame supports
can be explained by the worsened mining and geological
conditions since mining operations are performed at
lower levels inclusive of Severnoie orebody where
wallrocks are rather fragmented and disintegrated. How-
ever, if enclosing rocks are unstable, it cannot always
provide safety of mine workings even if double frames
are mounted. Moreover, that worsens air supply as well
as motion of self-propelled facilities due to the decreased
finished cross-section.

Shotcrete support is applied both separately and in
combination with other supports in 1%, 274, 31 and 4%
stability classes. Thickness of such a shotcrete mixture is
no less than 3 cm for 1% stability class; no less than 5 cm
for 2" stability class; and 5 —9 cm for 3™ and 4% classes
(Instruktsiya po vyboru..., 2012).

Machine Meyco®Piccola and SB-67 are used to shot-
crete mine workings. Dry ready shotcrete mixture Mas-
terRoc® STS 1510, sifting, and cement are applied.
Meyco®Piccola machine is a device for shotcrete used
for a dry mixture, and operating according to the rotary
method (Pravila tekhnicheskoy ekspluatatsii, 1981). In
future, Orlovskaia mine plans to apply three more shot-
creting devices with  pneumatic  drive, i.e.
Meyco®Piccolo020 LST.
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Figure 2. Diagrams of frame support amount increase in
Orlovskaia mine during 2016 — 2025

3. SUBSTANTIATING THE NECESSITY
TO APPLY WET SHOTCRETING TO
SUPPORT MINE WORKINGS AND
CONCRETE PLANT CONSTRUCTION

Geomechanical model of rock mass (Datacollection)
has been developed according to the Standards by (ISRM).

Paper (Proekt organizatsii rabot, 2015) has classified
rocks in terms of Q-rating, and additional types to timber
mine workings have been recommended (depending
upon a mine working spacing as well as a coefficient of
mining conditions ESR):
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— shotcreting (1%t — 4™ classes in terms of Q-rating);

—roof bolting in certain areas (1% — 6% classes);

—regular anchoring together with fiber shotcre-ting
(4™ — 8™ classes);

—regular anchoring by means of two-level anchors
with cablebolts combined with fiber shotcreting (6 — 8t
classes);

—regular anchoring combined with 12—15cm fiber
shotcreting and reinforcement ribs (7% — 9™ classes).

Wide and more flexible selection of support types
makes it possible to reduce drastically expenses connec-
ted with timbering of mine workings while preserving
labour safety.

Table 1 represents calculation results, concerning
rock mass descriptions for lithological domains of Orlov-
ski deposit. Following lithological types of rocks and
ores of the deposit have been specified:

— Lithological code 1 —tufaceous silty sandstones,
and siliceous aleurites;

— Lithological code 2 — albite porphyrites, and argil-
laceous-siliceous aleurites;

— Lithological code 3 — tufaceous silty sandstones,
and ore impregnated metasomatites-chlorytolites;

— Ore code — copper-sulphide ore; solid polymetallic
ore, solid copper-zinc ore, and impregnated copper-
pyritic ore within flinty aleurites.
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Table 1. Rock mass classification in terms of Q-rating by

Barton
Lithological domains
Rock mass description of Orlovski deposit

1 2 3 Ores
Exclusively soft, rather unstable - - - -
Extremely soft, rather unstable - - - -
Very soft, rather unstable - - - -
Soft, unstable - 2.15 1.02 -
Medium stable 4.72 - - -
Hard, solid - - - 13.2

Very hard, rather solid
Extremely hard, rather stable
Exclusively hard, rather stable

Hence, taking into account the classification of rocks
in terms of Q-rating, timbering of mine workings within
unstable enclosing rock may involve transition from
metal frame supports, being heavy and labour-intensive
from the viewpoint of mounting, to cheaper and less
labour-intensive from technological viewpoint reinforced
shotcrete with the reinforced frames when bearing capac-
ity of supports is preserved. Table 2 demonstrates de-
mand for shotcrete to support permanent mine workings
as well as development ones for Orlovskaia mine taking
into consideration extra coefficients relying upon the
increased shotcrete consumption (VSN 126-90, 1991;
RDS 82-202-96, 1996; ST TOO 050140000656-01-33.1,
2011a; Tekhnologicheskiy reglament (instruktsiya)...,
2016; Shaposhnik, Konurin, & Shokarev, 2018).

Table 2. Demand for shotcrete to be used for timbering in Orlovskaia mine

Year 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
The required shoterete 1124 848 972 1032 1356 1222 976 985 876  11.60
amount, m° per shift

Time required for CMP 205 277 245 229 143 179 244 241 270 195
to prepare shotcrete per shift, h

The required CMP capacity, m*/h 5.45 3.06 3.96 4.50 9.48 6.82 4.00 4.08 3.24 5.94

Currently, Orlovskaia mine uses “dry” shotcreting. In
terms of Q-rating, for lithological domains of Orlovski
deposit, shotcrete thickness should be 9 — 12 cm for un-
stable rocks, and 12 — 15 c¢m for rather unstable ones.

The equipment, operating in Orlovskaia mine, gives
no way for the required shotcrete thickness and cannot
provide necessary shotcreting amount. Thus, a decision
was made to use 3.5 m® mining machine UnimecMF500
Transmixer by Normet Company as a mixer to deliver
shotcrete, and self-propelled unit MeycoME-3 by At-
lasCopco Company for wet shotcreting. Its theoretical
efficiency is 20 m/h.

Table 2 represents calculation results concerning the
required time of operation of a plant to prepare shotcre-
ting, using concrete mixing plant (CMP), and the required
capacity of the CMP relying upon (ONTP 1-86, 1986).

Meka Company (Turkey), Putzmeister Company
(Germany), and NormetCorporation Company (Finland)
are the main world manufacturers of concrete/shotcrete
plants for mining enterprises. A number of mining en-
terprises in the Russian Federation and CIS countries are
experienced in the design and construction of surface and
underground plants for concrete/shotcrete production.

In 2011, Nordgold Company almost implemented a
project to construct concrete-stowing complex in Suzdal
ore mine belonging to “Finansovo-investitsionnaia kom-
paniia “Alel”. The project involved construction of a sur-
face concrete plant in open pit 3. CMP consists of a hori-
zontal single-shaft concrete mixer MB-30WS by Meka
Company with 30 m*/h capacity completed with aggregate
bunkers; 50t cement storage tank; batchers for cement,
water, and admixtures; weight conveyor; pneumatic sys-
tems; automation systems; and control systems. Mine
mixtures UNI 50-3 by Paus Company deliver the ready
plastic stowing mixture to a receiving mine point using the
main transportation mine workings up to a level being
stowed; then concrete is delivered to the places where it
should be laid by means of 125 mm pipeline using a con-
crete pump CJFA PC506/309 (Azel’khanov, Alibaev,
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Zateeva, & Alibaev, 2012). Oktiabrski ore mine of PJSC
“MMC “Norilsk Nickel” uses automated mine concrete
mini-plant BP 1504-2/8 by Normet Company to manufac-
ture shotcreting or structural concrete (Galaov, Nagovitsin,
Pliev, Andreev, & Vil’chinskiy, 2014; Uskov, Kon-
drat’yev, & Neverov, 2017). Gayskiy MPC uses ready-
mix station (RMS) operating at 1075 m level (Kalmykov,
Volkov, Zubkov, Krasavin, & Mikhaylova, 2015). The
RMS construction at such a lower level has provided
prompt delivery of concrete to working places which fa-
vours the improved labour productivity of staff of mine
construction administration and the underground mine
itself. Underground ready-mix station Minemix by Normet
Company, which nominal capacity is 15 m® of concrete
per hour, has been mounted in Maleievski ore mine of
Kazzink LLP. The station is complete equipment set for
automated manufacturing of different concrete mixtures,
inclusive shotcrete and ready mix, with potential to pre-
pare cement mortar or special-quality concrete mixtures.

The major amount of shotcreting operations is
planned within the area of mining operations intended to
extract Severny ore body at the depths of 800 — 1200 m
(the reserves have been taken to be projected down to
950 m depth, i.e. depth of level 18).

One of the key problems in the process of “wet” shot-
creting method implementation in Orlovskaia mine is to
select area and substantiate location of the shotcrete
manufacturing plant to support mine workings from
technological and economic viewpoints. Mixture compo-
sition (i.e. both scheme and productivity of ready mix
delivery to operation area) and selection of the basic
production equipment depend upon the plant location.

4. SELECTING OPTIMAL LOCATION
OF A PLANT TO MANUFACTURE
SHOTCRETE USING A “WET” METHOD

Concrete manufacturing plant location may involve
following schemes:
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—within a mine site: mixture components are deli-
vered to a warehouse near the plant. Ready mixture is
transported to the mine by means of self-propelled mix-
tures or is delivered to the mine using wells;

—in a mine: mixture components are delivered by
means of self-propelled transportation vehicles or to the
mine using wells or an uphole.

Moreover, it is required to solve logistics problems
while transporting, namely preparation and transportation
of shotcreting mixtures as well as their components to
working area or to a concrete plant.

Consider potential variants to locate the plant in
Orlovskaia mine.

4.1. Scheme 1

Concrete mixing plant is located at the mine surface.
Since in the near future mining operations will be per-
formed within Severny orebody, assume that the plant is
placed in the neighbourhood of concrete stowing com-
plex (CSC) of Orlovskaia mine. Such a location ad-
vantages are as follows: closeness of surface inside CSC
storages for nonreactive, expendable storage tanks of
binding substances; availability of automobile service
roads as well as railsides.

From CMP to the mine, shotcreting mixture is deli-
vered using vertical flight of a pipeline (for instance,
159x8x%8000 st. 20). To do that, two wells (i.e. deve-
lopment well and recovery well) with casing are drilled
from the surface down to level 15. In terms of such Se-
vernaia mine mark as +274.5 m, and such level 15 mark
as —545.9 m, depth of the wells will be almost 830 m.
Self-propelled mixers are loaded with shotcrete mixture
through the charge capacity with a sliding gate (another
design of the charge capacity is also possible) mounted
within a lower share of the concrete-delivery pipeline at a
height required for the mixer loading (for instance, it is
2900 mm depending upon a height of a charge capacity
of such a mixer as Utimec MF 500 Transmixer).

Location of the loading node in the neighbourhood
of joining conveyor mine working of level 15 (i.e. be-
tween Severny and Yuzhny orebodies within central
part of mining operations) will help reduce expenditures
connected with the transportation of shotcreting mix-
tures within the level. 240 m distance is from the pro-
jectable CMP location to 13 — 15 level slope (south);
70 m distance is to 15— 16 level slope (north); and
490 m distance is to a slope of 16 level (north).

Analysis of the calculations has shown that shotcre-
ting at level 18 may result in 4.6 m’/h efficiency of
PAUS UNI 50-3 mixer (its active capacity is 3.5 m®) in
terms of the required maximal efficiency being
1.0 m3/h. One mixer with 3.5 m3 active capacity and
more and one shotcreting plant are quite sufficient to
achieve target indicators. Minimal efficiency of indus-
trial CMPs is 15 m3/h; it is too few to provide complete
equipment loa-ding. Practices of Oktiabrski ore mine of
PJSC “MMC “Norilsk Nickel” have supported the idea
to apply CMPs for shotcrete production as well as for
the production of a ready mix for the enterprise needs
(CMPs, considered below, can manufacture both shot-
crete and ready mix).
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4.2. Scheme 2

Concrete mixing plant is located at level 15 of the
mine. It is recommended to use underground concrete
mixing plant Minemix 15 by Normet Company or under-
ground mobile plant with 15 m3/h efficiency. It is moun-
ted either on legs or on a trailer to be erected within a
small 16 —25 m? section chamber with big bag cement
warehouse. CMP is in the neighbourhood of joining
haulage roadway (Fig. 3).
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Figure 3. Scheme for CMP assembly and maintenance:
1 — joining haulage roadway; 2 — ort to load a mixer;
3 —ort to load inactive filler capacities; 4 — ort to
load cement; 5 — pocket to reload sand and crushed
rock; 6 and 7—wells to transport latent solvents;
8 —tank for cement; 9 — frame crane; 10 and 11—
capacities for sand and crushed rock; 12 — conveyor;
13 — mixer; 14 — self-propelled transloader (TL)

Inactive materials are delivered through development
well or recovery well or through riser from surface to
level 15 in the neighbourhood of CMP. Cement is deli-
vered in 1.0 — 1.5 t big bags using a shaft of Orlovskaia
mine; it is delivered to CMP by means of self-propelled
auxiliary equipment.

4.3. Scheme 3

Cement mixing plant is placed at level 12 of the
mine (Fig. 4). It is recommended to use underground
concrete mixing plant Minemix 15 by Normet Company
or underground mobile plant with 15 m3/h efficiency. It
is mounted either on legs or on a trailer to be erected
within a small 16 — 25 m? section chamber with big bag
cement warehouse.

Inactive components of the mix are delivered through
a shaft to level 10 of Orlovskaia mine: latent solvents are
delivered in side dumpers which capacity is 2.5 m3; bin-
ding substances are delivered to level 12 in big bags. At
level 12, the big bags with cement are transported to
CMP using self-propelled equipment, for instance, in a
bucket of LHD machine. By means of side-dump cars,
sand and crushed rocks are delivered to a conveying
raiser from level 10 to level 12 to Slepaia mine at le-
vel 10. Further, they are delivered through a conveying
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raiser thus developing the required amount of inactive
within the raiser itself (thus, there is no necessity to drive
extra horizontal mine workings at level 12 for a ware-
house of inactive agents). It is recommended to deliver
sand and crushed rock from level 10 to level 12 separate-
ly, which involves the need to drive extra raiser.

(a)
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Yuzhnyi drift of level 12

27000

Transportation slope of levels 12 and 13
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Figure 4. Scheme to place CMP at a level 12 in the neigh-
bourhood of a conveying raiser from level 10 to a
level 12: (a) general view; (b) sectional view 2 — 2;
1 —driveway 1 to CMP; 2 — LHD machine; 3 — tank
for sand, and crushed rock; 4 — deroofing; 5 — sto-
wing; 6 —tank for cement; 7 —telpher; 8 — raiser;
9 — d =100 mm pipe, 2 pieces

Length of extra mine workings, driven for CMP, is
69 m or 800 m*. The mine workings are timbered in a
combined manner: shotcrete with mesh and steel poly-
meric roof bolting.

Taking into consideration the achievement of the re-
quired amount of shotcreting as well as higher efficiency
of CMP, optimal location of shotcrete production plant in
Orlovskaia mine is at level 12 in the neighbourhood of
conveying raiser from level 10 to level 12 from the
viewpoint of the shotcrete support cost minimization
(Scheme 3).

5. SUBSTANTIATING EFFICIENCY
OF THE “WET” SHOTCRETING
METHOD IMPLEMENTATION

According to (VSN 126-90, 1991), minimal value of
concrete compression strength should be B25; it is
B22.5. according to (ST TOO 050140000656-01-33.1,
2011a; ST TOO 050140000656-01-33.1, 2011b). If con-
crete grade is B25, then average concrete compression
strength should be 32.06 MPa at the age of 28 days.
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Relying upon the laboratory tests, Kazzink LLP has
identified the balanced shotcrete composition providing
production of shotcrete mixture of the required grade in
terms of minimal consumption of a binding material,
kg/m®: cement —440; water — 190; sand —1150; and
crushed rock — 575.

Mixtures, developed by BASF Tsentralnaia Azia Ltd
and Normet Company for Orlovskaia mine, have been
also taken as the balanced high-grade shotcrete composi-
tion for cement mixture with minimal binding material
consumption. The mixtures include hardener, plastifier,
and fiber.

Compositions of mixtures, recommended by BASF
Tsentralnaia Azia Ltd, are follows:

— composition 1, kg/m?: cement — 400 — 430; sand —
1644; crushed rock — 178; water — 168; and Master-
Glenium® T 803 additive — 1.0 — 1.2%. The mixture
density is 2394;

— composition 2, kg/m?: cement — 400 —430; sand —
1825; water — 168; and MasterGlenium® T 803 additive —
1.0 — 1.2%. The mixture density is 2394.

Compositions of mixtures, recommended by Normet
Company, are as follows:

— composition 1, kg/m*: PTs400DON cement — 460;
fine aggregate (i.e. sand) — 1030; coarse aggregate (i.c.
crushed rock) — 670; TamCem 60 superplasticizer — 5.58;
BarChip 54 fiber — 3.0; water — 210. The mixture density
is 2370;

— composition 2, kg/m*: PTs400DON cement — 468;
fine aggregate (i.e. sand) — 1038; coarse aggregate (i.e.
crushed rock) — 678; TamCem 60 superplasticizer — 4.65;
BarChip fiber 54 — 3.0; water — 208. The mixture density
is 2400.

The following should be mentioned among the key
advantages of the “wet” shotcreting method applied in
Orlovskaia mine:

— decrease in rebound and, as a result, two and more
times decrease in losses;

— increase in productivity of shotcreting operations;

— improvement of labour productivity owing to inten-
sive dust emission control;

—low compressed air demand while using hydraulic
feeding of shotcreting mixture;

— decrease in shotcreting equipment deterioration;

— improvement of the applied shotcrete grade at the
expense of water-cement ratio invariability.

Discounted net flows of real money in terms of the
proposed method have been calculated with no conside-
ration of commercial output sales when revenue is equal
to zero (cost of the finished product of Orlovski indust-
rial complex is not represented).

Analysis of the calculations of economic efficiency of
the compared timbering alternatives has shown that in
the context of Orlovskaia mine, a value of conditional
NPV will be negative in terms of 0.3 discount rate. Thus,
in terms of the available method (i.e. “dry” shotcreting
method) it will be minus T8627758 thousand in 2025. In
terms of the proposed “wet” shotcreting method it will be
T5355671 thousand. In the context of minimal cost, that
means the efficiency of the proposed “wet” shotcreting
method (Fig. 5).
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Figure 5. Comparison of the discounted net flows of real
money with no consideration of commercial output
sales by Orlovskaia mine in terms of the available
method and the proposed one: 1 —the accumulated
discount money flow in terms of 0.3 discount rate in
the context of the proposed method; 2 —the accu-
mulated discount money flow in terms of 0.3 dis-
count rate in the context of the available method

Hence, the calculations have demonstrated economic
efficiency of “wet” shotcrete method to compare with
the “dry” method if frame supports are replaced in
Orlovskaia mine.

6. CONCLUSIONS

Shotcrete support has impressive number of ad-
vantages owing to the decreased operational cost for
timbering and safe mining.

Problems of the balanced schemes to transport shot-
crete mixture as well as materials for its preparation have
been considered for the conditions of Orlovskaia mine.
Optimal allocation for a plant, manufacturing shotcrete,
has been determined from the viewpoint of minimization
of expenditures connected with shotcrete supports.

Calculations of the required shotcrete amount to sup-
port mine workings have been performed as well as self-
propelled mixers, and technological output of a plant to
produce shotcrete. Basic manufacturing facilities have
been selected. Three alternatives for shotcrete plant allo-
cation in Orlovskaia mine have been considered. The
discounted net money flows have been compared igno-
ring sales of the finished product of Orlovskaia mine in
terms of the available and the proposed methods to sup-
port mine workings for the period of 2016 — 2025.

Relying upon the laboratory tests, carried out by
Kazzink LLP, and BASF and Normet Companies, the ba-
lanced compositions of shotcrete mixture, providing its
high grade in terms of minimal consumption of a binding
material, have been identified. It has been recommended
to use 3.5 m* mining machine UnimecMF500 Transmi-
xer by Normet Company as a mixer to deliver shotcrete,
and self-propelled equipment MeycoME-3 (theoretical
output is up to 20 m3/h) by AtlasCopco Company to
apply “wet” shotcrete. Use of underground 15 m3/h mo-
bile plant on stands or on trailer of Normet Company has
been substantiated to be mounted in a small-cross cham-
ber with cement bulk storage or in big bags. Schemes to
allocate concrete mixing plant have been developed for
specific conditions of Orlovskaia mine.
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BUBIP BAPIAHTY PO3MIIIUEHHS 3ABOJIY 3 BUPOBHUIITBA TOPKPETBETOHY
ITPH BITPOBA/I’KEHHI HA OPJIOBCBKIN ITAXTI “MOKPOI'O” METOY TOPKPETYBAHHS

JI. Kpymauk, 1O. [lanomauk, C. Hlamomaunk, A. Konypix, /1. [llokapes

Merta. VY 3B’s3Ky 3i 3HIDKEHHSIM PiBHS TipHIHYUX POOIT Ha pomoBHUINAX cXimHoro KazaxcraHy yCKIamHIOIOTBCS Tip-
HUYO-TEOJIOTiuHI yMOBU. HacmiakoM IbOTO € 3HaYHE 3pOCTaHHS OOCSTiB METAIeBOTO PAMHOTO KPIIUICHHS, SIKE HE 3aB-
KW TapaHTye 30epekeHHs TipHHYUX BHPOOOK. Buxix 3 cuTyarlii, mo ckianacs — e mepexiy BiJf BXXKHUX 1 TPYAOMICT-
KHX B YCTAQHOBIII METaJIEBUX PaMHHX KPIIJIEHb 31 crieqnpo@iio 10 ASMIEBIIOr0 Ta TEXHOJOTIYHO OLIBII JIETIIeCopY-
JOKYBAaHOTO apMOBAHOT'O TOPKPETOETOHY 3 apMOKapKaciB. “Cyxuif” MeToJl HaHECEHHSI TOPKPETOCTOHY, 110 Ha CHOTO/HI
3acTOCOBY€ThCS Ha OPIIOBCHKIN MIaxTi, HE 3a0e3Medye BIHCOKY SIKICTh Ta HEOOXiqHI 00CATH TOPKPETYBaHHS, IPH IIbOMY
TEXHOJIOTIS “MOKPOTo” TOPKPETOETOHYBaHHSI JO3BOJISIE 3IMCHIOBATH POOOTH 3 KPIIUIEHHS TIPCHKOTO MacUBY 3 BUCOKHM
CTyIIEHEM MeXaHi3allil 1 CTBOPEHHSIM BUCOKOSIKICHOTO, JOBIOBIYHOTO MOKPUTTS. Y 3B’A3KY 3 IIUM Ut yMOB OpJI0BCHKOT
IIaXTH HEOOXITHO BHUPILIMTH NHUTaHHS BHOOpPY PalliOHAIBHUX CXEM TPAHCIOPTYBaHHS TOPKPETOETOHHOI cymimi abo
MarepiaiiB Juist I IPUTOTYBaHHS, BUSHAYUTH ONTUMAJIBHE MiCIle pO3TallyBaHHS 3aBOJIY i3 IPUTOTYBaHHs TOPKpETOETO-
HY 3 TOUKHM 30py MiHiMi3alii BUTpAT HAa TOPKPETOECTOHHE KPIiIUICHHSI.

MeTtoauka. [IpoBeneHo po3paxyHOK HEOOXiJHOTO 00CsATY TOPKPETOETOHY AJIsl KpiIUIeHHSI BUPOOOK, TEXHIYHOT Ipo-
IYKTABHOCTI 3aBOAY 3 BUPOOHUIITBA TOPKPETOETOHY, CaMOXiTHIX MikcepiB. [IpoBeneHO BHOIp OCHOBHOTO TEXHOJIOTIU-
HOTO OOJIaAHaHHS AJI1 BUPOOHUIITBA TOPKPETOETOHHUX POOiT. PO3risHyTO TpHM BapiaHTH pO3MIIIEHHS 3aBOIY 3 BUPOO-
HHULTBa TOpKpeTOeToHy Ha OpoBebKil maxTi. [IpoBeneHO MOPIBHAHHS JUCKOHTOBAaHMX YHCTHX IOTOKIB pEeajbHHX
rpouieil 6e3 ypaxyBaHHs peajizaiii ToBapHOI nmpoxaykuii Ha OpiOBCHKii MIAXTi MPH ICHYIOYild TEXHOJOTI] KpIIUIeHHs
ripHUYMX BUPOOOK Ta Till, 1110 NPONOHYy€eThes Ha nepiox 2016 — 2025 pp.

PesyabraTn. Ha mincraBi npoBeneHux sabopatopuux BunpoOyBanb B TOO “KasumHk”, xommanisix “BASF” i
“Normet” BU3Ha4YeHI pallioHaJbHI CKJIaAW TOPKPETOETOHHOI CyMilli, 1110 3a0e3Me4yoTh OTPUMaHHSI TOPKPETOETOHHOT
CyMillli HEOOXiTHOT SIKOCTI IPH MIHIMAJIBHUX BHUTpATax B’shKydoro. PeKoMeHJOBaHO B SIKOCTI MiKcepa Uil JOCTaBKH
TOPKPETOETOHY 3aCTOCOBYBATH TipHMYO-maxTHy MammHy Unimec MF500 Transmixer emnictio 3.5 mM° ¢ipmu
“Normet”, a B IKOCTi 00JaHaHHA JUIS HalMJICHHS “MOKPOro” TOPKPETOETOHY — CaMOXiJIHY YCTaHOBKY Ul TOPKPETH-
pyBanHs Meyco ME-3 teoperuunoro npoaykrusHicto 20 M*/rox kommanii “Atlas Copco”. OGrpyHTOBaHO BUKOPHC-
TaHHA IiA3eMHOI MOGLIEHOI YCTAHOBKH MPOAYKTHUBHICTIO 15 M>/Tox Ha cTilikax a6o Ha mpmderni ¢pipmu “Normet” ms
YCTaHOBKH B KaMepi Majoro MmepeTuHy 3i CKIaJoM IEeMEHTY B Mimkax Oir-oer. Po3pobneHo cxemu po3MmimieHHs 6eTo-
HO3MIIIYBaJIbHOI yCTAaHOBKH ISl KOHKPETHNX YMOB OpIJIOBCHKOI IIaXTH.

HaykoBa HoBU3HA. BcTaHOBIIEHO 0COOIMBOCTI MOKIIMBHX BapiaHTIB PO3MIIIEHHS 3aBOAY 3 BUPOOHHUIITBA TOPKPET-
0eTOHY UL KPIIUIEHHS TipHUYIHUX BHPOOOK I yMOB OPIIOBCHKOI MIAXTH 3 TEXHOJOTTYHOI Ta EKOHOMIYHOT TOUOK 30DY.

IIpakTnyHa 3HaYUMicTh. Po3pobienHo i o0rpyHTOBaHO €EKOHOMIUHY MOUIIBHICTH TEXHOIOTIYHO] JTiHii BUPOOHHMIIT-
Ba pOOIT 100 KPIIUIEHHS TIPHUYUX BUPOOOK “MOKpUM™ TOPKpeTOEeTOHOM Ha OPJIOBCHKIH II1aXTi.

Kniouogi cnoea: mopxpembemonyganus, Kpinienua 2ipnuyoi eupoOKu, cxemu mMpaHCHOPMYSAHHS, eKOHOMIYHA
eexmusHicmo

BbIBEOP BAPUAHTA PASMEIIEHUSA 3ABOJA IO ITPOU3BOACTBY TOPKPETBETOHA
IIPA BHEJIPEHUHA HA OPJIOBCKOM IIAXTE “MOKPOI'0” METOJA TOPKPETUPOBAHUSA

JI. Kpynnuk, 1O. lllanomnuk, C. lanomnuk, A. Konypus, /. Hlokapes

Leas. B cBsA3M ¢ NOHMKEHNEM YPOBHS TOPHBIX pab0T HAa MECTOPOXKAECHHUIX BocTOYHOrO KazaxcraHa OCIOXHSIOTCS
TOpHO-TeoJ0THYecKre yciioBus. CIIeZICTBUEM 3TOTO SIBISETCS 3HAYUTENBHBIH POCT 00bEMOB METANIMYECKOTO PAaMHOTO
KpEIIeH!UsI, KOTOPOEe HE BCEra rapaHTUPYET COXPAHHOCTh F'OPHBIX BBIPAOOTOK. BbIXo M3 cioxuBieiics cutyanun —
9TO MEPEXO0J OT TSDKENIBIX U TPYJOCMKUX B YCTAHOBKE METAIIMYECKUX PaMHBIX Kpered u3 crermpoduis Kk bomee e-
[IEBOMY M TEXHOJOTHYECKH OoJiee JErKOBO3BOANMOMY apMHUPOBAHHOMY TOPKPETOETOHY C apMmokapkacamu. [Ipume-
HSEMBIH B HacTosmiee Bpems Ha OpIOBCKO# maxTe “Cyxoi” MeTol HaHeCEHUS TOPKpeTOeToHa He 00ecIeunBaeT BBICO-
KO€ KaueCTBO W HEOOXOIUMBbIe 00BEMBI TOPKPETUPOBAHUS, TIPH ITOM TEXHOJIOTHUS “MOKPOT0” TOPKPETOESTOHHPOBAHHS
MO3BOJISIET MTPOM3BOAUTH PabOTHI MO KPEIUICHUIO TOPHOTO MAacCHBa C BBICOKOM CTENEHbIO MEXaHH3alUH U CO3IaHHEeM
BBICOKOKa4€CTBEHHOT0, J0JI'OBEYHOTO MOKPBITHS. B cBsizu ¢ aTuM uist ycinoBuit OpIilOBCKO# IMIaXThl HEOOXOIUMO pe-
IIMTHh BOMPOCHI BBIOOPa PAlMOHAIBHBIX CXEM TPAaHCHOPTUPOBAHUs TOPKPETOSTOHHOW CMECH WM MaTepPHAJIOB Ul ee
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NPUTOTOBJICHUS, ONPEICINTh ONTHMAILHOE MECTO PACIOI0KEHHS 3aBOJIa MO IPUTOTOBJICHUIO TOPKPETOETOHA C TOUKH
3pEHUs] MUHUMU3AIIMH 3aTPaT Ha TOPKPETOETOHHOE KPEIUICHHE.

Metoauka. [IpoBesieH pacuer HEOOXOJMMOro 00bEMa TOPKPETOETOHA ISl KpPEIUIeHUs] BHIPabOTOK, TEXHUYECKON
MIPOU3BOANTEIHHOCTH 3aBOJIA 110 IIPOM3BOJICTBY TOPKPETOETOHA, CAMOXOIHBIX MUKCEPOB. [IpoBesieH BHIOOP OCHOBHOTO
TEXHOJIOTUYECKOT0 000pyIOBaHMs JUIS TPOM3BOJCTBA TOPKPETOETOHHBIX paboT. PaccMoTpeHbl Tpu BapuaHTa pa3Mme-
LIEHUs 3aBOJIa 110 IPOU3BOJICTBY TOpKperOeroHa Ha OpiioBckoil maxte. [IpoBeneHo cpaBHEHHE THCKOHTHPOBAHHBIX
YHCTHIX MIOTOKOB PEANBHBIX JICHET 0€3 yueTa peaan3aliy TOBapHOH MpoayKiuy Ha OpIIOBCKOH IIaxTe MpH CYIIECTBY-
FOIIEH U TIpeiaracMoi TEXHOIOTHAX KPETUICHHS TOPHBIX BEIpaboTok Ha mepuog 2016 — 2025 rr.

PesyabTaThl. Ha ocHOBaHMM npoBeneHHbIX nabopaTopHbix ucnbitanuii B TOO “Kasmuak”, kommanusx “BASF” u
“Normet” ompejeneHbl pallOHAIbHBIE COCTABbI TOPKPETOSTOHHOW CMecH, 00eCleYrBaroIIne MOoIyuYeHne TOPKpeToe-
TOHHOH cMecH TpeOyeMOro KauecTBa IpU MUHIMAaIBHOM PacXojie BSKYIIET0. PEKOMEHIOBAHO B Ka4ECTBE MHUKCEpa JUIs
TOCTaBKH TOPKPETOETOHA TIPUMEHSTH TOPHO-IIAXTHYIO MamuHy Unimec MF500 Transmixer eMKOCTBIO 3.5 M2 HpMBEI
“Normet”, a B kauecTBe 00OpYIOBaHMs /IS HAIbLICHUs ‘“MOKPOro” TOPKpEeTOETOHa — CaMOXOJHYIO YCTaHOBKY IS
TopkpeTupoBanus Meyco ME-3 TeopeTrueckoil Npon3BoauTenbHCThI0 20 M*/u komnanuu “Atlas Copco”. OG0oCHOBaHO
HMCIIOJIb30BAaHMUE TIOI3EMHON MOOHJILHON YCTAHOBKH NPOM3BOAUTENLHOCTLIO 15 M3/ Ha cTolikax wiu Ha npunene Qup-
MBI “Normet” aj1st yCTaHOBKM B KaMepe MaJIoro CEYeHHsI CO CKJIaJ0M IIeMEeHTa B MemKax Our-0ar. PaspaboraHbl cxembl
pa3MenieHust 0eTOHOCMECUTEIbHON YCTaHOBKH JUISE KOHKPETHBIX YCI0BHH OpIIOBCKOM IIAXTHI.

Hayuynasi HOBH3HA. YCTaHOBJIEHBl OCOOCHHOCTH BO3MOJKHBIX BapHaHTOB pa3MELICHHUS 3aBOJA I10 IIPOM3BOCTBY
TOPKPETOETOHA [UIsl KPEIICHUS] TOPHBIX BBIPAOOTOK ISl yciaoBUi OpIIOBCKOM IMIAXTHI ¢ TEXHOIOTHYECKOH M SKOHOMH-
YECKOH TOYEK 3pEHMSI.

IIpakTHYecKkasi 3HAYUMOCTD. Pa3paboTana 1 000CHOBaHA KOHOMHYECKAs LEIECOOO0Pa3HOCTh TEXHOJIOIMYECKOH
JIMHUY TIPOU3BOACTBA PabOT MO KPETUICHHIO TOPHBIX BBIPAOOTOK ‘“MOKPBHIM” TOPKpeTOeTOHOM Ha OPIIOBCKOH MIaxTe.

Knrouegvle cnoea: mopxpembemonupoganue, Kpenienue 20pHoll 8bipabomKU, cxemvl MpAHCNOPMUPOBAHUSL, IKOHO-
Muyeckas ghgexmusHocmo
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