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I Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases.
The inclusion of News of NAS RK. Series of geology and technical sciences in the
Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of geology and engineering sciences to our community.

Kaszaxcman Pecnyonuxacol ¥nmmoix eoinvim akademusicol « KP ¥£A Xabapnapwi. ['eonoeusi scane
MEXHUKATLIK SbLIBIMOAD CEePUsChly blIbIMU JCypHAIbIiHbIY Web of Science-miy oicanananean
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
Byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol scypHanowvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvi0ay macenecin xapacmuipyoa. Webof Science szepmmeywiinep,
asmopnap, bacnawbliap MeH meKemenepze KOHmMenm mepenoiei MeH canacvih Ycuvlhaovl. KP
¥I'A Xabapnapwi. 'eonozus scone mexuuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yuiik ey 03eKkmi Jicane 6e0eNoi 2e0102Usl HCIHE MEXHUKATBIK
EbLILIMOAp OOUbIHULA KOHMEHMKE A0a0blebIMbI30bl OLI0IPeOi.

HAH PK coobwaem, umo nayunoiii sicypran «Mzeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
Hayk» 6vL1 npunam 0 undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uUHOEeKCUpO8aHUU HAXOOUMCS 8 CMAOUul paccmMoOmpeHus
xomnanueu Clarivate Analytics ons danvueiiueeo npunsmus sicypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamenel, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus ceonocuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYanbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102UU U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.
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akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
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NEW VARIANTS FOR WIDE OREBODIES HIGH-CAPACITY MINING
SYSTEMS WITH CONTROLLED AND CONTINUOUS IN-LINE STOPING

Akhmetkanov Dalelkhan Kayratuly — Candidate of technical sciences, associate professor Satbayev
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Street, 050013, Almaty, Kazakhstan
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Abstract. The work is devoted to achieving the goal of creating a cost-effective,
technologically feasible and safe mining scheme for high-capacity ore bodies with
controlled and in-line stoping. The directions of scientific research are methodologically
grounded. Breaking-out out of ore by vertical fans (less often by parallel wells) at
level excavation with tight-face blasting on a layer of the massif beaten off by the
previous explosion or on a wall of the caving rock carries a danger of excessive
dilution, discrepancy of particle size distribution of the beaten off mass to optimum
fractional distribution and additional difficulties at release. The formation of the initial
cut-off riser and the creation of a compensating space from it is also a difficult process
to manage. Releasing ore under cover of the stump pillar or from undercut rock is
inefficient primarily due to additional tunnelling, ore loss and dilution. In the case of
sublevel caving, the amount of rock excavation for the design of transport gradients and
their entry points to the sublevels is significant. The proposed technological scheme
of ore blasting by means of explosive borehole fans drilled from a drill winze by a
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drilling unit located in the cabin of a mechanized tunneling monorail complex allows
eliminating the mentioned disadvantages. In this case, the fans are drilled subparallel
to the normal thickness of the ore body (perpendicular to the plane of the ore body dip).

Keywords: drilling rooms, fan wells, development system, wide ore bodies,
controlled in-line mining technology
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AnnoTanust. XyMbic 0acKapbUIaThIH )KOHE aFbIHJIBI Ta3apTy Ka30ackl 0ap KyaTThl
KCH JCHENEpPIH HUTepymdiH SKOHOMHKAIBIK THIMII, TEXHOJIOTHSUIBIK MYMKIH KoHE
KayiIici3 CXeMachlH KYpy MaKcaTblHa KOJI JKETKi3yTe apHajFaH. F eutbIMu 3epTTeyIepaiy
OarpITTapHI 9MICTEMEITIK HeTi3aenreH. KeHi Tik xKenaeTKimTepMeH (CHpek mapaiiein)
VHFBIMaJIApABl KaOaTIIeH OWBIN aily Ke3iHae "KBICKBIMTA" aaAbIHFBI JKapBUIBLICTICH
YpBUIFaH MacCUB KabaThlHA HEMece KYJIaFaH JKbIHBIC KaOBIPFAchIHA XKapy apThIK COI
0oy, YpbUIFAH MacCaHbIH I'PaHYJIOMETPHSIIBIK KYPAMBIHBIH OHTAWIBI (PaKIUsIBIK
OeJliHyTe Coifkec KelMeyi JKOHE IIbIFapy Ke3iHAeTi KOChIMINA KUBIHABIKTAP KayIriH
TynbIpajbl. bacTankel KeciireH eplieMeHi jxolaiay »XoHE OJaH KOMITCHCAIUSIIBIK,
KEHICTIK KYpy Jla KHBIH OacKapbhUIaThIH Iporiecc Oomibim TadObutambl.llTpex ycTi
KCHTIpPETiHIH )a0bIHEIMEH HEMECE OIBIPBIIFAH KBIHBICTAPABIH aCTHIHAH KEH IIBIFapy
OipiHII Ke3eKTe KOFaIBIM MEH KYHApCHI3aHy, KOCHIMIIA YHFBIIAY JKYMBICTAPBIHBIH
cammapbiHaH THiMci3 Oomampl. Kabar acTelHmarsl Kyjiay Ke3iHae KONk eHICTepiH
JKOHE oJaplaH Kadar apaliblK KaOaTTapra KIipymi pociMIey VIIiH JKBIHBICTap.Ibl
Ka3y JKYMBICTApPBIHBIH KeJjeMi eneym Oomaipl. MexXaHHKalaHIbIPbUIFAH YHFbIIAY
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AnHoTanus. PabGora mocCBSIIeHa JOCTIKEHHUIO €M CO3[AaHAA SKOHOMHYECKH
3 PEeKTUBHON, TEXHOJOTHUCCKH OCYIIECTBUMON M 0€30mMacHOM CXEMBI pa3paOdOoTKH
MOUIHBIX PYIHBIX T€J C YIIPABISIEMON U IOTOYHON OYMCTHOM BBIEMKOU. MeToan4ecKu
000CHOBAHBI HaIlPaBIIEHUsI HAYYHBIX HccienoBaHuii. OTOoKa pyabl BEpTHKAITBHBIMHU
Beepamu (peke MmapayjieIbHBIMI) CKBXXHUH MPH 3TAXXHOW BBIEMKE CO B3PBHIBAHHUEM B
«3a)XKMMe» Ha CIION OTOUTOTO Mpe by M B3PbIBOM MACCHUBA MITH HA CTEHY OO PYIICHHO
MOponbl TaWT B ce0e OMAaCHOCTH M3IHUIIHETO pPa3yOOKMBAaHHS, HECOOTBETCTBUS
IrPaHyJIOMETPHYECKOTO COCTaBa OTOMTOW MAacChl ONTHMAIBFHOMY (PAKIIMOHHOMY
pacupeneNneHrio ¥ JIOTIOMHHUTENBHBIX TPYyAHOCTEH mpu Bbeimycke. Odopmienne
[IE€PBOHAYAJIBHOI'O OTPE3HOI0 BOCCTAIOLIEr0 M CO31aHHUE U3 HEr0 KOMIIEHCAIIMOHHOTO
MIPOCTPAHCTBA TAK)XKE IMPENCTABIsET COO0N TPyIHOYNpaBIsIeMbIi Tpolecc. Brimyck
PYyABI TIOJl MPUKPBITHEM HAIIITPEKOBOTO LEIMKA WM W3-T0J OOpYIIEHHBIX MOPOI
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Hed((EKTUBEH B MEPBYIO O4Yepelb H3-32 JIOMOJHUTEIBHBIX MPOXOJYECKUX paldoT,
MOTEPh Pyl U pazyOookuBanus. [Ipu mogdTaXKHOM 00PYIICHUHN 3HAYUTEIBLHBI 00HEMBI
MPOXOTYECKUX MTOPOAHBIX paOOT JUTst 0POPMIICHHS TPAHCIOPTHBIX YKIIOHOB U 3a€3710B
W3 HEX K mojdTaxkaM. [Ipeaaraemas TeXHOIOTHIECKAs cXeMa OTOOMKH Py/Ibl B3pBIBOM
BECPOB CKBaXKMH, OOYPEHHBIX W3 OypOBOIO BOCCTAIOMIEr0 OYpOBBIM arperarom,
HaxomsAmIMMcs B KaOWHE MEXaHW3WPOBAHHOTO IPOXOMYECKOrO0 MOHOPEITHCOBOTO
KOMILJIEKCA, ITO3BOJIACT YCTPAHUTh yKa3aHHBbIC HEMOCTaTKU. Beepa mpu atom OypsTcs
cyOmapasuieIbHO HOpMaJIbHOW MOIIHOCTH PYAHOTO Tela (IepIeHTUKYISPHO MII0CKOCTH
TMaJIeHus pyAHOTO TeJia).

KioueBbie ciioBa: OypoBbic BhIPAOOTKH, BEEPHBIC CKBaXKHHBI, CHCTEMa pa3pa-
OOTKH, MOII[HBIE PYIHBIC TEJa, YIPaBIsgeMas MOTOYHASI TEXHOJIOTHS JOOBIYH

Introduction

One of the important directions of searching and creation of new variants of
development systems is the area of effective stoping from powerful edge seam or flat
and inclined deposits with extensive strike in perpendicular directions and considerable
thickness in upwards.

This question stems from a review of the performance of existing and widely used
mining systems of different classes: open face, caving and backfill, i.e. both stable and
unstable host rocks, rich or poor ores.

All known methods of deposit development, both at level and sub-level mining, in
practice apply vertical fans of wells, at which:

1) when using self-propelled equipment in a caving method, ore is stripped and
extracted with its transport by sub-levels to ore passes from circular transport gradients;
these gradients and approaches to them are passed completely through the rock, which
considerably increases the cost; the cut-off slot in the block is formed by blasting
of parallel vertical boreholes into the cut-off riser, which is preliminary formed by a
single short-delayed blasting of boreholes drilled to the full height of the riser, using a
special drilling and blasting passport;

2) in the case of variants of development system with stripping from sub-level drifts
with open space freed ore is released at the bottom of the block, which is designed as
a system of draw holes with funnel-like cavity from the delivery drift to the undercut
drift or as a flat bottom with face loading of ore from the system of runs directly on the
working horizon; cut-off slot is prepared in the same way as in paragraph 1;

3) In a block caving or induced block caving mining system, freed ore is delivered
for haulage in the same manner as in paragraphsland 2.

It should be noted, that in the literature about the applicability of borehole drilling
are the following: as a rule, in one plane parallel to the surface of the working face
with the arrangement in the knocked-out layer in parallel, parallel-close, fan and
bundle, with the knocked-out layers arranged vertically or horizontally (fig. 1, 2 and 3)
(Stupnik et al., 2019: 3; Ferreira et al., 2015: 1081; Orynbassarova et al., 2022: 146).

The general disadvantage of the used variants of underground development of
steeply-sloping thick deposits is:

- Ore excavation both in sub-level and level systems of development with caving
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in "jammed environment", which cannot avoid dilution by waste rock from the caving
massif, mixed with the excavated ore;

- In the case of a mining system where the open-pit mining system is used, there
is also unavoidable dilution by rock which has spontaneously collapsed from the host
rock on the hanging wall and the bottom wall;

- the use of selective consolidating stowing to create artificial pillars to reduce losses
with the practical dilution rates in place is significantly more costly, compounded by
the introduction of backfill material into the waste ore as a result of borehole charge
explosions directed directly at the backfill rock and the resulting reduced recovery in
the ore dressing process.

Variants of horizon - chamber mining system of inclined ore bodies (at dip angles
from 30° to 50° depending on inclined chamber length and ore body thickness from 4
m to 15 m) with stowing or open face using the principle of ore delivery by explosion
force are known. Giprotsvetmet Institute (Moscow) originally created this variant
especially for mines of Mirgalimsay deposit in 1962 and its application at that time was
estimated as a technological breakthrough (Kovalenko et al., 2022; Kicki et al., 2010:
245; Uteshov et al., 2021: 102). But this variant cannot be applied to such mining-
geological conditions, for which the developed scheme is suggested, because, firstly,
in uprising with dip angle more than 50°-55° it is impossible neither to drill a hole, nor
to charge and blast while being in the chamber; Secondly, with dip angles up to 50° it is
not possible, as we suggest, to partially and temporarily shrinkage the freed ore, which
will freeze during ore shrinkage and will not be delivered to the delivery horizon by
gravity, i.e. the chamber will be lost. The chamber will be lost.

The purpose of the proposed versions is to eliminate drawbacks in the described
versions of systems of development of ore bodies with a thickness from 3 m to 15-20
m and dip angles over 45-50°, with increase of economic efficiency, simplification of
practical feasibility of the technological scheme due to:

- exclusion of rock works during block preparation;

- eliminating unpredictable and unprojected as well as reducing traditional losses
and dilution and enabling control of these indicators to optimize processability and
costs in a comparative calculation of various cost items achieved by stripping ore with
fans of holes, perpendicular to the plane of the ore body dip, where ore is delivered
under pressure of explosion gases and its own weight down into the shop thus created,
compacting the rock mass in it and not destructively affecting the backfill;

- Creating the most predictable mining pattern, enabling the implementation of a
digital control algorithm for non-stop and accident-free operation, using the proposed
innovation as a "twin pulley block", or a system of such blocks within one ore body;

- Increase of efficiency of underground development due to reduction of specific
volume of preparatory and ripping works per 1 ton of reserves, including, first of all,
rock works, decrease in cost price and increase of mining productivity of the block;

- Increasing recovery of mineral resources in ore beneficiation from richer
commercial ore and reducing the cost of concentrate;

- Creation of an improved working environment and occupational safety as
compared to the existing technological schemes with a reduced level of injuries;
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- Achieving full mechanization of all production operations related to drifting,
drilling, stripping and loading of ore at the working horizon, laying of interlocks,
complete independence and controllability of these operations from each other and
controllability of the entire production process;

- The same advantages and positive effect can be achieved by applying the
developed technological schemes to the development of thick declining and inclined
ore bodies of extensive strike in perpendicular directions, where the dip angle of the
created chambers is adjusted by the design to obtain the most comfortable conditions.

Set aim is achieved by the fact that the project creates a "twin pulley block" with the
following dimensions: natural or artificial dip angle 50° or higher, ore body thickness
along normal from 4 m to 15-20 m, block vertical height (distance between levels) 50
m, block length along strike of 100 m (the distance between the axes of risers, passed
for ore extraction from the future interblock pillars, and their subsequent filling. The
strike length may vary depending on FEM results (Pivnyak et al., 2015; Kaminski et
al., 2021: 1; Bazaluk et al., 2022; Iordanov et al., 2020: 119).

Fig. 1. Diagrams of blasting holes arrangement when stripping the ore:
a - parallel; b - fan; 1 - boreholes; 2 - drilling rooms; W - line of least resistance; h - drilling room height

1 E-n - LT

Fig. 2. Borehole bundle arrangement:
1 - drill winze; 2 - drilling chamber; 3 - boreholes; 4 - compensation space
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g T

Fig.3. Well layout schemes:

a - sub-level vertical layers, fan arrangement of holes; b - level steeply inclined layers, parallel
arrangement of holes; ¢ - horizontal layers, parallel arrangement of holes in plan; d - horizontal layers,
fan arrangement of holes in plan; 1 - drilling workings; 2 - workings for ore mass release; 3 - workings
for ore mass delivery; 4 - cut-off slot; 5 - undercut; 6 - upper border of undercut; 7 - field drift; 8 - blast

holes

Materials and methods

Block preparation begins with the sinking of three drifts at the working horizon
level — two ore drifts and one rock drift. The ore drifts are driven in contact with
the hanging wall and the bottom wall of the ore body. The ore drift, which is passed
in the bottom wall at a distance safe from the effects of mass explosions, is designed
for the transport of extracted ore, which can be shipped in different variants: by dump
trucks into which ore is loaded by front-end loaders (loading and delivery machines,
or LDM), directly by the LDM themselves, if the transport distance permits, using a
rolling rail, or by conveyors in which ore is also loaded into wagons or onto a conveyor
by an LDM or vibro-conveyor.

" Twin pulley block " between internal borders of interblock pillars is divided into
chambers, prepared by tunneling of risers with application of tunneling mechanized
monorail complexes (MMC) up to joining with ore drifts of bottom wall on top horizon.
The same MMC cabins, left for the time of excavation of ore in the risers, passed in
the future pillars along the block boundaries and inside the block in the chambers, are
used for shaping the fans of holes, which subsequently after creating the cut-off slot
(compensation space) are charged from the cabins and blasted after MMC lifting into

the drive from the field to the ore drift of upper horizon (Fig. 4a and 4b).
The width of chambers, created as interblock pillars, is calculated according to
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the geological and mining conditions in each individual case according to the laws of

geomechanics (Petlovanyi et al., 2021: 122; Sundar et al.,

al., 2021: 111).

1995: 927; Kononenko et
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Fig. 4. Floor excavation system with slant-hole fanning from the cab of the mechanised monorail

complexes
(half of «twin pulley block»)
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<) d)
Fig. 4. Formation of the cut-off slot by Fig. 4. Formation of the cut-off slot with
the cut-off slotwith parallel boreholes (WS) vertical and horizontal boreholes (HS-1, 2, 3).

The distance between chambers within a block along strike is limited by the
optimum length of the borehole drilled along the diagonal of the rectangle that makes
up the plane of the fan. In a rectangle, with the maximum thickness of the ore body at
which the development system is applied, 15-20 m, a 3x3 m riser section, a 0.5 m of
bottom wall rock catch and a side perpendicular to the thickness, 13.5 m, the diagonal
(longest hole) would be 18.4-25 m. This 56mm diameter borehole length ensures both
drilling accuracy and minimal seismic and dynamic loads on the backfill or natural
massif when blasting with the line of least resistance (LLR) and a maximum distance
between the borehole ends of at least 1.8m. The borehole diameter, LLR and wellhead
spacing will vary depending on the optimum parameters to be determined.

In doing so, the thickness of the ore body affects the application with the proposed
design parameters of the development system as a limitation of the permissible in order
to:

1) Drill holes of a length no longer than effective for optimum extraction rates;

2) to optimize dimensions of interblock pillars of consolidating stowing by their
stability in the period of stoping and specific consumption of stockpile per 1 ton of
excavated reserves (Kalybekov et al., 2019: 34);

3) maximum reduction of ore reserves ratio in triangular pillar at the bottom of
block, temporarily left and hammered by the block below upwards, which is created
for unhindered delivery of hammered ore along its upper plane under the action of its
own weight.

The cut-off slot (compensation space) is formed in two ways, the application of
which depends on the angle of incidence of the ore body. The formation of the cut-
off slot by parallel boreholes drilled from the passed risers at an angle, which ensures
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that the ore, cut off in the chamber by the borehole fans under its own weight, can
be continuous along the whole extent of the ore body in the application area of the
development system proposed in the created variants.

The second method is to hammer with hand and/or telescope perforators also
continuously, but horizontally, starting from the drive connecting the ore drifts of the
hanging wall and the bottom wall. In this variant the triangular target for ore rolling
under its own weight is not left, and a part of the beaten off ore will artificially create a
ramp, which will pass for extraction to the underlying block (fig. 4c and fig. 4d).

Each method is chosen graphically to provide an accurate picture of the clearing
space, but both methods allow for loss-free mining of ore.

All risers are covered to a height of 6 m with a reinforced concrete cap (stopper)
after sinking and chipping of the cut-off slot at the working horizon to use the riser later
for safe and guaranteed departure of people after drilling to the upper horizon in the
MMK stand and prevent the chipped ore and collapsed rock to get into the riser, since
in such an outcome the mining workflow would be stopped

At the level of the working horizon, midway between the access crosscutsfor raise
work in the interblock pillars and in the chambers, access crosscuts are passed between
the rock drift and the ore drift, which has been passed in contact with the bottom wall
of the ore body.

All tunneling operations are carried out simultaneously and independently of each
other. The cut-off slot is first formed in the interblock pillars, then it is formed in
the "twin pulley block", starting from the centre of the block to both sides, and the
connection (bridging) of this cut-off slot with the interblock pillars is not made until
the interblock pillars have been excavated and the solid stowing above the top edge of
the cutting slot at the hanging wall of the ore body has been carried out.

Stopingfrom all chambers of the "twin pulley block" is carried out starting from the
central riser on both sides with a 2—4 fan behind the adjacent riser.

Ore is released with the provision of the volume of open purification space in the
chambers, which freely accommodates the volume of blasted 2—4 fan wells taking into
account the loosening factor.

After all ore reserves in the block are mined, full release of shrinked ore material is
made from all risers. The clearing space will, following the release of broken ore, be
filled by both the collapsed host rocks of the block itself and by gravity-flowing rocks
from the upper block, which filled the previously worked-out block.

More powerful ore bodies can be mined using the developed variants when blocks
consisting of first stage chambers and second stage chambers (full height temporary
pillars) are arranged along both the strike and cross-strike. Block cutting for thickedge
seams, for heavy flat and inclined ore bodies of extensive strike in perpendicular
directions, when the thickness cut off in a cycle exceeds 15-20 m, is a special task,
which is solved taking into account calculation of geomechanical parameters to ensure
stability and sequence of mining, providing system operability and continuity of
production.

When creating variants of development systems, first, it is necessary to define the
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reasons for such prospecting. In this case, we think that the variant of borehole recovery
from drilling risers instead of retrieval from sub-level drifts should have advantages
under the following main attainable parameters, other things being equal:

1) Increased loading-delivery labour productivity, which depends on:

— continuity of the flow of broken ore;

— its lumpiness with fractional composition not less than 95-98 % in the intervals
20-300mm;

2) Reduction of mining costs, which we determined for the conditional metal, rather
than for 1 ton of rock mass, as usual, because depending on the technology of mining
dilution may cause a significant reduction or increase the number of mined metals in
the rock mass.

This formulation of the mining efficiency is a new approach to their optimal solution.
Based on this methodology, we present the dependency graphs in Fig. 5 and Fig. 6.
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Fig. 5. Dependence of labour productivity (Rpd) at loading-delivery on delivery distance (L), complex
composition and fractional composition.

1- loading-delivery by a loading-delivery vehicle (PDM) from a single block with
drill winzes;

1' — loading-delivery by a PDM from the "double block" with cutting off from drill
winzes;

2' —loading-delivery by PM + dumper truck complex from a single block with drill
winzes;

2' — loading-delivery by PMD + dumper truck from a "double block" with auger
drills; 2 — loading-delivery by PMD + dumper truck from a "double block" with auger
drills;
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3' — loading-delivery by PDM from the block with cutting from underfloor drifts;

3'—loading-delivery of PDM + dumper truck from the block with cutting back from
understorey drifts.

Notes:

1- Calculated using one PDM and complex of one PDM and one dump truck;

2— Speed of transport (loaded and unloaded) taking into account unforeseen
downtime was taken 6 km / h (100 m / min);

3— The duration of loading and unloading PDM, respectively, 8 min and 3 min,
dump truck loading PDM 24 min, unloading 9 min;

4— Average duration of loading and unloading operations during 7- hour shift 300
min from the single block and 360 min from the "double block";

5— Working capacity of the bucket of a PDM 12,6 tons, body of dump truck 37,8
tons (bucket and body filling factor 0,9);

6— For calculation we took PMs Sandvik LH514 and Epiroc ST14, dump trucks
Sandvik TH5451 and Epiroc MT42;

7— Loading capacity of single blocks with drill winzes are determined without time
costs for wireline lining of host rock from shrinked ore material, from "twin pulley
blocks" with these costs taken into account
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Fig.6 Cost of metal equivalent in concentrate versus dilution.

1— Breakage from the drill winzes without anchoring of host rock;

2— Breakage from the drill winzes with cable lining of host rocks;

3— Breakage from the sublevel drift.

Note:

1- 100 % is taken as cost of obtaining 1 tonne of metal equivalent in concentrate,
equal to zero margin of sales for metallurgical processing;
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2— The cost of metal equivalent is made up of mining and extraction costs to process
all minerals, reduced to a single price in the market.

The graphs in Fig. 5 and 6 enable selection of the composition of the loading and
unloading complex and the development system option for mining steeply dipping
massive ore bodies, which ensures maximum labour productivity and minimum cost
of production

Results and discussion

The execution of the mining system option with slant-hole fanning, partial storage
and subsequent solidification of pillars between "twin pulley blocks" and self-
destruction of host rocks after the release of knocked-out ore is a geotechnical and
organizational challenge that must be carried out according to a pre-prepared schedule.

While the future pillars are being cleaned, the interblock chambers can be raised and
hammers drilled, during the break-in period the hammers drill hammers and the cut-off
slot, and finally, after the break-in is completed, the ore is stripped in the interblock
chambers (Bitimbayev et al., 2022; Bitimbayev et al., 2022; Takhanov et al., 2021: 50;
Rysbekov et al., 2022: 64).

Designs of floor caving development systems with fan-hole drilling, the plane of
which is parallel (sub-parallel) to the normal thickness of the ore body, provide in
practice the obvious advantages, which are described above. They require to solve a
number of technical problems related to drilling of inclined fans of wells from drill
winzes, passed with the use of MMK:

— The first of them is the availability of drilling unit for drilling of wells fans
from the cabin of monorail system, possibility of rearrangement of drilling unit from
fan to fan (raising it on the value of line of least resistance) with its breakout and fixing
in the body of drilling rig, change of drilling rods (uncoupling, raising and screwing,
storage of necessary number of drill winzes in the cabin).

— Second — separation of the drilling unit from the cabin of the tunneling
complex in order to eliminate the impact of vibration on the people in the cabin and on
the cabin itself and the monorail head.

— The third one is creation of digital control systems (e.g., integrated into the
existing Auto-Mine software by Sandvik) for full range of operations for drilling,
fanning, bracing, raising and uncoupling of the drill string from a distance, while being
on the upper horizon or in the extended and raised part of the cabin.

Solutions to these problems, representing a rather complex set of interrelated
technical problems, nevertheless, firstly, can be implemented, taking into account the
level of development of mining machinery and availability of working variants of
electrohydraulic control system EDS (Electronic Direct System) and computer control
system RCS (Rig Control System) (Rysbekov et al., 2022: 41; Popescu et al., 2020:
40).

Secondly, the advantages of using stage ore excavation according to the developed
development system allow to achieve total technological and economic efficiency,
taking into account additional expenses for solution of high-performance borehole
drilling from the cabin of the tunneling complex. After completion of tunneling works,
it may be necessary to change the cabin to a more spacious in height, length and width
in a modular design, expandable in height into two separate cabins to separate workers
with a control system console and to create the possibility of fan drilling.
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The design should also allow for wire or fiberglass anchoring of the host rock
if necessary by drilling and lining with a Sandvik AS 422i from the ventilating and
working levels.

The above tasks are solved using standard control and anchoring systems made by
Epiroc and Sandvik.

The scientific results are derived from three levels of work. The first level is the
production of standard drawings representing the development of mining operations
within a single "twin pulley block" created from the classic steep-falling massive
ore body, in which the stages and types of mining operations show the workability,
design feasibility and reliability of the technological scheme. The second level is the
extension of the developed designs of the proposed variants of development systems to
the full development of not only the "ideal" steeply dipping powerful ore body, but also
to the development of the ore deposit, the thickness of which between the host rocks
is directed subvertically in the flat and inclined ore bodies with a significant area in
the perpendicular subhorizontal directions. The third level - practical implementation
of technological schemes with control of geomechanical manifestations at different
stages of mining works, safety in terms of ventilation and carrying out of a complex of
drilling and blasting works, loading, delivery and transport of rock mass, operability
and reliability of the adopted scheme of management of clearing space, calculation of
actual technical and economic indicators by processes and in general by development
system for analysis and determination of optimal interdependencies of individual
technological processes from each other.

Conclusions

The most important results of the scientific work performed are:

- Creation of designs of "twin pulley block"; reinforced concrete cap in MHV;
drilling unit with special cabin as a part of monorail complex; development of digital
remote control of drilling process; layout of compensation space and technology of
its formation; block cutting allowing non-stop preparation and extraction; system of
filling mixture feeding — all these works are new, not applied before for such purposes
and in such design;

- Creation of a real-time controlled overall design of the cleanout space,
operating on the principle of relying solely on the activity of the loading-delivery-
transportation system,;

- Standardization of the design advantages and mass application of the
created technological solutions allows transforming the stoping process into an
effective regulator of practical geoengineering as a major strategic component of the
complex of gentle intervention into the natural equilibrium of the subsoil mass. The
implementation of the proposed technologies will be a creative development of the
4th Industrial Revolution, the objectives of which were defined by the founder of the
Davos Economic Forum, Klaus Schwab.

The dependences of the productivity of loading and delivery operations and the cost
of production of 1 ton of conventional metal in concentrate on the applied complexes
of self-propelled equipment and the variant of development system with borehole
extraction are experimentally determined.
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According to the diagrams, it is possible to determine the conditions for achieving
maximum productivity and minimum production cost.

This research was funded by the Science Committee of the Ministry of Education
and Science of the Republic of Kazakhstan (Grant no. AP14871011).
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