Ha3Banue MHHOBALMOHHOIO MPOAYKTA/T€XHOJI0T UK
Hudposas BrleMOYHAS €AMHULA

KiaroueBble cjioBa

[lom3eMHasi TEOTEXHOJOTHS, MPOU3BOJICTBEHHBIE IPOLECCH], IU(PPOBBIE TEXHOJOTHH,
MPOMBIIITIEHHOCTS 4.0.

KpaTtkoe onncanne HHHOBAIIMOHHOTO MPOAYKTA/TEXHOJOTHH, C YKA3AHUEM €r0

KOHKYPEHTHBIX MPEUMYILIECTB U BO3MOKHOCTEH ero MCnojib30BaHUs

Jlia obecnieyeHHs MPOMBIIIJICHHONW O€30MacHOCTH M 3KOHOMHYECKON 3(QeKTUBHOCTU
pa3paboTKU pyJHBIX MECTOPOKICHHUM Ha OOJIBIINX INTyOMHAX, B CIOKHOW TOPHO-TE€0JIOTHYECKON
00CTaHOBKE CO3[1aH MPOEKT OTPabOTKM 3amacoB BBIEMOYHOW eIUHUIBI (070K, Kamepa) c
WCIO0JIb30BAHMEM IU(PPOBU3ALMA OCHOBHBIX IPOU3BOJACTBEHHBIX MpoleccoB. [lius storo B
HACTOSIII[EE BpeMs BBINOJHEH aHAJIN3 TEOPETUYECKUX pa3pabOTOK U JTOCTUTHYTOTO MHPOBOTO
OmbITa BHEAPEHUS IUGPOBBIX TEXHOJOTHI B peanu3aliio OCHOBHBIX IPOU3BOJCTBEHHBIX
MIPOLIECCOB MOA3eMHOM N00bIun pya. Ha ocHOBe aHanu3a pe3ynbTaToB MUPOBBIX HUCCIIEOBAHUM,
XapakTepu3yromux HudpoByro TpaHChOpPMaLMI0O TOPHOTO MPOU3BOJCTBA, OYIyT MPEIOKEHBI
1enecooOpa3Hble YpOBHHU aBTOMAaTH3alUM (B T.4. poOOTHU3AIMH) TOPHBIX paboT, pa3zpaboTaHbI
HOBBIE KOHCTPYKTHUBHBIE MTapaMeTPbl CUCTEM Pa3pabOTKH U cHOPMYIUPOBAHBI PEKOMEHIAINH K
KOPPEKTUPOBKE OpraHu3anuu Tpynaa. Ha mpumepe pa3paboTKu MECTOPOXKIECHUNA APKTUYECKON
30Hbl P® OynyT co3naHbl KOMIBIOTEPHBIE MOJAEIM OOBEKTOB IMOA3EMHOM I'€OTEXHOJOTMH U
MIOCPE/ICTBOM T€XHUKO-3KOHOMUYECKOTO aHaiu3a OOOCHOBAaHbI OINTHMAJbHBIE IapaMeTphI
OUUCTHBIX PaboOT Oa3UpYIOIIMXCS HAa NPUMEHEHUHM LUQPOBBIX TEXHOJIOTUH, NPEATOKEHbI
PEKOMEHIALINY 10 TEXHUYECKOMY IIEPEBOOPYKEHUIO PYAHNUKA U U3MEHEHHIO OpraHu3alyu Tpyaa.

Cnenuduyeckue yciaoBusi U TPpeOOBaAHUSI K BHEIPEHUI) WHHOBAIMOHHOIO

NMPOAYTa/TEXHOJIOTHH
OOBEKTHI BHCAPCHUSA - OKCILTYaTUPYEMBEIC n MNCPCICKTHBHBIC K OCBOCHHIO
MCECTOPOKIACHUA.

HOTeHHHaHLHLIe n0Tpe6nTe.}m MHHOBAaIIMOHHOI' O npouyKTa/Texno.nomn
l'opHooObIBatoIe MOPEAIPUITHS C MOJ3EMHBIM CIIOCOOOM Pa3pabOTKH PYAHBIX
MECTOPOKJCHHM.

CreneHb roTOBHOCTH HHHOBALIMOHHOTO NMPOAYKTA/TeXHOM0rum, %0

20 (mpopabOoTaHHasi TEXHOJIOTHYECKasl UAes, €CTh PyHAaMEHTAIbHBIN 3a/1€1)

IIpaBoycTaHaB/JuBaOIIHE JOKYMEHTbI, IATEHTHI, cBUAeTEeIbCTBA PU 1 uHbIC
¢bopmbl  3amIUTHI NPaB  HUHTE/UIEKTYAJIbHON  COOCTBEHHOCTHM  HAa

WHHOBAIMOHHBIN NMPOAYKT/TEXHOJIOTHIO (B CIy4yae HAJTUYHUA)
OTCyTCTBYIOT.



Pe3dyabraThl anpoOMpoOBaHUsT HMHHOBALMOHHOIO MPOAYKTA/TeXHOJOruM (B

c/ly4yae HAJIMYMSA) ¢ YKa3aHUEM MecCTa M yCJI0BHH

OTnenbHbIe JIEMEHTHI U(PPOBU3ALNY TOPHOTO MPOU3BOJICTBA ( B YACTHOCTH PYAHUYHBIX
TPAHCIOPTHBIX CHCTEM) pEAIM30BaHbl B TEXHOJIOTMYECKUX pErjaMeHTax Ha pa3paboTKy
MectopoxaeHuit Kombckoro mosyoctpoBa (KoBmopckoe MecTOposk/ieHHE KOMILIEKCHBIX PV,
MecTopoxaeHuss Xuobunckoro (Kykucsymuopp, Osecnoryopp, Onenuil pyueii, [lapromyopp) u
JlaBozepckoro (AsutyaiiB) maccuBoB. Kpome TOro, BONMpOCHl aBTOMATH3AlMH I10JI3€MHBIX H
MIOBEPXHOCTHBIX TPAHCHOPTHBIX CHCTEM PACCMOTPEHBl B Marepuajax KaHAWJIATCKOMN
arccepranuy "MoIeTMpOBaHUS TEXHOJIOTHIECKUAX MPOIIECCOB JOOBIYM 1 IEPepadOTKHU MOJIE3HBIX
uckomnaemsbIx". Pa3ianuHble aceKThl HCTIOIb30BaHMsI HU(POBBIX TEXHOJIOTUN /1711 MOIETTUPOBAHUS
00BEKTOB T€OTEXHOJIOTUH, a TaKXKe aBTOMAaTH3allMM U POOOTU3ALMU TOPHOTO 000PYAOBAHMS
MIPE/ICTaBJICHBI B CTAThsIX.

B mae 2019 roma Ha MexayHapoAHOM (opyMe-KOHKypce "AKTyaiabHble HPOOJIEMBI
Heaponobp3oBaHusa" B CaHKT-IETEpOYpPrcKOM TOPHOM YHUBEPCHUTETE MPEICTABICHBI PE3YIbTAThI
HCCIIEIOBAHUSI TEXHOJOTUU UCTAHIIMOHHOTO OypeHHs IIyOOKHX CKBaXXUH C HCIOJB30BaHUEM
ANIEKTPOHHBIX macrnoproB OypeHus. CoBmectHo ¢ komnanuei Epiroc (LlIBenus) BbImoIHEHO
TEXHUKO-3KOHOMHUYECKOe 000CHOBaHHE YPPEKTUBHOCTH yKa3aHHOW TexHoJoruu Ha KupoBckom
pynHuke KO AO "Anatut".

I[OHO.]'[HI/ITeJII)HI)Ie U LJIJIIOCTPATHBHBLIC MAaTCPHAJIbBI



Hay4HOro

KO/INEKTUuBa




MpepnoxeHa metTomo0n0rua BbiIbopa nu o6ocHoBaHUA
TEXHO/IOFMYECKUX peLleHniA NPu 0CBOEHUM CTPaTErmyecKnx
reopecypcos, obecneumsatowian nosbieHmne 3pHeKTUBHOCTH
pa3paboTKku mecToporKaeHnin, pacnosioxKeHHbIX B6an3u ocobo
OXpaHAEeMbIX NPUPOAHDLIX TEPPUTOPUMN.

B pe3synbTraTte anpobauumn metogonornm Ha npumepe
MapTOMUYOPPCKOro MeCTopoXKAeHNA NccnenoBaHbl MapameTpbl U
060CHOBaHbI KpuTepun Bbibopa TPAHCMOPTHBLIX CUCTEM NPU
pa3s/IMuHOM obbeme rpy3onoToKa, 06ocHoBaHbI crnocob un cxema
BCKPbITUA, onpeaeneHbl NnapameTpbl MaJIOOTXO4HOM TEXHONOMMN
noa3emMmHoin pa3paboTKuU C peHTreHONIOMUHECLLEHTHON cenapauuen
pyabl U yTuausauumen nopoabl B BbipaboTaHHOM NpoOCTpaHCTBE, a
TaK)Ke pa3paboTtaHbl MeponpUATUA NO OXPaHe OKPYKaKOLLEN cpebl.



JKONOro-3KOHOMMUYECKaA OLEeHKa 3PPEeKTUBHOCTU TPAAULMUOHHDBIX U
cneuranbHbIX BUAOB MEXNA0oLWAA04HOro TPAaHCNopTa

Tunbi
B-T Bupa TpaHcnopTa
TpaHcnopTa
Nol ModesecHoli JIK Ha x0008bix
nepcneKTMBHble - onopax «Ropecon»
Ne2 | KaHamHO-neHmMo4HbIl KOHeeliep
Ne3 AemomobunbHbIli mp-m
TpaanUMOHHbIE =
Ne4 Mene3HoOopoxHbIT mp-m
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nuvmai

3asucumocme ydenbHbIX 3ampam Ha
mpaHcnopmupoeaHue om 200080ii Npou3eodumesnbHOCMU

800

777,5

==BapuaHm Ne1l (lModsecHolii JIK muna "RopeCon")
===BapuaHm Ne2 (KJIK)

===BapuaHm Ne3 (Aemocamoceasi)

—=Bapuanm Ne4 (}ene3Hasa dopoza)
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TECRAICAL DATA: Section & e I s B
g I | WWHMW IHHHH Il
Horiz. conveying length 519 L] Zeakul -
vertical conveying height -4 T

wax. inclination
Theor. mass flow
Theor. volume flow
Max. lump size 300 am
Belt speed

[VECHANICAL POYER DATA
Start up - - 281kN
Continuous operation - - BE8KK

\Eraking - -4668KN

BELT DATA:

Belt type ST
Belt width 800 mm
Sidewall height 200
Belt utilization width 680 mm
Cleat height -—m
Cleat spacing -,
Endless belt length - 116500

TRACK ROPE DATA
Track rope diameter 2x—

Pretension force
Rope length

Loading / Norpy3ka

03. Touibn



OTKaTOuHBII

Kamepbl pasrpy3KH pyabl
TOPH30HT N

KoHTpo1bHO-
BeHTH/ISIIHOHHBIN FTOPH30HT

TopH30HT
NpeAKOHIeHTPAnHl

I'naBHas PYAOBBIIOYHAHA BLIpaOOTKa

@ TopH30HT c60pa IPOCHINH
ABTOYKJI0H JJ11 TPAHCIOPTAa
0TX0J0B npeaxonneﬂTpaunn
BckpbiTUe 3anacoB MeCcToOpoXaeHUst Ao rop. -90m O61bemHan mopgenb KoMniekca noa3eMHoOU
npu KOMOMHMPOBAHHOM crnocobe pa3paboTku npeaKkoHUeHTpauumn
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Cxema yTunnsaumm nopoabl B OHUCTHOM
nNPpoCTpaHCTBEe AJIA 3TAXKHO-KaMepHOU

CUCTEeMbl pa3paboTku

TMOTPY3KH PyABI

KongeiiepHbIe 0PTHI

ABToche3a +220M/-90m

Komniekc noa3eME
npeIKOHNEeHTpanHl

TpaHCHOPTHBIIH FOPH3E

MpoekTupoBaHMe cxemMbl BCKPbITUA U NOATOTOBKU
MecTopoxaeHusi MapToMyopp NpyU NPUMeHEeHUN
TeXHONOrnm npeaKoHUeHTpauum



Ha ocHoBe moaennpoBaHUA CUCTEMbI NOA3EMHbIX FOPHbIX BbIpaboTOK,
nocnepoBaTe/IbHOCTU U reOMeXaHUUYECKUX YCI0BUIA UX NMPOXOAKH
ob6ocHoBaHa TeXHONOrMA oTPaboTKM 3anacoB anaTUT-HepeNNHOBDIX pya,
rny6oknx ropusoHToB KYKMCBYMUYOPPCKOro MecTopoXKaeHuns
BapMaHTaMM CUCTEMbI Pa3paboTKu c obpyLieHUeMmM pyabl U BMeLLaloL X
nopoa:

(J Ha ocHOBe NpMMeHeHUa KoMMNIeKca HaTYPHbIX U YUC/IeHHbIX MeTo40B
060CHOBaHbI NapameTpbl oneperkaoLwen pasrpy3o4yHoOM 30Hbl aNA
rny6bokux ropusoHToB KyKMCBYMUYOPPCKOro MeCcTopoXaeHusa Npu ux
oTpaboTKe cuctemamm 3TaXKHoro obpyLieHnA pyabl C TPAHLWEUHbIM
AHULLEM M NOA3TaXKHOTo 06pyLieHun pyabl;

d 8 ITUC « MINEFRAME» pa3paboTaHbl U peann3oBaHbl UHCTPYMEHTDI
MOAEeNNPOBaHUA 3aNaCOB C YY4ETOM KOHTYPOB NPOEKTHbIX rPaHuL, OT6OMNKHU
610Ka 1 aBTOMATU3MPOBAHHbIM NOACYETOM 3aMacoB U pacyeTom
NnoKasateseun n3Bie4YeHna pyabl;

(d Ha npumepe rop. +170 m o6ocHoBaHa Lenecoob6pasHOCTb MoAepPHU3aLUK
pPyAOBbIAAYHbIX TPAHCMOPTHDbIX CXeM NMPU oTPaboTKe MOLLHbIX
MEeCTOPOXAEHUM € 6ONbLLMM CPOKOM 3KCNyaTaL UM C Nepexoaom Ha
manonoaHble BUAbl TPAHCNOPTA.



MoaenunpoBaHue napameTpoB NOA3EMHOUN reoOTEXHONOMNMU
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Ha npumepe pyaHuka «¥enesHbin» KoBaopcKoro
FOKa paccuMtaH onTUManbHbIX MOMEHT Nnepexoaa
OT aBTOMOOUNbHOro TPaHCNOPTa pyAbl K Nepenycky
yepes NoA3eMHYI0 TPAHCNOPTHYIO cXemy.
Pa3spaboTtaH anropntm onpegeneHma rpaHuLbl
nepexoga ot 0OA4HOro BMuAa TPAHCNOPTA K Apyromy ¢
NOMOLLbIO CPEeACTB rOPHO-reo0/1I0rM4YecKou
UMHPOPMALLMOHHOU CUCTEMDI, KOTOPbIXU NO3BONAET
Haubonee TOYHO yunTbIBaTb U3SMEHEHUE OJIUHDI
TPAHCNOPTUPOBAHUA C Pa3BUTUEM KapbepHOro
NPOCTPAHCTBA
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BapuaHT BCKPBITHSI aBTOCHE310M U HAKJIOHHBIM KOHBeliepPHBIM CTBOJIOM, 000PY10BAHHBIM

KAaHATHO-JICHTOYHbIMH KOHBeliepamu Tuna Metso

1 Dran 2 DTan

— ABTocbesn +320/-260 m — ApTockesn -260/-760 m — KonBeiiepHblii mrpek -760 m
— HKC-1 +320/-260m ~HKC-2 -260/-690 m — PC Nel,2,3 -360/-760 m
— Kongeiiepnas — HKC-3 -690/-760 m —~ ™ -

4 [P= = o
WTobHs -260 M , “F_.-L e o
SR e | fn BV ™ & gl

Kamepa neperpyskn

Pyaublii ckia
oTM. +320 M

HKC 1 +320/-260
(1 yuactoxk)

p=7°, L= 2500 m, R=1200 »



O60CcHOBaHa reoTexHo/1I0rMs ONbITHO-MPOMbILIIEHHOM
OTPaboOTKM 3aNacoB HUXKHETO Apyca MecTopoxKaeHua «OneHumn
pyuyei» B oTmeTKax +180/0m mexKay paspesamu 12-17:

- BblINOJIHEHA TEXHUKO-3KOHOMMUYECKasa OLEeHKa
3¢ PeKTUBHOCTU HOBbIX CNOCOO6OB BCKPbITUA
MeCTOpOXAeHUA C NPUMEHEHUEM NepcrneKTUBHbIX BUAOB
KOHBelepHOoro TPaHCNopPTa;

- BbINO/IHEHO 060CHOBaHME NapaMeTPOB CUCTEM NOA3EMHOM
pa3paboTKu U NpeanoxKeHbl cxembl YTUAN3ALUUN NOPOAbI OT
ropHonpoxoguyeckmx pabot B Nnoa3eMHbIX YC/10BUSAX;

- 060cHOBaHbI NapameTpbl Nepexoga K cuctemam pa3paboTKu
c 0bpyLieHMeMmM pyabl U BMELLAIOLWUX Nopoa.
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» | TpaHuIeliHoe THUIIE ¢ 0TOOHKOI BKpecT
C oOpymienneM u BBIITYCKOM PYIbI HA TIPOCTHPAHMS PYHOTO Te/IA
TPaHIlIeliHOe THHUIE C 0TOONKOMI
BE€PTUKAJIbHBIX H HAKJIOHHBIX MOPOIHBIX
CEeKIUI B 0TPA0OTAHHBIE NMYCTOTHI

C OTKPBITBIM OYHCTHBIM TPOCTPAHCTBOM C
BBIIIYCKOM PY/Ibl HA TPAHIIEIO,
PACIOJIOKEHHYIO 10 TPOCTHPAHUIO PYAHOTO
TeJIa



OCHOBHbIE KOHCTPYKTUBHbIE Yy3/1bl Ap06UnbHO-
KOHBENEepPHOro KomnaeKca

J{poOuibHO-TIeperpy304HbIid y3eJ rop. -40 m O6wguit 6u0 mazucmpaibHOU YACMU HCeNo0UaAmozo

Koueeﬁepaljmpmm
(«Beumery, I'epmanus)

3ae3q B kKamepy Apo0JieHUs U

Pynocmyck MOrpPY3KH PyAbI -
2 O6ronnas rop. -40 m
Kamepa

K  Qowuir 6uo naacmunuamozo numamens muna

RFK 1800 x 13000 - D61 («ThyssenKrupp»,

K/Iull n neperpy304Hblii y3eJ cOOPOYHOI0 HNITPEKOBOTO I'epmanus)
KOHBeliepa Ha HakJOHHBIH yuacTok MJIK rop.-40 m a *

3ae3n B kamepy
BYJKaHU3aAllUH

Kamepa
BYJIKAHU3AIHH

CIIK opoonenus DRC («ThyssenKruppy, I'epmanus)

|
| .oy

Kamepa npodJjenus u
NOIrPY3KH PYABI

Kamepa neperpy3kn
¢ CJIK na MJIK




Cucrema
AUCTaAHLUUOHHOIO
ynpaBrieHus B
npegenax npsiMmoun
BUOUMOCTU

losbiweHuUe
6e3onacHocmu
nepcoHana

YmMmepeHHasn
cmoumMocmb

Bbicokuli puck
nospexoeHusi

Cucrtema

TenemMmatn4yeckoro

ynpaBsreHus B
noAa3eMHbIX
yCIoBUsIX

3HayumenwbHoe
noebilweHue
6e3onacHocmu
nepcoHana
YmepeHHasn
cmoumMocmab
loebliweHue
KoaghpuyueHma
ucrnosib3oeaHusi

Bbicokuu puck
nospexoeHusi

Cucrema
nonyaBToMaTmnyeck
Ooro ynpasrieHusi ¢
NOBEpPXHOCTHU

3HavyumesnbHoe
noebiweHue
6e3onacHocmu
rnepcoHana

3Ha4YumersnibHoe
noesiweHue
KoaghpuyueHma
ucrnosnb308aHusi

Hu3kul puck
noespexaeHus1 u pocm
CpOKa cnyx6bi

Bbicokasi cmoumMocmab

Bo3MO»KHble YpOBHM aBTOMAaTMU3aLMK

Cucrema
aBTOMaTU4YeCcKoro
ynpaBneHus

3HayumenbHoe
noebiuwieHuUe
6e3onacHocmu nepcoHasna

3HayumesnbHoe
noebiweHue
koaghpuyueHma
ucrnosib308aHus!

Hu3kuli puck
noepexxoeHust u pocm
CpOKa cnyxb6bl

YnpaeneHue HECKOJIbKUMU
e0. mexHUKu

Bbicokassi cmoumocmb



KIDD MINE - Kanapa

FINSCH MINE - FOAP

NORTHPARKES - Asctpanus

AUTOMINE® LOADING - LITE
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Performance evaluation of tele-remote underground drilling for
sublevel caving

ABSTRACT: The article presents the analysis of the world experience of longhole drilling au-
tomation during underground mining. The results of the Russian pilot project of tele-
remote drilling with the use of electronic passports at one of the Kola Peninsula mines are
presented. The article describes technology implementation stages, its features, and changes in
the mine in-frastructure, labor organization and main technical characteristics of the system. A
technical and economic comparison of the cost of stope excavation was made as a result of tele-
remote drill-ing pilot tests during a sublevel caving mining. It is shown that tele-remote drilling
with the use of electronic passports allows reducing the deviation of the borehole trajectory by
60+80%; de-creasing the boulder output by more than 2 times and the explosive consumption
by more than 9.5%; and increasing the equipment utilization factor and drilling performance
by 15+31%. In total, this allowed reducing the stope excavation costs by 7.9%.

1 INTRODUCTION

Modern trends in the development of the mining industry are characterized by gradual transfer
to underground mining, deepening of operations and reducing of useful component content
in ores (Melnikov, 2013). This, as a rule, leads to the complication of mining and geological
and geomechanical conditions, increase of emergency situations, growth of production costs
and de-crease of the value of extracted raw materials, as well as to other negative
consequences. Against the background of rapidly developing digital transformation of
industry in developed countries, a radical solution to the problems of safety and reduction of
mining prime costs is the transition to automated (or autonomous) tele-remote control
technologies (Schwab, 2016). In this regard, the task of assessing the efficiency of automation
of the main technological process-es at Russian mines is relevant. The development of hard
rock massifs includes one of the most dangerous and expensive processes that have a significant
impact on the qualitative and quanti-tative properties of ore raw materials - drilling and blasting
operations, which are considered in this study (Jianguo, 2018).

2 WORLD EXPERIENCE IN DRILLING AUTOMATION AT UNDERGROUND MINES

The most comprehensive implementation of production processes automation was obtained
at the Kiruna and Malmberget underground mines, operated by LKAB (Sweden). Kiruna
mine produced about 29 Mt of run-of-mine and Malmberget mine about 14 Mt. Thus, the
Kiruna mine develops an iron ore deposit at an angle of 60°, with a capacity of about 80 m.
The has been mining iron ore with the sublevel caving mining method (SLC). The dimensions
for a typ-ical layout for the Kiruna mine is about 25 m between crosscuts (production
workings) and



about 29 m for the sublevel height (floor to floor). The dimensions of the crosscuts are about 7
m wide and 5 m high, production blocks about 400 m long. In order to optimize longhole drill-
ing, LKAB has created the Wassara AB special division, which has developed unique hydraulic
submersible hammer drills. Testing of the Wassara hammer in 1990-1995 made it possible to
long hole up to 56 m long with a deviation of less than 1.5% from the design contour (compared
to 5-20% with other drilling methods). Introduction of a new drilling technology allowed in-
creasing the volume of ore per drilled meter increased by 500%. The volume of the stripped sec-
tion increased by more than 800% (from 1.2 to 10 thousand tons), the increased the sublevel
height from 12 to 28 m, decreased number of sub levels by 70% (Fig. 1 on the left).
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Figure 1: Comparison of sections drilled with traditional pneumatic and hydraulic Wassara AB hammers
(left). Trajectories of boreholes with electronic passports (1) and with manual control (2) (right).

Today, Wassara AB hammers are used on the new Epiroc S7 drilling rigs, which are con-
trolled remotely from the mine surface (1 operator controls 3-6 rigs). The drilling rig operate on
the basis of electronic passports (EP) for drilling, which are developed in special software and
transmitted to the drilling rig via Wi-Fi network. Thanks to the introduction of the new technol-
ogy, the well deflection was reduced to less than 1%. The achieved drilling speed was 0.5+1 m
per minute with a borehole diameter of 115 mm (Morton, 2018).

From 2018 to 2023, the Kiruna mine is planning to conduct new large-scale pilot tests (PST)
of the SCM with increased sublevel height and automation of drilling, load-haul-damp (LHD)
equipments and trucks (battery/electricity-driven). The new technology is tested in a orebody
orebody is known by the name Konsuln. This orebody has a dip of about 75° to the east, which
is steeper than the main orebody. Its thickness varies from 20 to 50 m. In the test mode in the
period from 2018 to 2023 it is planned to extract about 9 million tons of ore. In order to reduce
the costs of mining workings and ore transportation, three sublevel deposits with increased
height (up to 50 m) will be excavate. The first level will have a 40 m sublevel height and the
second and third levels will be 50 m high. In addition, a new transportation scheme called "fork
layout” will be used at the site, which will reduce the length of workings and move the transport
drift from the inside the footwall. Figure 2 shows a plan view of the proposed layout of the test
area for Level 536. Two crosscut spacings will be tested in this area (25 and 22 m). The maxi-
mum length of drilled boreholes is set to 60 m (Quinteiro, 2018). The purpose of testing the new
Wassara AB hammers in combination with Epiroc drilling rigs equipped with Rig Control Sys-
tem and Rig Remote Access drilling control systems is to reduce the deviation of the boreholes
from the design parameters by no more than 1%.



Figure 2. Plan view of the proposed layout of Level 536 for transverse sublevel caving with fork layout
and 50 m sublevel height

The Malmberget mine is located about 5 km from the town of Galliwara in the far north of
Sweden. The mine consists of about 20 ore bodies, of which 12 are currently being mined (Fig.
3 (a) (Gustafson, 2016). The mining area stretches 5 km in the E-W direction and 2.5 km in the
N-S direction. In Malmberget mine, fully-automated Atlas Copco Simba W6C drill rigs are
used for all production. These rigs are not equipped with standard top hammer rock drills, but
with Wassara W100 hydraulic hammers drill significantly faster, have less hole deviation, and
generate less dust in the surroundings. However in 2013, 4% of all holes needed re-drilling be-
cause of blockages, with another 3% defined as “Wet holes” also requiring special treatment.
The drilling is performed/controlled remotely from a control room at level 2000 m. Three opera-
tors operate two drill rigs each all year round 24 hours a day. Fully automated fan drilling con-
sisting of ascending blastholes in the SLC is provided by the ABC Total mode, which allows
drilling even during the night when there is no personnel at the mine (Ghosh, 2017).
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Figure 3. (a) Malmberget mining operation and its orebodies, (b) cross-section of production drift layout
at one of the ore bodies

Before drilling starts on each production fan, the drill rig has to be carefully positioned,
which is manually done by the operator. The standard length of production workings (crosscuts)
is 85 m and is drilled with 25 fans. Each fan consists of 8+10 boreholes drilled at a distance of
3-3.5 m from each other (Fig. 4 (b). The diameter of the boreholes is 115 mm and the drill steel
length is 2.3 m. The used drilling technology "Wassara AB" allows to drill wells with maximum



high up to 55 m (usually the borehole high is not more than 50 m), with a deviation of the tra-
jectory from the project ~ 1.5%. The fans are drilled at an angle of 80+85°, and the last (twin
fans) at angles of 85+90°, which allows to increase the extraction of ore. The achieved drilling
speed is ~0.8 m/min. The blasthole are charged with an emulsion explosive substance. Blasting
operations at the mine are performed every night from midnight to 2 a.m. Usually three fans are
blasted out in one blast, each of which produces about 6,600 tons of ore (Gustafson, 2016).

The Syama gold mine (Mali) has been operated in the open pit by BHP Billiton since the
1980s. In 2015, when the mine was taken over by Resolute Mining, it underwent major changes.
In particular, when designing the transition to the underground mining method, for the first time
in world practice, the mine was planned with the full automation of the main technological pro-
cesses (up to 2032). The Syama mine, locate 300 km southeast of Mali’s capital Bamako and
have dimensions of about 1 km long, 200 m thick, with a gold content of 3.5 grams per tonne
and reserves of ~ 2.9 million ounces. In 2018 Resolute Mining signed a strategic agreement
with Sandvik on mine automation. As part of the agreement, AutoMine® and OptiMine® sys-
tems, as well as a full fleet of Sandvik TH6663 trucks and Sandvik LH514E electric LHD wiill
be supplied for process analysis, optimization and automation. Work on the deep drilling pro-
gramme at the mine began in late 2015. The efficiency of which is conditioned by the absence
of the need to stop operations during a changeover, the possibility of working in a gassy envi-
ronment, etc. The operating time of the equipment during the day increased from 15~16 to 22
hours. The advantages of automating a mine are clear, as the technology increases efficiency
and improves safety. The cost profile of the mine has been reduced by as much as 15% thanks
to the implementation of automation. This reduces the cost of production from $881 per ounce
down to $746 per ounce. Despite the upfront additional cost of the autonomous equipment being
as much as $10m-$15m. Resolute will ultimately cut mining costs by 30% (Jamasmie, 2018).

In addition to the drilling of treatment wells, there is successful experience in the automation
of underground drilling for rock (core) sampling. For example, Boart Longyear's LM™75 drill
rig was tested at the Olympic Dam mine in Australia for six months (May-October 2013) using
diamond-coated wear-resistant drill bits and equipped with Drill Control Interface (DCi) drilling
control system (Fig. 4). Olympic Dam is located 560 km north of Adelaide, South Australia. In
addition to containing iron oxide, copper, and gold (i.e., IOCG), the Olympic Dam deposit
hosts uranium, silver, and rare-earth elements(REEs) (Tappert, 2011). The underground
mine produces 10 million tons of ore per year using the sublevel open stope mining method. Di-
amond drilling is used to extract rock samples (core) for analysis of the Olympic Dam ore body
geometry and to collect geochemical information which will be used to create block models for
planning and extraction of future resources. The drill rig control interface is fully electronic and
allows a single operator to control both the process and the boom arm simultaneously, providing
real-time feedback. The operator can initially set preliminary drilling parameters, after which
the system operates autonomously. This allows for continuous operation during the operator
changeover period.

Figure 4. Semi-autonomous drilling by drill rig with Drill Control Interface



The DCi control system allows operators to use programming, so that a more experienced
operator can configure drilling parameters for inexperienced drillers and when the drilling cycle
is completed or the programmed parameters are exceeded, the drill rig will automatically shut
down. This simplifies the selection and training of personnel and extends the service life of the
equipment, avoiding unnecessary breakdowns. DCi has a lighter and more portable control unit
than hydraulic control systems. A weight difference of 50 kg and a small number of components
make it easier and faster to move the control unit. To disconnect the drill rig from the DCi, there
is no need to disconnect the hydraulic hoses, but only to disconnect the three connectors.

DCi provides a real-time report of the most important data on the operation and performance
of the drill rig, which is recorded, stored and easily loaded for quick analysis. This current in-
formation allows the driller to regulate the operation of the drill rig and allows, for example, to
increase productivity during operation. A diagnostic system can be launched at any time to de-
termine the CU's performance, assess the operator's correct operation and detect equipment fail-
ure early. During the PST new drill rig with the DCi to drill a total of 5,726.3 meters using di-
amond core bit. This was an increase of 907.7 meters drilled over the previous six month
average, which resulted in a unit cost improvement of $2.90 per meter average and monthly
productivity increase of 13.5 percent (Longyear, 2017).

The Ridgeway copper and gold mine (Australia), located near the famous Cadia Hill open pit,
has been operating only since 2002. Ore is mined using an SLC with a sublevel height of 25 m.
In an effort to improve rig productivity, mine management has explored ways to achieve higher
daily drilling rates with the same staff and equipment. For several years now, this has been
achieved through automated fan drilling with Epiroc's Advanced Boom Control (ABC) system.
Ridgeway has two Simba L6 C units, one of which is equipped with an ABC system. The in-
crease of productivity on drilling makes more than 10 %. The main obstacle on the way to full
automation of drilling was the necessity of manual bit change during drilling or during transition
between boreholes. Today, the drilling process is fully automated: the feed and replacement of
rods and bits is done automatically according to the programmed drilling schedule and drilling
sequence (Hall, 2007).

RioTinto's Diavik mine, located in the sub-Arctic tundra far from populated areas (about 300
km to Yellowknife, Canada), uses the Epiroc Simba M7 open stope mining method (OSM) to
drill blasting wells, and Simba M6 to drill blasting holes. The machines use dry drilling (without
water) with remote telematic control when working in hazardous areas or near the open pit
(Jakubec, 2018). Three cameras are installed on the drill rig: one fixed on the top of the cabin
and two removable cameras with the possibility of rotation and approach. Each camera has its
own monitor, which allows for the most thorough control over drilling (Lewis, 2018).

In Russia, a new model of Epiroc drilling rigs - Sandvik DL421 - has been launched at the
Udachny and Aikhal underground mines of Alrosa Group. The model is designed for drilling
vertical and inclined fans, as well as parallel and single wells with diameters from 64 to 115 mm
up to 54 meters high. In order to improve safety, accuracy and productivity of drilling opera-
tions, EP for drilling are being introduced, which are being developed in the geoinformation
system and transferred to the drill rig via USB flash drive.

3 PERFORMANCE EVALUATION OF TELE-REMOTE CONTROL DRILLING

In recent years, PhosAgro's mining and processing companies have been undergoing an active
digital transformation. Recently, for example, we have been implementing a unique project to
remotely drill wastewater treatment wells using ES drilling at Kirovsky (since 2018) and
Rasvumchorsky (since 2019) mines of Kirovsk branch of Apatit. Both mines, which develop
apatite-nepheline ores in the Khibiny Massif, use an SLC method. The ore is broken into rhom-
bus-shaped sections with a maximum borehole high of about 37 meters. For drilling boreholes
Simba E7C CU are used. In the geoinformation system, EP drilling are developed before hand,
which are loaded into the drill rig software via an external storage device or a mine wireless
network (Wi-Fi). Prior to drilling, the mine surveyor marks two points on the sides of the
workout, the coordinates of which allow the machine to position itself in space. The operator,
being in the cabin of the drill rig in the underground conditions, delivers and installs equipment
in the bottom hole, after which the machine starts drilling in automatic mode. Currently, 3 oper-



ators are used to control 6 units of equipment, one of which controls the drill rig from the mine
surface (Fig. 5), and two other operators, being in underground conditions, navigate of equip-
ment and its and rearrange it from fan to fan. In the near future the company plans to complete 4
more drilling rigs, which will allow to reach the park of 10 units working in tele-remote mode.
Thus, five people will take part in the management of the work of 10 units of equipment. In the
future, the new Simba machines will be able to move the drilling rigs between the fans without
the presence of an operator directly on the machine.
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Figure 5. Semi-autonomous drilling to Kirovsky mine of Kirovsk branch of Apatit company.

The introduction of tele-remote semi-automatic drilling technology has already enabled
PhosAgro to increase its equipment utilization ratio by ~22+24% and its daily output by
15+31% (Fig. 6) (Khrishcheniuk, 2018). Drilling accuracy increased by 60+80% (with the
borehole high 36 m the deviation from the design contour decreased from 2.5 m to 0.6-0.7 m).
Due to the increase of accuracy the output of rock mass boulder decreased by more than 2 times
(from 12.5% to 6%), and explosive consumption by 9.5%.
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Figure 6. Results of tele-remote drilling pilot tests



For a more detailed assessment of the tele-remote drilling efficiency with the use of electron-
ic passports, a comparative calculation of the unit costs of ore reserves breaking down of one
section (fan) was made for manual and tele-remote drilling control. Calculation is carried out
both directly on the basis of the drilling process and related processes: blasting operations, ore
mucking by LHD, boulder ore mucking and secondary blasting. For this purpose, expenses were
determined for the following items: salary, factory supplies, energy and equipment depreciation.
The results of the comparison are presented in Table 1.

Table 1. Comparison of unit costs of stope excavation for various borehole drilling technologies.

Drilling control technology

Ne Expenditure item Units Manual Tele-remote Difference
1 Salary 0.32 0.25 22.17%
2 Factory supplies 1.32 1.26 4.30%

3 Energy USD/tonne 0.05 0.04 15.64%
4 Equipment depreciation 0.4 0.37 7.33%
5 Total costs 2.09 1.92 7.92%

Calculations show that tele-remote drilling with the use of electronic passports reduces the
cost of stope excavation by almost 8%. Given the total design capacity of the Kirovsky and
Rasvumchorsky mines (~32.5 million tons per year), this will allow PhosAgro to save approxi-
mately RUB ~$5.5 million per year.

4 CONCLUSIONS

The analysis of drilling automation experience at ten domestic and foreign mines has shown that
modern information technologies make it possible to achieve a significant increase in drilling
accuracy, make it possible to bring the operators of drilling rigs to the surface of the mine,
providing them with more comfortable and safe working conditions, as well as make it possible
to drill without interruption for the change and ventilation of the mine. This helps to increase the
productivity of equipment and reduce the cost of underground mining.

Pilot tests of semi-automatic drilling conducted at PhosAgro's mines in cooperation with
Epiroc showed that the equipment's technical utilization ratio increased by ~22+24% and the
daily productivity of the drilling rig by 15+31%, drilling accuracy by 60+80%, the output of
boulder decreased by more than 2 times, and the consumption of explosives decreased by
9.5%. Comparison of ore reserves recovery costs of one section (fan) at manual and tele-remote
drilling of boreholes with the use of electronic passports for Kirovsky mine conditions showed
that tele-drilling allows to reduce the cost of stope excavation by almost 8%. The greatest effect
was achieved due to the reduction of expenses on such items as salary (22.2%) and energy
(15.6%), which was due to a decrease in the number of service personnel, increased productivity
of equipment and reduced cost of transportation of boulder items. According to preliminary es-
timates, the introduction of tele-remote drilling technology at the Kirovsky and Rasvumchorsky
mines of Kirovsk branch of Apatit JSC will allow PhosAgro to reduce its stope excavation costs
by ~$5.5 million per year.
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