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BASIC MEASURES TO ENSURE SAFE MINING
OPERATIONS AT THE ZHOMART MINE

Abstract. The implementation of the technology risk management system is one of the basic measures to ensure the safe mining operations at the underground mines.
The operating Zhomart underground mine has been studied as a pilot facility to research, implement and test the efficiency of the proposed technology risk management
system. Thus, the research and implementation of the technology risk management system is required due to the deep occurrence, the detailed exploration of the physical
and mechanical properties of rocks of the ore-bearing strata and the geomechanical processes during the mining operations. This exploration has assessed the existing high
technology risks, in particular, the loss of the roof stability and signs of deterioration in the mined-out area such as spalling, distortion bending and displacement of the sides
of drilled wells in the pillars, etc. The general regulations of the safe mining operations focused on reducing of the rock pressure have been explored and determined during
the dynamic forms of rock pressure. The main actions aimed to the technology improvement of the safe mining operations at the mine have been developed.
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Komapt keHecingeri kayinciz enaipyni KaMmTamachi3 eTyIiH Heri3ri mapasaapsl

AunHoTauust. TEXHOJIOTHSUIBIK TOyeKenaep i 6ackapy *KyHeciH Kypy KepacTbl KeHIIITepiHAeri Tay-KeH jKYMBICTapbIH KayillCi3 sKyprisy/i KaMTaMachl3 €TeTiH Herisri
mapanapsH Oipi 60ibIn TaObliagbl. ¥ CHIHBUIBIT OTHIPFAH TEXHOJOTUSIBIK TOyEKeIIepAl Oackapy sKyHeCiHIH eMipIICHIIriH 3epTTey, SHri3y KoHe TeKcepy OolbIHIIA
TOXIpHOEIIK HBICAH PETiHIEe )KYMBIC icTen TypraH JKomapt »kepacThl KeHilli KapacThIpbuIajbl. KeH OpHBIHBIH TEPEHIIE KaTKaHBIH €CKEPE OTBIPHII, COHJAN-aK Tay-KeH
JKYMBICTapbIH JKYPIri3y, FAUIBIMU-3EPTTEY KYMBICTAPbIH KYPridy jKoHe ToyeKenaep/i 0acKapyIblH TeXHOIOTUSUTBIK KYHECIH eHri3y Ke3iHIe KeH/Ii KabarTap/bIH JKbIHbIC-
TapbIHbIH (PU3UKAIIbIK-MEXaHUKAIIBIK KACHETTEPIiH KOHE TeOMEXaHHUKAJIBIK IPOLECTEPIi HEFYPIIBIM TOJIBIK 3epAeley MaKcaTbIH/Ia Tajnam eTineai. 3epTTey GapbiChiHaa KOJI-
JIaHBICTAFbI KOFAPbI TEXHOJIOTHSUIBIK TOyeKeIIep OaranaH/bl, aTal alTKaH/a, IIaThIPIBIH TYPaKThUIBIFBIHBIH OY3bUIYbI KOHE IBIIIAKTAY, IIBIMIITY KOHE KBUDKY TYpiHAET
rod) JKaraaibIHBIH Hamapiay OenirinepiHiH KepiHici. Tipekrepaeri OyprblUIaHFaH YHFbIMAIap/bIH KaObIpragapsl xkoHe T.0. Tay sKBIHBICTAPhl KBICHIMBIHBIH JTHHAMUKAIIBIK
(hopMasapbIHbIH KOPIHICIMEH Tay-KeH )KYMBICTapbIH KayillCi3 KYPri3ydiH JKalmbl epexKesepl 3epTTeill, Tay-KeH KbICHIMBbIH TOMeHieTyre OarbiTTanraH. KeHimre Tay-keH
JKYMBICTapbIH KayiIlCi3 KYPri3y TeXHOJIOTHSICBIH JKETUIAipyre GarbITTaFaH HEri3ri mapanap 93ipieH .

Tyitinoi co30ep: Kayinciz omxizy, may-KeH JCYMolCmapbol, MexHoN0UANLIK MmayeKer, backapy Jcyiieci, 6exiny, Kazy, may ACblHblCMAapblHblH KblCLIMbL, JICYLie 21eMeHN.

OcHoBHBIE MephI 00ecniedeHus 0€30I1aCHOT0 BeleHHs TOPHBIX padoT Ha pynnuke ZKomaprt

AHHOTalll/lﬂ. BI)ICTpaI/IBaHI/IG CHCTEMBI YIIPABJICHUSA TEXHOJOTHYCCKUMHU PUCKAMU SBIIACTCS OHHOﬁ 13 OCHOBHBIX MEp obecrnieyeHus: 6E30MacHOTO BCICHUS T'OPHBIX
paﬁoT Ha IMOA3EMHBIX PyTHUKaX. B kavecTBe MHIOTHOTO 0OBEKTA JUI UCCIICAOBAHNA, BHECAPCHUA U IIPOBEPKU JKU3HECITOCOOHOCTH npe}lnaraeMoﬁ CHUCTEMBI YIIPaBJICHUA
TEXHOJOTHYECKUMH PHCKaMH paccMOTpeH (QYHKIMOHHUPYIOIN Moa3eMHbIN pyaHuK JKomapT. YuuTtsiBas riy0OKoe 3ajeraHne MECTOPOXKICHUS, a TaAKXKe C LeNbio Oonee
MOJTHOTO M3Y4CeHUS (PU3MKO-MEXaHNYECKUX CBOHCTB TOPHBIX IIOPOZ PYAOHOCHOI! TOMIIH 1 T€OMEXaHHIECKHX MPOLIECCOB MPH BEACHUH FOPHBIX paboT, TpebyeTcst mpoBesie-
HHC HCCHeHOBaHHﬁ 1 BHCAPCHUEC CHUCTEMBI YIIPABICHUS TCXHOJIOTMICCKUMH PUCKaMH. B TIpOIIECCe UCCIICAOBAaHUS OLICHCHBI CYHICCTBYIOIHUE BRICOKUE TEXHOJIOTHICCKHUE
PHUCKH, B YaCTHOCTH, HApPYIICHHUEC yCTOﬁqHBOCTH KPOBJIA U IIPOABJICHUE ITPU3HAKOB YXYAUICHUSA COCTOSHUA BLIpa60TaHHOT0 NIPOCTpaHCTBa B BUC 3aK0n006pa303aHm,
MepekrMa U CMEIICHHS] CTCHOK IPOOYPEHHBIX CKBAXKUH B IIEIUKAX U Jp. [Ipu MposiBICHUH JMHAMUYECKUX (OPM FOPHOTO JaBJICHHS HCCICAOBAHbBI U OIPE/eIeHbl 00IIHe
OJIOXKEHNUST 6e3011aCHOTO BEICHHS TOPHBIX PabOT, HAIPABICHHBIC HA CHIDKEHNE TOPHOTO JaBlIeHHs. Pa3paboTaHbl OCHOBHBIC MEPONPHATHS, HALIPABICHHBIC HA YIIyYIICHHE
TEXHOJIOTUU 0e30MacHOr0 BCACHHUS TOPHBIX paGOT Ha pyAHHKE.

Knrouesvie cnosa: 6esonacnocmo 6edenus, 2OpHble paﬁombt, MEXHONO2UYEeCKULL PUCK, cucmema ynpaeieHus, KpenieHue, coOpHasi eblpaﬁomxa, 2OpHOe dasinenue,

olemMenm cucmemal.
-
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Introduction

The exploring and implementing system of the technolo-
gy risk management as part of the system of the safe mining
operations at the Kazakhmys Corporation LLC underground
mines is a cycle of the continuous process improvement of
making and implementing the new technological decisions.
Thus, these decisions can affect the occurrence of the nega-
tive consequences during the second working and first mining
operations.

The main stages for an effective process of the technology
risk management at the underground mines are illustrated in
Figure 1:

1) the hazard identification of technology risks;

2) the systematization of assessment of technology risks;

3) classification and ranking of the technology risks;

4) development of measures and actions for technology risk
management;

5) the progress monitoring of measures and actions;

6) the performance evaluation of measures of the technolo-
gy risk management [1].

—
Figure 1. Algorithm for identifying hazards,
assessing and managing risks.
Cyper 1. KayinTepai anbIKTAay, TOyeKkeaaepai
OaraJjiay :KoHe 0acKapy aJaropurmi.

Puc. 1. Aaroputm uaeHTUGUKALNH ONIACHOCTEH,
OIleHKH H YIPABJECHHS PHCKAMH.

The implementation of the technology risk management
system is one of the basic measures to ensure the safe mining
operations at the underground mines. The operating Zhomart
underground mine has been studied as a pilot facility to re-
search, implement and test the efficiency of the proposed tech-
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nology risk management system. The mine develops the re-
serves of the Zhaman-Aybat occurrence, allocated to the first
stage of the mining.

Reserves of the first stage of the mining have been opened by
the shafts located in the central part such as «load-lifting» and
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«skip-cage» shafts, boundary shafts: «ventilation 1» and «venti-
lation 2. Since 2006 the mining operations have been conduct-
ing. The effected performance is 4.0 million tons of ore per year
due to involvement of the chambered reserves in the mining.

Therefore, the research and implementation of the tech-

nology risk management system is required due to the
deep occurrence, the detailed exploration of the physi-
cal and mechanical properties of rocks of the ore-bearing
strata and the geomechanical processes during the mining
operations [2].

For the safe and rational field exploitation, the main direc-

tions of the exploration operations have been defined:

* the zoning of the occurrence by stability of the roof and
development of a group of actions for the safe mining
operations;

* the exploration to establish the optimal parameters of the
approved variants of systems for development and sup-
port;

+ the examination of the effective technology to manage
the rock pressure at the underground mines;

» the study of the geomechanical processes during the
mining operations;

 the geomonitoring of status of the mined-out area, the
overlying strata and the earth’s surface [3].

Research methods

The literature review, study of the scientific and technical
documentation on issues of the safe mine workings, calcula-
tions and results of the Zhomart mine, analysis and synthesis
of research results with their critical evaluation can substanti-
ate the need for further development and improvement of the
technology risk management system [4-6].

Results and discussions

At the Zhomart mine, the cross-sectional areas of the hor-
izontal mine workings are used for haulage of some mobile
mining equipment in view of the facilities, clearance spaces,
and the supply or delivery of the required amount of air to ven-
tilate the mine workings. Type of the support of mine workings
has been determined on the basis of strength and stability of
rocks.

In order to design the supports for mine workings, the fol-
lowing proportions have been applied: without support (stable
rocks) — 10%; the reinforced concrete (steel-polymer) rods
with sprayed-concrete coating (medium stable rocks) — 60%;
and concrete (unstable rocks) — 30%.

The junction of the horizontal mine workings, the
chambered workings and their junctions are supported
with concrete. The strong and stable rocks are anchored
by bars with the sprayed concrete. The roof of the mined-
out area is anchored with the diesel-hydraulic drilling and
bolting machines such as Sandvik DS410-40 and Sandvik
DS210L [7].

Number of the working shifts of the drilling and bolting ma-
chine for anchoring of the mined-out area is resented below:

_ Nsup.
Nsup. =

Qshift’

where, n, — a required number of bars for anchoring of the
mined-out area, pcs.;

Q. — the shift capacity of the drilling and bolting machine
according to the actual data of the Zhomart mine. Results of

the calculation are presented in Table 1.

Table 1
Calculation of capacity for anchoring of roof
Kecme 1
Llamuipowt Geximy onimoinizin ecenmey
Taonuya 1
Pacuem npouzeooumensnocmu KpenieHus Kpoeiu
Mining of Mining
No. .Na.me of Unit reserves.wnh of low-
indicators capacity capacity
more 4 m areas
1 | Type of machine - Sandvik DS | Sandvik DS
511-C 210-L
2 | Required number | pcs. 190 140
of bars
3 | Number of the - 1.0 2.0
working shifts
of machine for
anchoring of roof
4 | Required number | pcs. 1 2
of machines for
anchoring of roof

A Norment Spraymec 1050 WPC special diesel-powered
self-propelled mobile machine is used for concrete spraying of
the roof of the mined-out area.

Number of the working shifts of the Normet Spraymec
1050 WPC special machine for concrete spraying of the roof
is resented below:

__ Sconcr.spray.

Nconcr.spray. = Qshift
sht

where, S_ pray, ~ & roof area for concrete spraying, m?

Q,,, — the shift capacity of the machine according to the
actual data of the Zhomart mine, Q.= 350 m?/ a shift.

Results of the calculation are demonstrated in Table 2.

Due to the fact that at a depth of the mining of the occur-
rence exceeding 400 m, the occurrence of the dynamic forms
of the rock pressure can be observed. Thus, it is necessary to
comply with the general regulations of the safe mining opera-
tions to reduce the mining pressure:

- It is not allowed to conduct the mining operations with
leaving the pillars not included in the project, i.e. they are con-
centrates of tension in the rock mass;

- The limitation of the mine workings along the greatest
tension in the rock massif;

- Application of the perimeter blasting technique in order to
obtain the most stable shape for the cross-sectional area of the
mine workings [8-9].
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Table 2
Calculation of capacity for concrete spraying of the roof
Kecme 2
Illamuipnovt 6emonnviy 6HIMOINIZIH ecenmey
Tabnuua 2
Pacuem npoussooumenvrhocmu mopKpemupoeanus Kposiu

Normet
No. Name of indicators Unit | Spraymec
1050 WPC
1 | Aroof area for concrete m? 330
spraying
2 | the shift capacity of the m?/cm 350
machine
3 | Number of the working shifts - 0,9
of the machine
4 | Required number of pcs. 1
machines

In parallel, the Zhomart mine is implementing a process of
the risk management system. Thus, based on it the technology
risks have been assessed, and measures to reduce them have
been developed (Table 3).

Conclusion

The basic measures to improve the technology of the safe
mining operations during the mine workings have been defined:

1. The implementation of the mentioned technology risk
management system,;

2. The provision to apply the modern self-propelled and
other equipment in all technological processes during the min-
ing operations;

3. The application of the mechanized special-purpose die-
sel-powered scalers to secure the roof;

4. The predrilling to prevent the possible spalling of roof
and sides along the entire length of the mine workings. The
broken ore is removed from the danger zone by the load-haul-
dump machine;

5. The monitoring of the uncontrolled fall of the roof in the
face space of the mine workings and application of the forced
rock fall with observance of safety measures and strengthen-
ing of anchoring in this area;

6. The subdrilling rocks of the roof of the mine workings for
the forced landing in case of delay of the uncontrolled fall of
the superincumbent rocks [10].

In order to effectively manage the rock pressure during the
mine workings in the underground mines and to ensure the
safety of the mining operations, it is proposed to strengthen the
roof of the mined-out area by the sprayed concrete supports
with the advanced types of setting accelerators and superplas-
ticizers.

The article was prepared on the basis of pilot tests car-
ried out by the commission of the Zhomart underground
mine of Kazakhmys Corporation LLP and the Lead De-
sign Institute of Kazakhmys Corporation LLP.

MaxkaJja «Kazakmbic Kopnopanusice» KIIC Komapt
skepacTbl KeHimrinin komuccusicbl Men «Kazakmbic Kop-
nopanusice» KIIC «Ketekmi xo0ajnay HHCTUTYTBI»
JKYPrizreH Ta:kipuodesiik cblHAKTap Heridinae AaibIHAA-
FaH.

CTaThsl NMOATOTOBJIEHA HA OCHOBE ONBITHO-NPOMBIII-
JICHHBIX MCIBITAHMI, BHINOJHEHHBIX KOMHCCHeEll moa3eM-
Horo pyrnuka Komapt TOO «Kopnopauus Kazaxmbic» u
T'onoBHBbIM npoekTHBIM MHCTUTYTOM TOO «Kopnopauus
KazaxmbIic».

Table 3

The basic high technology risks and measures to reduce them during the mine workings

Kecme 3

Hezizei mexnonozuanvlx mayekenoep jyHcone may-Ken JHeyMplCmapul Ke3inoe 01apovl a3aiimy wiapaiapol

Taonuya 3

OcHosnble mexHoiocu4ecKue puCKu u Meponpusimus o UX CHUIICeHuIo npu npoeedeuuu 2OPHbBIX 6blpa60m0k'

Potential risks

Consequences

Measures to stop risks

Loss of roof stability and signs of
deterioration in the mined-out area
such as spalling, distortion bend-
ing and displacement of the sides
of drilled wells in the pillars etc.

of the site.

Uncontrolled rock fall, creating a
threat to human life due to deteriora-
tion of the geomechanical conditions

1. Stoppage of the mining operations until the
geomechanical situation is stabilized in compli-
ance with the industrial safety requirements.

2. Technological advancement and facilities of
the anchoring process.

Insufficient efficiency of com-
bined support, including concrete
spraying, which widely used at the
mine, can lead to the local rock
falls out from the roof and sides
of the mine workings and to rock
bumps. Thus, it can traumatize the
miners of the working and drifting
faces.

of the site.

Uncontrolled rock fall, creating a
threat to human life due to deteriora-
tion of the geomechanical conditions

Application of the new technological solutions
related to strengthening of the roof stability based
on the advanced types of setting accelerators and
superplasticizers for the sprayed concrete.

T'opnbstii sicypnan Kazaxcmana Ne5’ 2023
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Table 3 continued
3-kecme dncanzacot
Ilpooonscenue maonuypt 3

Standing of a miner during the | Spalling of rock blocks from the roof | Automation of the marking and gadding in the
marking and gadding in the face | and sides of the mine workings during | face space.
space. the gadding, anchoring and loading.

Spalling of roof and sides along | Threat to human life due to the spall- | 1. The drilling and breaking ground of roof and
the entire length of the mine work- | ing of roof and sides along the entire | sides of the mine workings.
ings.

length of the mine workings. 2. Additional strengthening of the sides of the
mine workings with sprayed concrete supports
and/or anchoring.

Overhang of roof and sides in the | Threat to human life due to sudden | 1. If the roof and side of rocks in the face space of
face space of the mine workings rock slide the mine workings do not fall by themselves, they

will be forced to fall out.
2. Strengthening of the support in the face space
and application of the temporary anchoring.
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