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2 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.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 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 UCCledosamelell, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus eeonoecuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

CATYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcureti (Hyp-
Cyurran, Kazakcran) H =11

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
Kazakcran PecmyOnukachiHBIH AKHapar »KoHE KOFaMIBIK JaMy MUHHCTPJITiHIH AKHapar KOMHUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 6acbUIbIM TipKeyiHe KOWBLTY Typalibl KyoiK.
TaKpIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUALLIK MEXHOL02UANAPbI, MYHAL
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Mep3iMaimiri: KpUIbIHA 6 PET.
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© Kazakcran PecryOnukachbiHBIH ¥ ITTHIK FBUIBIM aKaeMusichl, 2022
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHasg KodJgerus:

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

CHOY Jpuuen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOTHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®dpannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEepUKaHCKOW acconmanuy skonomudeckux reoioros (ITexun, Kurait) H = 25

OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionneHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H=11

D®PATTUHU IMaoso, Ph.D, accounmmpoBanHBIil mpodeccop, MuUIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28

«M3Bectusst HAH PK. Cepust reo1oruu 1 TeXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
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© HammonansHas akagemus Hayk PecrryOnuku Kasaxcran, 2022
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H=5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEYV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H= 13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan)
H=11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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A.lL. Ananin', Z.K. Tungushbayeva', G.T. Nurshaiykova?, G.Zh. Kalelova*

'The Affiliate of RSE ‘NE CPMRM RK’ ‘VNIItsvetmet’,
Ust-Kamenogorsk, Kazakhstan;
’D. Serikbayev East Kazakhstan technical university,
Ust-Kamenogorsk, Kazakhstan;
3S. Amanzholov East Kazakhstan University, Ust-Kamenogorsk, Kazakhstan.
E-mail: zuhra0O6(@mail.ru

TOP-DOWN CUT-AND-FILL MINING METHOD AT THE
PERVOMAYSKIY DEPOSIT OF THE DONSKOY MINING
AND BENEFICIATION PLANT

Abstract. Based on the analysis of the world experience in the application
of filling methods for ore extraction and laboratory studies, a technology has
been developed for preparation of filling mixtures by a mill-mixing method
with the possibility of operational transformation of the process flow diagram
depending on the type of binding material (cement and cement-slag) and filling
material (tailings, screenings, rock or sand). A backfill plant has been built, and
pilot testing of the top-down cut-and-fill mining system of chrome ores has been
started at the Pervomayskiy deposit under the protection of artificial ceiling,
created in the upper layer of each sub-level.

In the course of pilot tests, of the top-down cut-and-fill mining system with
hardening mixtures and the complication of mining conditions showed the
perspectivity of its use for excavation of reserves under artificial overburden as
thick and medium thickness ore bodies of lower horizons.

With a descending layered mining system, stopes and layered workings are
filled with hardening mixtures with the formation of a bearing layer and a layer
of reduced strength. The normative strength of an artificial mass in a layer of
reduced strength (topping layer) is determined by the stability escarpments, and
with their height up to 3.5 m, it must be at least 0.7 MPa.
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The normative strength of the backfill bearing layer according to the condition
of stability of the horizontal outcrop (development of penetrations on the
underlying layer) should be achieved at a 90-day hardening (4.0 MPa without
reinforcement and 3.0+3.5 MPa with reinforcement).

The composition of the filling mixture must ensure the standard strength
of the artificial mass within the specified hardening time and be transportable
through pipes due to pressure drop.

Key words: Chromium ores, Cut-and-fill mining method, Backfill plant,
Artificial ceiling, Dilution.

AM. Anannn', 3.K. Tyurymoéaesa', I.'T. Hypmaiinixona?, I.)K. KasesoBa®”

'KP MIIIKKO YO HIXKK PMK ¢unuans «BHUU usemery,
OckemeH, Kazakcran;
2J1. CepikbaeB arbinaarbl [ biFpic Ka3zakcTan TeXHUKAIBIK YHUBEPCHUTET,
OckemeH, Kazakcran;
3C. AmamxonoB areiagars! [eireic KazakcTan yHUBEpCHUTETI,
Ockemen, KazakcraH.
E-mail: zuhraO6@mail.ru

NEPBOMAM KEH OPHBIHJA 1OH TAY-KEH BAUBITY
KOMBHUHATBIH TOMEH KABATTBI UTEPY ) KYHECI

AnHotanusi. Ken eHipy Ke3iHAe TONThIpMalay OSIICTEpPIH KOJAAHYIbIH
QJIEMIK TOXKIpUOECIH Tanay Heri3iHjae TYTKbIP (LleMEHT HeMece LIEMEHT-KOX)
YKOHE TOJNTBIPFBIMI (Tay KBIHBICTAPHI, KATABIKTAP, SIEHIl HeMece KYM) THUITIHE
KOHE Taylall eTUICTIH OHIMIUTIKKE OalIaHBICTHI TEXHOJOTHSUIBIK IMPOIECTIH
CyJI0AChIH XKeel TpaHCcPopMaIvsiay MyMKIHITIMEH TOJIThIpMaJiay KOCIaiap/abl
JAWBIHAYABIH U1 PMEH-apaaCThIPy TEXHOJIOTHICHI d31pJICH/II.

[lepBoMmaii KEHOPHBIH/IA 9P TOMEHT1 JICHICH I H JKOFapFbI KaOaThIH I )KacallFaH
KacaHbpl TOOCHI KOpFaybIMEH KaiTa TONTHIPY KOHIBIPFBICHI CAJBIHIBI JKOHE
XpOM KeHJIEpiH Ka3y KyleciHe ToKipruOemiK-oHepKICINTIK ChIHAKTap XY Pri3iii.
Toxipubenik-oHEepPKACINTIK ChIHAKTAp OapbICBIHAA TOMEHIT KabaTThl HUrepy
KOHE KATThl KOCTaJapMEH OHICNTEeH KCHHEH aJbIHFAH KeHICTIKTI THIFBIHIAI
Kazy KyHeci )KoHe Ka3bIMJIayIblH Tay-KeH TEXHUKAJIBIK JKaFailapblH KHbIHIATa
OTBIPHITI, OHBI TOMEHT1 ICHIeHKUEKTET1 KeH JICHeNIePiHIH KyaTThl )KOHE opTalia
KyaThl peTiH/Ie J)KacaH Ibl KadaTTacy acThIHIaFbl KOPJIApbl aly YIIH KeJICIIeKTe
KOJIJJTaHyFa O0JIaTbIHBIH KOPCETTI.

Temen kabatTbl urepy xyiecinue tazapry endenepi MeH KabarThl Ka3banzap
TIpeK KabaThl MEH OEPIKTIT1 TOMEH KaOATThI KATBINTACTHIPA OTHIPHII, KATAHTATHIH
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KOcIagapMeH TONTHIPbUIaAbl. ToMeH OepikTiK KaOaThIHIaFbl )KaCaH Ibl MACCHBTIH
HOPMATHUBTIK OEpiKTiri (TONTHIPY KabaThl) TiK AIIbUIBIMHBIH TYPaKTBHUIBIFBIMEH
AHBIKTAJIA]IBI KOHE OJIApIbIH OWikTIri 3,5 M-Te aeifin Oosca, on keminae 0,7
MIla Gomysl kepek. KeeHeH anibIBIMHBIH OPHBIKTBIIBIFBI IIAPTHI OOMBIHIIIA
TOCEMHIH HEri3rl KaOaThIHBIH HOPMATHUBTIK OEpIKTIriHE (TOMEHI1 KalaTTarbl
eHoOeyepAl MBbICHIKTAY) KaTaroablH 90-ToymiKTiK Mep3iMiHze (apMaTypasaychi3
4,0 MlI1a, apmatypanaymen 3,0+3,5 MIla) ko xeTki3unyi THiC.

TonThIpFbIll  KOCHAHBIH KYpaMbl KaTalOIblH O€JrijIeHreH Mep3iMiHe
YKacaH/Ibl MACCHBTIH HOPMATHUBTIK OEPIKTIT1H KAMTaMachI3 €Ty1 )KOHE KbICHIMHBIH
TOMEH/Iey1 ece0iHeH KyObIpIap apKbUIbl TaCHIMAIIAHYBI KEPEK.

Tyiiin ce3mep: Xpom KeHuepi, TOMEH KabarTam Kasdy >Kyheci, Ka3bIHIIbI
KEHICTIKTI TOJThIpMAaJay, )kacaH bl To0e, apalacThIPFHIIIL.
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HUCXOOAIASA CJIOEBASA CUCTEMA PABPABOTKH HA
HNEPBOMAMCKOM MECTOPOXXJIEHUHU JOHCKOI'O I'OKa

AnHoTtanus. Ha ocHoBe aHajin3a MUpPOBOTO OIbITA IPUMEHEHUSI METO/OB
3aKJIaJIKU TIPU A00BIYE pybl pa3paboTaHa METbHUYHO-CMECUTENIbHAS TEXHOIIO-
TUsl TPUTOTOBIEHUS 3aKJIAJOYHBIX CMECEH C BO3MOXKHOCTBIO OINEPATUBHOTO
TpaHC(HOPMHUPOBAHUS CXEMBl TEXHOJIOTHYECKOTO Ipolecca B 3aBUCUMOCTHU
OT THMa BSXKYHIETO (LIEMEHTHOE WM IIEMEHTHO-IIIAKOBOE) M 3arOJHUTENsS
(mopona, XBOCTBI, OTCEB WJIM MECOK) U TpeOyemoi npousBonuTensHocTu. Ha
[lepBoMaiickoM MECTOPOXACHUM O] 3aLIUTON MCKYCCTBEHHOH IMOTOJIOYMHBI,
CO3/IaHHOTO B BEPXHEM CJI0€ KaXKJ0T0 MOAYPOBHS, IOCTPOEHA YCTaHOBKa
0o0paTHOM 3aChIIKU M HAYaThl OMBITHO-IIPOMBIIIIEHHBIE UCIIBITAHUSI CHCTEMBI
0TpabOTKU XPOMOBBIX PY/I.

B xoze onbITHO-IIPOMBIIUIEHHBIX UCIIBITAHUN HUCXOZSILAS CI0€Basi CUCTEMA
pa3pabOTKHU U 3aKJIaJKU BHIPAOOTAaHHOTO MPOCTPAHCTBA TBEPACIOUIMMU CMECS-
MU U YCIO)KHEHHEM TOPHOTEXHHUYECKUX YCIOBUH OTPabOTKH IMoOKas3aja Iepc-
NEKTUBHOCTh €r0 NPUMEHEHUsS JUIsl BBIEMKH 3allacOB O] MCKYCCTBEHHBIM

18



ISSN 2224-5278 4.2022

MEPEKPHITUEM KaK MOIIHBIX W CpPEAHEH MOIIHOCTH PYIHBIX TeJl HHUKHUX
ropu3oHTOB. [Ipu HHCXOmAIIEH CIIOEBOW CcHUCTeMe pPa3pabOTKH OYHMCTHBIE
3aXOIKMU M CJIOEBbI€ BBIPAOOTKU 3aKJIAJbIBAIOT TBEPACIOIIMMU CMECSIMH C
(hopMUpOBaHUEM HECYIIETO CJIOS U CJIOSI IOHUKEHHOM MPOYHOCTH.

HopmarnBHas mpoYHOCTh MCKYCCTBEHHOI'O MAacCHMBa B CJIO€ MOHHUKEHHOMN
MPOYHOCTU (CIIOM JTOMMBKH) OMPEAENSETCS yCTONYMBOCTBIO BEPTHKAIBHBIX
oOHaXeHUI, ¥ PU UX BBICOTE /10 3,5 M OHa JoikHa ObITh He MeHee 0,7 MIla.

HopmaruBHasi mpo4HOCTh HECYIIETO CI0SI 3aKIa KU 10 yCIIOBUIO Y CTOMYMBOCTH
TOPU30HTAILHOTO OOHAXKEeHUs (OTPabOTKAa 3aXOM0K Ha HIKEIIeKAIIEeM CIIOE)
JOJKHA OBITH TOCcTUTHYTa B 90-cyTounom Bospacte TBepaeHus (4,0 Mlla 6e3
apMupoBku, 3,0+3,5 MIla ¢ apmupoBkoii). CocTaB 3akj1aJOYHON CMECH JTOJIKEH
o0ecrneuynTh HOPMATUBHYIO NMPOYHOCTh MCKYCCTBEHHOTO MAacCHBa B 3aJlaHHbBIC
CPOKU TBEpACHHS M OBITH TpaHCHOPTAOENbHBIM IO TpyOaM 3a cUeT mepemnajaa
JIABJICHUS.

KuroueBble ¢j10Ba: XpOMOBBIE py/bl, HUCXOJIAIAsL CIOEBasi CUCTEMa paspa-
OOTKH, 3aKJIaZika BEIPAa0OTAaHHOTO MPOCTPAHCTBA, UCKYCCTBEHHAsI MMOTOJIOYHHA,
CMECUTEIIb.

Introduction. The world resources of chromium ore are estimated at 15 billion
tons. South Africa takes the first place in terms of chromite reserves (76% of
explored reserves), Kazakhstan takes the second place (9% of explored reserves).
However, in terms of quality, Kazakh South-Kempirsay deposits are unrivaled
throughout the world. The mass fraction of the extracted chromium oxide is 50-
52% (Til, et al., 2013:9). The ‘10th anniversary of Kazakhstan independence’
mine is the largest in the world in terms of extraction of chromium ores and uses
the method of ore and host rock caving.

Research Material and methods. The most important disadvantages of the
method are the large loss and dilution of the ore (20-25%). The decrease of
dilution even by 10-15 % allows decreasing costs for ore beneficiation or even
avoiding this process.

Caving methods can’t be used for mining of ore reserves in protective and
safety pillars for important infrastructure and water ways, and don’t allow
undermining of upper-laying ore bodies.

When the mining depth increases, the costs for driving, lining and maintenance
of drifts, also increase (it requires reconstruction of 100 running meters of drifts
for each 100 thousand tons of mined ore).

In order to solve this problem, the Development strategy of the Donskoy
mining and beneficiation plant until 2030 suggests adopting a mining method
with backfilling of mined-out space during development of the southern part
of the Millionnoye deposit, and the northern part of the Almaz-Zhimchuzhina
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deposit, on a second-priority basis, by the ‘10th anniversary of Kazakhstan
independence’ mine. In the future, approximately up to 25% of the total volume
of available ore will be mined using this method.

The analysis of the world experience in application of mining method
with backfilling of mined-out space during development of deposits with
complex ground conditions with unstable ores and host rock was performed
(Bronnikova,1987:136).

It was found out that the combined mining method is more widely used in
similar conditions. First, an artificial ceiling is created, and under its protection,
the ore reserves are mined by the chamber mining method with backfilling of
the mined-out space. This method is used for formation of relieving zones for
relieving of the massif of the increased stress, during mining of rich ores in
the emergency (dangerous) areas, and when working with water-bearing levels
(Kump et al., 1990:5).

The top-down cut-and-fill mining method with backfilling of the mined-out
space and engagement of mobile equipment is widely used for development of
the Orlovskiy pyrite-complex ore deposit (since 1987). (Ananin, et al, 2002a:3).
Currently, this mining method with production capacity of 1 million tons of ore
per year is effectively used at the Orlovskaya and the Artemyevskaya mines of
the ‘Vostoktsvetmet’ Llc. (Kazakhstan) (Ananin, et al 2002b:5).

For the development of mining technology with backfilling of the mined-out
space, apilot site was assigned at the Pervomayskiy deposit: level +240 m +160 m.

The affiliate of RSE ‘NE CPMRM RK’ ‘VNIItsvetmet’ was the general
designer. The Institute developed the detailed project for mining of the
Pervomayskiy deposit with the capacity of 300 thousand tons of ore per year.

Stoping technology. The top-down cut-and-fill mining method with backfilling
of the mined-out space under the protection of artificial ceiling was selected as a
priority method (see Figure 1).

Preparation of the block includes driving of strikes, access ramp, entries to
each layer, orepass and ventilation-filling raise (4dimbetov, et al, 2018: 5).

The reserves of the block are mined top-down by layers. Ore excavation in
the layers is carried out by stopes with section of 4x4 m. These stopes have an
inclination of 2-3° (by 1-2° more than the angle of repose (spreading) of the
mixture) for completeness of backfilling of the mined-out space (Makarov, et al,
2017: 4).

Stoping may be carried out simultaneously at two or three sub-levels. At the
same time, the vertical distance between simultaneously mined layers in the
neighboring sub-levels should be at least 20 m. (Krupnik, et al, 2010:7).

The work at each sub-level starts with formation of the artificial ceiling by
mining and filling of the upper layer. If the ore is highly unstable, stopes are
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mined using outstrip bolting (forepoling) and arch supports. Reinforcement of
ceiling is performed using reinforcing bars and mesh wire (see Figure 2).

Expansion of the work in the layer begins with driving from the entry to the
layer of stope drift with its location:

- cross-strike with horizontal thickness of the ore body of up to 15 m;

- along the strike from the hanging or laying wall with horizontal thickness of
the ore body of 15-30 m;

- along the strike in the middle of the ore body, if its thickness is more than 30 m.

Due to such location of the stope drift, the optimal length of the stope is
achieved and a number of two-sided intersections is reduced. (Kashnikov, et al,
2010:7).

If two-sided allocation of stopes in the stope drift takes place, then their axis
should be shifted by half the width of the drift.

It is recommended to set the length of the stope taking into account the
following parameters:

- amount of time when the stope was kept without backfilling (the longer it
was kept, the less stable the roof becomes);

- the necessity for placement of the intermediate fill walls;

- providing the necessary extraction front (number of simultaneously mined
stopes in the block) (Grigor’ev, et al, 2013:13).

N - s
A

20m

40m
i

20m

15-25m

- access ramp; 2 - ceiling (concrete reinforced with arches of special profile); 3 - access point to the h yer; 4 - mined-out
andb ckfilled ln'p 5. I]mg along the hanging wall of the ore body; 6 - ventilation and manway rise; 7 - orepass

Figure 1- The top-down cut-and-fill mining method with backfilling of the mined-out space
under the protection of artificial ceiling
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Figure 2- Reinforcement of the artificial ceiling

Stopes in the layer are mined in three turns or by side cutting (side slicing).

In case of mining in three turns, ore pillars should be left between face cuts
of the first turn. Face cuts of the second turn are adjacent to the filling mass from
one side and to the ore mass from another side. The face cuts of the third turn are
excavated between backfilled face cuts.

An 8m ore mass, filled or ore-filled mass should be left between simultaneously
mined stopes. At the same time, backfill strength should be at least 0.7 MPa.

When the stope is mined by side cutting, a hard ore mass is left on one side of
the mined stope, which has a positive effect on its stability.

The stopes at the layers adjacent in terms of height are recommended to be
placed in parallel to each other with a shift by half a section.

Stopes are backfilled with consolidating mixtures with formation of the base
layer and the layer of reduced strength (Sakimov, et al, 2018: 10).

Characteristic strength of the base layer is determined by a width of stope,
its thickness, presence of stratification (cleavage) and reinforcement, and also
the sequence of stopes mining in the underlayer. If the stope has a 4 m width
and thickness of the base layer is 1.5 m, at the time of undermining the backfill
strength should be at least 4 MPa, if the layer is not reinforced, and 3.5 MPa, if
the layer is reinforced.

The backfill strength of the artificial massif in the layer of reduced strength
(filling-up layer) is determined by stability of stope’s walls (escarpments). If the
stope has the height of 3.5 to 6 m, then the backfill strength should be from 0.7
to 1.0 MPa, correspondingly.

According to calculations, the loss and dilution of the ore should not exceed
5 %.

Result and discussion. Backfilling of the mined-out space. The conception of
the backfilling operations development at the Donskoy mining and beneficiation
plant includes not only the use of advanced technologies for backfilling
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operations, but also the use of efficient methods for utilization of production
waste and solving of environmental issues (Doudkin, et al, 2019:7).

Mining waste and beneficiation production waste were tested for the use as
inert aggregate. The cement-slag and serpentinite based binding materials were
developed. The optimal compositions for filling mixtures were determined (see
Table 1).

Table 1- Process chart for compositions of the filling mixture.

Components consumption, kg/m?
Cement | Water | Sand | Screenings | Tailings
250 420 1450 [900 -
250 420 1000 |500 -
250 400 1450 |- 1000
130 410 [470 [980 -
150 420 1000 | 500 -
130 410 |[500 |- 1050

Purpose

Base layer, strength at 90-days of maturing
R=3.5-4.0 MPa

Topping-up, strength at 7-days
R=10.7-1.0 MPa

A mill-mixing technology for preparation of filling mixtures with the
possibility of operational transformation of the process flowsheet, depending on
the type of binding material (cement or cement-slag), and filling material (rock,
tailings, screenings, or sand), and the required efficiency, was developed (see
Figure 3).

Figure 3. Process flowsheet for the milling-mixing section of the concrete backfilling plant.

23



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

Concrete backfilling plant with capacity of 19 m*/hour was built at the mine
site of the ‘Vspomogatelniy’ shaft according to the project of VNIItsvetmet
Institute and put into operation in 2017 (see Figure 4, 5, 6).

Figure 6. The Mixer SU-1
24
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The main requirement for backfilling massif, as a means of controlling
rock pressure, is to maintain stability when it is exposed and to ensure that the
elements of mining systems are maintained in a stable state.

The stability of backfill in outcrops is ensured by its mechanical strength,
which is able to withstand the effects of static and dynamic loads.

As the main characteristic of the backfill strength, the uniaxial compressive
strength is taken, determined when testing specimens according to GOST 10180-
2012.

The mined-out space is laid with hardening mixtures of various compositions
with the formation of an artificial filling mass of different strength in height:

- carrier layer - part of the backfill mass, for which the standard strength is
established according to the condition of stability of horizontal exposures;

- layer of reduced strength (additional filling) - part of the filling mass above
the bearing layer, for which the standard strength is set according to the condition
of stability of vertical outcrops.

The carrier layer is created with a thickness of 1.5 m. At a spreading angle of
the filling mixture of 2-3, a penetration height of 4 m and a length of 30 m, the
volume of the topping layer and the carrier layer are approximately equal.

The normative strength of an artificial mass in a layer of reduced strength
(topping layer) is determined by the stability of the vertical outcrop and, with
its height up to 2.5 m, it should be at least 0.4 MPa, and the average weighted
by the height of the entry (taking into account the presence of a carrier layer in
the outcrop) - 0.7 MPa. To ensure the front of cleaning work on the layer, such
strength must be achieved within 14 days of hardening.

The normative strength of the backfill bearing layer with a thickness of 1.5 m
according to the condition of stability of a horizontal outcrop with a span of up
to 4 m (working out penetrations on the underlying layer) should be achieved at
a 90-day hardening age with its reinforcement of 3.5+4.0 MPa.

Conclusion. 1. The use the top-down cut-and-fill mining method with
backfilling of the mined-out space during mining of rich highly unstable
chromium ores will ensure the protection of water and critical structures with
minimal losses and dilution of ore.

The top-down cut-and-fill mining system with hardening mixtures and
the complication of mining conditions showed the perspectivity of its use for
excavation of reserves under artificial overburden as thick and medium thickness
ore bodies of lower horizons.

With a descending layered mining system, stopes and layered workings are
filled with hardening mixtures with the formation of a bearing layer and a layer
of reduced strength.

2. The most important element of the developed technology is the artificial
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ceiling, which is created by working off the first (entry) layer by side cutting
(side slicing) in to each. Stopes are mined using arched metal supports. To a
height of 1.5 m stopes are performed using reinforcing bars and mesh wire and
are backfilled with consolidating mixtures of increased strength.
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