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INOBBIINEHUE TEMITIOB ITPOXOKAEHUA ITOAI'OTOBUTEJIbBHBIX
BBIPABOTOK ITPH IPUMMHEHUH NNEPEJABUXHBIX MEXAHU3NPOBAHHbBIX
KOHBEHMEPHBIX BYHKEPOB B YCJIOBUSIX IIAXTOYIIPABJEHUS
«[TABJIOI'PAJICKOE»

B xommiekce mpou3BOJCTBEHHBIX MPOLIECCOB MOATOTOBKU (PPOHTA OUUCTHBIX paboT Mo
iacTaM ¢ aKTHBHBIM ITy4€HHEM TOPHBIX TOPOJ B TMOATOTOBUTEIBHBIX BBIPAOOTKAX
MpU3a00NHBIM M YYaCTKOBBIM TPAHCIOPT SBISIOTCS OJHUM W3 OCHOBHBIX 3JeMEHTOB. OT
OecriepeboiiHoif ero paboThl BO MHOTOM 3aBHCUT CBOEBPEMEHHAs MOJTOTOBKA BBHIEMOYHBIX
CTOJIO0B U CTOMMOCTh TEXHOJIOTHYECKHX OTepalfii o MPOBEACHHUIO TOPHBIX BHIPAOOTOK.

OddextuBHOCT pabOTBl TFOOOH TPOU3BOACTBEHHOH CHCTEMBI  OIpEIeseTCs
palMoOHAIBLHOM  PAcCCTAaHOBKOMW  TEXHOJIOTHYECKOTO O0OpyIOBaHHMS W OOOCHOBaHHOM
CXEMOH OpraHu3allii MPOW3BOACTBEHHBIX MPOIECCOB. B 0c000ii CTEMEHH TO OTHOCUTCS K
TPAHCIIOPTHO-TEXHOJIOTUYECKUM CUCTEMaM MPOBEICHHS MOATOTOBUTENBHBIX BBIPAOOTOK B
MPHUPE3aeMbIX YacTAX IMAXTHOTO IOJIsI, KOTOPhIE KaK MPAaBUIIO PACTIOIOKEHBI B 3aCOPOCOBBIX
YacTAX IIAXTHBIX IIOJIEM W TMOABEPKEHBl BIMSIHUIO TOPHO-TE€OJOTMYECKUX, TOPHO-
TEXHOJIOTUYECKUX W OPTraHU3alMOHHBIX ()aKTOPOB, MPOSBIECHUE KOTOPBHIX B 3HAYUTEIHHOU
CTENEHN OTJINYAETCS OT TUIIMYHBIX YCIOBUM.

Boszpacratomuii  00beM J00BIYM W MPOTSHKEHHOCTh TPAHCHOPTHBIX BBIPAOOTOK,
CBSI3aHHBIE C YAaJIEHUEM rOpHax padboT, 00yCIOBIMBAIOT MOBBIILIEHUE 3aTPaT Ha TPAHCIIOPTE.

[Ipu BoBNEUeHHU B Pa3pabOTKy 3aCOPOCOBBIX YACTEHW MIAXTHOTO TMOJS pallOHaIbHAs
OpraHu3aiusl TPAaHCIOPTHUPOBAHMS TPYy30B HAa IIAXTe€ 3aTpydHSETCs TeM, 4TO
TEXHOJIOTHYECKUE  CXEMbl OTKATKM B YCJIOBHSX AaKTUBHOIO IIYYEHHUS MOPOJ IOYBBI
CYILIECTBEHHO OTJIMYAIOTCS OT PEKOMEHyeMbIX THUIOBBIX cxeM. lllaxTHpIMU HaAOIIOIEHUSIMU
YCTQHOBJICHO, YTO B  IOJATOTOBHUTENBHBIX 3a004X, JJOBOJBHO 4YacTO BO3HHKAIOT
HEIPEABUICHHBIE TEXHOJIOIMYECKUE MEPEPBIBBI, B CBSA3M C UEM MHTEPBAJIbI U HHTEHCUBHOCTh
TPY30TIIOTOKOB ~ SIBIISIIOTCS ~ CIy4aWHBIMM ~ BEIMYMHAMHU. B pesynbrare  KoJeOmoTcs
IIPOJIOJKUTENIBHOCTh TIPOLIECCOB NOTPY3KH, TPAHCHOPTUPOBAHUS W PA3rpy3Ku Yyrias U
HIOPOJIBI.

B cBs3u ¢ TeM, 4TO MOTOK TpeOOBAHUN U MPOIOIKUTEILHOCTh 00CTYKUBAaHUS UMEIOT
BEPOATHOCTHBI XapakTep, B OTACIbHBIX TPAHCHOPTHBIX 3BEHBSAX OOpaA3yIOTCS Tak
Ha3bIBaEMblE «OYEpeU», KOTOpble HEOOXOAMMO YCTPaHSTh 3a CYET YBSA3KU MPOIMYCKHBIX
CIOCOOHOCTEH CMEXHBIX 3BEHbEB M KOOPAMHAIMM JCHCTBYIOIIMX CXEeM TpaHCIoOpTa M
pa3pabaTbIBaeMbIX JJIsl PUPE3AEMbIX YaCTeH MIaXTHOTO MoJisl. Takyro KOOPAWHALMIO TaK ke
BO3MOXXHO OCYIIECTBUTh HCHOJB3yd JJs TOBBIMEHUS 3(P(HEKTUBHOCTH TPAHCHOPTHO-
TEXHOJIOTMYECKOW CXEMbl, YBEIMYEHHUIO MPOMYCKHOW CHOCOOHOCTM W  HaAEKHOCTU
KOHBEMEPHOIO  TpaHCIOPTa B MECTaX  CONPSDKEHUS  KOHBEMEPOB  IEPEIABUKHOMN
MEXaHU3UPOBAHHBIA OyHKEp, KOTOPBIN CriaJuT HEPaBHOMEPHOCTb TI'PY30MOTOKOB KakK IO
BEJIMYMHE, TaK W BO BPEMEHHM U COKPATUT MPOCTOM OYHCTHBIX 3a00eB. OCHOBHBIMHU
JIOCTOMHCTBAMHM TakuX OYHKEpPOB MO CpaBHEHHUIO ¢ OyHKEpamMH KaMEpHOIO THIIA SIBISETCS
BO3MO>KHOCT!

-YCTaHOBKH HETIOCPEJCTBEHHO B TPAHCIOPTHBIX BbIpaOOTKaxX 0€3 MOMOIHUTEIHLHOTO UX
pacuIMpeHus;

-HEOJHOKPATHOTO UCIIOJIb30BAHUS HA PA3JIMYHBIX YYACTKAX TPAHCIOPTHBIX CXEM;

-9KCIUTyaTalui 0e3 3HAYMTENHHOTO Iepernana BBICOTHI MEXAY TOYKaMU 3arpy3Kd H
BBITPY3KH TOPHOM MACCHI.
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CoBpeMEHHBIM  KOHBEHEpHBIM  OyHKEpam, OPUMEHSEMBIM B YTOJBHOM
MPOMBIIIIEHHOCTH, TpUCYIe OoJbIIoe pa3HoOOpa3ue KOHCTpyKIuil. B naHHOM ciyuae
PEKOMEHIYETCSl MPUMEHUTh OYHKEp CO CKPEOKOBHIM JTOHHBIM KOHBeHepoM. OnTuMaabHBIM
BapHMaHTOM B HalleM ciydae Oynet konBeiepHbiii Oynkep bC-35I1, on mpeacraBmsieTr co0oit
JIBYXILEMHOM CKPEeOKOBEIA KOHBEiep ¢ BhICOKMMH Oopramu. Ilpn émxoctn 35 M° mommas
TnoJie3Has JIMHHA aKKyMYJIHPYIOIIETo xkenoba cocraBnsieT 37 M. EMxocTh Habupaercs us 24
JMHEWHBIX CEKUMH, IAPHUPHO CBS3aHHBIX MEXTy coOoi. Kaknmas cexuus npencraBisieT
co0oli omumparonlyrocss Ha OCh ¢ AByMs moyckatamu Ha kojeto 600-900 MM BaroHeTky
npsamoyronbHoro ceyeHns 90k106Qvm 6e3 TOPLOBBIX CTEHOK. JIHO BaroHETKH BBIMOJIHEHO
JIBOMHBIM JIJI pa3MEIICHHs] BEPXHEW M HIDKHEW BETBEH JHOHHOTO CKpPEOKOBOTO KOHBEHepa.
lonoBHast ceknyss CMOHTHPOBAaHA HA MOBOPOTHON TuTaTopMe W COBMEIIEHA C MPHUBOIHBIM
OJIOKOM, KOTOpBIM BKIIIOYAET ACHHXPOHHBIH KOPOTKO3aMKHYTBIH 3JIEKTPOJBUTATEb,
PEAYKTOp U LEMHYIO Tepeady ¢ OOIMM IepeaaTouyHbiM oTHOIeHneM 492. Ban neurarens ¢
BaJOM pPENyKTOpa COEIMHEH 4epe3 MYCKOBYI (DPUKLUHUOHHYI0O MY(PTY C THUIAPABINYECKUM
3aMeJIISIONINM YCTPONUCTBOM, YTO MO3BOJISIET TPOU3BOIUTE PA3TOH JABHUTaTelNs 0€3 HArpy3KU U
obecreunBaeT IJIaBHBIN MyCK JOHHOTO KOHBEWepa.

HarsxHast cTaHIus pacmosiioeHa B 3aJHEM KOHIlE OyHKepa W COCTOUT W3 PaMmbl,
XOJIOBBIX U OOKOBBIX POJIMKOB, OapabaHa co 3Be3A0YKaMH, IUIACTUHYATO-BTYJIOYHON LIEMHU C
TUAPABIMYECKUMH JOMKpaTaMu. MaKCUManbHBIM XOJ] HATsHKHOTO OapabaHa oOrpaHWuYeH
x0/0M ITOKOB AoMKpatoB u cocrtaBisier 1000 mm. [IpuBOoa MOMKpaTOB OT CHEHMAIbHON
HAaCOCHOW CTaHIUU.

B ronoBHOI Wactm OyHKepa HUMEETCS MATUMETPOBBIA CKPEOKOBBIN Teperpykareib,
KOTOPBII oOecreynBaeT Meperpy3kKy yris WIM TOpOAbl Ha MarucTpajbHBI KOHBeHep.
Hanuuue neperpyxaresnst HCKIIOYaeT HEOOXOAUMOCTh OJPBIBKHU MOYBBI BBIPAOOTKH B MECTE
neperpy3ku TOPHOH Macchl U3 OyHKepa M TeM CaMbIM 3HAYUTENBHO YIPOIIAET MPUMEHEHUE
OyHkepa B maxte. [leperpykarenb ycTaHOBIIEH Ha OOIIEH C TOJIOBHOW ceKiuel mardopme,
paccuvTaH Ha MPOU3BOJUTEILHOCTh BBITPY3KH OYHKEpa U UMEET CaMOCTOSTENbHBIN MPUBOJ
OT aCHHXPOHHOT'0 KOPOTKO3aMKHYTOTO 3JI€KTPOABUTATES.

IIepeyeHb cCHLIOK
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NI A3EMHA I'ABU®D| KA A BYT' 1 JIJIA

Gasification, which is a means to convert fossél$ubiomass and wastes into either a
combustible gas or a synthesis gas for subsequ#ization, offers the potential both for
clean power and chemicals production.(cp. MinchefAeR005, p.2222)

Underground coal gasification (UCG) is an in siehnique to recover the fuel or
feedstock value of coal that is not economicallyikable through conventional recovery
technologies. It has been regarded to be an imuortay to utilize low-rank and unmineable
coals. The international experiences in the modeland the experimental tests of
underground coal gasification (UCG) show that UQGcpss offers an attractive option of
utilizing unmineable coal. Probably the strongggteal of underground coal gasification at
present is its potential value in exploiting maeginoal reserves that otherwise would remain
unrecoverable.

The purpose of underground gasification of coapardless of method used, is to
obtain the energy contained in the fuel for usetten surface, without mining in the usual
sense of the term. Underground gasification caddseribed as (1) a process where coal, in
place, is consumed by partial combustion with akxygen, steam, or any combination of
these to produce a low calorific value gas (80eB0per cu ft) or (2) a complete combustion
process in which air is used to produce a gas tontgacarbon dioxide, nitrogen, and
considerable thermal energy. UCG also lowers tipgadanvestment by eliminating the need
for specialized coal processing (transporting dndksng) and gasification reactors. UCG has
other advantages such as increased work safetguriace disposal of ash, low dust, and
noise pollution.

UCG has been approached in many different ways. dlthé¢echnique to gasify the
coal in situ uses two-vertically drilled wells asetInjection and Production wells. The
procedure consists of three steps. In the firg ateinjection and production well are drilled
from the surface to the coal seam and highly pebteepath within the coal seams are
established between these two well. Prior to thafigation step a linkage path is created
between injector and producer. Several technigaede used for linking the wells, including
the Reverse Combustion Linking (RCL), Forward Costlmn Linking (FCL), hydro-
fracking, electro-linking, explosive and in-seamking. Other techniques for the in situ
gasification include CRIPs, long and large tunradification, and two-stage UCG production
well are drilled from the surface to the coal seamd highly permeable path within the coal
seams are established between these two well.

Gasification occurs when a mixture of air or oxygemd steams forced into the coal
seam through injection well and react chemicallyhwithe coal, generating a synthesis gas,
which is recovered through product well. At theface the raw product gas is cleaned for
industrial uses. As gasification proceeds, an ugrdend cavity is formed. Water from the
surrounding strata will enter the cavity and pdpate in the gasification process leading to a
drop in the local water table. At some point, taldn the vicinity of the injection well will
be exhausted and steps one and two will be repdatedtcess fresh coal to sustain gas
production. In the commercial operations severalenground gasifies will be operated
simultaneously. Once the gasification operationa section of coal seam have finished, the
third step is to return environment back to itgwral state. This is achieved by flushing the
cavities with steam and/or water to remove polltgdrom cal seams to prevent them from
diffusing into surrounding water aquifers. Over thmee, the water table will return to a level
close to that existing prior to the start of gasifion. The composition of the product gas



from UCG can very substantially depending on thecited oxidant used, operating pressure
and mass and energy balance of the undergrountbreac

The current motivation for underground coal gaatien is economic. Most known
coal resources are too buried to be economicallyechiin the near future. The coasts of
drilling air injection and syngas production welse a small fraction of the cost of a
gasification complex, so deeply buried coal searag be gasified at a reasonable cost.

Bibliography
1. van Heek K .H.: Progress of coal science ir2lth century, Fuel, 2000

2. Minchener, A.: Coal gasification for advanceavpogeneration, in Elsevier,
84 (2005) p. 2222 — 2235
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XAPAKTEPUCTHUKHU TIOPOA-KOJIVIEKTOPOB METAHA I'VIYBOKHUX HTAXT
JOHBACCA

WNuTeHcuBHas oTpaboOTKa 3amacoB  YrOJNbHBIX ~ MECTOPOXACHUHW MPUBOIUT K
MOCTOSSHHOMY YBEJIMUEHHUIO TIyOWMHBI BEACHUS TOPHBIX pPalOT, OCIONKHEHHIO YCIOBUUN
pa3paboTKu U TpeOyeT NPUMEHEHUSI BHICOKOTEXHOJIOTHYHOTO 000PYIOBaHMs, 00JIaal0IIero
BBICOKOH MPOU3BOAUTEIHLHOCTHIO U SHEPTOEMKOCTHIO. DKCIEPUMEHTAIBHO YCTAHOBIIEHO, YTO
B MOJIOOHBIX YCIOBUSX SKCIUTyaTalliy MOTEHIMAIbHBIE BO3MOXKHOCTH TaKOTO 00OPYI0BaHUS
HE peau3yloTcs B IOJHOM 00beMe.

OcHOBHBIM (haKTOPOM, KOTOPBI OTpaHMYMBAET MAaKCUMAIbHYIO CKOPOCTh MOJIBUTAHUS
OUMCTHOTO 3a00si, SBISIETCS BBICOKOE COJEpKAHME METaHa B IIAXTHOH arMocdepe,
BCJIE/ICTBUE YEro YBEJIMYMBAIOTCS 3aTpaThl Ha BEHTHJIALMIO, TOSABISAIOTCS HOBBIE CTaThbU
pacxofoB Ha JIera3al[MOHHBIE MEPOIPHUSITHS, YTO MPUBOIAUT K MOBBIIICHUIO CEOECTOMMOCTH
NOOBITOrO YIJis W HEpalMOHAJbHOMY HCIIOJIB30BAHUIO OSHEPreTUYECKHMX MOIIHOCTEN
PEIIPUSATHS.

OCHOBHBIMU HMCTOYHHKAMH Ta30BbIIEJICHUSI B TOpPHBIE BBIPAOOTKH JUISl YCIOBUI
JloHOacca SIBISIFOTCS TIECYAHUKH, YTOJNbHBIC TIACTHI U MPOIUTACTKH, KOTOPhIE BBICTYHAIOT B
POJIM IPUPOJIHBIX KOJJIEKTOPOB rasa.

[TopoapI-KOIEKTOPEl  O0NATAIOT PSAOM CBOMCTB, KOTOpBIE XapaKTEPU3YIOT UX
MPEPACIIONOKEHHOCTh K Tra3oBblaeieHH0. OCHOBHBIMH U3 HHUX SBJISIOTCS HOPUCTOCTD,
MPOHUIIAEMOCTh, BIIAKHOCTh U BHYTPHUILIACTOBOE JIABJICHHE.

HauGonpmme o6bembl cBOOOMHOTO Taza raybokmx maxt [lonbacca comepkuTcs B
TPEIIMHHO-TIOPOBOM TPOCTPAHCTBE MecyaHUKOB. OMHAKO Ta3 B HUX MOXKET COJEPIKAThCS
TOJIBKO B TOM 4acTH MOp, KOTOpasi He 3amojiHeHa BoAou. McciienoBaHUAMM YCTaHOBIIEHO, YTO
C YBEJIMYCHHUEM TIIYOMHBI BIQYKHOCTh TOPHBIX IOPO YMEHbIaeTcs (BIaKHOCTh IECUaHUKOB B
rnybokux maxtax JlonOacca cocraiser 0,3 — 1,2%)4T0 HEMOCPEACTBEHHO BIUSCT HA HX
BBIOpPOCOOMACHOCTh. Tak BBIOPOCOONACHBIE TECYAHWKH OO0JaJar0T BBICOKOM CTENEHBIO
3aMmoJHEHHOCTH Top razoM — 1o 60-70%,a BeiOpocoHeomacHsie Bcero auib g0 20-30%
(xapaktepro s Jlonernko-MakeeBckoro u LIeHTpabHOTO YTIICHOCHBIX paiioHOB) [1].

Ecnmu mpeanonoxuts uTo mOpbl MOTyT ObITH 3amoiHeHbl Ha 100% Tonpko razom u
BOJIOH, TO OTKPBITYIO TOPUCTOCTh, MOKHO OIMPENEIHUTh 10 PopMyIe:

Ko=K.+K; (2)

rae K,, — ko3hHUIUeHT OTKPBITO# mopuctocTH, %0;

K. —xoaddunment razonaceimeHHocTH, %0;

K, —xoaddunment BnaroHaceImeHHocTH, %0,

CrnenoBarenbHO, MPU H3BECTHBIX 3HAYEHHUSAX OTKPBHITOM MOPUCTOCTH M BIAXKHOCTH,
MO>KHO OTpeNeanTh KOA((OUIMEHT Ta30HACBIIIEHHOCTH, WM, KaK MPUHSITO €r0 Ha3bIBaTh, —
ko3 dunment >3¢dexruBHol oprctocth (Ke)).

Ken = Kon _Ke (2)

[Tpu m3BecTHBIX 3HaUCHUSIX d()PEKTUBHONU MOPUCTOCTU C MOMPABKON HA CKUMAEMOCTH
pEATbHBIX Ta30B, IUIOMAJb HCCIEAYEMOT0 MEeCYaHWKa U €ro MOIIHOCTh OMPEICINIIOTCS
00BeMBI Ta3a, KOTOPHIE B HEM COJIEPIKATCA.

V., =S[hIK,, [Z (3)

rie S—IUIoMIanb y4acTKa /U KOTOPOTO OMPEACIISIOTCS 3aIachl, M2;
h — MomHOCTh Mecyanuka, Jisi KOTOPOTO OMPEICIIIOTCS 3amachl, M;
Z — k03P PHIHIEHT CBEPXCKUMAECMOCTH MeTaHa, 0/p.
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Jns necyanukoB JIOHEIIKOrO peruoHa mo pe3yiabTaraMm HUCCIIEI0BaHUN, TPUBEICHHBIX B
pabore [2], mmacToBoe maBiICHHME MOKET HaxoauThess B mpemenax 0,5— 1,1 ot
ruapocrarudeckoro. Ilpu pacderax 0XuIaeMbIX JEOMTOB CKBOKHWH HAaualbHOE TIACTOBOE
JaBjieHue, Kak mpaBmio, mpuHuMairT paBHbIM 0,8 — 0,90T rmapocTaTHdeckoro ypoBHSI.
Opnako nmst 60Jee TOYHOTO OMPEICICHUS HAYaJIbHOTO TUIACTOBOTO JABIICHUS €r0 3HAUCHUE
CTOUT KOPPEKTHPOBATH C HCIIOIb30BaHHEM (PAaKTHUYECKUX JTaHHBIX JIaBIICHUH B CKBA)KHUHAX,
KOTOpBIC HE TIOJIBEPKECHBI BIUSHUIO OYHCTHBIX PadoT.

Jlnst pacueTa 0kHu1aeMbIX TEOMTOB CKBAKHUH BO BpPEMsi pabOThl BBICOKOHATPY)KEHHBIX JIaB
OCHOBHBIM TI0Ka3aTeJIeM, COBMECTHO C TJIACTOBBIM JIaBIICHUEM, KOTOPBIN BIUSET Ha MPUTOK
MeTaHa B CKBO)XHHY, SBJISICTCS IPOHUIIAEMOCTh KOHKPETHOTO CJIOSl TOPHBIX mopo. M3BecTHO,
uto K03 dunuent nporunaemoctu Ky, necuanunkos Jlon6acca, HaXOAUTCS B 3aBUCUMOCTH OT

kodpdunuenta >pdextuBHod mOpUCTOCTH Koy M OHA MMeeT BHAI K, = 0¥ 808 3],

Pacuer HeKkoTOpBIX 3HaueHUH KOX(pUIMEHTa TMPOHUIIAEMOCTH B 3aBUCUMOCTH OT
3¢ pexTUBHOM MOPUCTOCTH B TaO. 1.

Tabmuma 1
3aBucuMocTh K03 purmenTa mpoHUIaeMOCTH OT Koddurrenta 3¢hHeKTuBHON
HOPHUCTOCTH AJIS TECYAHUKOB

Kon, %0 0,5 1 15 2 2,5 3 3,9 4 3 5

Kop-, M | 0,011 ]| 0,019 0,032 0,056 0,094 0,162 0,278 0,477 190,81,405

CrnenoBarenbHO, UMesI B HAJIMYUM PEAbHbIC JaHHBIE O CBOWCTBAX MOPOA-KOJIJIEKTOPOB,
IPE/ICTABISACTCS BO3MOXKHBIM OIPENCNIUTh MOKa3aTeNu (UIbTPAllMM METaHa B CKBAXHUHY B
noapa0OTaHHOM  YIJIETIOPOJHOM  MAacCHMBE B pPa3lUYHbIle MOMEHTBHl BpEMEHH U
COOTBETCTBEHHO — IIPU PA3JIMYHOM IIOJIOKCHHUHU JIaBbl OTHOCHUTEIBHO OCH 320051 CKBAXKHMHBI.
Uro B jpanbHeieM mo3BoJUT Oosiee 3PPEKTUBHO HCHOIB30BATH JIETa3allMOHHBIE CUCTEMBI,
HOBBICUTh YPOBEHb JOOBIYM METaHa, YJIYYIINTh HE TOJBKO YCIOBHS TpyJda PaOOTArOIIMX
IIaXTEPOB, a U HIKOJIOTHYECKYIO 0OCTAaHOBKY B YITI€0OBIBAIOIINX PETHOHAX.

IIepeyeHb cCBLIOK
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VK 622.62:622.283.5:624.042.1

B.O. PacuBeraeB — K.T.H., A01eHT KadeIpH TPAHCIOPTHUX CHCTEM i TEXHOJIOTiH
(Aeporcasnuit BH3 «Hayionanvhuii 2ipnuyuil ynisepcumem», M. J[ninponemposcok, Ykpaina)

AOC/IZKEHHSA TA KOHTPOJIb HABAHTAJKEHD
HA APOYHE KPIIIVIEHHA BUPOBOK BIJIl MOHOPEUKOBHUX JOPII’
B YMOBAX INAXT 3AXITHOT'O JOHBACY

[IlaxTHUMH TOCTiPKEHHSIMHA BCTAaHOBJICHO, IO 3aCTOCYBAaHHS HAATPYHTOBUX PEHKOBHX
BUJIB TPAHCIOPTY B CKJIAJHUX TIPHUYO-TEOJOTTYHUX yMOBaxX (aKTUBHHUI TPOSIB TipCHKOTO
TUCKY, BEJIHMKa KUIBKICTh BOJIOTH 1 3JMMaHHS ITiJOIIBH) BHMAara€ J0JaTKOBHX 3axOJiB 3
NEPeKpIIUIeHHs, MAAUPAHHS Ta I1HIIMX CKIAQAHUX TEXHOJOTIYHHMX omeparii. JlogaTkosi
BUPOOHMYI oreparlii, MoB’ si3aHi 3 BITHOBJICHHSAM Iepepi3y BUPOOOK 1 MPUBEACHHSIM Tpac 10
JIOIYCTUMHUX HOPM EKCIUTyaTallii, IpU3BOAATh N0 HE3aIUIAaHOBAaHMUX IEpepB Y MiATOTOBUMX
BHOOSX, 1110 HEMTPHUITYCTUMO IPH iHTEHCHUDIKAIlii TIPHHYO-TIIArOTOBYMX pooiT [1].

VY  3apyOikHIM TpPaKTUI aJbTEPHATUBOI HAATPYHTOBUM BHUAAM JIOIIOMIXKHOTO
TPAHCIOPTY € MifABiCHI MOHOpelkoBi moporu (puc. 1). HeoOxigHo BiamiTuTH, 10 chepy
e(EeKTUBHOTO 3aCTOCYBaHHS IiJBICHUX MOHOPEHKOBUX JOpII B YMOBaxX MIaXT 3axXiIHOTO
Jlonbacy MOXHA 3HAYHO PO3IIMPUTH, SKIIO BKIIOYWATH iX B TPAHCIOPTHO-TEXHOJOTIUHI
CXeMH TIArOTOBKM HOBHX BHUIMKOBHUX CTOBMIB. Y TMOAIOHHX cXeMaxX [MPOIECU
TPAHCIIOPTYBAHHSI IOMOMIXKHUX MaTepialliB, YCTaTKYBaHHS 1 JIFOJACH MPU MPOBEACHHI OUUCHHUX
1 mAroroBunMx poOiT, a TaKOX CIOPYIKEHHI MOHTa)XHOI KaMepu 1 MOHTaXy B HIl
yCTaTKyBaHHs, 00’ € AHYIOTHCS B €MHY (KOMOIHOBaHY) TPaHCIOPTHO-TEXHOJIOTIYHY CHCTEMY.

Pucynok 1 —TpancnopTyBaHHS CEKIli MEXaHI30BaHOTO KPITUICHHS Yy HEPO310paHOMY CTaHi,
mraxta «CrenoBa» [TAT «/[TEK IlaBnorpanByrimisi»

Cnig 3a3HaYuTH, WO JUIS BCTAHOBICHHS pAIiOHATBHUX IMOKA3HHUKIB 3aCTOCYBaHHS
MiJBICHUX MOHOPEUKOBUX JOPIT BUHHUKAE HEOOXIAHICTh y BHU3HAYCHHI YyCIX HETaTUBHUX
dakTopiB, y TOMY YMCII BIUIUBY PYXOMOTO CKJaJy Ha apoyHE KPIMJICHHS 1 CTaHy TipChKUX
HOpiJl HaBKOJO BHPOOOK (pHc. 2), OCKUIBKH II€ € TOJOBHOIO TMPUYMHOIO TEPEPB MpHU
TPAHCIIOPTYBaHHI 1 INKOAUTH €(EKTUBHOMY 3aCTOCYBaHHIO IIbOTO BHIY JOMOMIXKHOTO
TPaHCHIOPTY.

3 METOI0 BU3HAYECHHS CTYIEHIO BIUIMBY JOAATKOBUX HABAaHTAXXEHb BiJl PyXOMOTO CKIIaay
MOHOPEWKOBOi JIOPOTM Ha apodYHE KpiIUIeHHsA Oydud TMpOBEIeHI eKCIepPUMEHTAIbHI
nociimkenns Ha maxti «Crernosa» [TAT «/ITEK ITaBiorpaaByrimuis».
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Pucynok 2 —Jleopmariii mopiji HABKOJIO IMiIFOTOBYOT BUPOOKH

Ha puc. 3 HaBeeHO pe3ynbTaTH MAXTHUX JOCHTIKCHb 3aJI€KHOCTI 3MIHU JOJAaTKOBHX
HABAaHTA)XEHb BiJ JIii pyXOMOT0 CKJIaly MOHOPEMKOBHX JIOPIT HA apOYHE KPITUICHHS BHPOOOK.
Crniz BIAMITUTH, 0 YMOBH MmaxTH «CTEMmoBa» XapakTepHi I OLIBIIOCTI MIaXT 3axiJHOTO
Jon6acy.

h! MM
2,5
3
) //
/ 2
0,5 o
1
1 v, M/C
0 1,0 1.5 2.0

Pucynok 3 — 3aeHIiCTh MiJIaTIMBOCTI €JIEMEHTIB apOYHOT0 KPIIIeHHS h' Bi mBHIKOCTI
TPAHCIIOPTYBaHHS BaHTAXY V JIJISl PI3HUX Mac m' Ha OJHOMY «Bi3Ky» MOHOPEHKOBOI TOPOTH:
1 —nmna m' = 140kr; 2 —mia m' = 840«kr; 3 —mst m' = 2100kr

HaBeneni Ha pwuc. 3 3aIeKHOCTI MOXYTh OyTH BHKOPUCTaHI JUIsi BH3HAYCHHS
palioHaNbHUX  Jiama30HIB  MIBUIKOCTEH, sKi 3a0e3meuaTh HE JIMIIE CBOEYACHE
TPaHCIIOPTYBAaHHsI MaTepialliB, YCTATKYBaHHS 1 JIIOJACH B MeXaxX HaBiTh OJIHIET MiATOTOBYOI
BUPOOKH, aje 1 Oe3mepebiiiHy poOOTY yCchbOro KOMILIEKCY MPOXiIHUIBKUX POOIT B Mexax
OJTHOTO BUIMKOBOT'O CTOBIA, SIPYCY, KPHJIa MIaXTH Ta 1HIIE.

Ilepenik mocuianb
1. PacuBeraeB B.A. OOocHOBaHWE MapaMeTPOB  B3aUMOJCHCTBUSA  TOJIBECHBIX
MOHOPENLCOBBIX JOPOT C KPEIUICHHEM YYacTKOBBIX BBIPAOOTOK MJisi WHTCHCH(PUKAIIUU

MOJITOTOBUTEIIBHBIX pabot: aBroped. amc. kaHa. Tex. Hayk: 05.15.02:3ammumena 30.03.12:
ytB. 17.05.12 Pacuseraes B.A. — lnenponerposck: [ BY3 HI'Y, 2012. — 2Q.
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YJIK 681.518.54
Bepauniko C.O. cryaenr rp. I'i-13-m2
(Ueporcasnui BH3 "Hayionanenuii eipnuyuii ynisepcumem”, m. [Jninponemposcok, Ykpaina)

TECHNOLOGICAL BASICS OF HYDRAULIC COAL MINING
Design, constrains, examples

Introduction

The coal industry continues to be an importantsesftworld energy, and coal fuel -
take "second place" in the structure of global gneonsumption. Development of this
industry is more stable compared to the oil thaluis to several reasons. Among them - much
better provision of proven resources and demand &lectric power and metallurgy.

Coal has many important uses worldwide. The mggiifstant uses of coal are in
electricity generation, steel production, cemenhufacturing and as a liquid fuel. Around 6.6
billion tonnes of hard coal were used worldwidé {gsar and 1 billion tonnes of brown coal.

Since 2000, global coal consumption has grownrf#isém any other fuel. The five largest
coal users - China, USA, India, Russia and Japanount for 76% of total global coal use.

Different types of coal have different uses. Steaa - also known as thermal coal -
is mainly used in power generation. Coking codse &nown as metallurgical coal - is
mainly used in steel production.

Over 6185 million tons of hard coal is currentlypguced worldwide and 1042 Mt of
brown coal/lignite. The largest coal producing doi@s are not confined to one region - the
top five hard coal producers are China, the USAidnAustralia and South Africa. Much of
global coal production is used in the country inckht was produced; only around 15% of
hard coal production is destined for the internalaoal market.

(http://www.worldcoal.org/coal/coal-minin@0.12.2013)

Top 10 countries based on hard coal production in 2012 (in million metric tons)

m/stat
istics/264775/top-10-countries-based-on-hard-coadhpction/30.11.14)

General information

Hydraulic mining relate to special methods of anating. Hydraulic coal mining is a
process in which the coal is excavating, transpgrtand lifting to the surface by using the
energy of a water jet. The source is usually unaergd water flowing into the mine. In
hydraulic coal mining the coal bed is broken dowthex by means of a high-pressure water
jet (5 to 10 meganewtons per sq. m), which is farioe monitors, or by means of
mechanohydraulic machines (mechanical breakdowineofoal with subsequent washing out
by the water). The water is supplying to a stopettbh pipes from centrifugal pumps. The
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coal that has been broken down in a stope is wastidéy the water and transported along
metal channels laid out in the mine workings thiat with a slope of 3° to 3.5° to a central
chamber of a hydraulic lift. From here the watealaoixture is transported to the surface and
then to a concentrating mill, where the coal iscemtrated, dehydrated, and dri@d. N.
Markus, and M. N. Butyl’kov, Moscow, 1967)

Conditions suitable for hydraulic mining of coal

Trials for hydraulic mining of coal have been danea variety of condilionse.g.in
seams from 0.9 to 20 m thick with dips varying frénto 80°, in coals extremely hard to soft,
highly gassy to no-gassy, with uniform structuréighly distributed coal seams. Generally, the
condition, which influence the choice of this systef coal mining, are summarized below:

1. Seam Thickness$lydraulic mining could be done in any seams théds but in seams
of average to high thicknesses, this technologgrsfbetter economics.

2. Seam GradientThe gradient of the seams should be such thataaéwater slurry
can flow out easily. A practical gradient usingestumes is about 7°.

3. Roof of the SeanThe roof of the seam should be sufficiently statol allow extraction
of coal from under it before it collapses.

4. Floor of the SeamThe seam floor should retain its strengths whetted. Swelling
floors limit the application of this technique.

5. Hardness of CoalThe coal seam should be soft or ‘ploughable’, badree of dirt
bands of any importance.

Table 1 gives the geomechanical characteristis®ofe seams in which hydraulic

mining has proved successful.

Table 1 Geomechanical characteristics of some ssfidehydro mining projects.
(Singh R.D. 2004, p. 344)

Country China China Canada
Location
Kootenay
1) Colliery HsiehchiachiNe3 Colliery Yaugchunyg colliery coalfield of
British Columbia
2) Seam C13 Ne3 Balmer seam
Thickness of
the seam 3,6 (average) 4,5
Dip of the R 25°-55° average
23 - o
seam 35
Depth from 250-550 m : 250-300 m
tha surface
cleated and fissured fairly hard coal -
immediate 1,3 to 3,0 immediate 5 m Silts to be Shale. sandstone
Roof sandy mud stone; Main | fairly stable; overlying roof )
. : . and siltstone of
roof 6-8 m medium medium grained sandstone ; :
) varying thickness
grained sandstone m.
Gas condition super gassy - -

Hydraulic breaking down of coal

The coal is broken down by a high-pressure watefthe water is used from mine)
directed against the face, the pressure beingaserkor decreased according to the hardness
of the seam. The hardness of the seam is of primgygrtance. The minimum pressuré.f
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necessary, for effective breaking down of coal lsametermined by the following expression:
(Singh R.D. 2004, p. 344f)

Hydraulic transport

Hydraulic transport of broken coal is done in tbikofwing three ways:
1. Along the floor

2. In flumes

3. In pipes

Hydraulic transportation along the floor
At the face, hydraulic transportation can be cdraat along the floor of the working and can,
if the face is short, proceed even though themmigradient in the roadway. The quantity of
water required for floor flushing depends on thee 2f the materia(Singh R.D. 2004, p.
347)

Hydraulic transport in flumes

In the roadways, it is customary to employ flunmefdrapezoidal section for this
purpose. These must be laid at a gradient of at I€ain the direction of flow. The
throughput of coal/water mixture along 40.65 cmrutes is 5.000 litres/min and along 50.8
cm channels 8.410 litres/mi(Gingh R.D. 2004, p. 348)

Hydraulic transport in pipe

Transportation of coal slurry in pipes is the magbular and used more often than the
previous methods. Pipes are from the sump to tiacufor transporting pulp horizontally
and vertically by special pumps.

The entire pipeline system should be designed e hgipe friction of less than 1%.
Many free on-line calculators for pipe friction aother pumping parameters are available on
the Internet(Darling, P 2011 p. 1050 f)

Hydrohoist

The Hydrohoist is a high pressure pumping systatukes a system of three-feed
pipes which are filled with slurry in sequence &ydurns have their slurry content forced
into the transport pipe and to the surface by pigtssure clear water. The result is that the
slurry is pumped to the surface by high-pressuragsubut the high pressure pumps
themselves are never subjected to the damagingiabnass of slurry because the slurry
never passes through the pumps. Hydrohoist makesgible to carry raw coal out of the
mine by means of a single pipeline after havingedigoal with water. Hydrohoist equipment
is used in combination with hydraulic coal mining.

HIGH PRE SSUKE
MATER PUMPB, 3

Figure 2 Hydrohois(Singh R.D. 2004, p. 350)
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A Standard model of Hydrohoist developed by HITACBHpan is shown in Figure 2
The equipment comprises the following:
Advantages of hydrohoist

1. Installation costs are low because topograpmpt an important factor and there are
no reloading points along the pipeline.

2. Reduction of labour cost is possible sincéhelequipment is concentrated at the end
of the pipeline. Maintenance is extremely simpld aquipment can be operated completely
automatically, therefore only one operator is néede

3. Practically no need to pay attention abouttgafo danger of coal dust explosion; no
danger of fatal accidents

4. Coal can be transported in big pieces; howetvehould be less than one-third the
pipe diameter.

5. High head and long distance transportatiorrdnary raw coal is possible i.e. up to
1,000 m vertically, or 10 km horizontally. Consenqtlg coal can be transported outside the
mine in a single, unbroken stream, no matter hogpdke mine shaft may be.

6. No-high precision adjustments are requi{&ihgh R.D. 2004, p. 351)

COAL PREPARATI AMT

[+ EHA;EE:!E

CERTRIE

ﬁgw;:g,m The scheme of coal
EHESR mining and

transportation

Coal to
Conjumar

Surface
- T

Coaltramsport — aleag MNoor — eee=ms
Coal trasspert — imflgmes — DN
coal transpsrt — in pipeilineg — TECwC

Water *ranspart = in pipelines - =——

H SHAFT
ickEEsl.!r.EIEIE}UtSHEH Ilf‘rlkréfh

i _ I

Figure 7 Diagrammatic layout of a hydraulic m{&ngh R.D. 2004, p. 345)

Comparison of economic indicators of various produiton methods

Table 4 Comparative economic indices of hydraulid eonventional mining systems
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Hydraulic Conventio
Capital investment in Rubbles per ton 1r?3i—n2C5 g(i)m
Volume of Mining works, m 170,000 420,000
Volume of production building, 400,000 760,000
Monthly labour productivity, tons 144 58
Cost of production, rubble/ton 3to4.5 610 6.5
Overall production cost, rubble/ton 6to7 10

soucé Astakhov. A. (1979) “Development possibilities W8SR coal mining in the first
quarter of 21st Century, in Future Coal Supply toe World Energy Balance. pp. 36-46.

Advantages and disadvantages of hydraulic mining

Advantages:

1. Itis continuous in character.

2. There are small number of inherent operations hagtocess is simple.

3. The elements of various mining processes as comwitin traditional mining arc
reduced and hence there is reduction in labour.

4. The system lends well to automation and remoterabnt

5. As the presence of workers and the equipment isxeetled at the working face, the
space need not be supported.

6. Coal pulp can be transported if the slope is mbaa t7°; with special type of lining
the angle may be as low as 4°.

7. Hydro transport reduces the volume of roadways hafts needed for transport
purposes.

8. The process of coal breaking is flexible and caedmly adapted to tectonic changes.

9. There is reduced health hazard.

10. The frequency of occupational injuries is 2-3 timesver than with traditional
methods because of the absence of workers at tiee dad of rolling stock and mobile
equipment in the mine workings.

11. Air pollution by coal dust is insignificant not eeeding 0.25 to 0.5 mg/m3.

12. Because of the lower number of main and auxiligpgrations and reduced labour
consumption, the productivity in hydraulic minesultbbe 1.3 to 2 times higher than in
traditionally worked mines.

13. The cost of production in hydraulic mines is 101&% lower than in conventional
mines in the same coalfield with identical condigo

14. The cost of hydro transport within a mine is 10dilass than conventional transport.

15. The cost of fixed assests per ton of coal mineZbl lower than in the conventional
system.

16. There is less chance of explosion due to simplifiedtilation system and due to
reduction in the use of electricity and cutter bits

Disadvantages:

1. Fuel and electric power expenses are 1.5 to 2 tingdser than those of traditional
mines.

2. Humidity in the underground mine environment ishhig

3. The entire mine must be planned around the gralityen hydraulic transportation
system; roadways must have an average inclinafiahleast 4.0°, even if” this means coal is
left in the floor.
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4. High influx of water can cause problems with acichendrainage; this acidity increases
with high sulphur coals.

5. Hydraulic mining can require the consumption ofj&rvolumes of water and more
electricity than conventional mechanised technigles is especially true for operations
where the drainage level is underground.

6. Coal is broken along its entire transportation eawgsulting in higher levels of fines in
the run-of-mine product. This increases the capital operating cost of dewatering facilities.

7. Water reduces the strength of geological matergald therefore there may be an
increased propensity to roof falls.

8. During coal extraction, the operator is unable ¢e the coal face and as a result is
unable to ascertain exactly what is happening. Assalt, a collapse of roof strata may bury
the monitor/face equipmeniHebblewhite B. K., 2005. p. 173)
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VJK 622.27.012.3.001.63

3aryomnora B.B. m. H. ¢. kadeapu BiakpuTHX ripHHYHX PoOiT
(Ueporcasnui BH3 * Hayionanvhuii 2ippuyuil ynieepcumem” )

CPABHUMTEJIbHAS OHEHKA MOJEJIA ITPUHATHUA PEIHEHUA 1 MOJIEJIN
KJIACCHYECKOM YCJIOBHOM ONITUMM3AILINU 3ATAYA INIAHUPOBAHUA
I'OPHBIX PABOT

OcHOBHBIC 3Tallbl PEIICHUs 3a7aud TUIAHUPOBAHUS TOPHBIX PadOT, MPEICTaBICHHON
MOJICTIbI0 TIPUHSATUS PEHICHHS W MOJCIbI0 KIACCUYECKOW YCIOBHOW ONTHUMH3AIUU
MpeACTaBICHO B Tabmuie 1.

Tabmuna 1
OCHOBHBIC 3TAITBl PENICHHS 3a/1a49M IIAHUPOBAHUS

OTanbl pelneHus 3aayu, NpeCTaBICHHON
MOJENBIO KJIACCUYECKOU YCIIOBHOU
ONTHMM3AIIIH

Oranel pelIeHus 3a/1a41, IPEeICTaBICHHON
MOZEIIBIO IIPUHATHUS PELLICHUS

1. ®opMupoBaHUE UCXOIHBIX IAHHBIX B COOTBETCTBUH C MMOCTAHOBKOMW 3a/1auu

3amaercst 00JaCTh JOMYCTUMBIX PEIICHUH,
3HAYCHUS CUCTCMBI OFpaHI/I‘-IeHI/Iﬁ nu
KPUTEPUN ONTUMAIIBHOCTH.

3amaercst 00J1aCTh TOMYCTUMBIX PEIIECHUH,
3HAYCHUA CUCTCMBI OI‘paHI/I‘IeHI/Iﬁ n
MHOKECTBO KPUTEPHUEB ONTUMAIBHOCTH.

2. HerocpecTBEHHOE peIIeHUE 3a/1a41 TUIAHWPOBAHMSI TOPHBIX PadoT.

Penraercs 3amaua mo MaTeMaTHYECKOU

MOJIETIH, T/J€ U3 OONaCTH JOIMYCTHUMBIX
3HAQYCHWH  HAXOAWTCS  OAWMH  BapHaHT
perieHusl.

Ecmu HCIIOBb3YETCS HECKOJIBKO

KPUTEPUEB, TO TEXHOJIOI PACCUUTHIBAET TaK
Ha3pIBacMble  Beca  kputepueB. Jlamee
MIPUBOAUT KPUTEPUM ONTUMAIBHOCTH K
BHlY, HEOOXOMMOMY TIPU PEIICHUH 3314
MaTEeMaTUYCCKUMU METOdaMU.

B maremaTuyeckoil MOJENIH YYUTHIBAKOTCS
TEXHOJOTHUUYECCKHUC yCHOBI/I}I, B KadycCTBC
OTpaHWYCHUN W KPUTEPUS ONTUMAIHLHOCTH,
KOTOpBIe MOXHO BblpaSI/ITI: KOJIMYECCTBCHHO.

B kadecTBe KpuTepus Ha MpPAKTUKE, Kak
HpaBI/I.HO, I/ICHO.HI:BYIOT MHUHHUMAJIBHOC
OTKJIOHCHHE o KayeCTBECHHBIM
XapaKkTepUCTHKAM WIH 00BEMY PY/IBL.

JIns  MOMydyeHHOTO BapuaHTa PEIICHUS
paCC‘II/ITBIBaIOTC}I 3HAYCHUSI
TEXHOJIOTHYECKUX YCIOBUH.

2.1. dopmupyertcs MHOXECTBa
AOMMYCTHUMBIX BApUAHTOB pPCIICHUA, T/C
BBITTOJTHSIFOTCS TEXHOJIOTUYECKHUE YCIIOBUS,

KOTOpbIE BO3MOKHO y4ecThb
KOJIMYECTBEHHO.

2.2. TlpoBoauTcsi CY)KEHHE MHOMKECTBA
QIPTCPHATUBHBIX ~ BAPHAHTOB,  METOJIOM
MIOTIAPHOTO CPaBHEHUSI.

CpaBHUBAIOTCS  3HAUYCHHMS  yKa3aHHBIX

TEXHOJIOTUYECKNX YCIOBUA HW B CcIydyae,
€CJIM B KaKOM-TO BapHaHTEC JTH 3HAYCHHS
MEHBIIIE TI0 OOOMM YCIOBHSM, TO TaKOE
pelIeHne oTOpackiBacTCs TSl JATbHEHUIIIETO
paccMOTpeHHs, a OCTalbHbIE (OPMHUPYIOT
MHO>KECTBO aJIbTCPHATUBHBIX BAPUAHTOB.

2.3. PaccuutniBaroTcs Beca  BCeX
KPUTEPHUEB ONTHMAILHOCTH.

Ha nanHOM 3Tame MCHoONb3YIOT KpUTEPHH

ONTUMAJILHOCTH, dbopmanbHOTO u
He(OpMaIbLHOTO XapaKTepa.

Hns KaXJ0ro u3 KpUTEPUEB
PACCUUTBIBACTCA 3HAUYCHUC OTKIIOHCHHA OT
onTUMadbHOrO  3HaueHus. [IpoBoautcs
paHXXUPOBaHUE  CYXKEHOTO  MHOXKECTBa

AJIBTCPHATHBHBIX BapUaHTOB PCHOICHUA C

ydyeToM  HMHQOpPMaIUM O  BaKHOCTH
KPUTEPHUEB ONTHUMAJILHOCTH.
3. AHanIM3 NOJTY4YEHHOTO PEUICHHUS.
B ciay4dae eciu pelieHne He| B ciydae eciu pelieHne HE
YIIOBJIETBOPSIET  TpeOyemble  3HAYCHMS | yIOBIETBOPSET TEXHOJIOTa, TO
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TEXHOJIOTUYECKUX YCIIOBHH WIN | OIpenenseTcs, KaKue TEeXHOJOTHYECKHe
HE00X0AUMO (dbopMHpOBaHUE | YCIOBUSI HE COOTBETCTBYIOT TpeOyeMbIM
aNbTEPHATUBHBIX BapHAaHTOB, H3MEHSIOTCA | 3HAUeHMAM. Ha  OCHOBaHMHM  CTENCHH
UCXO/HBIE JIaHHBIE M pEIICHHE 3aJaud | OTKJIOHEHUS OT TpeOdyeMoro 3HaueHUs
HOBTOPSIETCSL. nepecMaTpHBaCTCS paHmXHpOBaHHE
[Tocne monyueHUs: HECKONBKUX BAapUAHTOB | KDUTEPHEB ONTUMAIBHOCTH W 3HAYCHUS
pelIeHus], MPOBOANUTCS HMX CPAaBHUTEIbHAS | TOMyCTHMBIX OTKJIOHEHHH OT ONTUMAaJIbHBIX
OLIEHKa, TI/Ae ompenensercs HaubOosee | 3HaueHuil. [lamee mMOBTOpsieT MOBTOPHOE

IIPEANOYTUTENBHOE PELICHHE. paHXUpPOBaHUE aIbTEPHATUBHBIX
BAPUAHTOB pCIICHUNM. Takke BO3MOKHO
(dopmupoBaHue HOBOTO MHOKECTBa

aJIbTCPHATUBHBIX BAPUAHTOB pELICHUH, B
pe3yapTaTe U3MEHEHUS UCXOIHBIX JaHHBIX.

CpaBHHUTE/IbHAS OIICHKA JTAloOB pEIICHWS 3aJadd ITUIAaHUPOBAHHUS TOPHBIX padoT,
IIPEACTABICHHOW MOJCIBI0 IIPUHATUS PELICHUS U MOJCIBI0 KIACCUYECKOM YCIOBHOM
ONTUMU3AIMH BBIIOIHSIACE I KaXKA0I0 dTamna.

1. ®opmupoBaHue HCXOAHBIX JIAHHBIX B MOJENW MPUHATUS PEUICHUS U MOJIEIH
KJIACCUYECKOW YCJIOBHOW ONTUMU3AIMU HE OTINYAOTCS.

2. llpyHIUTIHATBHBIM OTIIMYMEM CTPYKTYPBI 3Tala PelieHus 3a1aud TIAHUPOBaHUS TI0
MOJIEIN TPUHATHUS PELICHHS OT MOJEIU KJIACCHMYECKOW YCIOBHOM ONTUMHU3AIUMU SIBIISIETCS
CUCTEMHOE UCTOIb30BaHUE HHPOPMAIH HEPOPMATLHOTO XapaKTepa:

- YYET TEXHOJIOTHYECKUX YCIOBUI He(hOpMaIbHOTO XapaKTepa;

- nH(opmanust 06 OTHOCUTENBHON BAYKHOCTH KPUTEPUEB ONTUMATHHOCTH.

Pemienue 3agaun miiaHUPOBaHUS C TOMOIIBIO MOJEIN MPUHSITHUSL PEUICHUS B OTJIMYUE OT
MOJIEJIA KJIACCUYECKOM ONTHMM3AIUU PEAIU3yeT CUCTEMHBIH MOAXOJ, YTO BBIPAXKAETCS B
WCITOJIb30BAaHUU TTPUHITUIIOB yueTa nH(popMaiuu HeopMaabHOTO XapakTepa.

Pemenue 3amaun, mpeacTaBIeHHON MOJENBIO KJIACCHYECKOM YCIIOBHOM ONTHUMU3ALUH,
TpeOyeT JAOMOTHUTEIHHOTO pacyeTa TEXHOJIOTHYECKUX YCIOBHH YXKe MOCTe PEIIeHUs 3a/1auu
IaHupoBaHus (KauyecTBO PyAbI MO COPTaM M Pa3HOBHIHOCTSAM MO OOOraTUMOCTH), UYTO
HUCKIIIOYAaeT  ONpeldelieHne WX  palroHadbHbIX  3HaueHwid. [lpu  dopmupoBanHum
aJIbTEPHATUBHBIX BAPUAHTOB 1O MOJIEIU MPUHATUS PEIICHUS MPETyCMOTPEH YYET KadyecTBa
PYABI IO COpTaM M Pa3HOBHIHOCTSAM IO OOOTaTHUMOCTH, YTO TO3BOJISIET HAWTH BapHUAHTHI C
HaWJTY4YIIUMHU 3HAYEHUSIMHU 3TUX KPUTEPHUEB.

3. Dtan aHanu3a perieHui, MpeaCTaBICHHbBIN MO0 IPUHATHS PEIICHUS B OTJIMYNC
OT MOJIeNId KJIACCUYECKOW YCIOBHOM ONTHUMHU3AIlMM, B 3aBUCUMOCTH OT KOJIMYECTBA
HEY/IOBJIETBOPSIOIIMX 3HAYEHUNW KPUTEPUEB U CTENEHU HMX OTKIOHEHHUS MpelycMaTpUBaET
KOHKPETHBIC JCHCTBUS MO M3MEHEHUIO MH(POPMAIIMK HA Pa3HBIX dTarax MOJEIH TPUHSITHS
penieHus. DTO MO3BOJIUT MOJIYYUTh OoJiee MPUEMIIEMOE PEIICHUE WU YOSAUTCS B TOM, UYTO
MOJIYYCHHOE pelieHrue HanboJiee paroHaIbHO.

BriBOaBI.

CpaBHuUTENIbHAS OLICHKA 3aJa4M MPUHATUS PEIICHUS U 33]1a4d KJIACCHYECKOW YCIIOBHOM
ONTUMU3ALMKU JEMOHCTPUPYET MPEBOCXOJCTBO IMepBoi. B 3amaue mnpuHATHS pelIeHHs
UCITONIB3YETCsl OOJbIee KOIUYECTBO HWHGPOPMAIMHM, YTO JaeT BO3MOXHOCThH JaTh OoJjee
000CHOBAaHHOE pEIICHHE, YeM B 33]/la4e KJIIACCHIECKOU YCIIOBHOM ONTHMH3AINH.

Ha mpakTtuke, mpu pemieHNH 3aa4u MIAHUPOBAHUS TOPHBIX pabOT, UMEET MECTO y4eT
He(OpMaTbHBIX (PAKTOPOB U MPUHATHE PEIICHUN B YCIOBHUSIX HEOMPEACIEHHOCTH, HO MTPOLIECC
ydgeTra 3TOW WH(OpMalMM BBHITIOJHSIOTCS Ha HSBPUCTUYECKOM YypoBHE. Pemienuwe 3amaun
IJIAHUPOBAHUSI C TOMONIBIO MOJIETM TMPUHATUS PEIICHUs, B OTIMYHE OT MOJEIN
KJIACCUYECKOW ONTHUMH3AIUU, COJACPKHUT TPHUHIMIBL ydeTa wHoOpManuu HedopMaabHOTO
XapakTepa Ha Ay C yUeTOM KOJIMYECTBEHHBIX TEXHOJOTHYECKHX YCIOBUU. Takum oOpazom,
peanu3yeTcsi CHCTEMHBIN TTOIXO0/1 PU PEIICHUH 3aa91 IJTAHUPOBAHUS TOPHBIX PadoT.
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Yepuienko A. 5. crynent rp. I'i-13-m2
(Ueporcasnui BH3 " Hayionanenuii 2ipnuyuii ynisepcumem”, m. JJninponemposcok, Ykpaina)

Hydraulic transportation of slurries. Basics and applications
1 Introduction
Slurry is essentially a mixture of solids and liquids. pihysical characteristics are de-
pendent on many factors such as size and diswibwati particles, concentration of solids in
the liquid phase, size of the conduit, level ofbtdence, temperature, and absolute (or
dynamic) viscosity of the carriglBAHA E. ABULNAGA, PE.,2002, p. 1.3)

Figure 1 Slurry(http://www.sweeta.illinois.edu/slurry.cfii0.01.2014)

2 History of Slurry transport

The science of slurry hydraulics started to flduris the 1950s with simple tests on
pumping sand and coal at moderate concentratibhaslevolved gradually to encompass the
pumping of pastes in the food and process indsstnextures of coal and oil as a new fuel,
and numerous mixtures of minerals and water. Becatishe diversity of minerals pumped,
the wide range in sizes [43 um (mesh 325) to 51 (@nm)], and the various physical and
chemical properties of the materials, the engimgeof slurry systems requires various
empirical and mathematical models. The engineeahglurry systems and the design of
pipelines is therefore fairly comple8AHA E. ABULNAGA, PE.,2002, p. XVII)

3 Slurry transport ways
Slurry transport uses two methods:
Transportation in pipes;
Transportation in open channels;
3.1 Slurry transportation in open channels

The design of mineral processing plants and taslidggposal systems often includes
gravity flows in open channels. Such flows are mftalled slack flows. They involve a free
boundary to the atmosphere. In the past, many kErsndere designed using rules of thumb;
however, the development of large mines requimggaaous scientific approach.

Most of the published papers on sediment transpantan open channels dwell ex-
tensively on the geophysics of canals and rivers. .

One subject of great interest to civil engineethéscarrying capacity of the channel for
sediments. This is often termed the sediment loatis measured as a function of the flow
rate, width of the channel, and sediment conceatralsing channels to transport solids has
limitations due to the fact that no pumps are usefbrce the flow.(BAHA E. ABULNAGA,
PE.,2002, p. 5.51)
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FIGURE 2 Large concrete structures offer a methibdooveying large quantities of
slurry. This structure was built to convey 150,@60s per day of soft high clay tailings at a
Peruvian copper minédBAHA E. ABULNAGA, PE.,2002, p. 6.2)

In the case of open launders, particularly thoseeofangular and U-shape, the main
concern is to avoid spills. At certain bends, abuartain obstacles, or at a sudden reduction
of physical slope, the flow may slow down consitdgyaand even spill out of the launder. For
straight runs away from such bends and junctionsuwiders, open conduits are designed to
be one-third full. When pipes are used as opendens they are typically sized to be 50%
full, but in the case of tenacious froth they maysized to be 25% or 30% full (Figure 3).

H=2/3
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FIGURE 3 Recommended degree of fill for open chamshery flows. . (BAHA E.
ABULNAGA, PE.,2002, p. 6.8)

3.2 Slurry transportation in pipes

The entire pipeline system should be designed v laapipe friction of less than 1%.
Many free on-line calculators for pipe friction aother pumping parameters are available on
the Internet.

Because collisions between mobile plant and theliip network are inevitable, having
the ability to isolate a section without losing ¢wation is a necessity. The use of ring mains
with multiple pathways and isolation points willaat the friction losses to be kept to a
minimum. Multiple pathways enable smaller-diamegigres to be used, thus saving money
and making pipe handling, maintenance, and movenwrgiderably easier. The location and
inclusion of both drain points and air bleed-ofinge should be considered during the design
process.

If there are a variety of pipe sizes in the syst&ns, obviously wise to put the biggest
diameters where the highest lows occur. Any laige,fhowever, wherever it is located in the
main feed system (before a branch occurs); wilbgsweduce the friction losses.

It is normal to use steel pipes with rubber-linegekwraps for pipe jointing; this allows
a slight give for ease of fitting, movement undarying pressure, and some flexibility in
alignment. Some industries have experimented ssftdgswith high-density polyethylene
pipes, which can be constructed in convenient lenffir dragging around the mine (typically
100 m). These longer lengths of pipe suffer prapodtely less from the friction associated
with the pipe joints and short bend®afling, P 2011 p. 1050 f

4 Slurry Pumps

There are a number of different pump types useithenpumping of slurries. Positive
displacement and special effect types such as nezductors are used but by far the most
common type of slurry pump is the centrifugal puffpe centrifugal slurry pump utilizes the
centrifugal force generated by a rotating impeieermpart kinetic energy to the slurry in the
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same manner as clear liquid type centrifugal pumps.

Components of a Slurry Pump I mpellers

The impeller is the main rotating component whidmnmally has vanes to impart and
direct the centrifugal force to the liquid. Usualsturry pump impellers have a plain or a
Francis type vane.

The plain vane has a leading edge square to tHedbaioud, whereas the Francis vane
has a leading edge projecting into the impeller eye

Some advantages of the Francis vane profile arbitfer efficiency, improved suction
performance and slightly better wear life in certiyipes of slurry because the incidence angle
to the fluid is more effective.

The plain vane type impeller exhibits better waée tharacteristics in very coarse
slurry applications or where the mold design préekithe Francis type where an elastomer
impeller is required.

BACK SHROUD
MAIN VANE

e
p

LEADING

FROMT SHROUD EDGE

=

“= FRANCIS VANE

Figure 4 Impeller vane profil@VARMAN, 5-th edition, 2009 p. 1-2)

The number of impeller vanes usually varies betwiseee and six depending on the
size of the patrticles in the slurry.

Slurry impellers are more commonly of the closedetyas illustrated (with a front
shroud) but semi-open type impellers (without afrehroud) are sometimes used for special
applications.

Impellers are generally closed because of higHfemneicies and are less prone to wear
in the front liner region. Semi-open impellers anere common in smaller pumps, where
particle blockage may be a problem, or where tleasprovided by an open impeller is an aid
to pumping froth(WARMAN, 5-th edition, 2009 p. 1-2)

Casings

Most slurry pump casings are "slower" than watemps, primarily to reduce wear
through lower internal velocities.

The casing shape is generally of a semi-volute rmmukar geometry, with large
clearance at the cutwater. These differenceslastrdted in figure.

Efficiencies of the more open casings are less thainof the volute type, however, they
appear to offer the best compromise in wear (WARMAN, 5-th edition, 2009 p. 1-5)

UT WATER

J //—
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a) VOLUTE 1) SEMEVOLUTE o) CONCENTRIC

Figure 5 Pumps casings sha@sARMAN, 5-th edition, 2009 p. 1-5)

Range of Applications of a Slurry Pump

Slurry pumps are used widely throughout the bersion section of the mining
industry where most plants use wet separation systdhese systems usually move large
volumes of slurry through the process.
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Slurry pumps are also widely used for the dispo$alsh from fossil fuel power plants.
Other areas where slurry pumps are used includentbaufacture of fertilizers, land
reclamation, mining by dredges, and the long de#aransportation of coal and minerals.

Increased global focus on the environment and gneompsumption will certainly
generate much wider uses for slurry pumping in ygarcome. (WARMAN, 5-th edition,
2009 p. 1-6)

5 Examples of slurry pipeline transportation

A good example of the low transport costs attamalsing slurry pipelines is the
Savage River iron ore pipeline in Tasmania. Theterce of this ore deposit has been known
for over a hundred years and even though it istéotcanly 50 miles from the coast, it was
considered inaccessible. Indeed, the interveningiiteis extremely rugged, as shown in
Figure 6. The use of a slurry pipeline, which sdrbperation in 1970, enabled this ore body
to be developed.

& B il ‘ -ﬁ . 3% -'_‘ Ll

Figure 6.Savage River Iron Ore Pipeline — Aerial Crossing(E.J. Wasp 1977 p. 10)

6 Conclusions

It is not always a straightforward process and maglve trade-off studies based on the
rheology of the slurry, the budget restrictiong #ize and capabilities of the equipment, and
mining plans.

This effort is only accomplished through teamwotiatt involves engineers and
designers from different professions including ahneator, a purchasing officer, technicians
in test labs, geophysicists, and even specialisteetlamation of plants and vegetation. It is a
very important step to sell the concept to decisrakers and financing institutions, and the
expert in slurry systems should be consulted onvénmus options(BAHA E. ABULNAGA,
PE.,2002, p. 12.27)
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