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ApplicationofHighDensityEmdsionExplosives

inVCRMiningMe血od

byWangXugtnng

ApplicationofthetheoryofblastingcraterbyL･CILaJIgOfChadaIndustryLtd･tomining

practicebrotqEhtintobeingthesoTCanedVerEicdCraterRetreatmethodofVCRforabbreyia-

tion(1,2).触 donsuchth印ryaJldwith hrgediameterlotlgh01eblぉ血gtechniqueas

premiss,thisnewundergroundminingmethodcallmakehlluseofthebbtingadvantagesof

sphericalchargeandhassuchadvantagesashigherefficiency,lessminingpreparationwork,

lowercost,derworkingconditionetc.

Miningpracticeshows thatslicebhstingwithsphericalchargeofhigh density,high

detona血gyelocityaJ)dhigh strength explosiyesisal【eyteclmiquetorealizeVCRmethodin

practice.

TopromotetherealizationofVCRmethodJ3GRIMMsuccessfullydevelopedCLHseries

emulsionexplosives.Havinghigh density (1.35-1.55g/cm3),high detonatingvelocity

(4,500-5,500nlsec)andhigh strength(thevoluJneStrengthaCLHiB1501220suppo紀 that

oLrockexplosiyeNo.2as100),th斡eexplosiveproductssatisfactorilymeettherequirements

setbythisminingmethod.Alotofexperimentalcraterblastingworkwasdoneintherepresen-

tatiyer∝ksatFanbuLeadBLndZincMine,fouowedbyVCRbhstingoperationscompletedin

twoexpe血 enblsto一esandoneproductionsto一e.Alltogether16rotmdsofsphericalcharge

Sliceblぉtand2rounds0fcoltmnchrgeincombinationwithpardallysphericalchrgeblast

wereshot,consuming25.5tonsofCLH-2explosivewith95,000tonsoforebrol【endown･

PracticeinFad(ouMineShowsthatCLHseriesemulsionexplosivesareveryefEectiyeand

suitableEorVCRminiTIgmethodaJtdthetedlnico-economicalresultsachieyedaresatisfac-

tory.

lnthispaperparticu)aremphasisisplacedonthetypesandcharacteristicsofCLHemdsion

explosives,crateringtestsaswellastheirapplicationinVCRminingaJldtherestlltsobtained.

I. Types.CharacteristicsandPackage

SpecificatjonsofCLHExplosive

I.I Typesofproduct

Experienceshowsthatthedensityandexplosiveness

of丘nalprductsshoddbegivenprimaryconsiderか

donwhendesipingdiEEerenttypesofCLHseries

emulsionexptoBives.i.e.,8uChdiEEerenttypes8hollld

hare diLfereJltdensity.detonation velocity and

streJlgthg)aStomatdlwithrockswhichharevariou写

characteristics.Now,therearefourtypesoECLft

seriesi.e.,CLH-I,CLH-2,CLH-3andCLH-4with
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bothirLCreaSingdensityandstrengthtoful旺mthere･

quirementsoLVCRmininginvariousgeologicalcondi･

donswithdifferentrock/oretypes.Generally,CLH-I

aJldCLtl-2areusedtorVCRmillingimmedium-hard

rockswhereasCLH-3CLfl-4suitableforhardrocks

withpoorbhstability.

1.2 MainFeatures

I.2.1 Physicalappearance

ltisknown thattheapp8m CeOfemubiorLeX･

plosiyesdangesastheexterTIalphaseviscosity

varies.TheproductitselfcanbeLIowablesatpasteof

nonadhesiyeelastico-plasticsub由nce.Acordingto

thepracticalrequirementofbbLStiAgOperatioJ),fhish-

edproductsofCLH haveanappearanceoEsoft,
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Table1 PerEormaJtCeOECLHprodtJCtS

PrductItem CLH-1 CLH-2 CLH-3 CL

H-4Density(ど/eta) 1.35-1.40 1.40-I.45 I.45-I.5D 1

.48-1.55DetonadOF票票 4500-5500 4500-5500 4500-55

00 4500-5500Crilicaldiametre(E

n) 60 60 60 60CratervoltLme

(a) 2.48 4.29 3.67WaterresistzLnOe EXceuent EX

ceueJ)I EXcdlent ExceueJltS

torageperiod(m机th) ≧6 >6 >6 ≧6pl出tk･pastewi

Lhthecolouryaryingかotnsilverp ytolightbroⅥt.WhilethedensityraqES bm

I.35-1.55dcm3.I.2.2 Perforrn8nCeDataconcern

ingtheperEorTmnCeOfCLHproductsaLregiyenbelowill

Table1,includingexploSiyeJleSS.waterresistaJICeaJIdstorag

eStability.I.2.3 SafetyfoBtLJIOSToensureBaLedee

p-holeblasting,itisofyitali血一portancetotest

8aLetyfeaturesofCLHseriesemul･sionexplosiye8ha

llrespects,indudingimpact,EriC･tiorL,flameands

hootingseJlSitivitjcS.thermodecom･PsitionaJtdpo

isonousgasrelease.AlltheseweremeasuredandtheresultsareShownimTa

le2.).3. Pz)ckeEIOSpecifi

cationI.3.I P8Ckz[goofoxplosivesCLHseriesexp

losiyesacrel沌Ckagedhphsticbagsof150mmindiameter.TomeetrequirementsoE diLEereJlte

XPe血 enblBtOpeS.theexploSiyehagsbyeweightof5kg.10kgaJld12.5k

grespectively.l.3.2 PrirnerchaqePTherdq e
iscasledwitJ)RDXaJldTJVT(RDX:TNT=1:1),eachprimerw

eighs200四 mS.2.

CraterJq Test(3)2.I. PrinciplesCraterbhshgis

abustingoperationwitJISPhericaJdhargeconfinedat
acertahdepth;whenthed)argeisdetonatedEracttwe

swillSpreadradiallyalloyerthesu汀Oundingrodk

Tnediumwithinthebl拍teEEd ngzone.Figureland2al

ustratetheoccuTrinBaJtddeyelop･ingoEthecraterasweu88thedistributiono

Efracturedzonearoundthecrater.Summingupt

heleSdt90Ehislong-tertnre蹴ardlwork.C.W.Liy

inptonpointedoutwhentheaJnOuntofenergy

coJM ed inrock-breakinggetstOitsmaximtmi.e.thevol

umeoLtheblastcratergetstoit与Tz)BIB2 SaAyf飽

ttm aCLHseriesenuhionexp]osiyesType
tlem CLH-1 CLH-2 CLH-3 CLH-4 NotesⅠmpactsenSid

yity(形) 0.0 0.4 0.0 16.16 48土2EortetryIFrictioーlS

erLSitivity(形) 0.0 4.4 0.0

0.0 12-)4EOrtetrylFlamesensi

tiyity nO n○ nO nOShOoting8eー柑itiyity nO Ilo nO mO

ThermodecompOsitionpoint(℃) 220-392 230-
380 232-3



撃 ≡Fig.1 KeyeventsiJ)m terEormati

on･I.Stresswarereaches8urEace2.Stdace
qdls3.Gasacceleratio71

4.Venting5.Craterformationcomple

temaximumandthebrokenr∝ksizeop血Ⅶm,b

udddepthatthissittlatiorLiSdefinedasoptimumbud

aldepthdo,andNissup岬 daSCriticalburialdep

th･Le.tJlebu血ldepthatwhichalmostallexplosiolte

nerw ISCOTtSumedbyrKkmedium.thebhstingyibration

caus飼elasticdeformationillrockmass,andr∝katthefreefacei8justloosenedinlayers

ofbulgeswidlEractw eoccurring.≠ustheEouowiJlg

eXpreS･sioncouldbeusedtoshowtherehti

onshipbetweenexplosivesandrockmedium:N=

EWI') (1)where N=thecriticalbu血Idepth(meter)

;W=dq eweight(kilo四 m);E-factoroEstra

inerLergy.itisconstantEoragivenrock-∝p

losiyecouplhg.FortJleOPtimtmbu血ldepthdo.expressi

on(1)canbewrittenintheEonowhgform:do=AEWL4
(2)where d=themtioofactudbudalde

pthtocriticalbu血ldeptJl. Fig.2 Section

alviewoftractured抑nearOuJ)dbustcr

ater.1.Appm tcrater2.Sphericalchqge3

.Tmecrater4.CotnpIeteruphre5.Extremerupbr

eUsuanyinpracticeoTle

rOtLELdoEcrate血gtestcon･sistsofseyerals

hots.hdlottheSb姐 gopm tioTuthetypeofexplosiye,c

hargeweightandrockproper･tyamkepttJnChaJlged.

OnlytJleburialdepthremainsayariable.ThtBOtherp

TanetreSCaJIbedetermizledbytheactualcrate

rvolumemeastmment･Iti8knownthttheshapeoEchargeshas

notablein･henceonthebhstingresults(seeTable3).Furt

hermore.LiyinptonexpundedtJtatwiththegeometricalshapeoLthechar

gechanging,blastingpr∝eSsvariesgreatly,sodoestheblastingresult8

1Forexample,whenacolumnchargeistu



Tab一e4 Crate血gtestresdtswithCLHem血ionexplosivesin紀COndaryofpill打8tOPebb血g

Holenumbertlole ChzLrge Burial StemmJJlg a.D. Cater (鎧) VisIl)Ie HoleleJ)gthdq)th length depth length yoltLme Cmterd
epth renaiJIed(∩) (tu) (A)

(n) (a) (也) (tEl)1 3.00 0.45 2.78 2.55 0.85 0.25 0.06 0.13 2.87

2 3.50 0.45 3.27 3.04 / / / / /3 1.31 0.45 I.09 0.86 0.33 1.21 D.27 0.97

0.344 2.60 0.42 2.39 2.18 0.73 0.12 0

.03 0.41 2.19⊃ 1.93 0.43 1.72 1.50 0.5

3 1.03 0.23 0.81 1.126 1.60 0.45 1.38

1.15 0.42 I.79 0.40 0.60 I.007 2.20 0.46 1

.97 1.74 0.60 0.67 0.15 0.19 2.01Notes:'

B･D･-BuridDepthtoCriticalDepdlratio.●●q-R∝k/Orebro

kezlbyexplosiyeofunitweiBht.applicationoEBPhericalchargeinfieldblastingprac･

tile.LC.tugbroughtfoTd anew conceptofmo

difiedcTatedngblas血gwhichSupplemerLtedandimp

royedLiviJlgStOn'stheory.As hepointed.iEaspherical

charm i8Shottow乱dBafreefacesudhasthebackof

adr的orroofofartykindofurLderqourLdexcayation

s,acratersimihrtoordinaryonebutinvertedinsh

pewilLbeforTTted.Inthi写CaSe.Ancethecrateris

upside-down.thegrayitatiot)forcenotonlypre

yentsnothingbutpromotesthebreak-OfLofr∝kinLh

efracturedzone.Thereexistsastr鰯 三〇nebeyond

thehcEuredZone,WheretherockcanbeftJr･therde

terioratedandbroken一〇fftogetherwiththenextn飽rbycr

aleringshot.DefKndentonrockproper･tiesaJld

geolo由calformation,thetotalheightofsuchtlp

side-downcratermaybemanytineslargerthantheoptimumdistazICehmthesphericalcharget

OEpeehce.

htrdu血 gthisconceptoEupsetcraterhtomining practicehasleadtothe

VCR methoddeveloped.2.2 Resultsofcratering

testwithCLHseriesemulsiorLOXPIosivesPractic

eshowsthatblastingparametersmustbedetermined

basedontheresultsofcrateringtestillsittJ.Therefore.withtheparticuhrrockproperdes

andgeologicalconditionsatFankoukidandZincMine,whichtypeofCLHproductandwhtmi

ningbustpaJTameterSShouldbeused-allthesemus

tabebedeterminedbyinsitucrate血gtest･since

rockandoretypesandgeologicalcondidonsaredifEeTmtbetweenprimaryaJlds∝ondarystores, Crateringtests

ithCLHexplosivesWereCarriedoutilltesdngdriftsnearthesto一es.23bust

holeswereShotinpnJnaryexperimentalsto一e

and22bkLStholesinSecondaryscope(2訂OupS).

HorizontalbhstholesweredrilleswithYQ-loo

d州Ierperpendicdartothewdls.neholesizewas95-

110mm indiameteraJId1.5metershmddEtmoor.F

ordifferentburialdepth.holelengthyariedbetweerL

1.0-3.5meters.Aftercharging.theholeswerestemmedtJPtOthemouth.TheouterdiameteroE

chrgebagwas95mm.aJIdthechrgeforeadl

holewasヰ.5kgwitha200gastpriJner(RDX:TNT=1:l).

Thepdmerandchargeweredetonatedwithdetonatin

gfuseandblastingcaptoerLStlreCOmPIeteexpl

osion,andtheholeswereshotsepamtdy.A允eTbein

gcleaned,thecratersweremeasuredforSudlparametersasvisibledepth,d

iameterandvolume.0托rOCkbrokenazldcleaned

otltWasChssiGedbyscreenugandthenweighed.Th

ecratedngtestresultsshowthatunderpar･ticular

geologicalconditionstheblastingmechnic8aJldbrea

kingresultsarequitedeLEerentamongex･plosiyesw

ithdifferentdlaTaCterisdcs･ItwasfoundthatCLH-2

explosivewasfairlysuitableforFankouMirLe.Based

onthepreyioustests.furtherextensivecrateriJlg

teStSwithCLH-2explosiyewerecarriedoutinddtsadja

centtothetwoexperimenblslopes.Theresultsates

how hTables4aJld5.andtherelatiorL･ShipbetweenthetmityoluJneOre

brokenbytmitex･plosiye(tqQ)aJldburialdepthratio(A



Table5 Crate血gtest旧ultSwithCLHem血 nexplosiyesinpimaryorroomstolebkLSting.

Deto.velocity De貼ity WeiglltpeT.Chrgebag Burialdepth Craterparamet
erSDja. Visible V

olt)memkec g/cd (kg) (mI (m) depth(∩) (a) LT.50mm 50

-150mm 150-300m

m(/06) 一%) (,Oo/)4855 I.43 4.5 1.03 3.50

I.02 2.40 35.06 31.89 17.14855 I.43 4.5 I.40 2.05 ).48 4.29 49.2 22.6 17.

64855 1.43 4.5 ).80 2.45 1.13 2.96 / / /

4855 1.43 4.5 2.31 2.61 0.90 2.00 34.2

23.84 20.894855 I.43 4.5 2.79 I.90 0.52

0.58 25.9 27.6 32.94855 I.43 4.5

2.98 0.40 0.20 0.l5 46.0 44.8 9.23000 ).00 4.5 1.66037.9227.6325. 98

'TheholeNo28wa



Table6 Parametersformcraterhgtests(forCLHseriesemulsionexplosives).

Critical Optimum E

.burialdepth buriald
e一血(m) (rtI) Crater Visible Cra

ter a.D●●radius depth Volume rado

(m) (rFl) (Fl)3.27 1.38 I.9

8 1.45 0.60 I.97 0.422.98 1.40 1.78 1.54 4.29 0.

47Notes:●Strain

enerwfactor●●JludaldepthT8blo7 Physic0-mechanicalpropert

ie80frodk/oreinShilingstole.Ordd Vdune TraAStnissimvelodtyd TTanSmiSdOnVd∝ity?∫ Vebcity〇一

C〇mpressiyeTeASiⅠeSh血 mg PoissonradOtypes (潤 ) p-問yeでnrl))e p-WaYeLnrOckmass

(m/see) S-ware(a/Sec) S(% 怒 B(%怒 竃 怒 stadcal 臨O
re 4.31 6022 2995 4490 1561(14-18) 62 120 0.26 0.3

6Limestone 2.82 5824 2800 3690 1502(10-12

) 54 150 0.19 0.13OreinShilillg駅COndary
sto一eisdense,masSiyehigh grade(Pb+ZA=26.41%)p

yriticlead-lineorewithtotdsulphurupto33.3%.Mi

nedorefromthisslopehsatendencyoEspont

aJleOuSheating.Theoreandits surrolmding

rockareEai(Iycompetent(E-8-10)and theirblast

abilitiesrange from-mediumJiLEicdtI一o-verydifEk

ult.'Theore-rockcontactisdistinct.withStriped

noduhrtimestoneasLootwanamd叩OttylimestoneashaJ1

gingwall.TheLootwalIisincontactwithabigfaul
tnamed-F3-.dip-pingatanarLgleoE丁oo-90o.whid

一isthemainFaultinthisarea.dominatingthegeol

ogicalstructure.TheslopehasawidthoE8meters,a

lengthoEabout38metersandorereservetotaling45,499to

ns.Mainrock/Orephysic0-mechanicalpropertiesare

listedinTable7.Jinmiglingsto一eislo拍tedatboth

endsoEorebody-Ji-2'oEFankouMine.itstJpperpar
tisloosenedduetooxidizhgaJldleaching.Theo

reaJldsurroundiJlgrockthrotJghouttheorebodyaremedium

competent.PartoftJlehal)gin首wallinNo1stophg

sectionisadja･centtoEadtF4,aJldthereexist

sahcturedzotIeatthemiddleoEthisstore,where

theorebayiscon･siderablyETaChlred.Ordr∝kph

ysicolmeChanicalprかpertiesofthisSto一eareShownbelowinTable8.

3.2 ProdLJCtionBIostVCRmethodischraeteriZedbydrillinghlesin onestepfollowedbyrep現tedblasting

operations.i.e.chargingTShootingcirclcwillrepeat

8eVeraltimesineachhole.Thereforeproperselection

ofholepattern.血 geloadingstructureaJldstemmiJ)glengt

h.etc.isofyitalimportancetoetLStm Satisbc

torybhstiJlgresults.The叩hericalchugebhstopera

tioninVCRminingincludesholelneaSuring.bott

om-plugging.dnTging.stemmmg.ignitedrcuitconn

ectingandigniting.Basedontheparametersobtainedfr

omaseriesofcrateringtests,thedrillpattem.Singl

edeckchrgiJIgstructurea

nddetonationgcircuitweredetermiJ)ed,asshowTLin

Fig.4.5and6.5.10aJld12.5kgchargeba

gs,150mmindiameter,wereusediJltheexpe

血 entalstopes.Thechargesweredetonatedwitht

hehelpoEcastTNTIRDXprimer(200gTamS.TNT:RDX=1:1).Double

Tabto8 Pbysic0-medhanicalpropert

iesoEoreinJin

xinglingsto°eCompressiyeStrength
(kg/cJ) 887Poissonratio 0.2

74p-wave
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■■●■●●●●●●Fig.4 DrilLpttem･
a-EorJinxinghg-160Tnleyelprimarys

toreb-forShihg-80mlevelscco7)daJ

YStoreFjg.5 SirLgledeckchrgingstnJCture

.a-forJinxingling-160leyelp血 arysto
一eb-forSt血ing-807nleydsec

ondarystol把a;ト¶ylonrope2-detona
血gcord3-sandStemming

4-10kgdhargebag5-5kgcharget
q6-p也 er7-10kgchrgebag8-sandst

emming9-cementplugb;

1-plug2- Sand3-12.5kg

chargebaB4-pimer5-12.5kg血町田bag6
-sand7-detonatingcord 8-woodstickfor

haJlghg9-detonatingtube1a-dわllholeignitingsystem.ie.pl舶ticdetona血gtubeincom･

binationwithdetonzlthgcordwereemployedtoeustJre

areliableipition.ThewholeignitingcircuitwascappedWithtwoinstantelectricaldetotutors. I2て. 日 一 芸=与 i ',i ) ",lJ ii

L } ′'卜＼上 し J

J卜 一･一一bFig.6 IgTu'tingcircuit
.a-LorJinXingling -160m leyelpr

imarystopeb-forShil
ing180TrLlevelsecondaryslope6a:I-brarLChdetorLatingcord

2Ielectricaldetonator

3-maindetonat
)'ngcord4-detonat)'ngtubc5-d

rillholeb:I-1strow2-2ndrow3-

3rdrowlkEore bhsbg,theholedepth should be

measured.ALterwardsholessl10uldbeplumed

withwoodenorcementplugsandStemmedtotheopti

mumbrialdepth.InthemeaJl-timeigni血gsystemis
assembledI'.C.thep也 ersare caロped.aJtdth

enthecappedprimersconJ)eCtedWithdetonatingc

ordordebzutingttJbe.m en.onechrgebago一紙Veralchr

gebagsconnectedwithigni血gsystembyinser･tingthepr

imerintothebag(orbags)isloadedtotheproperpos

itioninthehole.FirLally,holesare8temmedaJ

lddleWholeignitingsystemiShooked-upforfinali

pi血g.GetLerally.bustingopemdoninVCRmethodissimple.Solon

gasthedataoEcTateringtestarereliable,asatisfactoryblastingeLLectisusua)lyobtairL･

ed.ItshouldbemerLtionedmittheupperstemmingis

veryimportant.Under-stemm]ngmaycauseco

llardamageOEevendamagetothebackoEd



Table10 BhsdngresultSh experimentalsto一es.

Stores Slice8equeJICe Quantityofholes Am ountoLC恕 e SlicethicbesS(p) Orebh8ted(I) powderhctor(

kB/t)Jhxingl血g-I 1 44 1320 3.12

2746 0.402 46 1370

3.54 3338 0.433 3 1335 4.06 3446 0.39

4 43 1200 3.85 3147 0.38leyelp血ury 5 45 1515 4,08 3872

0.39store 6 45 1515 4.1

4 3832 0.40tOpsbe 7200 18

.45 17357 0.41Summary 15455

41.24 37738 0.40Shilhg-80m 1 37 1110 3.80 3

900 0.282 42 1050 3

.90 4300 0.243 43 1075 3.92 460
0 0.234 45 1125 3.75 4

500 0.25leyelsecondary 5 42

1075 3.93 4800 0.22StOpe 6 37 788 3.13 3000 0.26

top81ice 36 2250 9.60 8400 0.27Summary 8473 32.03 335

00 0.25Total 2

3928 73.27 71238 0.33oyer-stem-mingmayreduc

ethethickJteS$OEthebrokenoresb'ce.3.3 BlaSti

ngresultsAto也lof25.5tortsOfCLH-2emulsionex

ploSiyewasconsum edin16roundsoEsingleslicebust

and2rotmd80EcombinedbustwithcoltmnchargeaJldpa
r･dallyspheri

calchargea(thetwoexpedmeJltalslopesaLore

mentioZIed.BlastingresdtsaregiyeninTable

10.4. ConclusionFrt)mminingpracticeinFank

ouLead-ZincMiJ)ewithCLHseriesemd8ion

explosives,productsofhigh deJISity,highdeton

atingyelocityandhighstTqgth.bIIovhgconclusion忌nnbedrawn. a.CLHBe

desexplosiyesEcaturinghighdensity,highdetonadJ

)gYeI∝ityandhigh Strengthareyeryeffectivefor

VCRmining.b.Sincecrateringtheoryisthefounda

tionofVCRminingmethd 弧dcrateringtestinsiteisake

ytorealizationoEthismethod,dueattentiot18hod

dbedirectedtothisbasicwork.T

hroughaseriesoEcrater･hgtestsa panmeterSCanbeestablishedforguidi

ngVCRoperatingbhsting.ReferencoI) tJ.S.

PateJlt,No.4135450.2) LC.lug.ITheAus.LM.M.MelboumeBr


