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INTRODUCTION

Optimizadonmakespitdesigneasier,andmakespitsmoreprofitable.

ThedesignlSeaSierbecause,afteroptimization,yOuknowexactlywhatyouareaimingfor・andyouknow血at

smalldeviationsfrom血etargetwillhavealmostnoe餓鵜tOn血evalueof血epit.

Thepitsaremoreprofital)lebecauseprofitiswhatismaximized・and血erecanbenoo血erdesignwhicho能rs

higherprofitability.Thedi鮪aenceinva山ebetweenadesignbasedonoptlmizationandatraditionaldesigncan

Oftenbeseveralpercent-m皿onsofdollars.

T血sbookletshowshowpitoptimizationcanprodu∞OPt血alresultswhilsttakingintoaccountrealisticpit

desigrlCOnStraintsandusingmodestcomputerpower.

THE FACTS OF OPEN PIT OPTIMIZATION

WhatisPitOptimization?

The丘rstt血ngtorecogmSeis血atanypltOutline

which confomsto safe sIopelimitshas adollar
V血ue.

Provided血atyouknowthenatureoftheorebody

andits surrounding waste,and provided血atyou

know血ecostsandrevenuesassociatedwi血mining

andprocessmg,yOuCanCalc山ateall血ecostsand

revenuesforaparticularoutlineandthusgetatotal

V血ue.

Ofcourse,itisn’tquiteassimpleas血at.Because

血e dollars you spend or receive now are worth

moretoyou血anthedollarsyouspendorreceivein

ayear’s time,血e totalvalue candepend on血e

SequenCeinwhichyoumine血epit.However,OnCe

SuChasequenceisestablished.youcancalculate血e

Value of every block within血e pitin today’s

douars.Thevalueofthepitasawholeis血etotal

valueof血eblockswhichliewithinit.

Pitoptimizationaimstofindthepitou址newi血the

highesttotalvalue.

Now,yOuCan’tfind血epitoutlinewiththehighest

totalvalueuntilyouknowtheblockvalues;yOu

don’tknowtheblockvaluesuntilyouhaveworked

OutamlrmgSequenCe;andyoucan’twokouta

mmmgSequenCeuntilyouhaveapitoutline!

Wediscuss血isapparentlyinsolubleproblemduring

thecourseofthisbooklet.

ASimpIi鯖edExamp萱e

Consider　血eidealized situation shownin the

east葛WeStSeCtioninFigurel,WneI℃血ereisaflat

topographyandarectangularorebodyofcoustant

grade.Wewillassumethattheorebodyhasalong
north-SOu血strike,SO血atthee紙質tSOf血eendsof

血epitaresmalland wecandesignonasection

basis.

The horizonta11ines represent benchlevels,and

血ereareeightpossiblepltOutl血es.
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FIGUREI

Ifeachbenchcontains500tormesofore andeach

diamond-Shaped block of waste representslOO

tonnes,血etotalsinTablelapply.

Pit　　　　　　　　　　　　1　　　　2　　　　　3 �4 �5 �6 �7 �8 

Ore　　　　　　　　　　500　　1,000　　1,500 �2,000 �2,500 �3,000 �3,500 �4,000 

Waste　　　　　　　　　lOO　　　400　　　900 �l,600 �2,500 �3,600 �4,900 �6,400 

Tota獲　　　　　　　　　600　　1,400　　2,400 �3,600 �5,000 �6,600 �8,400 �10,400 

Tablel:Tonnagesforthepossiblepitoutlines・ � � � � � 



Iforeiswo血$2.00pertomeafteralloremining

andprocessmgcostshavebeenpaid,狐difwaste

COStS;1.00pertometoremove,血enwehave血e

totalvaluesshowninTal)1e2-intoday’sdollars.

Ifwep1otpitvalueagainstpittomage,Weget血e

graPh如OWninFigure2.
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FIGURE2

Clea血y,Wemcke血emostmoneybyminingdown

toPit5-Ordowe?Thefactis血at血isdependson

血e mlⅢng SequenCe and臆On　血e mlrmg and

ProCeSSmgCaPaCities.

If瓜eminingandprocessmgCaPaCitiesaresuch血at

WeCanmineout血ewholepitwi血inafewmon血s,

血en血esequenceinwhichweminehasli血ee餓act

On血etotalcashflow,andPit5iss缶11血eoptimal

pit.

On血eo血erhand・if血eminir撃and佃r.processing

CaPaCityarelimitedand血emmeisgomgtotake

fiveyearsto complete,血en血emlmngSeqrenCe

CannOtO血ya飾弗t血etotalcash血ow;itcana緒ect

血esizeof血eoptimalpit.

Ifwemine血epitinstrictbenchorder,(i.e.we

COmPlete血emlrmgOfeach置場nchbeforestarting

血enext),仕Ienin血eea血yyearswewillbemining

WaSteat血eedgeof血epitandpaying血ecostsin

today’s do11ars.　However,血e ore.th創∴血is

eventua皿yreleaseswillnotbereachedun恨Lfouror

five yearslater,and because of discounting,its

Valuewillbemuchless血anisrequiredtopayfor

血eea血ierwasteremovalInshor[,WeWO山dhave

beenl鵜tterOffnotmining血eedgewastein血e缶rst

Place,SO血eoptimalpitisnoIongercorrect.On血e

O血er hand,if we:first mine Pitl and　血en

incrementa皿ymineoutPits2,3,4etc.,血eeffectis

muchsma11er.

Toillustrate血is,Wehaveworkedouttwoidealized

m皿ng SequenCeS Wi血　each of two diHinemt

tonIragelimitsforeachof血eeightpits.Wehave

used,flat’mlmng,Whereeachbenchis∞mPleted

t鳩fore　血記　nextis started;and we have used
’incremental’mining,WherewemineoutPitl血en

PuShbacktoPit2etc.

Foreachminingsequence,Wehaveconsidered血e

CaSeWhere‾PrOOeSSmgislimitedto500tomesper

year,buttotalminingcapacityisu血imited;andthe

Ca誓Whereprocessingcapacityisu血inited・but血e

mmngcapacityissetatl,Ocotonnesperyear.

Wre have worked out the cash　皿ows and　血e

discountedcashflowsusmgadiscountrateoflO%

Peryear.NotcthatlO%isnotuneasonal)1ylow
becausein血is case　血e’Real’ra血er　血an　血e

Notional,diScoun白rateshouldbeused.Theresults

areshowninTable3.

剛t、　　　　　　　　　　　1　　　　2　　　　　3　　　　　4　　　　　5　　　　　6　　　　　7 �8 

Ⅴ血ue　　　　　　　　　900　　1,600　　2,100　　2,400　　2,500　　2,400　　2,100 �1,600 

Table2:VaIuesofthepitsiforeisworth$2.00pertonnea耽eralloreminingandprocessin �gcosts 

havebeenpaid,andifwastecosts;1・00pertonnetoremove. � 

Ht　　　　　　　　　　　　1　　　　2　　　　　3　　　　　4　　　　　5　　　　　6　　　　　7　　　　　8

HatMi皿500　　　　　900　　1,530　　1,917　　2,085　　2,057　　1,851　1,486∴∴∴∴978

Inc.Mil1500　　　　900　1,530　1,935　　2,154　　2,220　　2,161　2,002　1,763

HatMinel,000　　　　900　　1,520　　1,868　　2,011　1,956　　1,552　　1,049　　　449

血cr.皿nel,OC贈∴∴∴900　　1,520　　1,898　　2,068　　2,105　　1,993　　1,790　　1,540

Table3:Discountedcashflowsforthepitsu§1ng`flat,or`incremental,mnlng,andwithmil重ingor

mln量ngCaPaCitylimited.



Thevalueof血eoptimalpitisunde血inedineach

CaSe,andtwo血ingsareclear:

1.U血essincrementalminingcostsareverymuch

higher　血aIlし　flat mlmng COStS,incremental

mlmngWillmckemoremoneyforus血nflat

mlnmg.From血e cash皿ow point ofview,

incrementalmininglSOPtimal.

2.Ifwemineapitinasub-OPtimalsequence(i.e.

byflatmining)血eoptimalpitgetssma11er.

Note血at any practical mlmng SequenCe for a

Partic山arpitoutlinewillproduceavaluewhichis

between血etwoextremes.U血essyouminewaste

andleaveexposedoreuntouched,itisnotpossible

toproduceaworsevalue血anthatproducedbyflat

mining,anditisnotpossibletoproduceahigher

Value血an血atproducedbyincrementalmining.

AnActua書Example

The first case where血e Whi血e Programmlng

Lerchs-GrossmamPackage-Three-D-WaSuSed
WasOnadesign,in1985,foragoldminesou血of

Kalgoo血ieinWestemAustralia.

A tean ofexpenencedenglneers had spentsome

Weeks producing and evaluating a range of

altema缶ve designs before finauy completing a

detaileddesignwhich血eybelievedtobe血ebest

Which co血d be done.　They had used

COmPuter-aSSistedtechniques,butnotopdmization.

血three days,uSmg OPtimization,a neW fully

detailed design was produced.When compared
Withtheoriginal,itprovedtohaveavaluewhich

Wasfivepercenthigher!

Thisfivepercentextraprofit-rePreSentingmillions

Of douars-COuld be obtained not by working

harder,nOtbyoutlayingmoremoney,nOtbytaking

morerisk…butbymlnlngSmarter!

Although血ecompanymVOIvedhasmanyopenpits

andis regulahydesigrmg and re-designmgthem,
theyhavenotdoneanymoremanualdesigns.This
isbecauseoptimizationisbener,andalsobecauseit

lSeaSler.

DetaiIedDesign

Pit optimization woks from a block model and

glVeSaPitoutlinein血efomofalistofblocksto

be mined.Clea血y血is jagged outlineis not a

PraCticalpitdesign.Theoutlinemustbesmoo血ed,

andha山roadsandsafetybemsmustbeputin.

Smoo血ingtheoutlineiseasy.

Ifyouaredrawmg血efinalpitbyhand,血enyou

merelydrawasmoothcurveapproximately血rough

血emid-POintsof血eblockedges.

IfyouareuslngCOmPuter-aideddesign,yOuCOntOur

血esurfacedefinedby血ecentreof血ebaseof血e

lowestblockineachcolumn.

Now you might o切ect血at,having optimized to

PreCise block outlines,yOu are nOW nega缶ng血e

OPtimization.Notso!

血血efirstplace,tOmageisaddedandsubtracted

altemately along血e outlinein a血ostidentical

quantides,asiscleahyi11ustratedinFigure3.

OptimaIblock-outiine Detaiied design Outllne

FIGURE3

Ifapar[icularpartof血eou郎neisentirelyinore,Or

entirelyinwaste,血en血esebalancedadditionsand

Subtractionshavenoe餓鵜tWhateveron血epractical

Valueof血epit.Evenat血eboundarybetweenore

andwaste,WhatisIostinonepartof血epitwill

Verylikelybegainedinano血er.

Provided血at血e optimal block ou出血e has t鵜en

generatedw皿averagerequiredsIopes,血ensimilar

balancedadditionsandsubtractionsoccurwhenhaul

roadsandsaf引ybemsareincorporatedinto血epit

Walls,aSCanbeseeninFigure4.

FIGURE4

Pointswhere血ehaulroadismore血anhalfway

downand血uscausesextrawasteto吊鵜mined,are

balancedbypointswhereitisless anhalfway

downandthuscauseslesswastetobemined.



In血e secondPlace,OPtimalpitoutlines arevery

robustin血efaceofdimensionalchange.

Refer again∴tO∵血e curvelinl血g pit value and

tonIrage,rePeatedinFigure5.Note血at血iscurve

issmoo血inallrealcases.

tonnes

FIGURE5

Ifdetaileddesignstartsfromapoint(A)whichis
notoptimal∴血ensmallchangesto血edesigncan

make significant changes to血evalue of血e pit.

Thisis血enomalcase,andpitdesignersover血e

yearshavespentdays,OreVenWeeks,a§eSSing血e

e紙質tSOfdetailedchangestodesi伊lS.

On血eo血erhand,ifdetaileddesignstartsfrom血e

Optimal outl血e,peint(B),Where∵血e curveis

horizontal,Smallchangeshavealmostnoe節soton

血evalueof血epit.Frankly血eprecisedetailof

Whereyouput血ishaulroad,Or血atsafetybem,

hasnosignificante飾弗tonvalue,andyoumightas

We皿put血emwhereitisconvenient.

Provided you follow血e’spirit’of血e op血nal

Outline,W抽outtidyingituptoomuch,血eresulting

design will be so cIose to optimal“that any

differencewiut鷲i重relevant.

Thismakesdesignveryeasy.

BIockSize

Optimizationworksfromablockvaluemodeland
true three-dimensional optimization finds　血e

OPtimallistofblockstomine.Thatis,nOtaSingle

blockin血elistcanbechangedwi血outreducing

血e total value or breaking the sIope constraints.

Therecano血ybeoneop缶ma11ist.

Whatsizeofblockshouldyouuse?

Wecanidentifyfourdi能買℃ntblocksizeswhichare

relevantinpitdesign.

1.Thereis血e block size used for ore body

modelling.Ithastobesma11enoughtooutline

血eorebody clea血y.Thiscanleadtoblock

modelsconsistingofmillionsofblocks.Some

SyStemS∴redu∞∴血is number by a皿OWing

Sub-division of blocks as∴required.　Some

SyStemSuSeOu皿nesdirectlyra血er血anblocks.

2.Thereis a帆ock size which represents血e

minimum volume which can be selectively

mined.Thisis血e size at w軸ch blockvalues

Shouldt輪WOrkedout.

3.Thereis ablocksizewhichissuitableforpit
OPtimizationfordesign.

Wenowhaveconsiderableexpenenceregarding
血e e餓鵜t Of block size on optimization for

designandwefind血atif

(a)血efinalpitoccupiesasubstantialpartof血e

血皿(rectangular)model,

and

@)血e finalpitoutl血e(not血e ore body)is

reasonal)1y regular　(i.e.　not very

COnVOluted),

血en血eoptimizationofaf皿modeloflOO,(XX)

blocksisusuallysu餓cientfordesignwork.

Amodelof血issizecanbeoptimizedovemight

OnaPCAT.

Thereasonyoucanmanagewi血SOfewblockslies

in血e shape of血e curvein Fi留山re2,Whichis

reasonablytypicalofrealcases.Thisindicates血at,

ProVidingyougetreasonal)1ycIoseto血eoptimal

Pitvolume,yOuWillgetverycIosetor血eoptimal

V血ue.

(Whenre-blocking foroptimizadonpu重pr)SeS,

youmustdoitby adding together血edollar
Valuesofthesma皿ercomponentblockstoget

血evalueofeachlargerblock.Ifyoumerely

average血e grades of血e sma11erblocks,血e

resultwillbedistortedbecause血egradeswiⅡ

besmoothedout.)

4.Finally血ereisablocksizewhichissuitablefor

doingsensitivitystudiesusmgopdmization.

Whereyouaremerelyconcemedwi血pIo龍ng

graphsoftomage,Valueetc.againstvariables
SuChasproductpriceorsIope,血enamodelof

lO,(畑oto20,000blocksissu飾cient.Al血ough

血eoutlineitgivesmaybesomewhatinegular,

血edeviadonswillberandomandwil11argely

aVerageOut.

Amodelof血issizecan教場optimizedinunder

halfanhouronaPCAT.



Note血at,forseusitivitywok,血ereisnoneedto

do any detailed designs.Thisis because∵血e

di能nenceir川mnageorvaluebctweentwooptimal

blockoutlineswillbeverycIosetor血edifference

between血etwoconespondingdetaileddesi伊lS.

Costs

When calcu]a血g block values pnor to pit

OPtimization,血erearetworulestofollow:

1.¶le block must be givIm a Value on the

assumption血atithasalreadybeenuncovered

andwilltx3mined.

Thus,Strippingratios,ar血breakevencut-Off;

based on assuned stripping ratios,are

inelevanしOrctx)dymodemngwhichisbased

OnSuChconsiderationsisalmostceminlytoo
COnSerVative.

Theo血ycut-OffwhichisrelevaIltis血atusdin

decidingwhe血erorewhichistobeminedisof

highenoughgradetorepay血eprocessingcosts

andanyextrahandlingcosts.

2.Apart from obvious血cremental∞StS,any

OVe血eadexpensewhichwo山dstopifmining

Were StoPPed must be∵includedin∵血e cost

Calculations.

Thisisbecause・Whenanoptimzadonprogran

is,deciding’whe血ertomineablockitis,in

e能畑,decidingwhe血ertoextend血elifeofthe

mine,and must血erefore take account of血e

COStSinvoIvedinthat.

Ifove血eadsarenotincludedin血ecosts,血e

ProgramWillprobablydesignapltWhichwiu
notsupport血eove血eadsinitsfinalyears.

Ove血eadssho山dbedividedbetweenm皿ng

and processmg・It can stor[血e pitif皿

OVe血eadsareaddedentirelytoprocessmgcosts

Orendrelytomining∞StS.

TheStepsInvoIvedinDesignlngaPit

Todesignapitwhichwiumakeasmuchprofrtas

POSSible・yOuSho山dcarryout血efouowingsteps‥-

1.Developamodelof血eol℃-body,血ewasteand

thea正

2.Produceablockmodelwi血blocksnosma11er

血an血eselecdvemlrmgunit.

3.Canyout血esensitivitywork.

F()rarangeOfeconomicconditious:-

(a)Generateavaluemodel.

の)If necessary,re-blockit to reduce　血e

nu皿berofblocksto血erangeoflO,αX)to

20,αX).

(C)Optimizet?get血epittomage,Pitvalue

and approxmate shape.(These nms are
Veryquick.)

Duringthiswork,SOrtOutthegeneralscaleof
mlmng and hence血e costing details.Aso,

decideapproximatelywhere血ehaulroadsare

togoandaqiust血esIopesin血oseplacesto

reflect血eaveragesloperequired.

4.Havingfixed血eeconomicparameters,generate

av狐uemodel.

5.Ifnecessary,re-blocktoreduce血enumberof

blockstoaboutlOO,orX)(moreif血epitou皿ine

Willbeveryconvoluted).

6.Carryout血eoptimizationusmg血erequired

Slo勝S.

7.If you皿nk血at血e mmng sequence you

ProPOSeW皿sighificantlya節ect血esizeof血e
OPtimalpit:-

(a)Repeatsteps4・5and6wi血progressive

reductionsmProductpricesoastoproduce

asetofnestedpits.Twoor血reesho山d

Su」脆ce.

a))Evaluateeachpitsu助ectto yourmining

SequenCeandselect血eonewi心血ehighest

V祖ue.

8.Do血edetaileddesignusing血ehighesトValurd

Pitasyourguide.

Note血ato血yonedetaileddesignisdone,and

血atiseasybecause血eshapeandsizeof血epit

havebeenestablished.

TheWhi調eProgrammingThree・Dpackagewilldo

StePS3(C)and6foryou.

TheWhi血eProgranmingFour-Dpackagewilldo

peps3,4・5,6and7(a)foryou,ando節ersflatand
lnCrementalmihingsequencesfor7の).



THE FALLACIES OF OPEN PIT OPTIMIZATION

1.’一Youneedamain臓meforpitoptimization."

Not any more　-　hundreds of open pit

OPtimizationshavebeendoneonPCsuslngOur

SO粛wa重e.

2.’一You can’t allow for haul∴roadsin pit

OPtimization,SO血at血efinaldesigncarriestoo

muchwaste.'一

Youcanif,duringoptimization,yOuuSeaVerage

Slopesra血er血multimatesIopes.

3."Pit optimiza缶on sometimes omits profitat)le

O重℃.1I

FIoating cone programs frequently do　血is.

nograms such as ours,Which are based on

graph血eory,neVerdo.

Hoating cone prograns,Which are easy to

Programbutgiveerraticres山ts,haveglVenPit

OPtimizationabadname.

4.一IPit optimizationmay glVe yOu aPitworth a

mi皿iondollars whenapithalf血e size exists

Whichiswortho血yadollarless.’一

True,in血eory,butvery rarc言血practice,、and

you can easny spot血e problem during血e

SenSitivityruns.

5.’’Pitoptimizationwillprodu∞Pitswhichdon’t

Pay血eirwayintheirfinalyears."

O血yifyoucalc山ate血ecostsincorrectly.

6.’’Pitoptimizationtakesnoaccountofminimum

mlmngWid血s."

Inmanycasesourpackagescantakeaccountof

minimum mlmng Wid血S血rough血e use of

additionalconstraints.血mostpracticalcases,

however,血isisnotnecessary.

7."Pit opdmization can o血y cope wi血sIopes

Whichareoneblookupandoneacross:’

Thatis2DLerchs-Grossmam,nOt3D.Inour

PaCkages,SIopesarecomPletelyindependentof
block proportions∴and can vary wi血「hoth

direc缶onandposition.

8."Because血ereissomuchuncemintyahout血e

Ore body,血ereis no pointin usmg

OPtimization:’

Thatisabitlikesaying血加工becauseyourgolf

SWlnglSn’tperfect,血ereisnopr)intinaimmgat

血e租ag.

9.一’Pit optimization programS Can O血y handle

Simpleorebodies.’’

Quite血ereverse-COmPlexityoftheoralbody

hasveryli調ee餓鵜tOnruntimes.

10."Youcano血yoptimizeinitialdesigns,itisno

useforre-designsoncemininghasstarted."

Theo血y血ingyouneedtodowhichisdi塙ガent

inare-designistochange血eblockswhichhave

alreadybeenminedtoairblocks.Thesehavea
Valueofzero.

11.一一Optimization cannot take account of such

血ingsassitehoundariesandimmoval)leplant.’’

Itisquiteeasytohandlesuch血ingsbypu血ng

blockswi血veryhighnegativevaluesinto血e

model at∴血e appropriate places.　The

OPtimizationpackagecanneverJuStifym皿ng

theseblooksso血eyareleftinplace.



CONCLUSION

Theaimofopenpitdesignistocreatepro丘tat)1eandpracticalpits,andwehaveshownhow

OP血mizationhelpsyoutocre鵬moreprofitabledesignsinlesstimeandwi血nocomprmise

Whateverastoprac缶cability.

As acompany・Whi血eProgrammmgProduoesandmarketsopenpitoptimiza。onproducts

exc山sivelyand・amoughwehavenotgoneintodetailsofourtwoopt血izationpackages,Three-D

andFour-D・WeCanSay血at血eyareweu-eStablishedpackagesandarerecognisedfor血eirquality

andreliabi耽y.Theywilloperateonanycomputer・alongsideanygeneralizedminingpackage.

Thepackagesarecoustar皿ybeinge血anced,and血ee血ancementsarepassedontoourusers.A

greatadvantageofbeingasmallandspecializedcompanyis血atwekhowoursoftwareintimately

andcano餓汀eXCeuentSuPprrt.

Pricesandde也皿sreadilyavailableonre叩eStfromusorfromanyofouragents.
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