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tie devolo; mnnt exyondituces Lir tcomuinnivi,

f K'ilitius r>-*lect”l from T.iM ? i*1 to rx;loit th 2 ex 1L
d®'0,;if Roc.ill t{it these ca; ital requirement,; were discou-
nted to the fitst year to make wup the entry: prt*= 7n
tons/vt ¢, concentrator = le7ai tons/yre, tcfinery = &>
tons/yre and overall recovery efficiency = 05C*

The last column lists the loan capital repayments (LR)* All
entries are in millions of cash units#

S S ; 1 ; 1 ; S the prpduction; tatjets
cannot be nete

The cash flow analysis is the ultir.ate .aasute ofjny oyan
m, ;nt titioni3 wotthe lhdt soli

i.U1LJ '

ejuity capital*

7% U  AX INVALID SOLUTION

1) pit = 5% Cn tons p”r ysar °

2, concontratoi = " tons !<u »nlJ

3) Refjnery; = 201 tons 1'-i /n*

o. suhsectio, M7.2 that - 1
Recari

’ -1 W -1Tutlon - -
when tllile simulated waste or



YR REV CFI  ECAF
INT TAX OB

1 0¥59 «0 0*0 2*61 m2*02 11*0
2 0%56 <0 c*1 2%53 «1%97  4%)
3 0*%6«3 0 0*0 2*7c¢ -2* 10 0*0
4 2%14 +56 0*0 3*33 -1%*75 0%0
5 2%93 «R1 0%0 1*51 0*53  0*0
6 2*26 +81 ' 1*42  0*%03 0*0
7 2%08 d1 - 1*5 1 -0*24  0*0
8 2%¥3] <66 <+ 1*23  0*37 0*0
9 3*%3 3 <51 0*0 1%49 1*33  0*0
10 3*84 +36 0*0 1*50 1*98 0%*0
11 2%52 21 0*¥0 1*35 0%*96 0*0
12 2%32 <06 0*0 1*32 0%94  0%*0
13 2%62 <0 0*0 1%¥74 0+93 0%*0
14 4%02 <0 1*2 1%*34 1*%43 0:0
xgon, +0  1*0 0*38  2*30 0%0
ﬁg 2*2?) «0 1%*9 0%*21 4*41 0*0
25 4%79 <0 1*4 0*66 2*78 0*0
26 8 <79 <0 2*6 0*0 6* 18 0*0
27 5%81 <0 1*¥7 0*14 4*06 0*0
29 2%9¢6 0 0*8 0%40 1*¥*79  0*0
29 3%g] 0 1*0 U+ 12 2*50 0*0
30 4%*23 sc 1*2 0%03 1*03 0*0
31 2%¥97 +0 0%*8 0*01 2%19  C*u
32 3%27 0 0*1 0%0 2*¥40  0*0
33 3*03 0 0*8 1*01 1*23  0*0
34 5%¥81 «0 1*7 0*0 4% 14  0*0
35 3*%73 <0 1*0 0%*0 2*¥70  0*0
36 3%*93 0 1*1 0*%0 1 2*84  0*0
37 3%76¢ <0 1*0 0*1 3 2*61 0*0
38 3%¥26 ec 0*1 0%27  2*13 0:0
3) 4%¥79 <0 1*4 0*0 3*44  0%0
40 3*24 *0 0*1 0%0 2%38  0*0
41 0*21 <0 0*0 0*0 0*29 2*0

DISnOU’iTEt CASH FLOW YIELD=6%*24 |

TABLE 7* 10
i i . liin in
tot,1 it —capacity, an i
you:;, etc* Thin in '1 to the

till jet:;

hive leeh confuted tior> an

- 13*02
-6*22
S 2*%10
-1*75

0*33
0*03
-0+2%
0*37
1*33
1*18
0*%16
0o*3 "
0*93
1*4 3
2*30
4*4

2*78
6*18
4*06
1*79
2*30
3*%03
2*19
2%40
1*23
4* 14
2*70
2*%84
2%61
2*%13
3*44
2% 38
0*%21

PAGZm

PV IC CR IR |

-5%39 0%0
7*11 0*0
13*99 0*0
17*¥21 7*5
20*34 3*2
21%43 0%0
23*11 0%*0
25*%20 0%0
26*84 0*0
27*%65 0%0
27*33 0*0
29*15 0*0

32*05 0*0
33*54 0*0

26*96 0%0
26*33 0*0
22*%26 0*0
19*%9, 1 1
19*%79 o o
10*%87 o=*o
17*35 0%0
16*55 0%0
15*%47 0*0
Ipe43 0%0

10%89 0*0
3% > 0%0
7%02 0*0
5%46 0*0
2%45 0*0
0*27 0%0

the third, four

f.ict
inadc

7*1
5%6
6*5
6*5
7*6
7*3
0+*0
0*0
0%0
0*0
0%0
0*0
0*0
0*0
0%0

0%0
0*0
0*0
c*o
0*0
0*0
0*0
o*c
0*0

0*0
0*0
0*0
0*0
0*0
0*0
n*c

th,

0%0 |
0*0 |
0%0 |
0%0 |
0*3 |
0%0 |
2%0 |
2%0 1
2%0 |
2%3 |
2%0 |
0*71
0*3 |
0+)]
0+0 |
0*0 |

0*0 I
0%0 |
00 |
0*0 |
0%0 I
0*0 |
0*0 |
0*0 |
0%3 1
0%0 |
0*0 |
0%0 |
0*0 |
0%0 |
0%0 (
0*0 I
0*0 |

fifth

that the production
ca:acit/*

juat ' jit
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SIMULATED PIT PRODUCTION S5CHEDULL (FOURTH ITERATION CYCLE)

YR OVERBURDEN STRIPPING COSTS OPE REVENUE
K TONS a CASH UNITS r TONS M CASH UNITS
1 2%53 1*25 1*27 0%68
2 2*%96 1*40 1*%27 0*51
3 6*62 3*41 1*27 1%06
4 5%4 3 2*69 1%27 1%66
b 2%25 1%12 1*41 2%20
6 4*64 2%45 2*25 3* 30
7 1*55 0*78 2%25 2%62
8 1*55 0*79 2*25 3* 19
9 1*13 0%60 2%25 5*07
10 5*49 2*65 2*11 3*05
11 6%62 3*48 1*97 1*84
12 5%4 3 2%35 1*97 3*09
13 5% 15 2*90 1%97 2*56
14 028 0*15 1*%97 4*53
16 0%94 0%53 2*53 11*35
17 0SS 0%20 2*96 6*90
18 1%¥27 0*77 2% 36 0o
20 4*22 2*85 2*36 7*05
22 1*13 0*57 2*96 8*79
53 1%97 L9 2%96 6:50
24 0%99 043 3704 >0
0%0 2*%96 661
0*0

* 0%18 2%96 7*61

27 8}%2 0%27 %96 5*49
28 % * 7*08

29 Sk 15 1*07 2*96

0 3 0% 3%26 1%19 1%00

rorAaL REVENUE= 164 *24 MILLION CASH UNITS
totraL NUMBER OF PIT INCREMENTS =6

TABLE 7*19



CHAPTER 8 THE MINE PLAN PFOGBAMKB

m/IP jfp Pro.jCliiiine in uuide up ot three modules which aie
needed for the different computations in the various itor i-
tion cycles of the open pit mininj solution®* The computa-
tions within the iterative solution are varied L; calling
different modal >i* The construction of these modules is

illustrated in Table E*1* Each module is created by inc.j-

ORI & :

additional cycles* ?

1 JOb COXT10L LANGUAGE

., « :r t}> three job steps
The MP Projramme I~  xv<1 #] u 3.3. Note that certain

substituted for  w.* 11 ¢ within the control «u ->r *
.nNrrs l-cks Hid data uOt., Wlt,1



indicated with explanatory phrases*
tions are ex,lain J in

sttps:

The regaining substitu-
the follow!nj description of the job

job STEP 1:

, callin; projrar.”es and subroutines are compiled, link
-r.Jited and stored individually in a partioned data set* The
-nrtlol cards illustrated in Fij* 8*1 are used repetitively
¢4j' load the sourc > lock of cards toi each member of the
e»rt itionod data set* The names of tne calling programmes
d-d subroutine;, as listed in Table 8*1, are substitute*:, in
turn, Co: the internal name of the LKED*S8YSLPIOD card's
DSNAX> parametei

...................... I
I KP PROGRAST.E I1I

| MODULE 1 I MODULE 2 I MODUL- 3 I I

I CALLING EPOGRAMKESI HAIM1 I KAIN2 I "n:rl I
! SUBROUTINES | CC'1 I (OGh I > | 1
I COGS5b:i-] > 1 (
| PD I > | DU 1
i subPD--1— >— 'm u . |
I I
TABLE s * 1 |
L e e e haeanaaaeas
JOB STEP 3
conn ol eatii lint in nj* .-
tions;
,!'wth v to create the module
D 315 i- > uon ti'cle'
jnJ N0 -o”ncol -it., -2. to ot,,to0 t., .«-.»*

2)



(job OTi\<)
H EXEC rOlIHCLtP\E 1.LKED=VCAL

Z/GYSHH J) *

(aouree sard desk 'or the oallinj "mrrtnca ml au'xrmtirco, r. vim)

/*
//LKED.SXSL-4(D !)) .V ),* nm y »
j1 vOUTtE *SER»itefc n*<2£ ZibeZ RM"CF*(CfL,(r","$
/1

aontrj: xscZ to Zot( ~ .~.it "ToiW o" t*
parti ,%U j,ts jet 'L1 ~.tECLm" asri "ot J* ren: ;zc

t&4 foZZwdM? ow f to oonotZe tkn rcntMin? fits oat icnhars ¢ » to

reccrtoilc any of theso 'icnocs':

/LACI.SYSL IGC ID D::iV!:>:vm !”(nTia) t)ISPOL1.VWI ! ?>8H’=FH7 ;

FI7, 8.J COdPIUTIOX W LIM-W '03 STEP



(job CTi'd)

11 C::3C V.VT!**- 1T -1011=15")':

//gYr 'H%I DO ov?=\

/7SYGUr )D UiilT»GYr-)A,ydLi-"ri"dtah rwk Zi2?2st,32A 0 (:” *,( V

//SYSLID DO 3D:;A" =rysi. " 1'LT1,DIG?=GH3

//sYGL'oo Do msiv\t* =?:m( r>$),Dic"=(:.. 1), U%r>r//rD\, X
// "LJl= =7 m z.. :Z,S X
/] oc .«(RHecr :«u ,D.LKni2i>36f75)

//X DO 1:>P305't ’,0i1g *old ,vdl:j-lr>cni= f--s< ??2.:% Zas e:,:1:;rr=GYGD\
//SYSLIH OD «,DC >>L. GIZ1>C0

vimtY ixin

luCLUDI A (MXI Hr.)
IXUIDK A(CO.
rijuror, a(codgub)
INCLUDE A(?0)
[IiCLUDD A(SUB?3)

//

Tha '3ISP' »«<»n«e = le

m 1 toITS-, wl tde '3:3
mrroetcro ielote on 1 :« »HIVI-ID «»1 A mVexx), xx,e 5" ] 2
step aft?* the ts oilo'-:
//SYSL-.,, ro l1fcel

pj7, €. cpswn:: 0? '"tw s jrj
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hP2 which computes the second iteration cycle# and

34 « 1u* iu replaced by *31 and 'nn' 1/ 12%* to create tho
module ri’l which computes all iteration cycles from the
third one on-

JOD STEP 3:

is replaced by the on:a created in the seconu .,tep»

ration's IB: J60/10 computere

, 2 PREPARATION OF Til: PROGRAMME FOR EX  “¢4¢

STEP 1:

s y s s r a s T

S r a u m s K
hi.mansions ate

A defined in Section Cd for the specification stjtements
of the irtays,

b) jiven for the sequential data sets in Section 3*1# ind

the DEFINE FILE statement*

STEP 2:



(jOb otr.l)

//A EXIT 'f'-APn,2rl:>30,mil%=553K
(oequ-srst-iil zrd ii + ‘t icecc.? Zzaz sets—r % tho list h.lov)

//oo.7pobroci 33 cYlp-1=A, >c!>(?.befin®™\a,lv:XA» 33, ;)li:sizi>133,3ur::>1)
//30. W?05:'301 DO *

(vurtaked 0'ivd input htz)

r/ie 30'rucntial nnl diveoi zaoccz :tx ccts newirii ? t
n?l , ’1PP, an? rs; ire:

~o.ui< '

2; "N tf.e “rst wmnodule (')

//"o.rn - >i oj osiLvnxi:oD?x,3ir"»r )," :or» 0 3 11, v ~ r wh

/loo.ri'11'o01 D) or :vr.«m ,v.:,0oir>(. ",..0,VRn>23U,

// VouJri ="' r:?"' 2i.: ! -(""%, (3»

// de? (O.cri-v;,lh:c> ', fit:zir"=3 :0k)
/700.F710F001 DO Dn::vi>03: r:y, is™»(lrr."K 311

/) VOI-J f£1* ' '?  *  e | 3¢ *'3,

// DC. B .. xxr '*VF,L3':CL»10, -AF-'1'" =3'

//00.-1137 01 00 > "3 Ao0»0i3>( = >]**

/] VOLT 10=  **dicd "to' ¢ » 3 1

// oc .*(-trci*!»vsti7':o 1 o f :>3'"Vi)

) Poi* tfce s< ton: momlc ( d:

//loo.mi'itol o> SA- Y C O""'T

(continue [—

rr. P3 ;THI /\IT H!f!



//loo.m *rooi dd )D:v«>u?n;.Tr2,:)io (:: ~x 1)," :i>

/] VOLU'iD«':: 7= r-aok [ , \C!I>(CYL,(2,1))»
// DC:'f(necfi-vs,i;r;cL=12,2lmeiz" 3 5-VO
//G0.7T15F001 DD DEIIVI::=v>:r>;:Ddig?- (ir: K:.:r'")
/1 VOUTIJB-SER-itovi rac-; Z%*1,2?7A O ( /2 ,1)1»
/1 DCPH=(RECF1-VD,U110 1~ )
//IGO.rnr>FOO1 DD DC.LV::>FUC: .ncr-tniv,”::?),U:1>23U
/1l YOLU'tE-EE:>- Kc> r La cZ,SPACE¥T! ', (1 »1)),
/] dub»(RI:gf!-vb,mi :1»32, d -:iv>2rjh)
3) vor' the nodule (VJ):

]

rre r3 recemr: V
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rection j, rospectiv'.ly# 1 e re juited
Projtanmu'j input data*
&

STKP 3:

aj part. of tho IIP

The appropriate nunber of FCtTPAM variables must he crcited
for eaca recoverable minor .1 reported b> the Grado Ireiic-
tion Projra'-1* This modification onl, is rejuired ior the
call in3 projramme >* The variables and theii location in the

programmes are described IH the comments of uubsection
gH3**

STEP 4:

A factor 'GS' 1is selected to scale the mineral ;iades U to
intejor values®* Recall from Section G» >that the In. 'j/«
mineral values tre used foi the subset!;t 1wl v‘ ’~1’v.Ra.ol*
Additionally, a mineral jrada increment 'GI* is gel acted to
It it  the .ize of subsetitt '%'* This increment .jroup ; all
minerals occurring in the same grade interval into one
cl is--* A balance must be ide hetjean accuracy n 1

CRpipS array size* The scale factor 'GS' must be large
enough to avoid INTEGER truncation®* In contract, tad jra.e

input data to the %P Programme*

STEP 5:

calling programme y.M’M* (Ju! section 8*1%*2)

,TEP G:
& u " 8 % « 5 . t a s x s s " i a a w s s a t
> variables " i1st be w»ir Jlat

A T-3 net ca .h value distil but: i,
01 desi :n >f the f nal 1lit Mi. face.

0 the tonnage' factor ;, and
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D; pit production simulation*

ThtJG is a coiment at those places in the Piojtuaime lists
where the simulation oi these features is required*

STEP 7:
The variable »D* in the cone expressions for the final pit
surface desijn and waste mininj simulation routines oust be

dependant on the pit will-an jles, if thes' anjlos var>e The
relationship between 'L* and the pit wall-atijles is exp-

lained further in the comments in the lists of subroutines
PD and SUEPD*

STEP s :

The ore excavation sejuence programmed in subroutine I'D must
be tailored to the user's re luiroments* The desired number
of ore workinj faces per 1onch and the number of exposed ore
bdnches, and the direction of their advance is simulated as
explained in Subsection 6"7*1*

g * 1 CALLINGpaoapASHES

w m m

them*

0* 3* 1 COMPUTATIONAL SEQUENCE 01 KAISI
LINES 001 - 007

Specification st itements®

LIMES 008 - 05%

In; tit statements*

LINES 0b9 - 080
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DO loop 11 computes:

A).* an equivalent minetal jrade 1EGPAD to

iepresent all
the deposit's recoverable minerals, and

I the initial assumption for the T-S mineral distribu-
tion*
LIKES 083 - 091

The first estimate of the unit production costs is computed *

LINS 094

The followinj values ate supplied by the nested subroutines
C0Gl and CCGSUr for the selected plant combination:

A the annual cut-ct f .jtaues 'CUTOF? « and ;reduction
. tar jets ” I". CON, IREF';
B) the overall recovery efficiency 'YIELDI, and

© an averaje ‘AVLW« of the annual cut-off yrades 'CUTO-
FF'

LINES 095 - 158

LIME 151

The foliowir.j co-rut ions «e

executed by the herted
subroutines PD and SUUt

A the final [it surface is uosijnod and

0) the pit production is simulated*



The annual revenue is totallei 'PHEW and the ninber of 'it
increments computed 1KAXNe These results are printed out to
assist the user in monitor!nj the solution*

LINES HO - 170

The second estimate of the T-S mineral distribution 'OS.:RES*
[: computed jith the j}iid-block excavation ti nes *YR* ftom
the ;it production simulation in subroutine PD*

LINES 100 - 105

K. jasa.'w®
iS' IS.QIr& ssrs

IGPAD1, IGRAL2) are stored for rapid access rather tnan
teir.y recalculated in the other modules*

LINES 136 - 2C>

Yearly topographic mats are printed to

illustrate the pat
production simulation*

g* 3* 2 A LIST OF KAINI

The (x ~’17 anneit lias two rlchverable miner tl’.. 1 A.)l} an .
' inj ,rices are 'SV and 'S2 ,
GRAD. line, must be modified# t: -he
resi e<

user';

«AIS2 : LINES 004,

MAIL.id : LINES 004,

001 DGUBLI1
1EINCAL1

2Q7 (65



3Q1 1(65,20) ,112(3, 3, 3) ,gi4 (99) , POLD, i X3W,JAa%,riXC,

4Q14A(99)
002 REAL XILC (2) , IL'FRC, I HFRP, MI'!C
003 int:. ;;n cutoff (99, ,oi.::/i/,t«o0/2/,gi
004 INTre 1 2 TOLL (13500) ,YH (13500) ,PITiNC,5UnF_ (30) ,

1033(13500) .+v34(13500) .. 3”(13500) ,T, SCORE (750) .
2IGRAV1 (30, 25, M) ,IGRAD2 (30,25,IB) , EAXCRAD(30,25, 18) ,
3AVEG

005 DIMENSION Ob (2) ,OL (}) ,C:,Cl1 (2) ,ORCI (2) ,RFiC(2) ,
IPITA H*(2) , X KANO (,) , SLOPE (2) ,XCLOPE (2) ,S1 (99) ,
2S2 (99) ,-ONF (2) ,REC(1),E (99) ,C (99) ,R (99) ,PRO1 IT (99) ,
3CAPO3 (99) , WASTE (99) VAL (13500)

006 COMMON ORE9E ,CONCA?, RETCAP, MIKCAIm F, 06 , .'7, Vis, V),
1Q1C,C11,Q12,1.IN,014,; 14A,CAP, PITA N3,XRKANU, SLOPE,
2USLOrL,S1,B,C,R,E, TONF, PROFIT, CAPOL, VASTL, RFC,
3VAL,Gf.,NI, NJ, IK, NLLKS, LAXN, KAXG, CUTOFF, L/, 33,',34,
4135,su;<;c,topo.yr

li = : jj = U* (number of recoverable minerals) *
007 DEFINE FILE 10 ( ii ,33 »L«IJ)
[€/0)Y1Y15)y —

Section (0*2"

008 o e Gl

010 NOLKS=NI*NJ*HK
Ci1 SI=5
0 2 READ (5, 105D
011 1051 1 (3012)
01 DO 210 LOCG1,S
TOPO(T,0 ") -0*0
016 VAL (LCO)*0%0
017 210 YR (LCC) =0
018 DO 260 K=1 ,NK
019 DO 200 1, NJ
020 DC 260 I":, M
021 IGRA1 1 (I,9,1")=

022 IGRAP2 (1,J,F)



023 260 ECOSAO (I,J,K)=0

024 DC 105%4 K=1,'i;<

025 N=0

026 DO 1054 J=1,NJ

027 DO 1054 1=1,'1I

028 N=84CM2

023 LOG* 8J*NI* (K-ONF) ¢ MI* (J-ONE) +f
030 FIND (10»T,CC)

031 IF (SCORK (N)-K) 1055, 1053, 1043
032 1055 11=1

033 GO 2C 1056

034 1053 11=0
035 105b TOPO (LOG)=11

03b READ (10* LOG) GRADI, GRAD2

037 IGRADI (1,7, K) ' GRALit ,5

030 1GS*r2(1,J,K)=GRAD2*3$

111 am !T'.:60i (((CAV(t.1,K).I-1,1).J«1,3).KM.i)

111 60 a°ABA'iS! .l1) 11).0i tn.juci (D.oecim.ancm |,
IRt.FC (I) ,PT -AL 3(1)," 3: Al'(-),- 1#2)
043 61 FOR" AT (:Feé« 3, F7* 3, 2F7*4)

1 “1iSiEBiIEtEBIiiSEib.,,,.

1 (RE 1

050 lgOF (T) (3F1 1»)V3>3«1/3A .)

O,1 READ (5,3) .. 4CAl

111 ,,c.e.M,c

054 12 FCRf.AT (215*2, £ 10*

050 DC 4 tlI8-1,20

056 ]:x: 4 " ”1, >)

05? 4 ORE ED(0,88) =C <O

B S e e e et a—————at—————————
11 the initial auburnv-

-'XiLuned in Subsection 6.3.1" an:
Stov 5, Section 3*2%
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0S") DO 11 N=1,NAXN

OO K1»4*N

061 K2=KI1-T«o

Ob2 73 Dv 11 K-K2#Kl1

063 DO 11 0=1,NJ

Ob DO 11 1=1,NI

0065 LOC=NJ*NI* (K-OME) +'II+ (J-ONE) ¢!
Obb IF fTOPO (LOG) , 11,11,5

[€0) Y121\ ——

The example d. po it has two tonnage factors 1TONF one for
each side of the tenth jrid-level* The followinj four

slatenients select th ap;ro[ riite tonnage factor for the
*ORE7E5* computations®* These statement ; ate modified as
explained in Sulsection b»3*1, if .he us-r’s deposit re-

quires different tonn ije facto: .* Additionally, the modifi-

cation must he repeated each time tonnage is involved in a
computation*
(SEE: RAINV, LINESno, 120 f 173;

MAI M2: LINESC76, C96 0 144;

MAIN 3; LINESO077, 087 6 1451

PC; LINES 118 f 143; AMD

SUSP:: LIME 050%)
Cb7 s IF (K-10) 0,6,7
063 6 MMEONE
0b9 GO TC 3
070 7 MV22

COMMENT-

E .r S ;1 F J L E t 1 B L a ‘E E n H E H
6 *3*2*
072 '
073 IF (F. ADfl, d, *)-G,) '

074 0 MEON;



079
000
081
002
00-1

084
085

086
087
008
009
090
091

09?
093
094
095
090
097
098
099
I1CO

HIO
11

220

13

OVT.w (MN) “OTI ~ES (: , M tTOUF (KM
CONTIMUB

WITL /0.22 ) MAXG
FOKi AT (IX,' .1AXG=,14)
DC 1J N=1,99

T=N

X= (HM"MFFC) **T

Y=( 1 I*FRP)**T

v.(N) =x*xnic

C(K)=X*CONC
R(N>=X*t>2FC(1)

F(K)=X* F1XC

S2 (N)“Y*S2(1)

si m=Y*S1 ()

CONTINUE

CALL COG (AVEG,YIELD)
T=Or'E

LC=0

RC*C

511:2=0

SUF.C=0

50X9=0 COMMENT =----em e

in Subsection 6*5%*2%*

16
19

20

22

DO 34 K-1,NK
DO 34 J=1, M
DO 34 I-1,N1
LOC- NHNiv (K-ONj.) ¢;.1% (.1-0Jo) ¢I

IF rouo (L)) ) 34,34, 14

IF (TV:"AD (1,7, K -AV/) 1''-"
LC=LC*09E

BEV=0%*0

I (K-10) 20,2 ,21

S«O:;E

GO TC 22

X!-(OB (H) ¢ (K*OJCI (K))) * ((1."IHrBC)

SUM: -SUME +x -n.r
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117
118
111
120
121
122
123
124
125
120

127
128
129
130
131
132
133
13
135
136

137
138
139
140
141
142

143
14C
145
146
147
148
149
150
151
152
153
1j 4
155
156
157
158
199

@ TC 33
23 LC- LCHCM=
KC=r.O0ON5
IF (K-1C) 24 24,25
24 N*OK:
GO TC 26
25 N=TWC
26 IIsIGRADI1 (I,il,K)
12=1G9AD2 (1,],K)
3:V= ([FLOAT (I 1)/GS*S1 («) ) ¢ (FLOAT (12)/GL*S2 (%))) *
1TONF ('*)
x= (Ob CO Mi * "LA («))'#( (1+¢INFRC) **X)
Y» (OF (N) ¢ (¢ <3PCI (:i)))* ((VUNFRC) **X)
su%E=suyz*x
11 (IG"\pD2 K, J, K)) 27,27,28
27 NN-CME
GO TC 29
23 51K=T«0
29 z- (mile (:5%)) * ((i» +iTi nc) **r.)

iful:’UV «eVil, -
1/23B) - 3*0) 30, 30,31
30
GO TC 32
31 HiJ*TWU
32 v=(RLIC (MN) )* ((WINFRO) ** .

CtoT~VzIl.«ELD. ((FLOAT(11.12),/0L,) * (H#)/

MIN (>) )) *FO'iF (N)
13 VAL(LOG)*9EV-:0ST
34 CONTIMUSL

IF (L-:-:x) 10,36,35
35 E(T) =SLC VLC
36 i (0 ) M, 38,37
17 ¢ (?) *G'!::c/.vC

9 (?) =sUv9/."C
38 CONTI':'L.;

CALL TD

F9 r.O=r *0

DO 39 N l#L( ) N

") ¢er-N.A

39 M

- (37- i25.K) .3274.075.

222 'TAXM-(L-G’: C)/5 +ONE

221



160
161 -
167
163
164
1GS
Hu
1(7
166
169
170
171
172
173
174
175
176

177
17¢

1,80

182

185

187
183

189
190

193
194

195
196

11

202

DO n1 M*1#99
DC til .V'l,20
41 ORKICS =0*0
DO 43 K 1, N
DO 4 I~ 1,17
DO 40 1=1,HI
Loc=NJ*m* (K-0:;K) (J -ONE) +i
IF (TOPO(LOG)) 40,48,42
42 IF (Y9 (LOG)) 4b,48,51
Cl PITTI !iC* (iS (LGC) -G.N2) / S< CHZ.
23 11?7 (K-10) 43,43.,44
43 %r=0ONZ
(0 -0 45
44 %F=ftwO
45 IF (ECGPAF(I1,J,K)-GI)46,46,71
46 K*¥0*1 E
GO "C 47
71 K=E;G9A (I1,J,K)/GI

PAGE156

47 07E7IS ( ,FITINC) =CPK82S (E,PI7INC) ¢TV»l- (F..)

“WRITE (ID (TOPO (N) , YP(R) ,

1, NDLXS)

W ITF.1n2)  ((ORERES (:-, ¥ , N=1, EXXQ) ,!!=1,XAXiJ)

END FID . 11

201 r” ~ - tr 2»,'AL PIT oetLMBM
DO 211 N*1,NJ

211 SURfC(':)=0
DO 190 N=1,L

202 TCPC ;HAPIiTC MAP OP MSB v: m M
DO 1=1,"1
DO 104 2=1, ‘IG
K~0
y=0<E

192 r.-r
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205 175

206 104 CONTINUE

20" y WRITE (6,201) (SURFC (LEVEL) ,LEV2L=1,KJ)
200 100

209 203

210 49

211 DEEUG TRACE,SHDTRACT, SUBCHK

212 [ND

8« 3* 3 A LIST OF MAINZ

The comments within the ’' t describe how MAIH2 differs frois

MAIM*

001 DOUBLE FRECISI S ca> (3,3, 3), CCICA? (3) , RSFCAP (3) ,
IMINCAn, O TER ::: (93,2:) , v()") ,%I3 (73) , .6(20) ,
2Q7(CS,2'i) ,:3(h5,20) ", .9(65,20) , VIv (61,20) ,
3Q11 (t 3,20) :212(3, 3,3) ,«14 ( 7),PCLo,t.\iE*,i-.T >6#H xL,
4':14A (17)

002 REAL 11LC (2) , ThFRC, lUPaP, M :<C
1fV t

000

' . I'O Y"
:diT
The in.ut d,V, -f. lin« 007 ate re.eired t... the re.alte of
the fit it modullJ - 1:
« 'c o
- n n " n (13 %k

cot;ie



026
027
028
029

rS

the

030

031
032

033
034
035

036
037

The

PA'IE Vj3

READ (m,1'2) DA: ;,L
62 FORKA” (213)
READ (5,U n,N,I,NK,GS
NBLKS=\I*KJ*KK
U FORFAT (313,:7*1)
GI=5
DO 260 K=I1,MK
DO 260
DO 260 1=1,HI
IGPAL'T (1,J,K) =(
IGRA1'2 (I, J,K) =0
260 POORAT(I,J,E)rC
DO 210 LOC=1,Et LK;
VAL (LOC)=( "0
YR(LC1 =0
210 CO-ifriU3 .
R'AD (5,6 ) ((( AT(LilLK),1=1,3),J=1, 3) K ..
(0 FOR‘AT (1F12*1)
READ (S,'1) ( (I)/: (I),OLEI (L), 2 (I(i), <% (3 #
193:0 (H ,n "A*!: (D , »3KkaN ; (D
..61 FORKA” \5F' «3,17* 3,21 7%

SLOP: tn =(  (PITAS ,(D)/CO!. (PITAS ; (I )) **2*
63 jRLO' (1) =( I :(1))/COS(W?2KA":J(I)))"2.

A[fASZZ.W \W .S S 3

following °R AD’ statement®*

:Im "1'nnvi/iro.vus.2,
RAD (Ji3) I A

3~ ] u r ’i-.C-.FUZC
12 P'-RKV  (2F 1)

two dat

itoriliv-1
RAD2' and



Mfm

PA3E15']

stored rather than bein.j recalculate!®*

038 READ (11) (TOPO (N) ,YR (:i) ,N=1,!JiJLKS)

039 READ (12) ((0o": 0(v,N) ,:i=i, RAX))

040 READ (13) ({( . ;rA; (i,.7,k>,13’iAni (i
1IG8AI2 (I, 1,K) ,1=1,X1),J=1,NJ),K=1,M

041 DO 13 N«1,99

042 T=H

04 3 X=(1*+1 FROQO)

044 Yr- (1 « ¢ I’JFRP) * &r

045 E (i) =v¥*rii:ic

046 ¢ {!;) -x*ruN

047 R(N) =x*nnrc (i)

048 F(M =y*FIXC

049 S2 ()=Y«S2 (1)

050 51 (1) - Y*S1 (1)

051 13 GOUTINI :

05" CALL COO (aveo, YIELD)

DO loot 3P he; Veen added to this module to ni-.' the fir at

value
v& tL

1E«, *Ce and ,u*e

01,3 92 UC T T=1,L

054 LC=0

055 KC=C

056 SUKZ=0

057 SUKC»0

058 SUK?=n

059 DO 34 K*1,HK

OfeC DO 34 J*1,NJ

ct: icr-Iniutr-csrifiit. (.:-o.aj *i

C6l If (TCI )(MC)>



093
094
015
096

098
099
100
101
102

103
104

10>

14
15

16

17
261

13
262

19

20

21

23

24

25
26

27

30

11

IF (YR(LOC)) 15,15,17
M-CHE
IF (I-M) 16,16,34

IF (ZO '7AD (1, J, !() - aV£EG)

IV. ("R(LOC)-L) 16,10,261
M=0?;E

GO TC 16

12 (7-%) (LOC)) 34, 262, 34

PAGVU-O

19,23,2 3

MET
IF (2<r*PAD (I,V)-CUTOFF (T)) 19,23,23

LC=LC+ONE
RLV*O'O
IF (F-10)
N=0!IE

GO TC 22
N=T'«C

20,20,21

x-(O0Ob () +(-:*ov(N))) *((1+e14VRO) **")

SUMI:=SU%K +X

COST-- (X* (F (r.)/MIN (K) ) ) *TONt- (M)

GO TC 33

LC«LC»OME
ac=r.c*o0'i2
IF (K-V)
M=0:;E

GO TC 26

N=TV:.C

11=15 ATI (1,0,K

24, 24,25

“;v-urLolJ?<:1)/6s.si

SUF3"SUF,:*X

IF (157AD2 (1,0,.-))
SM-ONE

GO TC 29

1/24,G1)- 3 *o0)
1—3*0)
NI ON"
GO T(. 32
NN- -0

30, 30, sl
) 3' s /\)

5 o

127",

cn «T(i2) /" .Sz1ID ,).



106
107
10~

109
110
111
112
113
114
115
116

The
lack
tes«

I1S

119 -
120
121
122
123
124
126
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143

32

PAGE161
HE£FC ) % (( IMFRC) **-)
su;i3=su:n +d

COST* (Y+C+ (AYI HLD ( (FLOAT (1 U T 2))/GS) )+ (F (1:) /
IMIH (r.) ) ) *TOUF (M)

33 VAL (Lr 3) =P2V-COST
34 CONTINUE

IF (St’::.) 36, 36, 35
2 (T) =St."w2/LC
IF (S'JMC) 3 .,30,37
C (T) *SUVC/HC
R (?) =SUMR/XC

38 CON? INI) 2
*CORKENT
re-r l ict. 1on ate stoietl on a diSK
by
WRITE (16) (S(T),C(T),3(T; .521?) ,51 (T).F(T) .T»1,L)
// END FTL5 16
240 JTPNAT (14*," AVERAGE LNIT PRODUCT TON Ct'SiS')
241 FO-AT'rC'?" S' IX)"
VUITL (6,242) (T,E(T),C(T),P(T),T-1,L)
245 "O0?2EAT (13,21 '>2,, ’e3)
CALL PD
rtJEv:=o«o
no 3> '"*1,w
39 PNEV=riOl IT (N) ¢PNLW
WSITE (6% 222) PNr.V
229 ic™M nx1'IcTAL
221 )
DO 41 :-1, >
DO 41 Nwl#20
41 ORE* s (' ,N)
DO 48 K- 1,21K
DO 4B 1, N1
Loc-IHMU (K-i:ir.) +:;1, (G-0::z)t:
IF  (TOPn (LOC) ) 'lt*1 -» i2
42

51



144
14b
146
147
148
149
150
1Si
152

1b 3

231 LI (K-10) 43,43,44
43 %1=035

GO TO 45
44 XK=TiO
45 IF (EQOMAD fI,J,F)- il) 46,46,71
46 :i=0uH

GO TC 47
71 - 2 PAT (L,J, Kyy}cr L
47jpzp.Es(r.,Piri:ic)*CO9F.B>:5(R,PITIJIC) 4TOM (*.:*)
48 CONTINUS
COMMENT-

cecalculufoe «ach mo,uilL*

154
111

17
Z

160

16 1
162

Vil

1'b
166

174
175

17b
177

12

WHITE (14) (TOPO (M) ,YF(N) ,VAL(S) , N* 1, NjLKb)
A TS5!E1S), ((0-1TRES(K,»).KM,MX",S.1.MX!1)
END FILE 15

PIT OUTUHE.,
LO 211 Ml,'.1J

211 SUPFC (:i) -0
DO ICO N1, L

202 ?2r"AT,(M*!” TOPOti« Piuc »»v or %

DO 10 I="»"'1
DO 104 J=1,NJ

tba».,.1,

: | g 1 1 r -
152 k=
K-K* ONE

Go Tc W
17b SORFC(J)=«

’0,°¢ 1.203, ,=,rc,,.'.VBW.L:r:L.i.w,
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180 100 coKTri'j-:

181 201 FOR:!'AT ('O',3013)
181." 49 STOP

183 DELUG sutiTRACE, SUBCLK
184 END

8 3# 4 A LIST OF MAIN 1

Aftev  the fitst two iteration cyclos, >nly onu .nodule 'LiM'
is wused to co ;ute the re tininj cycles of the itoiutive
solution®* The co ents listed in this Subsection describe
how NAIN2 was modified to fotn MAIN3 for the..e computations'

001 DOUUL' mscisio!! CAP (3, 3, 3) ,CC":CAP (1), REI CAP (1) ,
IMIMCAP,C R :S (9>,;0), F(99), :;1r; (99) ,.0(20),
277 (65, 20) ,. >5,20) ,.)(6,, 20),. 10 (05,20) ,
IQ11(65,2 ),.12(3, 3,3),. 14 (99) , POLD, PiiEX, DAUS ,FI XC,

4v 14A (19)

00. REAL ILC(2),IXFRC,INFRP,MINC

003 INTEC R cuTofrF(99),CNE/1/,rWO/2/,;i

004 INT"1V9*2 T )PO (1 150C) , YR (1 V100) , PI TINC, S >NI'L ( /»
31V”’5

005

006
,835.s»Ptc.Toro.» e e ettt ettt ——————————tti——————
. ) ) o repotted by the results of the

The mine's life spin L ubioutine CO;2 is rejuued to

Lojifylhe i;r.?2'0 ‘% ,;,ioU0S1i,-St,tc.o1t.

007 READ ( ,62) LAX ,L
000

009 62

010 N3LF S’ NI*NJ*N

011 4 FOAXAT (U3, r7*1)

012 01=5



PAGb1fc4
013 DO 260 K-1,':K
014 DO 26 ?-1, ]
019/ DO 260 1=1,MI
Ci16- TGRACI (r,J,K )=0
017 IGRAr2 (t,J,n=0
0iG 260 EViuPAN (i,J,r) O
0il DO 210 LOC=1, ’;BLKS8
020 VAL (LOG) *0*0
021 YP (LCC)=0
022 210 CONTINUE
023 BtAD (5 c0) {((CAP(r,J,n ,I=1,3) ,J=1,3),K=1,))
024 vO FORI.AT (3F12« )
025 RM! (5,61) ()L (D) ,CR (I) ,0LCI (I) .OPC. (I)

IREre (I) ,IUTnl1G (1) ,/ R K {),1=1,2)
026 61 FORMAT (5F6e3,F7*3,2F7%4)

r'o DLV' £ (1) "(0l:'" (C1TAJ ; (1) ) /CO!, (PITANG (I) )) **2*

029 63 WSI.O:i(I)=(JI: (/R,:AXG(I))/CO.(,;SK,.N%(1))), *2.
................... = ereerreernneee — =COMMENT ..ot et e
The
S T M S JS » r s » « w ]
the followinj 'READ' statement®
030 RTAD (5,1) :ux:1,51(1) ,S2(1) ,D,INF F(D,
iTn’iv (?)

111 '

IREC (K) ,x=1, 3)
033 2 FOIMAn (3r 11«1/ m *1/ « -)

034 REAf (>, 3) M::ICAA
III 3 A"n:vr'n:-.co0,=.r,zc
037 12 forr:f1

,to«iowd Ci ) - i 1:1 }>;, of tin J|ietio»3 c,e.o. Ui»
current cycle >xceeuo

1.1.1.,i



estimate beconi 'S todunCaiit as the solution convet je ;°

038 no 13 7=1,99
039 TN

040 X=(1» +IKFRC)**T
041 Y=(1 IMFRP)**T
042 E(7)=X*ri7C

043 C(7) =2,*C07C

044 R (7) =X*RLFC (1)
045 F (N) =X*FIXC

046 S2 (S)=Y*S2 (1)
047 51 (7) =f*5 1(1)

048 13 CONTINUE
cor. XENT

The followin , external lata "A

iy (13, 14, 1t>, R H) are teid
into internal stoc..je» Tie unit

production cos* 3 anl tn c -s,

excavation times and the T-S mineral distribution :to’ tne
recodin ; iteration CjCle ate used to utdate the "ol itron*
The tc”aininj lata s*ts at* constun® lot all 1it-.i* 10 -
CjCICS*
049 READ (13) (((: .'RAI (1#d, f), ia-v.ui
1IGRAr,2 (I, J,K) #1=1#hU #d=1, jj) K="
050 RFA” (1 ¢ ("O!'nc)," (),VAC)
RPAD (15) (f: 1 hS (I ,N) ,Ki=], AXu) N= I KAXR)"
032 READ (10) ......(.'.'..)..z.?....(i.).’ﬁ(T)’l{’)(ﬂ’:"(f)’ Coomms
051 CALL COG (ANRG,YIKRLDY
054 92 DC 30 T~1,L
Cfs LC-0
050 KC»0
057 SUXH=0
058 StIKC=0
059 sur.n®o
060 DO 34 K*1fh>
061 DO 4 sHl=r DN
062 DO 34 1=1, HI .
06 3 log: A ,71* (h- A )+AS$ (i-0., )*>
064 IF (roro (LOG)) 34, 34, 14

065 4 I (Y°(LOC)) 15,15,17
066 15 r=oiii

6 :
7

e . 6,
069 17 i: (YR(LOC)-L) 18,1 ,A



PAGC166
070 201 K=0":E
071 00 TO U

072 18 IF (T-YH (LOG) ) 14, 262,.14
073 26 2«=7

074 IF (.""GIAD (I, J,K)-CUTOFF (T)) 19,23,23
075 19 LC=LC* ONE

076 REV=0«0

077 IF tK-1%) 20,20,21

070 20 I=ONE

079 GO TC 22

080 21 N="WC

001 22 X- (03 (M) ¢ fw*0:’CI (N) )) * ((1 « UNFRC) ** y)
082 SUME*9UK2+X

083 CO5T= (X* (F(X)/KIN (X) ) ) *TONF (N)
084 GO TC 31

035 23 LC=LC*0X2

086 KG=rC +0":E

007 IF (K-10) 24,24,25

088 24 N=o:::

089 GO TC 26

090 25 N=T*C
091 26 11*1'>7ADI (1#G, K)

091 3AV=( (FLOAT (I1) /GS*S1 (h) )+ (rLOA (I /3L*Lz (.)))*
83 i s 1 P s m i K S S S i

097 IF (I11AD2*I1,J,K)) 27,27,28

098 27 NM=CM/

099 GC TC 29

ioi 29 I®rive(i*)yMC(i“ imc¢)..ii)

,277.,.1)..37.625.K .327VC79,
1/298)- 3%*0) 1F,30, ml
1-3%0) 30, 30, 31
104 30 KH*ON9
105 GO T( 3

Z ="~":]1M « .TIl:LD.,(iLO»T,nH2),/US,,.

IXI:1())) ) A
110 33 VAL(TCC)=9 /-,06.
111 34 CONTINUE
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112 IF (S’!X:) 36, 36, 35

113 35 L(T) =ru ::/LC

114 36 1IF (F’XO 33, 38, 37

115 7 ¢ (T) -nu: C/KC
116 R(T)=SU:"%/KC
117 38 CONTINUE
COMMENT
The extornal Vita *YRI only of 14; an! 1G (Linoa
118 and 155 - 150)--uso<.

to u;u.ite the solution aie the same
for dll itoLdtion cycles ftor tie third on* Therefore, the

obsolete data is lost when the current uftialinj inforu-ati-
1s over-written on the ;aie data sets* The ’VALl lutu set

updated for informational pur.o&es only* The °TOPO*
is stored rather than t.einj

1S
lata act
recalculated for each iteration

cycle*

1P WRITE (16) ( (T),C(T),R(T),S2(T),S1(T),F(T),T=1,L)
119 END FILT 16

120 WRITE (6,240)

121 240 FOR:IAT (*1+,1 AVERAGE UNIT PRODUCTION COS.a')
122 WRIT: (6,24 1)

tn
123 241 eDEMIT (1CI,1  Ee-, 1X1 C ,2X, « F "]
124 WRIT' ( ,242) (:',” (") ,C(D,R(T) ,T31, D)
125 242 FO?:*AT (1 3,2.5+2,F> 1)
126 CALL PD
127 I»NZU=C*C
128 DO 30 N=1,L
129 39 PNt1'?-P30FIT (I) ¢PNFV
]30 WPIMNE ( f, 222) PU.:w
131
132 222 n
133
134 221
135 DO 41 '1=1, )
136 DO 41\ 1,20
137 41 onczn f;:, N)=o%o
138 DO 48 =n I,Nr
139 DO 48 3-1, N1
ij(l) LOC» 1j!xil (K-OHU)«; i* (1-UNZ) *i
142 IF (TOP '(T.Oe) ) " ,41,
14 1 42
144 51

14t. 231 - (t-10) 43,43,44



PAGZH3

14fe 41 MI=01!"

147 GO TC 4L

148 44 KMETWO

149 45 IF (HCG'™AD (1#J,K)-GI1) 46,46,71

150 46 K=OME

151 GV TC 47

152 71 K=L,GOAF (I,J,K)/GI

153 47 OREO-S (*m, VIT INC) - ORLR EG (M,PITINC) ¢TONF (MX)
154 40 CONTINUE

Ls WRITE (14) (TORO (N) , YR(N) , VAL (N) , H=l, NBLKS)
156 END FILE 14
157 WRITE (15) ( (OGERGii (X#t.) , K= 1,KAXG) ,li= 1, EAXN)

150 END FILE 15
159 s OWRIT: (6,20%)
160 20 IFORMAT (1 ANNUAL PIT OUTLINEI])

161 DO 211 X=1,NJ
162 2 11SUSFC (N)-0
16 DO ICO N=1,L

I'/, 202 FORMAT"(M 1,* TOPOGRAPHIC MAP OF KIN: I:: YEAR', 13)
166 DO 100 1=1,1I

167 DO 1C4 .1=1,NJ
168 M*0
169 K=ONE

170 151 IF (K-NF) 134,154,1

171 1,4 LOC-N.URI' (K-ONF.) ¢?!!¢ (7*0'4) ol
172 IF (TOPO (LOG)) 152,192,10 )

171 1051F (yg(:.1:)) 1 - 7 ;i

174 190 IF (YR(LOC)-N) 152,152,1 >
175 152 K=K

176 K=Ke¢C"E

177 GO TC 151

178 173 SU°FC (J) 3M

180 57 ?7s'cL 203, (S'lltC (LS7E1., ,LSV7.L=1.7J!
101 100 CC::TI‘H;
182 2C1 FCc! AT (" '1,301 1)

103 49 DTO
iga PRw G St'KT1ACE.SUCJHK

185 END



8* 4 SUBRCUTINSS COG1 A'll, COG 2

| verbal description of subroutine COGI's co:” utatior. il
jojuence follows in Subsection 8*4*1* Then, it is lists-, in
:he next Sul .section* The In.,I Subsection cont iins a list of
;0G2 with comments to explain how it lifters front COGl1e

3# 4* 1 COMPUTATIONAL SEyUZHCL OF CO0Gl

LINES 001 - 008

Specification and input statements*

LINES 000 - 052

Ratios of ore : pit material *RV , refined product pit
material '"" 2’ and refined iloduct : ore *R3'" no calculate”

for each yrade increment IM* and pit increment h
"ORERZS'*

0.

LINES 053 - 056

S A

s K ' - m r s s - 1 B . '®
na.ted 1y

%0
A) the annual cut-off yrades IcU.CF

T
CCNCAV, RIFCAP,

B) the annual production tar jets 'KINI1, 'COV and 'QRLF*
and

C) the overall recover; efficiency <YIELD'

juent iteration cyci

LINES 057 - o6l

e execute .t inter out; ut used to .o.itor the
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nolation as Inscribe! and illustrated in Section 7%*2%

LIN-v> 070 - 071

An avor ije I\7ZG" of the annuil cat-ofi 1JI ides 'CUTOFF' is
computed *

8 ti* 2 A LIST OF COG1

001 5Ua7Cl’?1 9Z COG (AVEG, YIELD)

002 CCIIBLi PRECISION ’.AT (23) ,07EELS (71,20) ,
WASTE (to, :0) , )’ :(61J,.10) ,<V.T(20) ,5FT.)A7,r"OD(uU,20) ,
2RI1(" 3,27) ,72(r’>>,20) ,R3(6",,. 0) ,PV:".AX#EV (3, 3, 1),

3CA7 (3, 3, 1),22(3)  1(3) ,'24,2a(79) ,«IK (79) ,CON ( -9) ,
4QR2F (91) ,P (9))

004 (13500),
00'~

006

ITT e COMMENT ......ooiiiiitiieree e
*0I< is given t; the user and U ejua) to ' I' m 11" O1'
of 'KAIH1"

008 Gl =¢

009 DO 351 3=1,20

010 MAT () *8

011 rlf (::)-c*o

012 DO 351 1,5¢

on p?c! (', - e

014 WAST: (%, :)= *"

01-3 OFF (F,::) -C* 1

016 :

017 82 (V/') =0*0

018 R3 (M,”) "%

019 351 COM viur

020

021 ro 3op :=i,t:AX(.;



PAiGE17 1
022  308KAT (N) =VAT (M) H# LEP.ES (K, M

023 DO 300 ;i=1, ;UXN

021- %ASTr (i1,s)=0aETES(i,:1)

028 IF (EAT (N) -k'n."." (1,N) ) 2,2,3
026 2 OPE (1,v)=0P:*:3 (1,N)

027 QO TC 1

028 3 OPE (1,M) =EAT(fi1)-WASTE (1,H)
029 4DO 309 *=2,KAXO

030 VAST*. C-, :) =XA..TE (E-1,N) ¢OPE <ZS(E,N)
031 309 OPE (X,N) -MAT (N)-WASTE (K, U
032 DO 110 'I=1, MAX,

033 REF(N)=OPE?ES (1,H) ¢ (GI/GS)
034 po 310 X m

035 310 REF {N)=nEF ( J) ¢ (DFLOAT (X* U) /OS) #OR .PES (%N)
036 DO 311 4=1 ,y.AXN

037 PPOD (1,?;)=REF )

038 DO 311 K=2,KAXG

039 IF (CPE(F,N)) 311,311,1
047

1PRO1 ('!,'*) =2POD (u~ 1, *I) s (DFLOAT (K*01) / ’S) *09E'ES (K, ®
041 311 COSTI'I)S

042 DO 112 'I=1, MAXN

0438 do 312 ;:=i,kaxg

044 Rl (X,'!) "OPE (K,M)/EAT(S)

04) 312 R2 (X,N) =V 7)D (. W /XAT (M)
046 DO 351 N=1,XAXN

047 DO 3b3 il1*1 ZIAXG

048 IF (CPE (X,H)) *54, 354,355
049 354 R3(i.,P)-0

050 QO TC 353

05 1355 P3 (v.,M) =PPOD (X, H) /ORE (it, 4)
052 353 CONTINUE

053 i=c;z

054 J=082

055 K=0

056314 CALL COGSU.1 (I#«',E,I)

(630 5 FORXAT (1F13«l)
061 Yintr-s c¢ (K



065

066
067

068

067
070
071
072
073
074
075
076

16§

a FORy AT

10 FORMA"

('O’
IPACITV* '

,* PRESENT VALUE- '

2ECOVFnY RFFICILECY3' ,F5«2)

WRITE (6,7)
) FOIMAT ('O',"
1'PROFIT")
WRITE ((,10)
IP(N) ,7 1, L)

SUK*0
DO 165 L=1,L

AVEG*5UM/L
RETURN

a',1s,

Yr
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, FI 3« 1, ' CONCENTRATOR CA
,F11«1, «--L; rsI'RY CAPACITY3' ,F9*1,'"OVERALL S

COG',4X,"KI7',3X,'COS*,3X,'RE

(N, CUTOFF (7) , KIN (N) ,CG1. (N) , . REF (N)

31 10*1, FI 3.1)

SUM* SOL* CUT OFF (F.)

DEBUG SUITRACE,SUBCHK

2ND

0*.U* 3 A LIST OF COR

001
002

003
004

005

007
008
009
010
011

012
013
014
015

016
017

-»

SUBROUTINE COG (AVLG,YIELD)

COUPLE P XIS'
WASIE (65,20) ,0=
2R1 (65,2 ), NH( .
3CAP (3,:,(),

ImcQ)y, 22(°

L"0

GI=5

DO 151 7=1,20
MAT (1) =7

nr.r (M) =f 3

DO 351 7%*1,65
PROD (7, ”) *0*C
msv C1,7) '0%0
o"

ni(" 7)r)#(9

12 (M 7) ¥0%0

ON MAT&ZO
=3 (65,2

, ORLRES (33,20) |
41F 20 ,Di LOaT, P[{D(65 20) ,

,20) , 23 (65 20) PV AX,PV(3

2(3),.3(3).V%.V6(19),XI:
%&&éﬁ? X
VET. 43

1037 t30) 232' (13500) , r40 (1350
DIKE 1SICN RFC (3) ,

(13500),

It (2),

oNrR/I/,ME1,

M2) (
) ... 537, 24(11), >5(2),.<o(M) ,

7 (79),CoI(T),
d

SUK
34(135 0),.35(11C ),

,. 1 (2),.13 (),
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010 93 (.VI) =0«J

019 351 CONTI 'JO7

02t o DO 304 N*I,KAXN

021 . DC 309 K®1, MAXG

022 508 r.AT {*i) ®= at (:!5 #0- ¢ ’ES (x, n)

023 po 30) \=i,.Tx

024 HASTE (1 ,N) -0 °L1 .2 (1,1!)

025 IV (VAT {:i)) -H\STT(1,N) 2,2,3
092(1,9) "OXZIzS (1, N)

027 GC TO 4

020 3 09E(1,") (:,)-WASTE (1, I

029 4 DO 309 '=2,RAXG

030 WASTE (., N *WASTE (A- 1, 11) ¢#ORB3E3 (K, W

031 309 O"L (V, J) =yAT ('"*) -HASTE M 1))

032 DO 310 ‘1*1, VAXN

033 REF (N) =0955:5 (1,2)) * (GI/GS)

034 do 31" y32, ax-

035 310 REF (N) m"MF (J) ¢ (DFLOAT (K*11)/GS) *02 :225 (% %)
OVi DO 311 N=I,MAXN

03T7 PROD (1, N =3Zr (K)

038 DC 311 "=2, EAXG

039 ; IF (CRZ (%,!!)) 311, 311,1
040 1 pros (v, ) =PPOD (:*>i, N) - (DFLOAT (::*G1)/ GS) *ORE9:S ("., «
041 311 CONTINUE

042 DO 312 N=1,MAXS

043 DO 312 :<=1,1 AXG

044 91 (y,’1) =O0R. (y,N)/y;.T (*)
045 312 R2 (G ,*i) =P90D (v,'i/M' : (X)
046 DO 351 4=1, AN

047 DO 353 :=1,::A(G

048 IF (C92 (.1,S)) 364, 354, '55
049 354 S3(r,%) =0

0”0 GO TC 353

051 355 23 (It,") =PPOD (U, 0/C" (K, N
052 353 CONTINUE
COMMENT.

selected Ir. subroutine ~ >e

053 DO $14 1=1, *
Ob4 DO 314 .1=1,1
055 DO <14 '=1.,3
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0-36 314 CALL COGSUD (I, J,K,P)
077 WRITE (f.,6)

05f - 6 rCM.AT (M 1, ' DISCOUNTED PROFITS FPOK THE PRODUCTION
itiitJ or r.Aca plant combination’)

079 WRITE (((IV (11,JJ,KK) #I1«1, 1) ,KK=1,3)
000 > FORMAT (IF 13*1)

COMMENT-
The plAnt cor lination yieldin j tho j*uatoat yresent value of
the mofittnat woul rer.ult ti jk it;; production tat “ets
less its capital cost 1CAPl i., chosen to exploit the jiven

deposit betWH.n Lines 061 and 070%*

06 1 VWMAX -PV (1, 1, 1)-CAP (1,1, 1)

062 DC 162 LL-1,3

063 DO 162 M1, 3

064 DO 162 7=1,3

06-- IF (IV \%-P'(LL,r,N)*CAP(L_.M,N)) 162, 162
066 161 PVMAX=PV (LL, v, N - CAP(LL, M N

067 I-LL

068 * J=M

0(9 K=N

070 162 CONTINUE
COMMENT

The cut-off it tdes '"CUTOFF' and production tar jets 'KIN',
»ce N and >.'EF' are tocalcul ited (i-ine 0 71) .or v.ie plant
combination yi sidin, the maximum present value*

071 CALL COG3UD (I#J,Ket)
072 YI ELI "r EC (K)
2valu - ov -r ci; rial cost') , ~-F)
075
076

ai-covery efficiency'',fb'J])

077 F ~ T ( » ¢co0G.«,-<:-.ax.'"VON-.3x."r2r.,
078 9 FOP.MAT ('0
079 'UL.'UV?’v, (N.cuTorfW.sn(-).«>.(¥).t» « «» -

it mi .n 1,1)
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000 10 FOPXAT (13,15,3F10'1,FI 3*1)

081 SUM=0
082 DO 165 F=1,L
083 165 SUM=SnM+2UTO:F(M)
084 AVEGSU Y/L
065 RETURN
086 DEBUG SUBTRACE,SUBCHK
087 END
g* SUDPCUTINE CCGSUii

8* 5* 1 COMPUTATIONAL SEQUENCE OF COGSCB
LINES 001 - CC7

Specification inl input statement.;*
LINES 008 - 027

Computation of the Lalancinj cut-off jrades 'CMC', 'i?x' an3
*GRC'*

LINES 030 - 234

An implicit loop in which the optimum cut-off jradas

*CUTOFF' and production targets 'A41l::" 'CON' and '. : ' are
computed®* This 1i.. a trial and .'for com[ utation because the
Iresent viluo *V1 is unknown in the economic cut-ol : ;u.e

expressions (LINES 044 - 046) » Those computations convert
on *V'e

The

liny two pit increments*

LINES 044 - 046

The oconow»ic cet-off Ko, '==e and 'M' « . e«.f«t.i
for the /ear 'L'e
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000 10 iOn;-AT (11,15, 3F10» 1,F13« 1)

081 SUK=0

092 DO US F--1,L

083 165 SUK=SnrndUTOFF (K)

08U AVEG-SUY/L

065 RETURN

086 DEBUG SUBTRACE,SUBCHK
087 END

&« 5 SUBROUTINE CCGSUJ

5« 1 COMPUTATIONAL SEQUENCE OF COGSUB
LINES 001 - 007
Specification inl input statement.;*

LINES 008 - 027

Computation of the baluncin; cut-off jrades 'GKC*, *GRf.1 and
IGRClI1 »

LINES 030 - 234

-oinrutcc* This is a ttial and ettot com,utation cause the
, -"sent value V¥ is unknown in the economic cut-ol . jidut
e M1 -io": (LINES 044 - 046)* These computations convoke
on *vle

liny two pit increments*

LINES 044 - 046
The economic cut-off jtedes '=C and °*«-' ,te co,;ht,]

foi the year *L*e



LINES 047 - 077

The optimum cut-off qr ide *>G1 is chosen liom the bulancinj

cut-off jtades (GMC, GRK GRC) and the economic cut-off
gtados (GK, sc, 71) for the you ’L*e

LINES 073 - 111

Ti,e plant 1in ductioi targets 'uK', 'QC  and %R' are
computed for the year 1L1e

lines 112 - in

The yoai Iu' and lit increment °S' are controlled with these
statements V, coi”aring the cumulative juantity of matoriti
esur.i.d’ toducv from, the current pit increment to the
total material 'PAT* contained in that pit increment*

LINES 114 - 117

s 1.8 s 1"
increments ' 1%

LINES no - 120

from the next pit increment ' 1

LINES 121 - 20r

ionvut Lon.s executed in

a al,lw
between Lines 04 and 11 *

LINES 206 - 207

The j'em und ,1t incf"t ate conttoUed -U,, t.eue

statements¥*



The subsetijt iu delftrd fto.;i the cut-ot £ jmdo 'G« and
product lot; tat j“t . * ', >«wC all "A'tle Theso data iota

Cu( -# '£=# -0o]J, C'" 1) ate supplled to the other nuhrou-
tine through ' & CUMWOW statement#

LINKS 225 - 230

The annual profit 'L and its present value ’SUIPV* ate
Lputed#

LINE 231

e trial and error computations for the cut-off grades and
production tat jots ato controlled with this statement by
testing the convet ;enoe of the present value ’*SUXPVe in
successive cycles# It the computations have not converjed,
the sulroutine returns tor another trial; othei wi..f it
exits#

& 5# 2 A LIST 01° COOSUD

001 SVSAOMTIME COGSUa (I,J,K,P)

002 DOULLr riECISICN CCNCAP (3) , '"?KFCA? (3) #MINCA?,V(3J) ,
1SUL, ; = (20) ,31(65,20), K2 (66, 20) ,83 (oh, -"), p (9)) ,
2."(99,2%) ,v: (9),20) ,.3(99,20),F (9 » , MAT (20) ,

4SDKPV (99) , P7 ft, 3, 3),S1, s2, S3, Ul, U,33, ¢". 3, V2003
002 DOUBL" PY9ECU ION , :i2, CABS, DFLOA ,, 1(59, .0) ,
1215 (3,3, 3)

005
006 ° 1 ) ° ° ° ®
COMMENT
*Of 1= jivrn L, the usei and is e.jual to -GI- in Line n

Of «MAIN11-



007
000
000
010
011
012
013
014

015
016

010
020
021
022
023
024
025
026
027
028
029
030
031
032
033
034
035
026
037
038
039
040
041
042

04?
048

088

160
900

[a—

B W

W

151

993

11

01=5

DO 160 L1=1,99

V(LI) =0*0

51 CMCA2 (I)/LIKCAP
52=" LFC.\P (J)/y.1i;CAP
53=7?"FCAP (J)/CONCAr (
DO 6 N=1,VAXN

SUDQM [ii) =0

GKC (N =0

DO 2 v=1, fAXG

IF (CABS (P1{K,N)-S1I)
QLM »y*S5I
CONTINUE

GOH (M =0

DO 4 *=1, XAXG

IF (< \Bf (32(M,N)-S2)
GM ( :) =v*Gl
CONTINUE

SRC (S) =0

DO 6 M=1,KAtO

IF (DAd.O (! 3(M1!) -S3)
9PC (N) =V*GI
CONTINUE

DO 151 L1=1,99
CUTOFF (LI) =0

P (LI) =0*0

DO 151 N=1,20

.IT(L 1, N) =0*0

OC(L1, '")*-*0

G(LI ,N) 0

CONTINUE

L=0

N=0

%= 1

surer. (N) =0

Ifjv a: «c v A

ir r«(w--c (%)
urci (L) GX¥('-)

i2l¥¥¥

PAGE178

1,3,4

5,5,6

<n»»e



csC 12 If ( : (L) - ¢)) 13,13, n

05 ; 13 ayei (D --.:c (L)

052 oc TC 70

053 14 G\C1 (L) ~G."C (N

J54 701F (Gv(Lj-G?y (1)) 10,15,15
055 15 GRI.1 (L) *GR ()

050 » 'C 71

05?2 16 IF (57 (L)-GRH(N)) 17,17,18
058 17 C7I (L) =57 (L)

059 5U TC 7,

060 13 GIMI (L) =G7K (N)

061 71IF (57 (L)-GRC(N)) 20,19,19
062 19 GRC1(r)=it (L)

0b3 GC TC 72

064 2C IF (GC (L>- GRC (ii)) 21,21,22
065 21 GRC1 (L) =3C (L)

066 10 it 72
007 22 GRC1(L)=IRC (N)
068 72 IF (1 (L) - IRXI(L)) 102, 105,191

069 101 I} (GRC1(L)-G2ICI(L)) 104,105,105
075 1'2 IF (GRC1(L)-Gi'"C1(L)) 105,105,103
071 103 IF (5'>i1(L)-IRC1(L)) 107, It 6, 10c
072 104 IF {it:. 1(L)-GRC1(L)) 106,106,107
073 105 G(L,N)=3:C1 (L)

074 GC TC 73
075 106 G(L, ‘9 =GRC1 (L)
076 GC TC 73

077 107 G(L, t.) =G3..1 (L)
078 73 TI=RAT (M /.71CAP

079 IF (»(L,S)) 153, 15%, 153
080 154 0Ot2G=03C(1, ;)

031 PPCD ; 2 ou

082 GO TC 117

083 153 DO 11  K=1,VAXG
084 IF E,((S,%))-:'* Vii'ii 11,
005 111IF (;(L, )-KA%G :G) 1>, "' 6

086 1 18 CONTI'iOS
0b7 116 OR: 1=0

083 PROCG*0

089 GO TC 117 ,

030 11?7 Hf .i*QPT(G(:#

091 ppooc=i ROD (7 /g ,%)

093 11311 Ti(L,:0 - -i)1I" 114" 1 v™>
094 114 on ;=(?: (1 # )
095 PRO! i=1 ROD (1, (0



096
097

098

099
100
101
102
103
104
105
106
107
108

109
110

111
112
111
114
115
lib
117
118
119
120
121
122
123
124
125

126

Izn

129
130
131

134
135
136

115

QO TC 117

1‘AGi;13C

oTr.G=c>: (K, :) +({ (afloat (x*gi) -dfloat (g )) /si)

n (Oc£("-1.H) -c: r.(V,N)))

PPOI(;*:,2.%)« (( (VFLOAT (4»G1) - DFLOAT (G(L,:;))) / GI)

1* (pre" (: -1, ®-P7CD ¢ , N)))

117 T2=0PiG/CO'iCAF (1)

501

502 IF (T1-T3) 506,504,509
504 T=TI

505

T9=P90DC,/Pi.rCAP (J)
IF (T1-T2) 501,902,502
IF (T2-T3) 506,50 >,505

GO TC 74
T=T2
GO TO 74

506 T=T3

74 Q0 (L,*T) =KAT

QC (L, 'D) *09 £?/?

gi(L,N) M»70DG/T

suroi' ('3) --5vr  :(';)+./c(L,N)

IF (FAT (! -S ir:; (%)) 23,996,10

23 jn2=vG (L,N) #(FAT (U)-sur.: F (G))

Ge(L,) M..:2A;:(L, .))KC(L,:)
0? (%,'!) = 2/ (L, =) (L, n)
c« (L,N) «( X2
:2=r.i":cAP-."M(L,":)
C2-CC":CAP (I) - .C (L, QG
P2=REFCAP (J)-wP. (L, N
Ul=C2/.:
U2=P2/E2
U3=P2/C2
N=Ne¢l
IF  (KAX*!-H) 4 1F, i>

130 GKC2 ) -0

IF iS;,,)-U1)-.02) 2', 24,25

24 GKC2 (1) -!!*G:
25 CCA'T I ’IUH

GRM2 (.!) =0

u U>"n2(7«)-U2>-«00” 2t.Z24.27

26 t;py.2 ci)
27 ccMiINU:

G7C2 (1) -C

«
28 GHC2 () - *j.
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186 GO TC 217

107 213 IP (G(L,!J)-GI) 214,214,21%*,
188 214 OR. 012 *1, 4)

180 PPO Gr.i*’vTo0(1,8)

190 GO C 217

191 215 ORC»OR ’(?1, NN M ( (PFLOAT (M*GI) -DFLOAT (G (L, 11)) )/GI)
i*(o (K-i,7)-CR (::,«)))

192 PRi ; PROD ("', )e(((! I'LOAT (t.*GI) -DFLOAT (G (L, li) ) )/GI)
1+d@  '(:'-1,X)-P OD (/,N)) )

193 217 T2= .G/:2

194 T3* OU/P

194 IF > u'll, 602,602

601 IF (T2- 3) »)6,605,605
602 IF (t1-T 3) >0u, t-04, 604
604 T=T1
GO 1TC 70
605 T=T2
GO TO 70
06 T=T3
79 x (L, 55 -*Ar (:)/T
QC (L, ') =C?33/T
o1 1/T
SUM. ' ("l)= (L, S)
IP ( AT(M”SUMMM ) 23,996, 10
06 IF ( AX<*N) 43,43,908
43 DO 45 %=1, L
KIN (*.) =C*n
CON (1) =0*0
gn;  (°) =0%0
SUM3=0
HUU=0
U0 49 N~1, 'I2XN
IF (GM,N) ) 49,49, 44
44 hum.--'r,mo;i2
suK3=sur ;¢; (M, «)
KIN V) FIN ( )+
COII (/.) '-"NON ( .) ¢v((
FM /Mi () (-
49 CCNTI'V"
CUTon tf') *0' r/.MM
45 CCNTINUP

40 ?r.i -(Lei)-".t» ie<*« (Ri-citii‘coli W '5"' '
1F(K)
DO 47 K=1, L
SUM.W (..) ~9e
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229 DO 47 1i“M, L
230 47 SUM: V(M) =SUK?7 (M) ¢P (V)/ ( (1« +D) &* (Y-M+1))
231 IF  (CAdr. (SUXPV (1) -V (1)) - 10C0U00»0) *3,46,43

232 48 DO r.1 :!'=f,L
233 51 v (n) =sw-:vv (=)

234 GC TC 52

235 53 IV(L,],K)=V (1)
236 RETURN

237 DEBUG SUBTRACE
233 EHD

3* ¢  SUBROUTINE PD

8. 6% 1 COMPUTATIONAL SEQUENCE OF PD
LINES 001 - 006
Sjecificition and input Jtatp.-aont".*
LINES 007 - 067

Desijn of tho final pit surface*

LINE on

li: in' -ill oflhele.i-ionn
closures of th'> Lorchs Gross-an aljorr )

LINES 020 - 057

.[pi or a ienvious test ate not inclduou-

LINES 053 - 0fc7

,. » »f «hnjiid-Llcck « within t ie
The net cash vaiuos ~L , If this total 'SUM' 1is
ser L-coii“ clos ire [ B ! ,, r* in included in the pit
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A toiojr.i, hie Tip of the* fin<*1 pit sulface is printed bt
these st it 'ments*

LIH2S 007 - 130 1

An imi licit lo( ; which simulates
F--¢

LINES 1’0 C 132

ore production from the

SuLroutin*m StIBID 1s <called to simulate the pit’s waste
prodaction °

LINES 137 - len

Schedules fat th ¢ anni: 11 revenue, costs, ore production and
waste production re co putei and printed* Additionally the
excavation ti es for ore *IOP’ imd vasto +L :il are co:« Lined
into on" array 'Y Il-

8 6* 2 A LIST C* PC

3Cl1
302
303
D4
305
006
% L;KLs, - 3", MAY.
007 Df 4 N=1, N3LKS
008 YR (:5) *0
009 IP (1) =f
010 L*h (i) -0
011 4 ICE ("9 “0
012 po c¢" '=1,%-LKS

013 200 ICL(;)u'
014 IC-0



185

015

016

017 20 X=1, :r

018 = 9.UNL* (

019 (vM™m, (LA

Th3 constants ( , 71,0 h :on ,ressif( in Lin<
given by the rid tuinalD if the iso it
(X,Y,Z) » llo.ive nst.int °’ sltr f art
'safe  wil 1-an jle Xitf le,

Secti on 7*1) in nto two

either side wr VI
IPITAMG's The < i ‘

overluilinj con t>d1
statements (Lin

0*4, d- ionstr 11

deposit * These
retiuil enents¥*

4

026
027
028
029
030
031
032

033 101 1
034
035

0 30
037
039

035

04 1

042
04 j



PITANG(])
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044 105 D=

045. GO TO Ifs

046 ' 106 XOC~FITANG(2)

047"* I o X=01/COS5 (AuS (NOC-XOC))

048 5 OD» (OT*fIti (PITAMS (1)-PITASG (2)) )/5IN (1M4159-
IPITASI (1))

049 D=7.-C*

050 107 IF (D) 14,14,108

0s1 10B CONEeSLC 'k (IS) * (K-D) * (K-D) - ((2*J~2*Y) **2) - ( @
1++2)

052 IF (cn'lu) 14,12,12

053 12 IF (IP C:) ) 13,1 1,14

054 13 10=18+0X3

055 ICL(I5)=n

056 14 COSTINO2

057 240 CONTINUE

058 2*¥33 IF (113) 2f,20, 174

059 174

06." DO 15 1~1,1U

061 13 fjUK=ALN-+VAL (ICL (11))
062.. IF (SUM) 13,18,16

063 16 DO 17 M 1,13

064 17 IP (ICL (v))SICL (M
065 18 DO 19 \-1,:B

066 19 ICL(M)='

067 20 CONTINUE

ot» 91 1 S '"r Z ' ClTinl'K PIT SUSFsCE'")

070 DC 22r N=1,NJ
071 220 SVRFC ("«) ~C
072 DO 97 X- 1#ld
073 D06 Y=1#NJ

074 M=0

1 | S S 7
08C 90 R Z

081 2*2+CNE

082 GO TC M

063 72 srprc (%)=

I

08¢ Pp Th O T (0 hn
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Thfi foil uwiivj ore “xc iv.ition SC juence (Linn;; 038 - 114)
illustrates a simulation for one tot kin; face that advances
in* v>; l-osif* !ii 'Ction.; o: alternate benches parallel to the

I¢’o0-0or din it m tx This simulation must Lo t lilored to tha
user's i:-'jiiie .-nt -, 1; descri. .1 in Subsection 6*7*1*
087 26 L=011E
088 J=0
089 1=0
090 K=0
091 SORE=n
092 SKAST ! ’—"0
09 3 31 ISIGN=C:!E
094 GO TC 33
095 32 151 ;1i=-0N2
096 33 K=KeCUE
if ) 34, 34, uo0
099, 34 S*K- ((K/2) *2) +ONZ
oSy GO TC (3> 36) ,X
100 Bs-0OME
101 GO TC 1/
102 3v. Z-C'M
103 37 J*Je3
104 IF (J-NJ) 38,39,32

105 33 IF (J-0'iS) 31, 39, 39
106 33 ;nd- ((3/2) *2) to'.2

107 30 TC (40,41 ,M

108 40 . (*C'i3) *IDbIGN

109 Q@ TC 41

110 41 A=:sim

111 42 1*1*A

112 IE (I-::I) 43, 43, 37
in 43 IF (-0 ) 37,44,44

11 44 VC=71Z* (K-O'L.) ¢ 10* (J-Ot. 1) 41

115 IF (102 ('c)) 13,1 b »'4
116 110 IF (¢ C 1))y *2,4 ,1 o
117 110 IE (ViL ('C) ) 42,42,45
in 45 IF (K-10) 4, 46,41

119 46 r.eO’-'L

120 GC TC 47

121

122

123
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126 50 IF (SCI! -ORF. <L) - (TCMF (")Z2«)) 51,51,60
127 51102 0UC)-»

12&: CALL f,”1:PD (SORF,K,F)
V9 SCP.:=0

130 L=L*C\’r.

131 GC TC 42

132 60 CALL SU PD (SCRF.,F.,K)
133 L=L*C’'E

134 SOPE-TONF (R)

135 IOR (VCO) *L

130 GC TC 42

137 160 DO 09 »=1,99

lig P?0OF IT ('!) ™)+ 0

119 CAPO3 (i) *C*0

140 OPC(%)=0%*9

141 09 dASTZ (;3)=0«0

142 DO 251 "=1,'IK

143 IF (2-10) 71,71, /2

14' 1 11=0:1Z

14%5 QO TC 73

146 . , 71 11*7WO

1#1 73 DC 6 Y-1. 3

i4n (T-0:tZ) ot;i* (y-onl) a
ISO IF (TCPO (:)) 16,8-1,260
1 # H

154 192 IVA (v)=L

$ " E ® S i 5 $siss®8 i3 s f&,
153 10 TC 3o
E " S B « s @ R » * - s r

162 Cs COtiTm""

E Z E 1l-E v ~» SIRyt-ATED PIT PTOPPCTIOH SCU ,»r,.

251 ctsTS

ifori" ()e']zl
U9 2,2 FOR?AT (13, *



17C trTunn
171 END

3. 7, COMpUTA .'IONAL . EvU..HCZ OF 5U3PD
LINES 001 - 006

Specification and input statements*
LINES 007 - Ccs

Thu .jrid-Mucks re jaired to exio:;u the ore production of
veai ' <n ' identified with the semi-cone set (Lines 02U -
061) and libelled by storir.j their location in the array
«I-iA e o

LINE 0C8

The a”“ropriate minimum wuorkinj wall-ancjle 'WSLCP:.’

1s
selected»

LINES 011 - O¢s

b d fLdt Ti v 1* * o .
ions itom yuin; to in-11L -



140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
133
159
160
16 1
162
163
164
165
166
16?
168
169
170
171
172
173
174
175
176
177

” 9
180
181
182
18.3
104
13;

29 CONTINUE

IF

(3M (1) -GMC2 (N) ) 31,30,30

30 GKCI (L) ~3¥ (L)
GO TO 7bt

31IF

(JC (V,-GXC2 (1)) 32, 32,33

32 GKCl (L) -3C (L)
50 TC 75
33 GMCI (L) > ;XC2 (N)

751F (,X(L)- J7M2 (U)) 35, 34,34
34 GIKI (L) - 5H ()

30 TC 76
ISIF  (;i(L)-39M2(X)) 36,36,37

36 7K1 (L) »GR (L)
GO TC 76
17 G9X 1 (L) *7 M2 ™)

76 1F

(M (L) - THC2 () 39, 33, 38

39 GRC 1(L) = 18 (L)
GO TO 77

39 IF

(3C(D) - >Fc2¢)) 40,40,41

40 3RC1 (L) =GC (L)
GO TC 77
41 GICl (L) =J3C2 i'))

77 IF
201 IF
202 IF
l1if
204 IF

(Gv: 1 (L)-G7KI (L)) 202,205,201
(0' 21 (L)-GMCI (L)) 204,20;, .05
(Gy:i (:.)-3XCl (D) 205,205,203
(GM (@ - jFCI (L)) 2C 7,206,206
( MX1(L)-13C1(L)) 20i,21 ,20"

205 G(L,,.)=3::C1 (L)
GO TC 75

206 G(L, ®=MCI (L)

GO TC 75

207 ¢ (L, 9 =mR::l1 (L)

70 T1=SAT('i)/E2

IF

(G(L,r) ) 155, 152, 155

152 OR? G=0r): (1, .)
PPCDG=: 0D {1, N)

QO TC 217

15500 21 KM.XAX -

211 %

218 CONTINUE

2100 ?727=0
pro; Jxo
GO TC 217

212 o™, mo* ;(; (

FPOI ;-P*ol (»(- O/Gi, ¢
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tnc -- tt,(* s<ri-cono 50te o0 1o0ots 19, 22 and o
identify the jrid-hlocko that satisfy the soai-cone closure*

LINE' 052

4. to that any or“ jriu-tlocks

me excavated as well, if they
satisfy the so”i-cone

set.
g. 7- 2 A LIST OF SU3PB

SUtiPCUT I N3 SUDPr (SO'F, F., K)

rOVeLr PR-CI,ION SORZ, ASTr,C1()),20),i2(3) Zv3(3),
1-<4, 5(0 ),. 6

.7 (b ,20),r, (65,20),. 9(6:,, 20).
2¢1C(65,2 ), .11 ( >20),.: (3,3,3) ,FAT (99) ,0H(9)) .
3 15 (3, 3,3) , . 14A(99) ,CN.-F«, DOLO, uA3s

Vn (99),C::/1/,1~0/2/

|
ITCVO (1 3r ), X 37 (30), sh0 (1 <>1u)

OTEP=5-1
MOOY'SL-f SLOPE ( )-ST21
IF (?.T (L) -03r (L)) 1
121 CN2 X=S0O~2 -MAT(L)
DO 56 11=1,3
50 DOLD*0MS>

1 1

r

V40 If (W ' .L- 35%*0) =3, - ,3
53 SVAST?.=n

00 171 2=1, iK

DC 171 i=1, J

173 ITWA(T) r
17 1 CCNTI'IOE

If (F-X) 1232# 54 , >4
5U DO 5( =<1'N1
DO 5G X=1,KI

m



028

029 IF (ICR(\)-L) 50,55,56
03( =« 55 DO 19 KK=1,::K
031 ' IF (KK-Z) 2,2,56
032 2 DCe. 1/
033 DO'" 1=1, a
034 (KK-OML) eMI* (J-CNF.) ¢!
035 IF (TCVO(N)) 3,3,10
036 1o If (IOSCO) 1,1,9

0J7 1 IF (IPC O) '.9, 9

030 3 IF (r.:.\ (N)) a,4,9

Tho constant.- (X,Y,D) of tl.o con
aiven t the -jrid co-ordinates of
X V * bouov't, the constant ’Di
uorkin v.i1- mjles* I'oi example,
Section 7%1) i f idivide I into two
user's roJuireT«nts*

139 4 1F (1 r) 14,14, 15

140 14 d~Z

>41 QO TC 16

)42 15 11" (-1) , 14, 1<

)43 17CC=7-1" -

%ji <n>/s»
34c

047 " .

1%x%2)) 9, ..5

048 sIF S5 1) ¢ '

049 6 KK"OND

050 GC 70 B

052 g IF (V.LCI) ) 11, 11"1:

055 GO "o 9

056 121cCSs (M L

(7.-0:; ~) +NI* (Y-ON7) ;X

exiresaion

in Line 47 are

the base grid-bloc.cs
must rcsjonu to variable
the jiven dei-o .it

(->ee

by tne tentu

«D >>






0;17
058
055
060
rbl
062
06 »
064
C65
066
067
068

not

» KG

span*

S0*:«S0?2+TONF (MV)
9 CONTINUE
22 CONTINUE
19 CONTINUE
5u CONTINUE
232 DNE* =SWASTE-;:AT (L) #sore
IT (1ALS (TN W)-TONF (y)) 59,57,57
c.7 IF (ECLD*F >;%« 50,52,52
50 STEf=-C«5*LTE.
59 S.;ATE=C
2 3RETUN
END

8 GLOSS\9?

compete; it "o-.
facilit ate

; rojr.inifiii-je

- ,1.2, the avnajo cut-off ,rufle

., ;fi,o1tion numhot

..0rT

PAGE 192

the

fu'o

"ucrr.entificuuo.

U f-



CAPO3 (i) ~(') te- unriu™l co.;t of ovevl uden;

i - /ear*
Cc:; (i). - .(t) the annual production tirjet for the concent-
rator 1n 1r.Jj n tons;

i - /oai*
CvC\: (i) - () thv :rar:

capacity of all possible concent-
rators in 1input tons;

1 - concentrator identification number*

CUTOFF (1) - (I) the innual

cut-off jradcs scaled > by the
Stada scale factor * S'

to integer value;
i - year*

D:, (rj the c;iortur,it, costof
CCGlv 2 and CCIf d) -

C- IS) 4 coi
o suDpr.)

investment Cf'iUl (“AINI-;,

HSf] to define the eeri-cone closures (1;

out! «v See su! "".ecttor”1«2,t« ,“1?ijo:oas definiti >»;

i - yeare

- .1.2: the -,1,1

e juivulent ninerul content
at each jtid-int- rsecticr ,

i, jA -1, uni r jtld co-otdi nates# t-ei '-ct
, (1) /' p , the fixed pie., udrini-ttl ative cools i« "eaf.
8 5 1 S K - J X « & S s 5 " “ 7 %

seal ¢ factoi ' * <



3k(i) f GC () , 2 (i) - (1*2) the annual economic cut-ofl
foi the 1it, cor :entt itor ind refinei,, respectively*

Afv aiv scaled ur to into /tr values «ith the jrale scale
fagtor '1GS1;;

i - you*
'-cm  GRK(i) # IRC(i) - (1*2) the balancinj cut-off jr.ides
/jCn ;t  incroMent Votwoen in" and concentrator,
refiner / ari 'rr o, ma refinery wxd cone nti itot, respecti-

thcy are scil< | up to integer values vita -he jrade
scale factor

b

i - pit increment*

the ctci * ir.teiv.tl foi the

. increments in the T-s
efeetdt 11.ttt1  “'ion ¢ 3 .r:S"

subscript# in arrays

Ki;u

13

i - jrid-Mack identification nuaier*
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i - <jrid-t lock identification number*

IP ft) - (1*2) 1 pointem for the jiid-blocks

within the final
pit surface;

1 - ;rid-Mock identification numbere
IM((1) - (I*?) the excavation year of the overburden
grid-Llocks;
i - jtid-)lock identification numbere
L- (I) the mine's life :v in*
IOC - (I) thesubscript for certain indicator arrays* It is

computed to locate specific

members of wuni-dimensional
arraysused to

store thrc.'-dimensional data

sets*

® - (D) thetotal material in each pit incronent
measured in tons (co 1 - = -and 1) 5

1 - pit inciement*
,»toa, - <-) the annual ; it ;toauction tac j- oie Fi“=
i.otlurden, in t-.nti (it and SS8S-D) i

i - year ®
KH* - (I) the naxit ut: e juivalent
reported in the user’s deiosit
.m , - (I) the total nu.te, of yit incceaerto-
recovera l-Ie M A

i - Unet il identification nunhof
s M, 1 - <.) the annua ,1, .roluction tur.et. ore

overburden, 1 « ton.,

KMC - -y .. "
tion of the  *xc *vaw»ton cc
to inter nil stor

,e,Jer



KINCAT - (D) tho iit cavocity, ok j.'lus overburden, yor year
raeayied in ton *

NBLKS -(1) th e total number of jrid-intersections or
tjiid-blocks*
Vi jir ff - (D)

the maximum I,J and K jcid co-ordinates,
resvecti vc?ly ¢

¢~ ti) - (F) the overburden striyvinj cost yet ton on each
side of the tenth ;tid-level of the exan.le deposit®* See
Section 7*I1*

i - yit zon ' identification number*
op tfii - r) the increased cost

of overfcirden stri”™ mj yor
er ton on e.ch M - »t the tenth <jril-level «£
the eL-.1le J,-,0 U- Sve Section 7.1.

y - -it zone identification numlet*
s X r ¢ a w S s & s
T*1*
1 - tit zone identification number*
S .3 z g & Z - ' a w S
i _ ,it zone identification number*
in it increments,
ORE (i, j) - ( ) the avail.i- le vr<',t;; "MV zZGLO‘to the maxixan
for

re;orted minora® V

1 - inte -or cut-off jiJ 1
j - -1t increment* o .
Afferent iofinitions in

E (1 vio it i 3”11 as hlllle trodaction
-1 Vir*l1 1. 1t 1:- u3tl ! teu e’
Ill) ()PD ab10ut1rc~1r.1> 1



OR1.3ES (i #j) * 1 1St .) tho .- ainocal di stribution*

i - into,': minorol jt ide increment
j - it incretitont ¢

P(i) * (o) tho mnual profits estimated fi-ov the [toduction
targets *XINI, 1CON: and 1«RXF1;

1 - year®

ptTANG (1) - th" safe pit ~i1ll-anjlo.. on oach side of the
fault ivon for th >example deposit* fee section 7*1# rhe
anjles are re iiure' in radians from vortical*

i - pit zone iuontific it ion number*

PI'NC - (1*2) tho lit ir.cre -nt*

PHEW-- (2) the total revenue over tho Tine's life

span*
PROD (i# ' (I) tho tonna, > in each iit iacromont, )i
refined 'dact available at an, cut-o1
i1 - into -or cut-off ji.ide increment
j - lit incro nt*
PROMT() - (7) «ho «*«»l rennao ftot, tHe sl.uUtPi ;i«

product ioii;

i - year
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lit anl iufiner] ectivvV, ;
;1 - V4L
j - i-it incro$Lnt*
rp?F(i) - (5) the annual ;tuuuction laijot £0L the rolinoi/;
1 - yt'cir

(p) the annual coi;! of tofininj ,ei ton of [rouuct;

ijet > PPOD* to lit ratoiial ana rofmeu ,cocu ilaoL”,
f.« U - -or<m cw fl fro. z«o to
the maxian tcioitov -metal yta“a .AG

i -inte jo-r cut-off “taat' inoi

j - [it 1inctetrent*

i - overall r..cover, .-tf.coney i.kntifl=ation nn.aof
Tele

i - -it zone identification numVof
P,C.wm ‘- «r, ca, .city U-.-Unoty in oatya

tons jat /e u ,

lriaaty pate: i "1

51
liaugct ton 0
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PAGE109
dei03it (KAIS1 - 1, PD, S”aVD);
21 yeai
Si 12, SI - (n) th «1litio of eonc'-ntrutoi

t0# the :it capacity finely capacity 's-FCAP* to
it cai acit. * an : re: inoly capacity to concentrator ci icity,
respectively, (COGSUNh) »

capacity 'COtiCA? 1

S'OPP(i) " (") thin wvariable 1.1 tts<1 to define the seni-oona
clovn--'t of the final :it irfaco d 1ijmroutine* it 1is
ejual to the tan jant - iaaied jf <PI T/'wiG

I - tit zone identification nunhet*
CH - (3 cumulative total of the iiaufated ote production
in any jiv n ear and v, uteu in ton*'
SD 1?7V (1) - r)th.* priacnt vam 1 ofthe futureltofits T*
in' each year;

i - yeai °

i - pitincrcicnf
SMST:- - tr, U- — V.U! O, the si.ul.ted o,«b--
D WI*»t I *' Vo » aTre

rtien production in any }*v ‘]l /

61 the

1Clir(i) - Dr toll.
ciue of the tenta 11 *' *
Section 7« 1*

,w.bl,,M on each
“¢ti,c I'X.UiIn a"!Jill1> £ "

surface top jtitn $

:tlon laontiticatio" nacb-f
i - jrid-i nter
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(D) tlvl $rvi-,«snt valu' of the futuic profit.i ' °n
i - ycML
iL(i) " (p) thv T-S rit ca .h value disttibution;
i - )ri V-M >ck 11 ntific ition nuaibei*
cr - () th tonna je:3 of overburden in each ;it
‘Imint for the ran je of cut-off jt >ies from zero to the

i-ortr.,1 Sincral ;,ado 'MAX';'" (COG - 2);

i - into ;» cit-or£ jrad.i inc.entent
j - |it increment*
r a .n - K ' S s s - "
i - year
]
cjuareu of 1 A

tion of !: mt cMacitU- mi
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CHAPTER 9 CC:iCLUSIO::S AIT REvOwh 1L -- AT i0.J5

did jraai:
HI HE PLAN'! INCJ--
I- ®TIKE FACTCS-OPEN PIT

I
FINANCIAL PLANNING—

PLANNING /sr™M'i

[to-jtdTii- t ;un > w1

1) the rhyrlcl and

geologic conditions of the
dot o:»it,

2) thQ iarticol.it pit 1reduction aothod, and

31 v|,e venture'., cost structure.

Pvovious cor.rri! utionr- to ti, ,M « oo;loyed in this -del

.r  u.. esti. ition of mineral ;r»des b, leaver (ID.

2, me desiin of,,.. o, Uo pit surface W -«c, s and
Gro->mm (> # an'’

3, the (.canonic plannirj decisions deci-

<)

UCi11 Tu
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dSeSTT'f i':f7 uwnifiLn?"deSeloi "nt i" the

are. redoflnod for each deposit e

$ L e > ~ 10«a Cund”stan!!;;r,"otat”

The?e would be:

A)

.artic-1., year.

: S

»-del can be bade.
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CHAPTER 10 REFERENCES

VE1, Airtil 1>¢6*
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* Voujhk.-eiai-, »e!’> 19b7*

V.iV. r-tN,. i-H . ref 196-

5)

6)

7)

y>

y.atch 1 ¢ J*
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