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MUM -ilk ugL,

t i  e d e v o l o ;  mnnt  e x y o n d i t u c e s  L ir t c o m u i n n i v i ,  
f K' i l  i t i u s  r>-*lect r> l  f rom T. iM ? i • 1 t o  r x ; l o i  t t h  ? ex 1 • I 'L 
d‘ ' 0 , ; i f  Roc . i l l  t { i t  t h e s e  ca ;  i t a l  r e q u i r e me n t , ;  were d i s c o u ­
nt ed t o  t h e  f i t  s t  ye a r  t o  make up t h e  e n t r y : p r t ^ =  7.n 
t o n s / v t  • ,  c o n c e n t r a t o r  = 1 e 7ai t o n s / y r  • , t c f i n e r y  = <■ > >•
t o n s / y r • and o v e r a l l  r e c o v e r y  e f f i c i e n c y  = 0 5 C*

The l a s t  co l umn l i s t s  t h e  l o a n  c a p i t a l  r e p a y me n t s  (LR)• Al l  
e n t r i e s  a r e  i n  m i l l i o n s  of c a s h  u n i t s #

S S i l i l i S i l l i l
c a n n o t  be n e t •

n  i o  u  >  w  *. *  *  —

t h e  p r o d u c t i o n  t at j e t s

The c a s h  f l o w a n a l y s i s  i s  t h e  u l t i r . a t e  . a a s u t e  o f j n y  oyan 
m ; ; n t tit i o n 1 3  wot t  h• l hd t  s o l i

i .U  1 L J. '

e j u i t y  c a p i t a l *

7# U AX INVALID SOLUTION

1 ) p i t  = 5* Cm t o n s  p ^r  y s a r  •

2 , c o n c o n t r a t o i  = "  t o n s  ! <u  » n J

3) R e f i n e r y  = 2 0 1 t o n s  l ' -i / n “

Re c a 1 1  
when tli

i. a •* ’ • i •
„ o .  s u h s e c t i o ,  M 7 . 2  t h a t  - l - l W - l u t l o n - -  
h e  s i m u l a t e d  w a s t e  or



P A G Z m

YR REV CFI ECAF
INT TAX OB

1 0*59 '• 0 0*0 2*6 1 ■-2*02 11*0 -
2 0*56 • 0 c* 1 2*53 •-1*97 4*2
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 • R 1 0*0 1*51 0*53 0*0
6 2*26 • 8 1 ' 1*42 0*03 0*0
7 2*08 • d 1 • 1*5 1 -0*24 0*0
8 2*31 • 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 • 2 1 0*0 1*35 0*96 0*0
12 2*32 • 06 0*0 1*32 0*94 0*0
13 2*6? • 0 0*0 1*74 0 • 9 3 0*0
14 4*02 • 0 1*2 1 *34 1*43 0*0
15 3*6% • 0 1*0 0*38 2*30 0*0
16 6*51 • 0 1*9 0*21 4*41 0*0

25 4*79 • 0 1*4 0*66 2*78 0*0
26 8 <7 9 • 0 2*6 0*0 6* 18 0*0
27 5*81 • 0 1*7 0*14 4*06 0*0
29 2*96 • 0 0*8 0*40 1*79 0*0
29 3*61 • 0 1*0 U* 1 2 2*50 0*0
30 4*2 3 • c 1*2 0*03 1*0 3 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*0 3 • 0 0*8 1*01 1*23 0*0
34 5*8 1 • 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 • c 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 0*0
DISnOU’iTEt CASH FLOW YIELD= 6*24

T ABLE 7* 10

CF

13*02 
- 6 * 2 2  
- 2 * 1 0  
- 1*75  

0*3 3 
0*03 

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

2*78 
6*18 
4*06 
1*7 9 
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

I

PV

-5*39 
7*11 

13*99 
17*21 
20*34 
21*43 
23*11 
25*20 
26*84 
27*65 
27*33 
29*15 
30*54 
32*05 
3 3*19 
3 3*54

LC CR LR |

0*0
0*0
0*0
7*5
3*2
0*0
0*0
0*0
0*0
0*0
0*0
0*0

*

0*0
'

0*0

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

26*96 
26*33 
22*26 
19*9,  
19*79 
10*87 
17*35 
16*55 
15*47 
1 p • 4 3 
12*53 
10*89 

3* >2 
7*02 
5*46 
2*45 
0*27

0*0
0*0  
0*0  
r  1

o o 
0 * 0  
0*0  
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

0*0  | 
0*0 | 
0*0 | 
0*0 | 
0*3 | 
0*0 | 
2*0 | 
2*0 I 
2*0  | 
2*3 | 
2*0 | 
0* 7 I 
0*3 | 
0 * ) |  
0 * 0 | 
0*0 | 

-  I
0*0 I 
0*0 | 
0*0 | 
0*0 | 
0*0 I 
0*0 | 
0*0 | 
0*0 | 
0*3 I 
0*0 | 
0*0 | 
0*0 | 
0*0 | 
0*0 | 
0*0  ( 
0 * 0  I 
0*0 |

t o t  ,  1

y o u : ; ,  
t i l l  j e t : ;

l i t  c a p a c i t y ,  an i
etc* Thin in '11 ' 

hive leeh confuted tior> an

liin in 
to the

t h e  t h i r d ,  f o u r t h ,  f i f t h  
f . i c t  t h a t  t h e  p r o d u c t i o n  
i n a d c  j u a t  ' j i t  c a : a c i t / *
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SIMULATED PIT PRODUCTION 5CHEDULL (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 * 6 8
2 2*96 1*40 1*27 0*51
3 6 * 6 2 3*41 1*27 1 * 0 6
4 5*4 3 2*69 1*27 1 * 6 6

b 2*25 1 * 1 2 1*41 2 * 2 0

6 4*64 2*45 2*25 3* 30
7 1*55 0*78 2*25 2 * 6 2

8 1*55 0*79 2*25 3* 19
9 1*13 0 * 6 0 2*25 5*07

1 0 5*49 2*65 2 * 1 1 3*05
1 1 6 * 6 2 3*48 1*97 1*84
1 2 5 * 4  3 2*35 1*97 3*09
13 5* 15 2*90 1*97 2*56
14 0 2 8 0*15 1*97 4*53
15 1*69 1 * 0 2 1*97 7*2t
16 0*94 0*53 2*53 11*35
17 O S S 0 * 2 0 2*96 6*90
18 1*27 0*77 2* 36 0 * 0 1

19 0*14 0*C9 2*96 5*97

2 0 4*22 2*85 2*36 7*05

2 1 0*14 0*03 2*96 12*24

2 2 1*13 0*57 2*96 8*79

23
24
25
26
27
28
29
30
T O T A L

1*97
0*99 
0 * 0  
0 * 0  
0*28 
0*56 
2 * 1 2  
4 05 

REVENUE= 164

1 * 2 2
0*43
0 * 0
0 * 0
0*18
0*27 
1*07 
3*26 

*24 MILLION C

2*96 
3*04 
2*96 
2*90 
2*96 
2*96 
2*96 
1*19 

ASH UNITS

6*50 
5*99 
6  • 6  1 
8*93 
7*61
5*49
7*08
1 * 0 0

T O T A L NUMBER OF PIT INCREMENTS = 6

TABLE 7*19



CHAPTER 8 THE MI NE PLAN PFOGBAMKB

m|lP jf p Pro.jC'liiiine i n  uuide up o t  t h r e e  modules  which a i e  
needed f o r  t h e  d i f f e r e n t  c o m p u t a t i o n s  i n  t h e  v a r i o u s  i t 0 1  i -  
t i o n  c y c l e s  o f  t h e  open p i t  m i n i n j  s o l u t i o n *  The comput a ­
t i o n s  w i t h i n  t h e  i t e r a t i v e  s o l u t i o n  a r e  v a r i e d  L; c a l l i n g  
d i f f e r e n t  modal  >i* The c o n s t r u c t i o n  of t h e s e  modules  i s  
i l l u s t r a t e d  in T a b l e  E*1* Each module i s  c r e a t e d  by i n c . j -

ss:„:r ;e
a d d i t i o n a l  c y c l e s *

1 JOb C0XT10L LANGUAGE

. , « : r t },<> t h r e e  job s t e p s
The MP Pro  j ram me I-'- , ‘ * v < ' ’1 *'] u 3 . 3 . Note t h a t  c e r t a i n

s u b s t i t u t e d  f o r  ui..*. 1 1 ‘ w i t h i n  t h e  c o n t r o l  « 11 - > r *
. n n r r s  l - c k s  Hid d a t a  uOt. ,  W l t , l



i n d i c a t e d  w i t h  e x p l a n a t o r y  p h r a s e s *  The r e g a i n i n g  s u b s t i t u ­
t i o n s  a r e  e x , l a i n  J i n  t h e  f o l l o w ! n j  d e s c r i p t i o n  of  t h e  job
s t t p s :  

j o b  STEP 1:

, c a l l i n ;  p r o j r a r . ^ e s  and s u b r o u t i n e s  a r e  c o mp i l e d ,  l i n k  
- r . J i t e d  and s t o r e d  i n d i v i d u a l l y  i n  a p a r t i o n e d  d a t a  s e t *  The 
-•nr t l o l  c a r d s  i l l u s t r a t e d  i n  F i  j* 8*1 a r e  used r e p e t i t i v e l y  
♦ j ' l o a d  t h e  s o u r c  ’ lock of  c a r d s  toi  each member of t he  
•• »r t  i t i o n o d  d a t a  s e t *  The names of  t n e  c a l l i n g  programmes 
d-d s u b r o u t i n e ; ,  as  l i s t e d  in Ta b l e  8*1,  a r e  s u b s t i t u t e * : ,  in 
t u r n ,  Co: t h e  i n t e r n a l  name of  t h e  LKED*8YSLP10D c a r d ' s
DSNAX2  p a r a m e t e i  •

 ...................... " I
I KP PROGRASr.E I I

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

I C A L L I N G  EPOGRAMKESI  HAIM 1 I KA1 N2 I ' n : r l  j j

! SUBROUTINES | CC ' 1 I COG h I > | 1
I C0G5b: i - | ------------->----- 1 (
| PD I ------------->-----1............ 1
i s u b P D - - 1 — >— ' m u .   |

I   I
TABLE 8 * 1 |

I ........... ............................................................ ............

JOB STEP 2:V V D *3 l U t *• •

c o n n  o l  ea t i i  l i n t  in n j *  •-
t i o n s ; 

1 )

2 )

. , ! w th ’ v  t o  c r e a t e  t h e  modul e

; j ;  i - ” u o n  ti' c l e '
j n J  .no - o ^ n c o l  - i t . ,  -2. to o t , , to t . ,  . « - . » *



( jo b  OTi\<)
H  EXEC rOlIHCLtP\E 1.LKED=VCAL 
Z/GYSIH J )  *
(aouree sa rd  d e sk  'o r  the  o a l l i n j  ^ m r r t n c a  m l  a u 'x rm t ir c o ,  r. v i m )  

/*
//LKED.SXSL’-iOD !)!) . v ),  •• ■ y »
j  I  vOUTtE •SER»itefc rv*<?£ ZibeZ,R^\CF*(CfL,(r^,^$

/ /

a o n tr j :  xscZ to Zot( ^  . ^ . i t  "ToiW o" t ^
p a r t i  „%U j , t s  j e t  ' Ll  ^ . r E C L m '  a s r i  ^ o t  J* ren : ;zc
t &4  .foZZwdM? o w f  to  oonotZe tkn rcn tM in ?  f i t s  oat  icnhars c » to  

recc r to i lc  any o f  th e  so ' icn o cs ':

//LiC’J.SYSL lOC DD D::i\’!:>:v-m !”(nTia) t:)ISP«0T,1 .VWJ !?>SEl’= Hr  ;

FI7, 8 .  J C O d P I U T I O X  W  L I M -  W  '03 S T E P



—

-----------

k. - -I

( j o b  C T i ' d )

I I  C::3C ‘’.VT!**-,1T -1011=15")':
/ / gYr  'HI%T DO ov?=\
/ ’/SYGUr )D U iilT » G Y r-)A ,y d l.i- ' . r i^ d ta h  r w k  Z i2? s t , 3 ? A O ( : ” *-:,( V

/ / syslid  do 3D:,A" = ry s i .  "  1'l:t i , dig?=gh3
//sYGL'oo Do nsivYt* =?:m( r>$),Dic"=(:.. -n),U‘:r>r//rD\,
/ /  " 'L'J'li;-=u' ',=7:. '■ z.: :Z,S
/ /  oc .«(RHcr :«u ,D.LKni2i>36f?5)
/ /X DO i:>P305't ’ ,o ig  ^ o ld  , vdl:j-!r>cni= f--s< ??.:% Za6 e:,:i:;rr=GYGD\

//SYSLIH OD « ,DC >:>L. GIZ1>C0

vrrrtY i.xin
luCLUDI A (MX I  Hr.)

IXUIDK A(CO.
r i  juror, a(codgub)
INCLUDE A(?0)
IliCLUDD A (SUB?3)

/ /

X
X

Tha ' 3 ISP ' , » « < » « •  =!<,•» l e  m l  to -ITS-, w J  t4 e  '3 :3 ' 
m r r o e t c r o  i e l o t c  o n  i :« »H!!V!-1D' « » i  ^  m V • * * » * * » •  » " 1 *’« ’

s t e p  a f t ? *  t h e  ts o i l o ' - :

//SYSL- . „  ro  llfcel

p j 7 , e . ' c p s w n : :  o? ' t w  s  j r j
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hP2 whi ch  c o m p u t e s  t h e  s e c o n d  i t e r a t i o n  c y c l e #  and

3 4  • i u * i u  r e p l a c e d  by * 31 and ' nn '  1 /  1 2 * t o  c r e a t e  t h o  
modu l e  r i ’ l  whi ch  c o m p u t e s  a l l  i t e r a t i o n  c y c l e s  f rom t h e  
t h i r d  one  o n •

JOD STEP 3:

i s  r e p l a c e d  by t h e  o n :1 c r e a t e d  i n  t h e  s e c o n u  . , t ep» 

r a t i o n ' s  I B :  J 6 0 /1 0  c o m p u t e r •

,  2  PREPARATION OF Ti l :  PROGRAMME FOR EX ‘ ‘ •' •*

STEP 1:

s y s s r a  s r s r a u m s K

A)

b)

hi.m ansions  a t e

d e f i n e d  in S e c t i o n  C d  f o r  t h e  s p e c i f i c a t i o n  s t j t e m e n t s  
o f  t h e  i r t a y s ,

j i v e n  f o r  t h e  s e q u e n t i a l  d a t a  s e t s  i n  S e c t i o n  3*1# ind

t h e  DEFINE FILE s t a t e m e n t *

STEP 2:

h h  • K n b  n E l “ E : , : : t i 3 3



( job  o t r . l )

.

/ / A  EXIT ’̂ 'f '-A P n ,? r l :> 3 0 ,m il% = 5 5 3 K

(oequ-srst-iil zrd ii • ‘t icecc.? Zzt-z s e ts —r ?e tho lis t h.lov) 
//oo .7po6roci 33 cYJp-.rr=A, >c!>(?.bcfi»*\a,lv:)CL»133, ;)li:sizi>133,3ur::>i)
/ /3 0 . ■’?05:'30i DO *
( v u r t a k e d  0 ' i v d  i n p u t  h t z )

r

r/ie 30'rucntial nnl diveoi zaoccz :itx ccts newirii ? t ~o.ui< '
n?l , ’1PP, an? r s ;  ire:

2 ; ”<?/’ tf’.e ^rst ■ n o d u l e  ( ' . ' ' I ) :

/ / "o.rn - >i 
/ / o o . r  i ' l l '001 

/ /
/ /
//00.FT10F001

/ /
/ /
//00.-T137 01 
/ /
/ /

2 2

(continue I—

o’j  o siL vnx i:oD ?x ,3 ir''» r ) ,"  : r  » 0 3 i i , v ^ r w!:  • ’
D) or : v r . « m , v . : , o i r > ( . ",...0 ,V R n> 23U ,
VOUJri =:' r:?"' 2i.: ' !-( " ' % , ( 3 »
d c  1̂ ( 0 . c r i - v ; , l h : c > ' , f i t : z i r " = 3  : o k )

DO D n : : v i > 0 3 :  r : ,  i s ’* » ( !r r . " , K  311
VOI-J f l* ' ' ? * •  1 3 • *'3,
DC. ■-»( .: :r !*VF,L3’:CL»10, -AF-'l'" =3'

00 :f>: ^3 A o » o i3 > ( = >1**

VOLT 10= *-*dicd "to' ‘ » 3  ' 1

oc .*(-trci*!»vst i7' :o i o f :>3' ' 'Vi)

Poi* tfce s< ton: no m l c  ( d:

/ / o o . m i ' i o i  , •>  '>A- . ' ' C " " ' T I

r r .  P. 3  ; T " ' ^ 'T " ' f '



/ /o o .m ^ r o o i  dd )D::v«>u?n;.Tr.2 , : ) i o (:: ,-r 1) , "  : i >
/ /  V0LU'iD«r'::?= r-aok I , ’\C!>(CYL,(2,1))»
/  /  DC:'f(n e c f  i-v  rs ,i ;r ;c L = i2 , 2 lm ei z ^ 3  5 -VO

//G0.7T15F001 dd deii.vi::=,v>:r>;:SD, d i g ? - (’ir:,K:.:r')
/ /  VOUTJB-SER-itovi rac-; Z % * l,2 ? A O ( : / 2 , l ) i»

/  / DC!>•= (RECF1-VD,U110 1 ̂ )

//GO.rnr>FOOi dd dc:lv::> f u c :. ’. n c r - t n i v , ^ : : ? ) , u::i > 2 3 U
/ /  YOLU'tE-EE:’.- K c > r La cZ, SPACE*(T! ',  (1 »1) ) ,
/ /  dub»(R I:gf!-vb,m i :l»32, d ’-:iv>2rjh)

3) ‘•'ot' t h e  n o d u l e  ( V j ) :

.

.

■
,

rr. r. 3  rccmr : V
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r e c t i o n  j,  r o s p e c t i v ' . l y # .1 e r e  j u i t e d  a j  part .  o£ t ho  IIP 
P r o j t a n m u ' j  i np u t  d a t a *

* .
STKP 3:

The a p p r o p r i a t e  nun be r  o£ FC.tTPAM v a r i a b l e s  must  he c r c i t e d  
f o r  e a c a  r e c o v e r a b l e  minor ...1 r e p o r t e d  b> t h e  Gr ado I’r e i i c -  
t i o n  P r o j r a ' - 1 * T h i s  m o d i f i c a t i o n  o n l , i s  r e j u i r e d  i o r  t h e  
c a l l  i n  3 pro  j ram me >* The v a r i a b l e s  and t h e i i  l o c a t i o n  in  t h e  
programmes  a r e  d e s c r i b e d  lH t he  comments  of u u b s e c t i o n  
8*3*2*

STEP 4:

A f a c t o r  ' GS'  i s  s e l e c t e d  t o  s c a l e  t h e  mi n e r a l  ; i a d e s  U[ t o  
i n t e j o r  v a l u e s *  R e c a l l  f rom S e c t i o n  G» > t h a t  t h e  In. ' j 1 «- 
m i n e r a l  v a l u e s  t r e  u sed  foi  t he  s u b s e t ! ; t  1 .v. 1 v ‘ ’ 1 ’v.Ra.o1 * 
A d d i t i o n a l l y ,  a m i n e r a l  jr ada  i n c r e m e n t  'GI* i s  g e l  acted t o  
I t  i t  t h e  . i  ze of  s u b s e t  i t  t  ' %' * T h i s  i n c r e m e n t  . j roup ; a l l  
m i n e r a l s  occurring i n  t h e  same gr ade  i n t e r v a l  i n t o  one 
c l  is--* A b a l a n c e  must  be ide he t  j e a n  a c c u r a c y  n  l 
CRpipS a r r a y  s i z e *  The s c a l e  f a c t o r  'GS'  must  be l a r g e  
enough t o  a v o i d  INTEGER t r u n c a t i o n *  In c o n t r a c t ,  t a d  j r a . e

i n p u t  d a t a  t o  t h e  %P Programme*

STEP 5:

c a l l i n g  programme y.M’M* (Ju! s e c t i o n  8*1*2)

,TEP G:

& u ^ 8 $ « 5 .  t a s x  s s " i .  a a w s s a t
>t v a r i a b l e s  " 1s t  be »ir J l a t

A)

01

T-3 net  c a  .h va 1 u• - d i s t i l  bu t :  >'1 , 

d e s i  :n >f t h e  f n a l  l i t  Mi.  f a c e .

C) t h e  tonnage'  f a c t o r  ;, and



P AGEI UB

D’, p i t  p r o d u c t i o n  s i m u l a t i o n *

Th’cJG i s  a c o i m e n t  at  t h o s e  p l a c e s  i n  t h e  Pi o jtuaime l i s t s  
where  t h e  s i m u l a t i o n  o i  t h e s e  f e a t u r e s  i s  r e q u i r e d *

STEP 7:

T h e  v a r i a b l e  »D* i n  t he  cone  e x p r e s s i o n s  f o r  t he  f i n a l  p i t  
s u r f a c e  d e s i j n  and wa s t e  mi n i n  j s i m u l a t i o n  r o u t i n e s  o u s t  be  
d e p e n d a n t  on t h e  p i t  w i l l - a n  j l e s ,  i f  t h e s ' an j l o s  v a r > • The 
r e l a t i o n s h i p  be t wee n  ’ L * and t h e  p i t  wa l l - a t i  j l e s  i s  e xp ­
l a i n e d  f u r t h e r  i n  t h e  comments  i n  t h e  l i s t s  of  s u b r o u t i n e s  
PD and SUEPD*

STEP 8 :

T h e  o r e  e x c a v a t i o n  s e j u e n c e  programmed i n  s u b r o u t i n e  I’D must  
be t a i l o r e d  t o  t h e  u s e r ' s  r e  l u i r o me n t s *  The  d e s i r e d  number 
of  o r e  wor k i n  j f a c e s  per 1 onch and t h e  number of e xposed  o r e  
b d n c h e s ,  and t h e  d i r e c t i o n  of  t h e i r  advanc e  i s  s i m u l a t e d  as  
e x p l a i n e d  i n  S u b s e c t i o n  6 " 7 * 1 *

8 * 1 CALLING paoapASHES

w m m m m

them*

0* 3* 1 COMPUTATIONAL SEQUENCE 01 KAIS1 

LINES 0 0 1  -  0 0 7

S p e c i f i c a t i o n  s t  i t e me n t s *  

LIMES 0 0 8  -  0 5%

In;  tit  s t a t e m e n t s *

LINES 0 b 9  -  080



P A G E 1 4 3

DO l o o p  11 c o m p u t e s :

A).* an e q u i v a l e n t  mi ne t  a l  j r a d e  1 E^GP AD’ t o  i ep r e s e n t  a l l  
t h e  d e p o s i t ' s  r e c o v e r a b l e  m i n e r a l s ,  and

I!) t h e  i n i t i a l  a s s u m p t i o n  for  t h e  T-S mi n e r a l  d i s t r i b u ­
t i o n *

LIKES 083 -  091

The f i r s t  e s t i m a t e  o f  t h e  u n i t  p r o d u c t i o n  c o s t s  i s  computed * 

LINS 09 4

The f o l l o w  i n  j v a l u e s  a t e  s u p p l i e d  by t h e  n e s t e d  s u b r o u t i n e s  
C0G1 and CCGSUr fo r  t h e  s e l e c t e d  p l a n t  c o m b i n a t i o n :

A) t h e  a n n u a l  c u t - c t  f . j t a u e s  'CUTOF? « and ; r e d u c t i o n
.. t a r  j e t s  "  I " . CON, I RE F ' ;

B) t h e  o v e r a l l  r e c o v e r y  e f f i c i e n c y  ' YIELD1, and

C) an a v e r  a j e  ‘ AVlU« o f  t h e  a n n u a l  c u t - o f f  y r a d e s  'CUTO­
FF'  •

LINES 095 -  158 

LIME 151
The f o l i o w i r . j  c o - r u t  i o n s  « e  e x e c u t e d  by t h e  h e r t e d  
s u b r o u t i n e s  PD and SUUt :

A) t h e  f i n a l  [ i t  s u r f a c e  i s  u o s i j n o d  and 

0) t h e  p i t  p r o d u c t i o n  i s  s i m u l a t e d *



The a n n u a l  r e v e n u e  i s  t o t a l  l e i  'PHEW and t h e  n i nbcr  o f  ' i t  
i n c r e m e n t s  comput ed  1 KAXN' •  These  r e s u l t s  a r e  p r i n t e d  o u t  t o  
a s s i s t  t h e  u s e r  i n  m o n i t o r ! n j  t h e  s o l u t i o n *

LINES HO -  170

The s e c o n d  e s t i m a t e  of  t h e  T-S m i n e r a l  d i s t r i b u t i o n  'OS.:RES*
[ : c omput ed  j i t h  t h e  } i i d - b l o c k  e x c a v a t i o n  t i  nes * YR* f tom
t h e  ; i t  p r o d u c t i o n  s i m u l a t i o n  i n  s u b r o u t i n e  PD*

LINES 100 -  105

K, jasa.'w®  
is' is.8ir& ssrs
IGPAD1, IGRAL2) a r e  s t o r e d  f o r  r a p i d  a c c e s s  r a t h e r  t nan  
te i r .y  r e c a l c u l a t e d  in  t h e  o t h e r  modules*

LINES 136 -  2C >

Ye a r l y  t o p o g r a p h i c  mat s  a r e  p r i n t e d  t o  i l l u s t r a t e  t h e  pa t  
p r o d u c t i o n  s i m u l a t i o n *

8 * 3* 2 A LIST OF KAIN1

    ------------------------------------------------------------

The (>x  ̂’ 1 ^ a n n e i  t  l ia .3 t wo
'GRAD.
r e s i  e<
u s e r ' ;

« AIS 2 : LINES 004,  

MAI.id : LINES 004,

r e c o v e r a b l e  miner  t l . .  ’ 1 A .) 11 an . 
1 i n  j , r i c e s  a r e  ’ S V and ' S2 , 

l i n e ,  must  be m o d i f i e d # t:  -he

001 DGUBL1 
1EINCA1 
2Q7 (65



002
003
004

005

006

3Q1 1 ( 6 5 , 2 0 )  , I 12 (3,  3,  3 )  , g i 4  (99) , POLD, i X3W,JAa%, r iXC,
4Q 1 4 A (99)

REAL XILC (2) ,  IL'FRC, I HFRP, MI'!C 
i n t : .  ;;:n c u t o f f  (99,  , o i . : : / i / , t « o / 2 / , g i  
I  NT r e  1 2 TOLL (13500)  ,YH (13500)  , P I T i N C, 5 U n FL’ (30) , 

1 0 3 3 ( 1 3 5 0 0 )  , v 3 4 ( 1 3 5 0 0 )  ,  , 3^(1 3500) , T ,  SCORE (750) , 

2IGRAV1 ( 30 ,  2 5 , M ) , IGRAD2 ( 3 0 , 2 5 , IB) , E^CRAD( 3 0 , 2 5 ,  18) , 
3AVEG

DIMENSION Ob (2) ,OL (}) ,C:,C1 (2) ,ORCI (2) , RFi C( 2)  ,
1 PITA HC* (2) , X KANO ( , )  , SLOPE (2) ,XCLOPE (2) , S1 (99) ,
2S2 (99) , -ONF (2) , R EC ( 1 ) , E  (99) ,C (99) ,R (99) ,PR01 IT (99) , 
3CAP03 (99) , WASTE (99) VAL (13500)

COMMON 0 R E 9 E , C 0 N C A ? ,  R E1' C A P , MIK C AI ■, F, 0 6 , .' 7 ,  'v: 8  , v ) ,  
1 Q1 C , C 1 1 ,Q 1 2 , r . IN,  0 1 4 , ;  14A,CAP,  PITA N3,XRKANU, SLOPE, 
2 U S L O r L , S 1 , B , C , R , E , T O N F ,  PROFIT,  CAPOL, V. A STL,  RFC, 
3VAL, Gf . , NI ,  NJ , IK, NLLKS, L A XN , K AXG , CUTOFF , L / ,  3 3 , ' , 3 4 ,  
4 l 3 5 , s u ; <  ; c , t o p o . y r

l i  = : j j  = U* (number o f  r e c o v e r a b l e  mi n e r a l s )  *

007 DEFINE FILE 10 ( i i  , 3 3  » L« I J ) 
--------------------------------COMMENT---------------

S e c t i o n  0*2"

008 READ (5 ,15) NI,
009 15 FORMAT (313,F7.
010 nolks=ni*nj*hk
C11 SI  = 5
0 2 READ (5 , 105D
01 1 1051 1 (3012)
01 DO 2 10 LOC- 1 ,S

TOPO (T,0 ") - 0* 0
0 16 VAL (LCC)^0*0
017 210 YR (LCC) = 0
018 DO 260 K=1 ,NK
019 DO 200 1, NJ
020 DC 260 I " 1 , MI
021 IGRA1 1 ( I , 9 , r') =
022 IGRA P2 ( I , 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 1 054 1= 1 , ' II
028 N=84CM2
023 LOG* 8J*NI* (K-ONF) ♦ MI* (J-ONE) +f
0 30 FIND (10»T,CC)
0 31 IF (SCORK ( N)- K) 1055,  1053,  1043
032 1055 11=1
03 3 GO ?C 1056
034 1053 11=0
035 105b TOPO (LOG)=11
03b READ (10* LOG) GRAD1, GRAD2
0 37 IGR A D1 ( I , J , K) ' G R A L i t  ,5
030 I GS^r 2( I , J , K) =GRAD2*3S

I I I  a m ! T '.:6 0 i ( ( ( C A V ( t . l , K ) . I - 1 , l ) . J « 1 , 3 ) . K M . i )

I I I  60 a°ABA' i5!  .!i) 1 1 ) . Oi  t n . j u c i  ( D . o e c i m . a n c m  ,
1 R r.FC (I) ,P I  -AL 3 ( 1 ) , '  3: All ' ( - ) , -  1 # 2)

043 6 1 FOR" AT ( : F6« 3,  F7* 3, 2F7*4)

1  ‘-iiiSiEBiiEtEBiiSEib,,,.
1 (REC (V) ,K=1,  1)

050 2 FOFLAT (3F1 1 » V 3 > 3 « 1 / 3 ^ j . )
O', 1 READ (5, 3)  .. . 4 C AI

I I I  , , c . e . M , c
054 12 FCRf.AT ( 215*2 ,  f 10* <)
0 5 0  DC 4 tl8 - 1 , 2 0
056 DC 4 " " 1, > )
05? 4 ORE ED ( 0 , 88 )  =C •O
®5e...........  ........................ .. ..................................................................................

11  t h e  i n i t i a l  auburnv-
- ' X i L u n e d  i n  S u b s e c t i o n  6 . 3 . 1 "  a n :

St ov  5,  S e c t i o n  3*2*



 ——

PAGE 1 'j 3

OS')
ObO
061
Ob2
063
Ob1*
0065
Obb

DO 11 N=1,NAXN 
K1»4*N 
K2=K1-T « 0  

7 3 Dv 11 K- K 2 # K1 
DO 1 1 0 = 1 , NJ 
DO 11 1 = 1 ,NI 

LOC = NJ*NI* (K-OME) +'II+ (J-ONE) ♦! 
IF f'TOPO (LOG) , 1 1 , 1 1 , 5

--------------------------------------------COMMENT------------------

The e xa mp l e  d. po i t  h a s  two t o n n a g e  f a c t o r s  1 TON'F' one fo r  
e ach  s i d e  o f  t h e  t e n t h  j r  i d - l e v e l *  The f o l l o w in j four  
s l a t e n i e n t s  s e l e c t  t h  a p ; ro[  r i  i t e  t o n n a g e  f a c t o r  f o r  t he  
• 0RE7E5* c o m p u t a t i o n s *  T h ese  s t a t e m e n t  ; a t e  mo d i f i e d  a s  
e x p l a i n e d  in  Sul  s e c t i o n  b»3*1,  i f  .he u s - r ’ s  d e p o s i t  r e -  
q u i r e s  d i f f e r e n t  t onn  i j e  f a c t o :  .* A d d i t i o n a l l y , t h e  m o d i f i ­
c a t i o n  must  he r e p e a t e d  e a c h  t i me  t o n n a g e  i s  i n v o l v e d  in a 
c o m p u t a t i o n *

(SEE: RAINV. LINES n o ,  120 f 17 3;
MAI M2: LINES C76,  C96 0 144;
M A I N  3; LINES 077,  087 6  1451
PC; LINES 1 18 f, 143;  AMD 
SUSP: : LIME 050*)

Cb7 5  IF ( K- 10) 0 , 6 , 7
063 6  MM=ONE
0b9 GO TC 3
070 7 MM=2

COMMENT-

E . r S ; i F J ; E t l B L a ‘ E : E n H E H

6 * 3*2*

0 7 2  '
073 IF ( F.. AD f l ,  d,  • ) -G , ) '
074 0 M=ONt;
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079 "'0 O V T .W  (M,N) ^OT'I ^ES (: , M) tTOUF (KM)
0 00 11 CONTIMUB
081 W9 1TI; [ 0 . 2 2  ) MAXG
0 02 220 FOKi AT ( IX,  ' .1AXG=' ,14)
00-1 DC 1 J N=1,99
0 8 4  T=N
0 8 5  X= (H^IMFFC)  **T
086 Y=( 1 I ^FRP) **T
0 8 7  v. ( N)  = x * x n i c
008 C(K)=X*CONC
009 R(N>=X*t>2FC(1)
090 F(K)=X* F1XC
0 9 1  S 2 (N) “ Y*S 2  ( 1 )
09? s i  m = Y * S l  ( I)
093 13 CONTINUE
094 CALL COG (aVEG,YIELD)
095 T=Or!E
090 LC=0
097 RC*C
098 511:2=0
099 SUF.C=0
I C O  5 0 X 9 = 0

___________________________ COMMENT--------------

: ' E s H 2 f  S u E

i n  S u b s e c t i o n  6*5*2*

DO 34 K- 1 , NK 
DO 34 J -• 1 , MJ 
DO 3 4 I - 1 , N 1
LOC- N H N i v  (K-ON;.) ♦ ; . !*  ( . 1 - 0 Jo) ♦ I 
IF r o u o  (L )C) ) 3 4 , 34,  1 4

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

BEV=0*0
II ( K - 10) 2 0 , 2  , 21

20  s « o : ; e
GO TC 22

2 2  X ! - ( O B  ( H)  ♦ ( K * O J C I  ( K ) ) ) ‘ ( ( l . ' I H r B C )  • * • ' . )  

SUM: - S U M E  + x    - n . r



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 
1 ‘j  4
155
156
157
158 
199

23

24

GO TC 33 
lc- lc+cm:-
KC=r.OON5 
IF (K-1C) 2 4  2 4 , 2 5
n*ok:

26
25
26

27

23

GO TC 
N=TWC
I Is I G’3 AD 1 (I,i1,K)
I2=IG9AD2 ( 1 , J , K )
3:V= ( [FLOAT (I 1) /GS*S1 («) ) ♦ (FLOAT ( 1 2 ) /GL*S2 (%))) * 

1 TONF ('*)
x= (Ob CO M i  * ."'I,Cl ( « ) ) ' ♦ (  (1 • ♦ INFRC) **X)
Y» ( OF ( N)  ♦ (• < 3 PCI  (:i )  ) ) * ( ( V U N F R C )  * * X )  
su%E=suyz*x
I I  ( IG" \ D 2  K ,  J ,  K)) 2 7 , 2 7 , 2 8
NN-CME 
GO TC 29 
5iK=T«0

2 9  z -  ( m i l c  ( : ;%)) * ( ( i »  + i T i  n c )  **r. )

i f u l : ’ U V  • • V i l ,  -  -  (37- i 2 5 .K) . 3 2 7 4 . 0 7 5 .
1/23B)  -  3*0) 3 0 ,  30 , 31

30
GO TC 32

31 HiJ*TWU
32 V= ( R l I C  (MN) ) * ( ( W I N F R O )  * *  -)

C t o T ^ V z l l . « E L D .  ( (FLOAT (11. 12) , / 0L,) * (H#) /  
M I N  (>) ) ) *FO' iF (N)

13 VAL(LOG)*9EV-:OST 
CONTIMU£
i f  (L-':-::) 1 0 , 3 6 , 3 5
E (T) =SLC VLC 
l i  ( o ’J: :) M ,  3 8 , 3 7  
c  ( ? )  * G ' ! : : c / .v.C
9 (?) =SUV9/."C
CONTI’:'I.;
CALL I’D 
F9 r.O = r *0 
DO 39 N“ 1#L

(' :) ♦r-N.^

34

35
36 
17

38

39

222

2 2 1

PH

' l AXM- ( L- G’: C ) / 5  + ONE
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1 6 0 DO n 1 M*1#9 9
161 - DC ti l  .V '1 , 20
1 6 ? '  4 1 ORK1CS =0*0
163 DO 4 3 K 1, NK
164 DO 4 J ~  1 , !!,7
1GS DO 4 0 1 = 1 , HI
H u  loc= n j * ;■ i*  (K-o:;K) (j - o n e ) +i
1(7 IF (TOPO(LOG)) 4 0 , 4 8 , 4 2
166 42 IF (Y9 (LOG)) 4 b , 48 ,51
169 Cl PITI !iC* (i S (LGC) -G.n 2) / S< OtiZ.
170 23 1 I ?  (K -10) 4 3 , 4 3 , 4 4
171 4 3 %r=ONZ
172 (',0 - 0  45
173 4 4 %F=fwO
174 4 5  I F  ( E C G P A F ( I , J , K ) - G I )  4 6 , 4 6 , 7 1
175 4 6 K*0*i E
176 GO "'C 47
177 7 1  K=E; G9A ( I , J , K ) / G I
17‘ 4 7  0 7 E 7 I S  ( , FI TINC)  =CPK82S (E,PI7INC)  ♦TV»1- (F..)

1,80 ‘ WRITE ( I D  (TOPO (N) , Y P (R) , 1, NDLXS)

182 W ITF.1 n 2 )  ( (ORERES (:-, *) , .N!= 1, E.XXG) ,!!=1,XAXiJ)

185 END FID . 1 1

187 201 r” ^ - tr 2» ,’"'AL PIT o e t L M B M
183 DO 211 N*1 , NJ
189 21 1 S U R f C ( ' : ) = 0
190 DO 190 N = 1 , L

202 TCPC ;HAPliTC MAP OP MSB v: m M
19 3 DO 1 = 1 , ' ' I
1 9 4  DO 1 0 4  2 = 1 ,  ‘1G

195 K~0
196 y, = 0 <E

ii
202  192  r. -r
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205 175
206 104
20' .  y
200 100
209 20 3
210 49
211
212

C O N T I N U E
WRITE ( 6 , 2 0 1 )  ( SURFC ( LEVEL)  ,LEV2L=1,KJ)

DEEUG TRACE,SHDTRACT, SUBCHK 
LND

8« 3* 3 A LIST OF MAINZ

The comments  w i t h i n  t h e  ’ ' t  d e s c r i b e  how MAIH2 d i f f e r s  frois 
MAIM*

001 DOUBLE FRECI5I S C A ?  (3,  3,  3) , CCICA? ( 3) , RSFCAP (3) ,
1 MINCAn, 0 TER ::: ( 9 3 , 2 : )  , v( ) ') ,%I3 (73) , . 6 (20 )  , 
2Q7(CS,2' i )  , : 3 ( h 5 , 2 0 )  , . 9 ( 6 5 , 2 0 )  , V1v (6r; ,20)  ,
3Q 11 ( t  3, 2 0) i 21 2 ( 3 ,  3,3)  , « 14 ( 7) , PCLo,t.\iE*,i-.T >6#H xL , 
4';14A (17)

002 REAL 11LC ( 2 )  , IhFRC, lUPaP,  MI :<C

'

1 f V t

OOo

' : ,  r o , Y"  
___________________________________ :iT

The i n . u t  d , V ,  - f .  l i » «  007 a t e  r e . e i r e d  t . . .  t h e  r e . a l t e  o f  
t h e  f i t  i t  mo d u  1 J - 1 :

«  ! C  .................

„    -  " " " "  “  * .....
cot ;  i •



PA'IE Vj3

026
027
028 
029

READ ( r», l '2)  DA: ; , L  
62 FORK A” (213)

READ ( 5 ,  U) n , N , l , N K , G S  
NBLKS=\I*KJ*KK 

U FORFAT ( 3 1 3 , : 7 * 1 )
GI = 5
DO 260 K=1,MK 
DO 2 60
DO 260 1 = 1 , HI 
IGPAL'I ( I , J , K )  =(
IGRA1'2 ( I ,  J , K )  =0 

260 POOR AT( I , J , E ) r C
DO 210 LOC= 1 ,Et  LK;
VAL (LOC)=( "0 
YR (LC1 =0

210 CO-if r iU3  ,  , _
R'AD ( 5 , 6  ) ( ( ( AT ( I , i l , K )  , 1  = 1,  3) , J = 1 ,  3) ,K^1,.3)

(0  FOR‘AT ( 1F 1 2 * 1)
READ (S , ' 1) ( ( I ) / :  (I) , OLE I  (L) , >’ ( I ( i ) ,  <-•>*- ( 3) #

1 9 3 : 0  (H , n  "A*!: (D , »3kan ; (D 
. .61  FORK A'” \5F'  • 3 , 1 7* 3, 21 7 •**)

SLOP: t n  =,( (PITAS , ( D) /CO! .  (PITAS ; (II )) **2*
6 3 jRLO' ( ! )  = ( I '  : ( I ) ) / C O S ( W ? K A ' : J ( I ) ) ) " 2 .

______________   COr.Ki.KT........- ........................ - ..................... .

r S ^ f f ^ S Z Z .  W W . S S 3  s w s s w . ’ s
t h e  f o l l o w i n g  ’ R AD’ s t a t e m e n t *

0 30

031
032

03 3 
034 
0 35 
0 36 
0 37

: 1 m ^ l ' n n v i / i r o . v u s . 2 ,  
RAD ( j i 3) I A'

3 ^ J u r ’ i - . C - . F U C
12 P'-RK V  (2F ' ' )

..........................

The t wo  da t  
i  t o r 1 1 i  v -1 
RAD2 '  a n d



.... ....

Mf m

PA3E15' j

s t o r e d  r a t h e r  t h a n  b e i n . j  r e c a l c u l a t e ! *

038 READ (11)  (TOPO (N) ,YR (:i) ,N = 1,!JiJLKS)
039 READ (12)  ( ( 0 " : .0 (v, n) , : i = i , r.AX ;)
040 READ (13)  ( { (  . ; ra ; ( i , . j , k> , 1 3 ’iAni  ( i

1 I G 8 A I 2 ( I ,  1,K) , 1 = 1 , X 1 ) , J = 1 , N J ) , K = 1 , M
041 DO 13 N « 1 , 99
042 T=H
04 3 X = ( 1 * + l  FRC)
044 Yr- (1 • ♦ I ’JFRP) * ♦ r
045 e (::) = v *r i i : i c
046 c {!;) -- x* r uN
047 R (N) = x * n n r c  ( i )
048 F (M) =y*F! XC
049 S2 (‘:)=Y«S2 (1)
050 51 (!:) - Y*S1 (1)
051 13 GOUT I Nil :
05" CALL COO ( A V E O , YIELD)

f i r  a t  
v a l u e

DO l o o t  3P h e ;  Veen a d d e d  t o  t h i s  module t o  ni - . '  t h e

v & t L z
i E«, *C• and , u *•

0i,3 92 UC T"' T=1,L
054 LC=0
055 KC=C
056 SUKZ=0
057 SUKC»0
058 SUK?=n
0 59 DO 3 4  K * 1 , HK
OfeC DO 3 4 J * 1 , NJ

ct:  i c r - l n i u t r - c s r i f i i t .  (.:-o.aj *i
C6l I f  (TCI ) (MC)>    .......................



14 IF (YR (LOC)) 1 5 , 1 5 , 1 7
15 M-CH E

IF (I-M) 1 6 , 1 6 , 3 4
16 IF (ZO '7AD ( I ,  J , !() - aV£G) 1 9 , 2 3 , 2  3
17 IV ( ” R (LOC)-L) 16 ,1 0 ,2 61

261 m=o ?;e
GO TC 16 

13 12 (7-%) (LOC)) 34, 262,  34
262 M=T

IF (2<r*PAD ( I , V ) - C U T O F F  (T) ) 19 ,2 3 ,2 3
19 LC=LC+ONE 

RLV^O'O
IF ( F - 1 0 )  2 0 , 2 0 , 2 1

20 N=0!IE
GO TC 22

21 N = T'« C
22 x - (Ob ())  + ( - : * o v ( N ) ) )  * ((1 • ♦ 14VRC) **:".)

SUMI:=SU%K + X
COST-- (X* (F (r.)/MIN (K) ) ) *TONt- (M)
GO TC 3 3 

i 23 LC«LC»OME 
a c = r . c * o ' i 2
IF ( K - V )  24,  24,  25

24 m=o :;e
GO TC 26

25 n=tv:c
26 1 1 = 15 ATI ( 1 , 0 , K)

“ ; v -  u r L o J ? ,< : 1 ) / 6 s . s i  , .  c n  « T ( i 2 )  / ^ . s z  i d  , ) .

SUF3"SUF,:*X
IF ( 157 AD2 ( 1 , 0 , . - ) )  ' f ' 2 7 ' .

27 SM-ONE 
GO TC 29

1 / 2 t,(i ) - 3 *0 ) 30,  30,  s 1
1 — 3*0) - , 3' , ^ )

093
094 
015 
096

098
099
100 
101
102

103 30 N?1 ON"
104 GO T(. 32
10‘> 11 NN- -0

PAGVU-O



P A G E 1 6 1

1 0 6  3 2  H £ F C  ) '• ( ( 1 MF R C )  * * - )
107 su ; i 3=s u :n  + d
1 0 ^  C O S T *  ( Y + C +  ( a' Y I  H L D ( ( F LOAT ( I  U I  2) ) /GS) ) + ( F (I:)  /

1MIH (r.) ) ) *TOUF (M)
1 0 9  3 3  VAL ( L r  3)  = r’ 2 V - C O S T
1 1 0  3 4  C O N T I N U E
111 I F  ( S t ’ : : . )  3 6 ,  3 6 ,  3 5

2  ( T )  =St . ' w 2 / L C  
I F  ( S' JMC)  3 . ,  3 0 , 3 7  
C ( T )  * S U VC / H C

112 36
113 36
114 37 i
115
116 38

The r e - r
\ ack by
t e s «

I lS
/

119 • /
120 240
121
122 24 1
123
124 24 2
126
126
127
128 39
129
130
131 222
132
133 221
1 34
135
136 4 1
137
1 38
139
140
141
142 4 2
14 3 5 1

R ( ? )  = S U M R / X C  
C O N ?  INI)  2

• C O R K E N T ------------------------------------------------------------------------

l ict.  i on a t e  s t o i e t l  on a diSK

WRITE (16) (S(T),C(T),3(T; . 521? )  ,51 (T) .F(T)  .T»1,L)
END FTL5 16

jrpNAT ( 1 *1 * , '  AVERAGE L NIT PRODUCT TON Ct 'SiS' )  

FO-AT' rC ' ? '  S' , IX,"
V’U I T L  ( 6 , 2 4 2 )  ( T , E ( T ) , C ( T ) , P ( T ) , T - 1 , L )
" 0 ? EAT ( I  3 , 2 1  ' > • ? , ,  ’ • 3 )
CALL PD
rtJEv:=o«o
1)0 3'> ' *1 ,w
PNF.V = r i O l  IT (N) ♦PNLW 
Wr>I T E  ( 6* 2 2 2 )  PNr.V

i c ^ i ^ n x l ' I c T A L

DO 4 1 : - 1, > i 
DO 4 1 N■= 1 # 2o 
ORE* s (:' ,N)
DO 48 K- 1,21K 
DO 4 B 1, N-1

l o c - I h m u  (K-i:ir.) + : ; i ,  (G-o: :z ) t :
I F  ( TOPn  (LOC) ) 'l t * 1 -» i2



144 231 LI (K-10) 4 3 , 4 3 , 4 4
14b 4 3 % 1=035
146 GO TO 45
147 44 XK=TiO
148 45 IF (EQO^AD f I , J , F ) -  iI) 4 6 , 4 6 , 7 1
149 4 6 :i = 0 u H
150 GO TC 47
1S i 71 - 2 PAT ( I ,  J ,  K) /GI  ...........
152 4 7 jpzp .Es( r . ,P i r i : i c )*C9F.B>:5( R , p i t i j j c ) ♦t o m  (*.:•)
lb 3 48 CONTINUS

 ___________________________ COMMENT-------------------------------------------------------------

c e c a I c u l u f o e  « a c h  m o , u i L *

154 WHITE (14) (TOPO (M) ,YF(N) ,VAL(S) , N* 1, N jLKb)

111 ^ i T5 !!i l S ) ,‘ ( ( 0 - ! r R E S ( K , » ) . K M , M X ^ , S . 1 . M X ! l )

1^7 END FILE 15

Z  PIT OUTUHE.,
160 LO 2 11 M«1,'.1J
16 1 211 SUPFC (:i) -0
162 DO ICO N- 1, L
\ i l  202 ? r " A T , ‘( M * ! ’ TOPOti« Piu c  »»v o r  :«  t b a » . , . i ,
1̂ b DO 1 CO I = ' »•' 1
166 DO 104 J=1,NJ

I  : | g l l r -

174 152 K=r
175 K-K* ONE
17b GO TC V>1
177 17b S O R F C ( J ) =«
! ! 2  ’ 0,‘ 1 . 2 0 3 ,  , = „ r c „ . ' . V B W . L : r : L . i . w ,
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180 1 0 0  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 t h e  f i t s t  two i t e r a t i o n  c y c l o s ,  >n 1 y onu .nodule 'LiM'  
i s  u se d  t o  co  ; u t e  t h e  r e  t i n i n j  c y c l e s  of  t h e  i t o i u t i v e  
s o l u t i o n *  The co e n t s  l i s t e d  in t h i s  S u b s e c t i o n  d e s c r i b e  
how NAIN2 was m o d i f i e d  t o  f o t n  MAIN3 for  t he . . e  c o m p u t a t i o n s '

001

0 0 "

003
004

005

006

DOUUL' m s c i s i o ! !  CAP (3,  3, 3) ,CC':CAP ( 1) , REI CAP (1) , 
1MIMCAP,C :r :s ( 9 > , ; 0 ) ,  f ( 9 9 ) ,  : ; r ;  (99) , . o ( 2 0 ) ,
2^7 ( 6 5 ,  20) , .  > 5 , 2 0 )  , . ) ( 6 , ,  20) , .  10 ( o5 ,20 )  ,
IQ 1 1 (6 5,  2 ) , . 1 2 (3 ,  3,  3) , .  14 (99) , POLD, PiiEX, DAUS ,FI  XC,
4v 14A (19)

REAL I L C ( 2 ) , IXFRC,INFRP,MINC
INTEC R C U T O F F ( 9 9 ) , C N E / 1 / , r W O / 2 / , ; i
INT’' 1 V 9*2 T )PO (1 150C) , YR (1 V1 00) , PI T1NC, S >Nl'L ( / »

31 V ” 5

, 835.s»Pt c . T o r o . »  ..........................................................

The m i n e ' s  l i f e  s p i n  ' L '
L o j i f y l h e  i ; r . ? ' o ‘ % , ; , i o U o S i i , - S t , t c . o 1, t .

r e p o t t e d  by t h e  r e s u l t s  o f  t h e  
u b i o u t i n e  CO ;2 i s  r e j u u e d  t o

007
000
009
010 
011 
012

READ ( ,62)  LAX ,L 

6 2
N3LF S’ Nl*NJ*N 

4 FO.tX AT ( U 3 ,  r 7* i) 
01 = 5



—  1.1.1., i

PAG51fc4

013 DO 260 K-1,':K
014 DO 2 6 ?- 1, J
019/ DO 260 1=1,MI
C1 6 - TGRAC1 ( r , J , K ) =0
017 I G R A r 2 ( t , J , n = 0
oiG 2 6 0  EviuPAn (i,J,r) o
Oil DO 210 LOC=1,’;BLK8
020 VAL(LOG)*0*0
021 YP (LCC)=0
022 210 CONTINUE
02 3 BtAD (5 c0) { ( ( C A P ( r , J , n  , I = 1, 3) , J= 1, 3) , K= 1, ))
024 vO FOR!.AT (3F12« 1)
025 RM! (5,61) ( )L ([) ,CR (I) ,OlCI (I) .OPC. (I)

IRE re (I) ,IUTn1G (1) , / R K { ) ,1= 1,2)
026 61 FORMAT (5F6•3,F7 * 3,2F7*4)

r'O DLV' f ( I ) '  '(01:' (I l TAJ ;(1) ) /CO!, (PITANG (I) ) ) **2*
029 63 WSI.O:i(I)=(JI: (/R,:AXG(I))/C0.(,;SK,.N%(1))),*2.

 ...................- .............. — -COMMENT................... ................... .....................

The
S T  M“ S J S »  r s » « w s

t h e  f o l l o w i n j  'READ' s t a t e m e n t *

030 r tad ( 5 , 1 )  : u x : i , 51 (1) ,S2 (1 )  ,D,1NF  :f ( D ,
i T n ’iv (?)

I l l  '
1REC (K) , x = 1 ,  3)

03 3 2 FOIMA n ( 3r 1 1 • 1/  ■ * * 1 /  • - )
034 REAf ( >, 3) m: : icaa

III  3 ^ n : v r ' n : - . c o , = . r , z c

12 f 0 ! ! : f !  ....................... ........................................037

, t o « i o « 4  Ci :) -  i 1 : 1 } > ; ,  of tin | i e t i o » 3  c , e . o .  Ui»
c u r r e n t  c y c l e  >x c e e uo



e s t i m a t e  beconi 'S t o d u n C a i i t  a s  t h e  s o l u t i o n  c o n v e t  j e  ;•

038 1)0 13 7 = 1 , 9 9
039 T* N
040 X= (1» + IKFRC)**T
041 Y= ( 1 I MFRP) **T
042 E ( 7 ) = X * r i 7 C
043 C (7) = ’, *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 .  X ENT-------------------------------------------------------

The f o l l o w i n  , e x t e r n a l  l a t a  "A:.; (13 ,  14,  1t>, R H )  a r e  t e i d  
i n t o  i n t e r n a l  s t o c . . j e »  T i e  u n i t  p r o d u c t i o n  cos*  3 an I t n c  -s ,  
e x c a v a t i o n  t i m e s  and t h e  T-S m i n e r a l  d i s t r i b u t i o n  : t o ’ t n e  

r e c o d i n  ; i t e r a t i o n  C j C l e  a t e  u s e d  t o  u t d a t e  t h e  ^ o l  i t r o n *  
The t c ^ a i n i n j  l a t a  s* t s  at*'  c o n s t u n ‘ l o t  a l l  i t-.i*. 10 -
CjClCS*

049 READ (13) ( ( ( :  . 'RAI ( l # d ,  f.) , i a -v .u  i
1IGRAr,2 ( I ,  J , K )  #I = 1 # h U  #d = 1,  j j )  ,K='. 

RFA’ (1 ♦) ("0!  n c  ) , "! (:’) , V A C )
RPAD (15) ( (f: :■ hS (! ,N) ,X=1,  A < )

I ' \  n t v \  r. ) I V \
050 
05 1
052 READ (10) ........... ..............
051 CALL COG (AVTG,YlhLD)
054 92 DC 3 0 T~ 1, L
Cf 5  LC-0
050  KC»0
057 SUXH=0
058 StlKC=0
0 5 9  sur.n®o

DO 34 K* 1 f h >:
DO 14 .1=1, NJ

( ( n  L I  L G  (I , N )  , 1 1 * 1 ,  A X u )  , N =  ! , K A X R ) ^
(h (" ) , c  (T), i ( T ) , l? ( r) ,:• i ( f ) ,  ( , , - - ,
urn.  v r xr . r d

060 
061 
062 
06 3
064
065  14
066 15 r  = o i i i

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

u u  >  ̂ *i — if »w
DO 34 1 = 1,  HI .
l o g :  A , 7 1 *  ( h -  A  ) + A $  ( i - o . ,  ) * >  

IF ( r o r o  (LOG)) 34,  34,  14
I! (Y°(LOC)) 1 5 , 1 5 , 1 7



P A G C 1 6 6

070 201 K=0':e
071 00 TO U
072 18 IF (T-YH (LOG) ) 14, 262,.14
07 3 26 2 «=7
074 IF ( . ' .'G’lAD ( I ,  J,K)-CUTOFF (T)) 1 9 , 2 3 , 2 3
075 19 LC = LC* ONE
076 REV=0«0
077 IF tK-1^) 2 0 , 2 0 ,2 1
070 20 xl=ONE
079 GO TC 22
080 21 N=?WC
001 22 X - (0 3 (M) ♦ f vv*0:’CI (N) ) ) * ( (1 • UNFRC) ** .v.)
082 SUME*9UK2+X
083 C05T= (X* (F (X)/KIN (X) ) ) *TONF (N)
084 GO TC 3 1
035 23 LC=LC*0X2
086 KG = rC + 0':E
007 IF (K-10) 2 4 , 2 4 , 2 5
088 24 N=o:::
089 GO TC 26
090 25 N=T*C
091 26 1 1*I '>7AD1 ( I #G, K)

09̂ 1 3^V=( (FLOAT ( I I )  /GS*S1 (h) ) + (rLOA (I /3L*Lz ( .) ) ) *

8 $  i s l P s m i K S S S i

097 IF ( I 1 1 A D 2 * I , J , K ) )  2 7 , 2 7 , 2 8
098 27 N M = C M 7
099 GC TC 29

i o i  2 9  I ® r i v c ( i * ) M C ( i “ i m c ) . . i i )

, 2 7 7 . , . J ) . . 3 7 . 6 2 S . K, . 327VC79 ,

1 / 2 9 8 ) -  3*0)  I F , 3 0 ,  ■ 1
1 - 3 * 0 )  30,  3 0 ,  31

104 30 KH*ON9
105 GO T( 32

Z  = ^ : ] M « . T I1: L D . , ( i L O » T , n H 2 ) , / U S „ .

1X1:1 ( ) ) )  :*:) ^
1 10 3 3 VAL(TCC)=9 / - , 0 6 .
111 3 4 CONTINUE



P A G E 1 6 7

112 IF (S’!X::) 36, 36, 35
113 35 L (T) =r.u ::/LC
1 14 36 IF (Fl’XC) 33, 38, 37
1 1 5  7 c (T) - nu:  C/KC
116 R(T)=SU:"%/KC
117 38 CONTINUE
_______________________________COMMENT---------------------------------------------------

The e x t o r n a l  Vi ta  • YR1 o n l y  of  14 ; an!  1g (Linoa
118 and 155 - 150) - -u so< .  t o  u ; u . i t e  t h e  s o l u t i o n  a i e  t he  same 
f o r  d l l  i t o L d t i o n  c y c l e s  f t  or t i e  t h i r d  on* T h e r e f o r e ,  t he
o b s o l e t e  d a t a  i s  l o s t  when t h e  c u r r e n t  u f t i aL in j  i n foru -a t i -  
i s  o v e r - w r i t  t e n  on t h e  ; a i e  d a t a  s e t s *  The ’ VAL1 lutu  s e t  i s  
u p d a t e d  f o r  i n f o r m a t i o n a l  p u r . o & e s  on ly*  The ‘ TOPO* l a t a  a c t  
i s  s t o r e d  r a t h e r  t h a n  t . e i n j  r e c a l c u l a t e d  for  e ach  i t e r a t i o n
c y c l e *

W R I T E  ( 1 6 )  ( ( T ) , C ( T ) , R ( T ) , S 2 ( T ) , S 1 ( T ) , F ( T ) , T = 1 , L )

END FILT 1 6 
WRITE ( 6 , 2 4 0 )
FOR:1. AT (* 1 • , 1 AVERAGE UNIT PRODUCTION COS.a ' )
WRIT: ( 6 , 2 4  1) tn
ef)E ■' 1 T ( 1 C 1 , 1 E • ,  1X, 1 C , 2X, « -* " 1 1
WR I T '  ( , 2 4 2 )  ( : ' , ” (•') ,  C (T) ,  R (T)  , T3 1 ,  L)
F O ? : ‘. A T  ( I  3 ,  2 .  5  •  2 ,  F  >  1)

CALL PD
1»NZU=C*C
DO 3 0  N = 1 , L
P N t l ' ? - P 3 0 F I T  ( I )  ♦ PNFV
W P I ^ E  ( f ,  2 2 2 )  P U . : w

■

DO 4 1 ' 1= 1 ,  ) >

DO 4 1 \  1 ,20
o n c z n  f;:, n) =o*o
D O  4 8  n  1 , N r  

DO 4 8 3 - 1 ,  N-1
LOC» l j ! x i l  ( K - O H U ) « ;  i *  ( l - UNZ)  *i 
IF (TOP ' (T.Oe) ) " , 4 1 ,

II- (t -  10 )  4 3 ,  4 3 , 4 4

I IP
119
120
121 240
122
123 24 1
124
125 24 2
126
127
128
129 3 9
130
131
132 222
133
134 221
135
136
137 4 1
138
139
140
141
142
14 1 42
144 51
14t, 231



P A G Z H 3

14fe 4 1 1*11 = 01!”
147 GO TC 4 Li
148 4 4 KM=TWO
149 45 IF  (HCG"*AD ( I #J , K ) - G I )  4 6 , 4 6 , 7 1
150 46 K = OME
15 1 GV TC 47
152 71 K= L„G 0 A F ( I , J , K) / G I
15 3 47 OREO-S (*■., V IT INC) - OR LR EG (M,PITINC) ♦TON F (MX)
154 4 0 CONTINUE
1 5  WRITE (14) (TORO (N) , YR (N) , V AL (N) , H= 1, NBLKS)
156 END FILE 14
1 5 7  WRITE (15) ( (OGERGii (X # t.) , K= 1,KAXG) , Ii= 1, EAXN)
150 END FILE 15
159 5 O WRIT: (6 ,20* )
160 20 1 FORMAT ( l ANNUAL PIT OUTLINE1)
161 DO 211 X=1 , NJ
16 2 2 1 1 SUSFC (N) - 0
16 j  DO ICO N= 1 , L

I ' / ,  202 FORMAT  ̂ ( M 1 ,* TOPOGRAPHIC MAP OF KIN: I:: YEAR', I 3)
166 DO 100 1 = 1 , ‘II
16 7 DO 1 C4 .1=1, NJ
168 M*0
169 K=ONE
170 151 IF (K-NF) 1 3 4 , 1 5 4 , 1  ,
171 1 , 4  LOC-N.URI'  (K-ONF.) ♦?!!♦ ( 7 * 0 ' 4 )  ♦ I
172 IF (TOPO (LOG)) 1 5 2 , 1 9 2 , 1 0  )
171 105 IF ( yg ( : . 1: ) )  1 - 7 ; ](1
174 190 IF (YR(LOC)-N) 1 5 2 , 1 j 2, 1  ->
175 1 5 2  K=K
176 K = K ♦ C'! E
177 GO TC 151
178 173 SU°FC (J ) 3 M

180 5 ” ? s ' cL 2 0 3 ,  ( S ' l l t C  (LS7E1., ,LSV7.L=1 . ‘JJ !
i o i  ioo c c ::t i ‘h:
182 2C1 FC!  AT ( '  ' 1 , 3 0 1  I)
103 49 DTO
184 DFw
185 END
ISu DlJjG St'KTlACE.SUCJHK



8 *  4 S U B R C U T I N S S  COG 1 A' II ,  COG 2

\ v e r b a l  d e s c r i p t i o n  of  s u b r o u t i n e  COGI's  co:  ̂  u t a t i o r .  i l  
jo j u e n c e  f o l  l ows  i n  S u b s e c t i o n  8*4*1* Then, i t  i s  l i s t s - ,  i n  
:he n e x t  Sul . sect  ion* The In . , I  S u b s e c t i o n  c on t  i i n s  a l i s t  of 
;0G2 w i t h  comments  t o  e x p l a i n  how i t  l i f t e r s  front COG 1 •

3# 4* 1 COMPUTATIONAL SEyUZHCL OF C0G1

LINES 001 -  008

S p e c i f i c a t i o n  and i n p u t  s t a t e m e n t s *

LINES 000 -  052

R a t i o s  o f  o r e  : p i t  m a t e r i a l  * R V , r e f i n e d  p r o d u c t  : p i t
m a t e r i a l  ' '  2 ’ and  r e f i n e d  i l o d u c t  : o r e  *R3'  n o  c a l c u l a t e ^  
f o r  e a c h  y r a d e  i n c r e m e n t  1M* and p i t  i n c r e m e n t  h o .
’ ORERZS'*

LINES 053 -  0 56

r s ’ A s K ' - m r s s - i B . ' ® ;
CCNCAV, R JFCAP, °;‘.C) na.ted i y

A) t h e  a n n u a l  c u t - o f f  y r a d e s  1 c U . C- F ;

B) t h e  a n n u a l  p r o d u c t i o n  t a r  j e t s  'K IN1, 'COV and ' QRLF*; 
and

C) t h e  o v e r a l l  r e c o v e r ;  e f f i c i e n c y  • YIELD'•

j u e n t  i t e r a t i o n  c y c i  

LINES 057 -  0 61
• e x e c u t e  . t  i n t e r  o u t ;  u t  u s e d  t o  . o . i t o r  t h e



PAGE 170

n o l a t i o n  a s  I n s c r i b e !  and i l l u s t r a t e d  in  S e c t i o n  7*2*

LIN-v> 070 -  071

An avor  i j e  1\7ZG'  o f  t h e  annu i l  c a t - o f i  j i  i des  'CUTOFF' i s  
computed  *

8* ti* 2 A LIST OF COG 1

001 5Ua7Cl’ ?1 ‘JZ COG (AVEG, YIELD)
002 CCllBLi PRECISION ’.AT (2 3) , 0 7 EELS (71,20)  ,

WAS T E  ( t o ,  : 0 )  , ) ’ : ( 6 j , . ! 0 )  , < V . T ( 2 0 )  , 5 F T . ’) A 7 , r " O D ( u U , 2 0 )  , 
2 R 1 ( '  3 , 2 7 )  , 7 2 ( r ’> , 2 0 )  , R 3 ( 6 ' , , .  0 )  , P V : ' . A X # t>V ( 3 ,  3 ,  !) ,
3CA7 (3, 3, 1) , 22(3)  1(3) , '24, 2 a (79) ,«IK (79) ,CON ( -9) ,
4QR2F (91) ,P (9))

0 0 '  (13500) ,

I I I  ...............................COMMENT...................................................................

•0I< i s  g i v e n  t ;  t h e  u s e r  and U  e j u a )  t o  ' I ' m  11 " 0 1 ' 
of  ' K A I H 1 "

0 0 4

oo'~

006

008
0 0 9
010 
011
012
o n
0 1 4
01-3
0 1 6
0 1 7
0 1 8
0 1 9
020 
021

35 1

GI = r>
DO 351 3:= 1,20
mat (:;) *8 
r l f  ( : : ) -c*o
DO 351 1, 5r'
p ? c ! ( ' ,  '!) - •
WAST: (%, :)= *"
off  ( F ,::) -C* i

.

82 (v / ' )  =0*0 
R 3 ( M , ’’ ) " 0 * 0
com v:ur
r o  3 o p  : = i , t : A X ( . ;



P fi G E 17 1

022 308 KAT (N) = VAT (M) H  l.EP.ES (K, M)
023 DO 300 ;i= 1, ;UXN
021- %ASTr ( i , s ) = o a E T E S ( i , : i )
028 IF (EAT (N) -k'n.'".' (1,N) ) 2 , 2 , 3
026 2 OPE ( 1 , v) =OP:* :3  (1,N)
027 GO TC 11
028 3 OPE (1,M) =EAT(fi)-WASTE (1,H)
029 4 DO 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 '1=1, MAX',
033 REF(N)=OPE?ES (1,H) ♦ (GI/GS)
034 do 310 .\x ■
035 310 REF { N) =n EF ( J) ♦ (DFLOAT (X* U)  /OS) ♦OR .PES (%,N)
0 36 DO 311 4=1 ,y.AXN
037 PPOD (1,?;)=REF (N)
038 DO 3 11 K=2,KAXG
039 IF (CPE (F., N)) 311 ,3 11 ,1
04^ 1 PR01 ('!,'*) = 2 POD (u~ 1,  *1) ■* (DFLOAT (K* 01) /  ’S) * 0 9 E ' ES (K, ■)
041 311 COST I' ll) S
042 DO 112 '1= 1, MAXN
0 4 3 s do 312 ; := i , k a x g
044 R1 (X,' !) "OPE (K,M)/EAT(S)
04 ) 312 R2 (X , N) =V ’ )D ( ., W) / XAT (M)
046 DO 351 N=1,XAXN
047 DO 3b3 i1*1 ,Z1AXG
048 IF (CPE (X,H)) *54, 354,355
049 354 R 3 ( i . , P ) - 0
050 GO TC 3 5 3
05 1 355 P3 (v.,M) =PPOD(X,H)/ORE (it, 4)
052 353 CONTINUE
0 5 3  i = c ; z
054 J=OS2
0 5  5 K = 0
056 314 CALL COGSU.1- ( I #« ' ,E , I )

CtjO 5 FORXAT (1F13«1)
0 6 1  Y i n t r - s  c  (K)

...



PAGE 172

065 a F OR  y. AT ( ' O ' , '  PRESENT VALUE- ' , FI 3« 1, ' CONCENTRATOR CA 
1 PACITV* ' , F 1 1 • 1, «--L; rsl'RY CAPACITY3 ' ,F9*1, 'OVERALL S 
2ECOVFnY RFFICILECY3 ' ,F5«2)

066 WRITE (6 ,7)
067 ) F0 1 MAT ( ' O ' , '  Yr CO G ' ,4 X , ' K I 7 ' , 

1 ' PROFIT' )
3X, 'COS*,3X, 'RE

068 WRITE ( ( , 1 0 )  (N , CUTOFF (7) , KIN (N) 
IP(N) ,7 1, L)

,CG1. (N) , . REF (N)

067 10 FORMA" (I ' , 1 5 ,  31 10*1,  FI 3.1)
070 S U K * 0
071 DO 165 L=1,L
072 1 6 “j  SUM* SOL* CUT OFF (F.)
073 AVEG*5UM/L
074 RETURN
075 DEBUG SUITRACE,SUBCHK
076 2ND

0*.U* 3 A LIST OF COG2

001 SUBROUTINE COG (AVLG,YIELD)
002 -• COUPLE P XIS 'ON MAT (20) , ORLRES (33,20)  ,

• • WASTE (65,20) ,0=3 (65,20 , 4LF (2C) ,Di LOaT, PROD (65,20) , 
2R1 (6 5,2 ) , J ) ( .,20) , 23 (65 ,20)  ,PV .AX,PV (3, 3, I) ,
3CAP ( 3 , : , ( ) ,  2 ( 3 ) , . 3 ( 3 ) , V % , V 6 ( 1 9 ) , X I : .  (79),C0I(T),
4QREF (2 )) ,P (97)

003 INTEGER CUTOFF (77) , ONR/I/ , SUE. 1, SUK, GI
004 INTEGER* 2 . VET, .33 (13500), . 34 ( 1 35 0) , . 35 (1 I3C ) ,

1037 t 30) , 2 32 (13500) ,r40 (13500
005 DIKE 1SICN RFC (3) , . It (2) , . M2) , .  1 (2) , .13 ( ) ,

1 T 2 C ( ) ') , 2 2 ( ' ) . . .  5(37) , .24 ( 1 I) , .  > 5 (2) , . <.o (M) ,

007 L"0
008 GI=5
009 DO 151 7=1,20
010 MAT (!:) =7
011 nr.r (M) =f • 3
012 DO 3 51 7 * 1 , 6 5
013 PROD (7, ’’) *0*C
014 HAST! (.1,7) '0*0
0 1 5  0 " . ( F ,  : ) = ( '  )
016 ni (", 7)r)#9
017 12 (M, 7) *0*0



010
019 
0 2 t  •• 
021  '  

022
023
024
025

027
020
029
030
031
032
033
034
035 
OVi 
03T7 
0 38
039 ;
040
041
042
043
044
045
046
047
048
049 
0^0
051
052

351

508

3
4

309

310

PAGE175

1
311

312

354

355 
35 3

93 ( .VI)  =0«J
CONTI  'JO Z 
DO 304 N*1,KAXN 
DC 309 K®1 , MAXG 
r.AT { *i) ■= a t  (:!5 ♦ o -  c ’ ES ( x ,  n) 
do 30)  \  = i , . T x ;;
HASTE (1 ,N) - 0 ’ L1 .2 (1,1!)
IV (VAT {:i) -  H \ ST T (1,  N) ) 2 , 2 , 3  
09 2 ( 1 , 9 )  "OXZlzS (1,  N)
GC TO 4
0 9 E (1,  ':) ( : , ) -WASTE (1,  I)
DO 309 '=2,RAXG
WASTE ( .,  N) • WASTE (A- 1, 11) ♦ORB3E3 (K, W)
O^L (V, J) = yAT ('*) -HASTE (M, 1)
DO 310 ‘1* 1, V.AXN 
REF (N) =0955 :5  (1,?J) * (GI/GS)
do 3 1 ^ y 3 2 , a x -
REF (N) ■ "MF ( J) ♦ (DFLOAT (K*1I)/GS) *02 :225 (%,%)
DO 311 N=1,MAXN 
PROD (1,  N) =3Zr (K)
DC 311 ".= 2,  E.AXG 
IF (CRZ (%,!!)) 311,  31 1,1
p r o s  ( v , ::) =p p o d  ( :•>i , N) -  (Dfloat (::*g i ) / g s ) *o r e9 : s ("., «)
CONTINUE 
DO 312 N=1,MAXS 
DO 312 :<=1,1 AXG 
91 ( y , ’i) =0R.  ( y , N ) / y ; .T (*i) 
r2 (: ,*i) =P90D ( v , ' i / M '  : (X)
DO 3 51 4=1,  .A (N
do 353 : = i , : : a ( g
IF (C92 (.1, S) ) 364,  354,  '55
S 3 ( r , ‘.) =0
GO TC 353
23 (It , ") =PPOD (U, 0 /C ' (K, N)
CONTINUE __________

____________________ COMMENT------------ ------------------

s e l e c t e d  Lr. s u b r o u t i n e   ̂ >•

053
0b4
055

DO $14 1=1, * 
DO 3 14 .1=1,1 
DO < 14 ' = 1 , 3
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0-36 314 CALL COGSUD ( I ,  J , K , P )
0'j 7 WRITE (f . ,6)
05f - 6 rCM.AT (M 1 , ' DISCOUNTED PROFITS FPOK THE PRODUCTION

i t i i t .j o r  r.Aca p l a n t  c o m b i n a t i o n ’ )
0^9 WRITE ( ( ( I V  ( I I , J J , K K )  #I I « 1 ,  1) ,KK=1,3)
000 i> FORMAT (IF 13*1)
----------------------------------------------- COMMENT------------ --------------------------------------

The p lA n t  c o r  1 i n a t i o n  y i e l d i n  j t ho  j* u a t o a t  y r e s e n t  va lue  of 
t h e  [■ l o f  i t t n a t  woul r e r . u l t  t i  jk i t ; ;  p r o d u c t i o n  t a t  ^e t s
l e s s  i t s  c a p i t a l  c o s t  1 CAP1 i., ch os en  t o  e x p l o i t  t h e  j i v e n
d e p o s i t  betWH.n L i n e s  061 and 070*

06 1 VVMAX -PV (1,  1, 1 ) -CAP ( 1 , 1 ,  1)
062 DC 162  L L - 1 ,3
063 DO 162 M= 1, 3
064 DO 162 7=1 ,3
06-- IF (IV \%-P ' (LL , r ,N)*CAP(L_ .M,N) )  162, 162
066 161 PVMA X = PV (LL,  v , N) -  CA P (LL, M, N)
067 I - L L
068 * J  = M 
0(9 K= N
070 162 CONTINUE
_______________________________COMMENT--------------------------------------------------

The c u t - o f f  i t  t d e s  ' CUTOFF '  a n d  p r o d u c t i o n  t a r  j e t s  ' K I N ' ,  
»c c  N' a n d  ’ . ' E F '  a r e  t o c a l c u l  i t e d  ( i - i n e  0 71) . o r  v . i e  p l a n t  
c o m b i n a t i o n  y i  s i d i n ,  t h e  maxi mum p r e s e n t  v a l u e *

071 CALL COG3UD ( I # J , K • t )
072 YI ELI " r EC (K)

2 v a 1 u - ov -r c i ;  r i a l  c o s t ' )  , - r )

a i - c o v e r y  e f f i c i e n c y ' ' , f b ' J )
F ^ T ( »» c o G' . « , - < : - . a x . ' V O N - . 3 x . ' r 2r . ,

' U l . ' U V ’ v , ( N . c u T o r f W . s n ( - ) . «> . ( * ) . t » « «» -
it  mi  . n 1,1)

075
076

077
078 9 FOP.MAT ( ' 0

0 7 9
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000 10 FOPXAT ( 1 3 , 1 5 , 3 F 1 0 ' 1 , F I  3*1)
081 5UM=0
082 DO 165 F=1,L
083 16 5 SUM=SnM+2UTO:F(M)
084 AVEG^SU Y/L
065 RETURN
086 DEBUG SUBTRACE,SUBCHK
087 END

8* SUDPCUTINE CCGSUii

8* 5* 1 COMPUTATIONAL SEQUENCE OF COGSCB 

LINES 001 -  CC7

S p e c i f i c a t i o n  in 1 i n p u t  s t a t e m e n t . ; *

LINES 008 -  027

C o m p u t a t i o n  o f  t h e  L a l a n c i n  j c u t - o f f  j r a d e s  'CMC', ' i?.v. ' an 3 
•GRC'*

LINES 0 30 -  234

An i m p l i c i t  l oop  i n  which t h e  optimum c u t - o f f  j r a d a s  
•CUTOFF' and p r o d u c t i o n  t a r g e t s  ' A1::'  'CON' and ' .  : ' a re
computed* T h i s  i . .  a t r i a l  and . ' f o r  com[ u t a t i o n  because  t h e  
I r e s e n t  v i l u o  • V1 i s  unknown in  t h e  economic c u t - o l  : ; u . e
e x p r e s s i o n s  (LINES 044 -  046) • Those c o m p u t a t i o n s  c o n v e r t
on • V' •

The

l i n y  two p i t  i n c r e m e n t s *

LINES 04 4 -  0 46

The o c o n o » i c  c e t - o f f  . « « • .  '==•  and ' M '  « .  e « . f « t . i
f o r  t h e  / e a r  ' L ' •
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000 10 iOn ;-.AT ( 1 1 , 1 5 ,  3F10» 1,F13« 1)
081 SUK=0
092 DO U S  F--1 ,L
0 8 3  1 6 5  S U K = S n r nd UT O F F  (K)
08U AVEG- SU Y/L
065 RETURN
086 DEBUG SUBTRACE,SUBCHK
087 END

8* 5 SUBROUTINE CCGSUj

5« 1 COMPUTATIONAL SEQUENCE OF COGSUB 

LINES 001 -  007

S p e c i f i c a t i o n  in 1 i n p u t  s t a t e m e n t . ; *

LINES 008 -  027

Co m pu ta t i on  o f  t h e  b a l u n c i n ;  c u t - o f f  j r a d e s  'GKC*, *GRf.1 and 
1 GRC1 •

LINES 030 -  234

-oinru tcc*  T h i s  i s  a t t i a l  and e t t o t  c o m , u t a t i o n  cause  t h e  
, -"sent v a l u e  ’ V* i s  unknown in  t h e  economic  c u t - o l  . j i du t  
e ^ i ^  - i o " :  (LINES 044 - 046)* These  c o m p u t a t i o n s  c o n v o k e
on * v 1 •

l i n y  two p i t  i n c r e m e n t s *

LINES 044 -  046
The econom ic  c u t - o f f  j t e d e s  ' = C  and • « - '  , t e  c o , ; h t , J
f o i  t h e  yea r  *L*e



L I N E S  0 4 7  -  0 77

The opt imum c u t - o f f  qr ide ’ G1 i s  c h ose n  l iom the  b u l a n c i n j  
c u t - o f f  j t a d e s  (GMC, GRK, GRC) and t h e  economic c u t - o f f  
g t a d o s  (GK, s c ,  71) f o r  t h e  yo u  ’ L* •

LINES 0 7 3  -  111

Ti,e p l a n t  i n  d u c t  i o i  t a r g e t s  ' u K ' ,  'Q C  and %R'  a r e  
computed  f o r  t h e  y e a r  1L 1 •

l i n e s  112 -  i n

The yoai  1 u '  and l i t  i n c r e m e n t  ‘ S'  a r e  c o n t r o l l e d  with t h e s e  
s t a t e m e n t s  V, c o i ^ a r i n g  t h e  c u m u l a t i v e  j u a n t i t y  of m a t o r i t i  
•sur . i .d’ t oducv  f rom,  t h e  c u r r e n t  p i t  i n c r emen t  t o  t he  
t o t a l  m a t e r i a l  'PAT* c o n t a i n e d  in  t h a t  p i t  i n cr emen t*

LINES 114 -  1 17

s i s s  i " : :
i n c r e m e n t s  ' 1 *

LINES n o  -  120

from t h e  n e x t  p i t  i n c r e m e n t  ' 1 •

LINES 121 -  2 0 r>

i o n v u t ^ L o n . s  e x e c u t e d  i n  a a l , l w
be tween  L i n e s  04 and 11 *

LINES 2 06  -  207
The j ' e m  und , l t  i n c f ^ t  a t e  c o n t t o U e d  - U , ,  t . e u e

s t a t e m e n t s *



The s u b s e t i  j t  i u  d e l f t r d  fto.;i t h e  c u t - o t  £ j m d o  ' g « and
p r o d u c t  lot;  t at j “ t . * , iv. ' , ’ «iC' a l l  ' ^ ' t 1 • The so da ta  i o t a
(C’U ' ( - # ' £ •■ # - oJ , C' I ) a t e  supp  1 l ed  t o  t h e  o t h e r  nuhrou­
t i n e  t h r o u g h  ' ■' CUMhOW s t a t e m e n t #

LINKS 225 -  2 30

The a n n u a l  p r o f i t  ' L ‘ and i t s  p r e s e n t  v a lu e  ’ SU.IPV* a t e  
..ip u t e d #

LINE 231

e t r i a l  and  e r r o r  c o m p u t a t i o n s  f o r  t h e  c u t - o f f  g r a d e s  and 
p r o d u c t i o n  t a t  j o t s  a t o  c o n t r o l l e d  wi th  t h i s  s t a t e m e n t  by 
t e s t i n g  t h e  con ve t  ;enoe of  t h e  p r e s e n t  v a lu e  ’SUXPV• in 
s u c c e s s i v e  c y c l e s #  I t  t h e  c o m p u t a t i o n s  have no t  c o n v e r j e d ,  
t h e  s u  I r o u t i n e  r e t u r n s  t o r  a n o t h e r  t r i a l ;  o t h e i  wi. .f i t  
e x i t s #

8# 5# 2 A LIST 01’ COOSUD

001 SVS^OMTIME COGSUa ( I , J , K , P )
002 DOULLr r i E C l S l C N  CCNCA P (3) , '?KFC A? (3) #MINCA?,V(3J) , 

1SUr, ; :: (20) , 3 1 ( 6 5 , 2 0 ) ,  K2 (66,  20) , 8 3  (oh,  - ' )),  p (9)) ,
2. '  (99,2%) , v :  ( 9 ) , 2 0 )  , . 3  ( 9 9 , 2 0 ) , F (9 ») , MAT (20) ,

4 SDK PV (99) ,  P7 f t ,  3 ,  3) , S 1, S 2 ,  S3,  U 1 ,  U« ,3 3 ,  c" .  3, V -’003 
002 DOUBL" P 9 E C U  ION , ;i 2, CABS, DFLOA , , 1 (59,  . 0) ,

1215 ( 3 , 3 ,  3)

i l i i i i s ®
_________________________ COMMENT----------------------------

005

006

• O f  i:= j i v r n  L,  t h e  u s e i  and i s  e . jua l  t o  -GI- in Line  n  
Of « MAIN 1 1•
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007 088 01 = 5
000 DO 160 L1=1,99
000 160 V (LI) =0*0
010 900 51 CMCA2 (I ) /LIKCAP
011 52='  LFC.\P (J)/y.Ii ;CAP
012 5 3=7?'FCAP (J)/CONCAr (
013 DO 6 N= 1 , VAXN
014 SUDQM [ii) =0
015 GKC ( N) =0
016 DO 2 v. = 1, f. AXG

IF (CABS (P. 1 {K, N) - S 1)
1 GMC (M) »y*5 I

010 2 CONTINUE
020 GOH (M) =0
021 DO 4 *:= 1, XAXG
022 IF (< \Bf  (32(M,N)-S2)
023 3 GSM ( :) =v*Gl
024 4 CONTINUE
025 SRC (S) =0
026 DO 6 M=1,KAtO
027 IF (DAd.O (! 3 (M,l!) -S3)
028 5 9 PC (N) =V.*GI
029 6 CONTINUE
030 52 DO 151 L1=1 ,99
031 CUTOFF (LI) =0
032 P (LI) =0*0
033 DO 151 N=1 ,20
034 . IT (L 1, N) =0*0
035 QC (L 1, ' ) * - * 0
026 g %( L I , N ) =0*9
037 G (LI ,N) 0
038 151 CONTINUE
0 39 L=0
040 N = 0
041 993 % = 1
042 s u r e r .  (N) = 0

1 , 1 , 2

1 , 3 , 4

5 , 5 , 6

E

o , ;  1 f j v a :  «c v ^ -  < » » » •  

04? i r  r « ( w - - c (%)) i 2 ' ' ' '
048 1 1 u r c i  (L) G:‘< ('-)



C5C 12 I f  ( :  (L) -  c  ) )  1 3 , 1 3 ,  n
0 5  ; 13 aye  i (D --.:c (L)
052 oc TC 70
0 5 3  14 Ĝ .C 1 (L) ~G."C (N)
J54 70 IF (G.v (L'j - G? y. (!i)) 1 0 , 1 5 ,1 5
055 15 GRI.1 (L) *GR (_)
050 »0 ' C 7 1
05? 16 IF (57 (L) -GRH (N) ) 1 7 ,1 7 , 1 8
058 17 C7$X 1 (L) = 57 (L)
059 5U TC 7 ,
060 13 G7M1 (L) =G7K (N)
061 71 IF (5? (L)-GRC(N)) 2 0 , 1 9 , 1 9
062 19 GRC 1 (r.) = i t  (L)
0b 3 GC TC 72
0 64 2C IF (GC (L> -  GRC (i i)) 2 1 , 2 1 , 2 2
065 2 1 GRC 1 (L) =3C (L)
066 10 it 7 2
0o7 22 GRC 1 (L) = IRC (N)
068 72 IF ( 1  (L) -  1RX1 (L) ) 102, 105,191
069 10 1 I } (GRC 1 (L) -G21C1 (L) ) 104 ,105 ,105
075 1' 2 IF (GRC 1 (L) -Gi'.C 1 (L) ) 105 ,10 5 ,1 03
071 10 3 IF (5'>,i 1 (L) -  IRC 1 (L) ) 107, It 6, 10c
072 104 IF { i t : .  1 (L) -  GRC 1 (L) ) 10 6 ,106 ,107
073 105 G(L,N)=3:C1  (L)
074 GC TC 73
075 106 G (L, ‘«) = GRC1 (L)
076 GC TC 7 3
077 107 G (L, t.) =G3..1 (L)
078 73 T 1 = RAT (M) / .71CAP
079 IF ( » (L, S) ) 153,  15%, 153
080 154 Ot2G=03C(1,  ;)
031 ppcd ; 2 ou
082 GO TC 117
083 153 DO 11 K=1,V.AXG
084 IF ( , (5 ,%)-: '*  V i i ' i i  11,
005 1 1 1 IF ( ; (L ,  :)-KA%G : G_) 1 > , ' , 6
086 1 18 CONTI'iOS
0b7 116 OR: 1=0
083 PROCG*0
089 GO TC 1 17 ,
0 3 0  1 1 ?  ) f  . i*OP T ( g ( :  #
0 9 1  ppooc=i  ROD (7 / g  , •’)

093 1 1 3 II T( i ( L , : 0  - -i) 11<1' 1 14' 1 v'>
094 1 1 4  o n  ;=( ? :  (1 # ••')
0 9 5  PRO! i = l  ROD ( 1 ,  O



i ‘AGi ; 13C

096 GO TC 117
097 1 1 5  o T’ r.G=c'>: (K, :) + ({ ( a f l o a t  (x*gi )  - d f l o a t  (g )) / s i )

n  (Oc £ ( " -1 .H )  -  c: r. (V,N) ) )
098 ppoi  (;•:,?.*)« ((  (v. i-loat (:-i»g i ) - dfloat (g (l , : ; ) ))  / g i )

i * ( p r c "  (: - 1 , ■) - P 7 C D  c  , n ) ) )
099  1 17 T2 = O P i G/CO' iCAF ( I )
100 T9 = P90DC,/Pi.rCAP (J)
101 IF (T1-T2) 5 0 1 , 9 0 2 , 5 0 2
102 501 IF (T2-T3) 5 0 6 , 5 0  >,505
103 502 IF (T1-T3) 5 0 6 , 5 0 4 , 5 0 9
104 504 T=T1
105 GO TC 74
106 505 T=T2
107 GO TO 74
108 506 T=T3
109 74 CJ! (L,*I) =KAT
110 QC (L,  'I) *09 £ ? /?
111 g i ( L , N )  M»70DG/T
112  su r o i '  ('3) --5vr : ( ' ; )+. /c(L,N)
111 i f  (FAT ( !) - S  i r :  ; (!,) ) 2 3 , 9 9 6 , 1 0
1 1 4  23 jn2=vG (L,N) *■ (FAT (U)-sur . :  F (G) )
115 G C ( L , ’:) M . . : 2 A ; : ( L ,  . ) )KC(l,:;)
l i b  q ? (%,'!) = 2/  (L, •.)) (L, n)
117 c« (L,N) • (  X2
118 : 2 =r. i ' :cAP-. 'M(L, ' : )
119 C2-CC':CAP (I) -  .C (L, G)
120 P2=REFCAP (J)-wP. (L, N)
121 U 1 = C 2 / . :
122 U2=P2/E2
123 U3=P2/C2
124 N=N♦1
125 IF ( KAX*!-H) 4 1 F , i >
126 130 GKC2 C!) -0

Izn IF i S ; „ ) - U 1 ) - . 0 2 )  2 ' ,  24 ,25
129 24 GKC2 (!) -!!*G:
130 25 CCA'T I ’lUH
131 GRM2 ('.!) =0

\ l l  u  U > ^ n 2 ( ’: ? « ) - U 2 > - « 0 0 ”  2 t . Z 4 . 2 7
1 3 4  26 t;py.2 ci)
135 27 C C M i INU:
136 G7C2 ('!) -C

; r 8  «
139 28 GHC2 (’I) - * j .
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2 1 4 , 2 1 4 , 2 1 * ,

601
60 2
604

6 0 5

u ' 11, 60 2 , 60 2
» ) 6 , 6 0 5 , 6 0 5  
>0u, t-04,  604

1 8 6  GO TC 2 1 7
1U7 2 1 3  I P ( G ( L , ! J ) - G I )
1 8 8  2 1 4  OR. 0 1 2  ^1 ,  4)
1 8 0  PPO Gr. i*’v T 0 ( 1 , S )
190 GO C 217
191 215 ORC »OR ’ (?1, N) M  ( (PFLOAT (M*GI) -DFLOAT (G (L, l i )) ) /GI)

i * ( o  ( K - i , ‘i ) - cr ( : : , « ) ) )
192 PRi ; PROD ( ' ,  ) ♦ ( ( ( !  1'LOAT (t/.*GI) -DFLOAT (G (L, li) ) ) /GI )  

1 + (I ' ( : ' - 1 , X ) - P  OD ( /  , N ) )  )
1 9 3  2 1 7  T 2 =  . G / : 2
194 T3* O U / P
1 9^ I F  1“  2*

IF (T2- 3)
IF ( T l - T  3)
T=T 1
GO TC 70 
T = T 2
GO TO 70 

0 6  T=T3
7 9  x ( L ,  :; - ^ a r ( : ) / T

QC (L, '•) =C?33/T 
- , v  )i i /T

SUM. :' ('!)= (L,S)
IP ( AT (M) ” SU MQM (M) ) 2 3 ,9 9 6 ,  10  

06 IF ( A X t< * N) 4 3 , 4 3 , 9 0 8
4 3 DO 4 5 %= 1 ,  L 

KIN (*'.) =C*ri 
CON (!1) = 0 * 0
g n ;  ( •) = 0 * 0
SUM3 = 0  
HUU = 0
UO 4 9 N~ 1, '17>X N 
IF (G (M , N) ) 4 9 , 49,  44

44 hum.--'r,m o ; i2  
s u K 3 = s u r  ; ♦ ;  ( m, « )
KIN V )  FIN ( ) +
COII ( / . )  '-NON ( .) ♦ v (- (

.F (M) / M i  ( ) (' •
4 9 CCNTI’V "

CUT o n  tf") * 0 '  r / . MM
45 CCNT INU P

4 0  ? r . i  - ( L e i ) - ' . t »  i • < * «  ( R i - c i t i i ‘ c o l i  W ' 5 '  ' *

1F(K)
DO 4 7 K = 1, L 
SUM.W (..)  ̂ 9 •
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229
230 47
231
232 48
233 51
234
235 53
236
237
233

3* 6

DO 47  i “ M, L
SUM: V (M) =SUK?7 (M) ♦ P (V) /  ( (1 • + D) ♦* (Y-M+1))
IF (CAdr. (SUXPV (1) -V (1))  -  10C0U00»0) *>3, 46,43 
DO r. 1 :' = , f ,L 
v (n)  =su:-:vv (•• )
GC TC 52 
I V ( I , J , K) = V (1)
RETURN
DEBUG SUBTRACE 
EHD

SUBROUTINE PD

8 . 6 * 1 COMPUTATIONAL SEQUENCE OF PD 

LINES 00 1  -  006

Sj e c i f  i c  i t i o n  and i n p u t  Jtatp.-aont".*

LINES 007 -  0 67

D e s i j n  o f  t h o  f i n a l  p i t  s u r f a c e *

LINE o n

l i :  i n '  - i l l  o f l h e l e . i - i o n n
c l o s u r e s  o f  th'> L o r c h s  G r o s s - a n  a l j o r r  )

LINES 0 20  -  0 57

. [ pi  o r  a i e n v i o u s  t e s t  a t e  n o t  i n c l d u o u -  

LINES 053 -  0fc7
, . , , f « hn j i  i d - L l c c k  • w i t h i n  t ie

The  n e t  c a s h  v a i u o s  ^ L  , Tf t h i s  t o t a l  'SUM' i s
s e r  L - co i i “ c l  o s  i r e  ■- ' , , r* i n  i n c l u d e d  i n  t h e  p i t



PAGE184 

o f  the* fin<* 1 p i t  s u l f a c e i s  p r i n t e d  btA t o i  o j r . i ,  h i e  Tip
t h e s e  s t  i t ' m e n t s *

LIH2S 007 -  1 3o I

An i mi 1 i c i t  lo(  ;
F - - ‘

LINES 1 .’0 C 1 32

S u L r o u t i n * ■ StlBI D 
prod a c t i o n  •

LINES 1 37 -  1 e ' 1

S c h e d u l e s  f a t  th  • anni: 11 r e v e n u e ,  c o s t s ,  o r e  p r o d u c t i o n  and 
was t e  p r o d u c t i o n  r e  co  p u t e i  and p r i n t e d *  A d d i t i o n a l l y  t he  
e x c a v a t i o n  t i e s  f o r  o r e  * I0P ’ in«l v a s t o  * L :i1 a r e  c o t  Lined 
i n t o  on"  a r r a y  ' Y 1 •

8* 6* 2 A LIST C* PC

which s i m u l a t e s  o r e  p r o d u c t i o n  from t h e

i s  c a l l e d  t o  s i m u l a t e  t h e  p i t ’ s waste

3C1
302

303
DC4

305

006

,*;L;KLs, . 3 " ,  MAY:
007 Df 4 N = 1 , N3LKS
008 YR (:;) *0
009 IP (:l) =f
010 L*h (;i) -o
011 4 ICE ( ’.•) “ 0

1 , •; -LKS012 do c '' ':=
013 200 1CL (';) u '
014 IC-0



015
016
017
018 
019

20  X = 1, :r 
= ‘i .UNL* ( 
(VM, (LCC]

1 8 5

T h 3 c o n s t a n t s  ( 
g i v e n  by t h e  
(X, Y,Z) • l l o . i  ve 
' safe  w iI l - a n  j l e  
S e c t i  on 7*1) in 
e i t h e r  s i d e  ■ >r 
1PITAMG' • T h e  < 
o v e r l u i \ i n j  con 
s t a t e m e n t s  (Lin 
0*4,  d- i o n s t r  11 
d e p o s i t  * These  
r e t i u i i  e n e n t s *

, l , U)
r i d

h :on
t i»t  u i n a 1

n s t . i n t  ’
•X.i tt[ l e ,

n t o  two

I r,  i ; .

, r e s s i (  
if t h e
•. 1 tr f r-

i n  Lin<
i so  it

t)I>d l

a r t

VI

(Z

026
027
028
029
030
031
032

03 3
034
035 
0  3o 
037 
0 39 
035

04 1 
042 
04 j

1 4
1 0 1  I



PITANG(l)

HP



PAGE 1 06

044 105 D=Z
045. GO TO I f  8
046 ' 106 XOC~ FITANG(2)
047"* 1 0 X = 0 ‘l/CO5 (AuS (NOC-XOC))
048 5 OD» (OT*fIti  (PITAM5 ( 1 ) -PITASG ( 2 ) )  ) / 5 I N  (1M4159-

1 PITA SI (1) )
049 D=7.-C^
050 107 IF (D) 1 4 , 1 4 , 1 0 8
05 1 10B CONEe SLC ’!•: ( IS)  * (K-D) * (K-D) -  ( (2*J~2*Y) **2) -  ( (I

1 + + 2 )
0 5 2  IF (cn' lu) 1 4 , 1 2 , 1 2
053  12 IF ( I P  C:) ) 13,1 1,14
0 5 4  13 10=18+0X3
055 I C L ( I 5 ) = n
056 14 COST INO 2
057 240 CONTINUE
058 2*33 IF (113) 2f , 2 0 ,  174
059 174
06." DO 15 .1 ~ 1 , 1 U
061 13 fjUK=.Al.N +VAL (ICL (I1. ) )
0 6 2 . .  IF (SUM) 1 3 , 1 8 , 1 6
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

o t »  91 i S ' r Z '  ClTinl 'K PIT SUSF6 CE')
070 DC 2 2r N = 1 , NJ
071 220 SVRFC ("«) ~C
072 DO 97 X- 1 # l< I
07 3 DO ̂ 6  Y=1#NJ
074 M = 0

1 I S S ?  .............

08C 90 R Z
081 2*2+CNE
082 GO TC M
06 3 7 2 s r p r c (%)=:'

III  %
a /  n ' 1  r n  0 \  T  ( * 0  . ^  ^ '08c ill
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Thfi f  o i l  uwi ivj  o r e  ^ x c  iv. i t  i o n  sc j u e n c e  (Linn;; 0 38  -  1 14)  
i l l u s t r a t e s  a s i m u l a t i o n  f o r  o n e  t o t  k i n ;  f a c e  t h a t  a d v a n c e s  
in* v>;  l - o s i f *  ! i i  ' C t i  on. ;  o: a l t e r n a t e  b e n c h e s  p a r a l l e l  t o  t h e  
I ‘ ’c o - o r  d i n  i t  ■ tx T h i s  s i m u l a t i o n  mu s t  Lo t  l i l o r e d  t o  t h a  
u s e r ' s  i:-' j i i i  e  . - n t  -,  i ; d e s c r  i .  .1 i n  S u b s e c t i o n  6*7*1*

08 7 2 6 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 ;]i=-0N2
096 33 K=K♦CUE

i f  ) 34,  34, u o
099. 34 S*K- ( (K/2) *2) +ONZ
o$y GO TC (3 >, 36) ,X
1 0 0 Bs-OME
101
102
103
104
105
106
107
108
109
110 
111 
112  
i n  
1 1 %

115
116 
117 
i n
119
120 
121 
122 
123

GO TC 1/
3v  Z - C ' M  
3 7 J * J ♦ 3

IF (J-NJ) 38,39,32
3 3 IF (J-O'iS) 31, 39, 39 
33 ;nJ- ((3/2) * 2 )  to'.2

30 TC (40,4 1) , M
40 \ -  (*C'i3) *IbIGN 

GO T C  4 1
41 A=:sim
4 2  1 * 1 * A

IE (I-:: I) 43, 43, 3 7
4 3 IF (1-0 ) 37,44,44
4 4 lvC = 7 rZ *  (K-O'L.) ♦ 10* (J-Ot.  i ) 4 i 

IF (10? (.'.c') ) 13,1 b »'4<!
110 IF (: C )) *2,4 ,1 0

110 IE (ViL (’ C) ) 4 2,4 2,45 
4 5 IF (K- 10) 4 ,  46 , 4 1

4 6 r .eO ’-'L 
GC TC 4?



P A G E 1 B 8

126 50 IF (SCI! -ORF. <L) -  (TCMF ( ^ )Z 2 « ) ) 5 1 , 5 1 , 6 0
127 5 1 10? U C ) - ^
1 2 &: CALL f,” l:PD (S0RF„K,F)
V 9  scp.:=o
130 L=L*C\’r.
1 3 1  GC TC 4 2
132 60 CALL SU PD (SCRF.,F.,K)
133 L=L*C’!E
134 SOPE-TONF (R)
135 IOR ( V.C) *L
130 GC TC 42
1 37 160 DO o9 »: = 1 ,99
l i g  P?OF IT ('!) ™0 • 0
119 CAPO3 ( i )  *C *0
140 OPC(%)=0*9
141 09 dASTZ (;3)=0«0
142 DO 2 5 1  ".= 1 , ' I K
143 IF ( 2 - 1 0 )  7 1 , 7 1 ,  / 2
1 4 '• 7 1  I I = 0 : Z
14*5 GO TC 7 3
146 . , 71 1 1*7 WO
1 # 1  7 3 DC 6  Y - 1 .  :>’J

i 4 n (T-o:tZ) ♦t;i* ( y - on l )  a
ISO IF (TCPO (: ) )  16,8-1,260

I  #  H
154 192 IVA (.v) =L

$  "  E ® S i 5 $ S i S S 8 i 3 S f & ,

153 10 TC 3o

E  "  S B « s @ R » * - s r

162 C6  COtiTm""

E  Z  E l - E v ^  SIRyt-ATED PIT PTOPPCT1 OH S C U ,» r , .

251 ctsT5 

,..0  '
i f o r i "  ( ) • ' ] z l  

U 9  2 ,2 FOR? AT (13,  *



17C t r T u n n
171 END

3 . ? , COMpUTA .'lONAL . EvU..HCZ OF 5U3PD

LINES 001 -  006

S p e c i f i c a t i o n  and i n p u t  s t a t e m e n t s *

LINES 007 -  Cc 6

Thu . j r i d - M u c k s  r e  j a i r e d  t o  exi  o:,u t h e  o r e  p r o d u c t i o n  of 
veai  ’ I ' <n ' i d e n t i f i e d  w i t h  t h e  s e m i - c o n e  s e t  (Lines  02U - 
061) and l i b e l l e d  by s t o r i r . j  t h e i r  l o c a t i o n  in  t he  a r r a y
« I'-iA • •

LINE 0C8
The a ^ r o p r i a t e  minimum u o r k i n j  wa l l - a nc j l e  'WSLCP:.’ i s
s e l e c t e d »

LINES 011 -  0 ( . 6

b  d f L dt  I i  v 1 *  * • .
i o n s  i t o m  y u i n ; t o  i n - 1 1 L - 

: : : : : : : :   —



140 29 CONTINUE
141 IF (3M (1) -GMC2 (N) ) 3 1 , 3 0 , 3 0
142 30 GKC1 (L) ~ 3 iv (L)
143 GO TO 7b t
144 3 1 IF ( JC (V,-GXC2 (!!)) 32,  32,  3 3
145 32 GKC1 (L) -3C (L)
146 50 TC 7 5
147 33 GMC1 (L) ’  ;XC2 (N)
148 75 IF ( ;,X (L) -  J7M2 (U) ) 35,  34 , 34
149 34 G1K1 (L) - 5H (-)
150 30 TC 76
151 15 IF ( ; i ( L ) - 3 9 M 2 ( X ) )  3 6 ,3 6 , 3 7
152 36 ?^K1 (L) »GR (L)
153 GO TC 76
154 17 G9X 1 (L) *7 M2 (N)
155 76 IF ( M (L) - 1HC2 ( J) ) 39, 33,  38
156 39 GRC 1 (L) = 18 (L)
157 GO TO 77
133  39 IF ( 3C ( L) -  >F C 2 ('»’) ) 4 0 , 4 0 ,4 1
159 40 3RC1 (L) =GC (L)
160 GO TC 77
16 1 4 1 GTC1 (L) =J3C2 i'.l)
162 77 IF (Gv : 1 (L) -G7K1 (L)) 20 2 ,2 0 5 ,2 0  1
163 201 IF (O' 21 (L)-GMCI (L) ) 2 0 4 , 2 0 ; ,  . 05
164 202 IF (Gy : i  ( : . ) -3XCl  ( D )  205,  205 ,20  3
165 1 if ( G M  (L) - jFCI (L)) 2C 7 ,206 ,206
166 204 IF ( MX 1 (L) -  13C 1 (L) ) 20 i , 21 ,20 '
16? 205 G(L, , . )=3: ;C1 (L)
168 GO TC 75
169 206 G (L, :■) = MCI (L)
170 GO TC 75
171 207 6  (L, '<) = ■R::l (L)
172 70 T1 = SAT( ' i ) /E2
17 3 IF (G(L , r )  ) 155,  152, 155
174 152 OR? G=0r): (1 ,  .)
175 PPCDG=: ’’OD { 1, N)
176 GO TC 217
177 155 00 2 1 KM.XAX -

” ? 2 1 1  %
180 218 CONTINUE
181 2 1 o 0 ?27=0
182 pro;  J* 0
18.3 GO TC 217
104 2 1 2  o^ .  mo* ; ( ;  (
13;  FPOI ; - P * o I  ( » ( -, O / G i ,  •)



t nc   ___  - -  tt,(* s< r i - c o n o  50 te  0 0  1 oo t s  19, 22 and 9
i d e n t i f y  t h e  j r i d - h l o c k o  t h a t  s a t i s f y  t h e  s o a i - c o n e  c lo s u r e*

l i n e ' 052

«j. t o  t h a t  any o r “ j r i u - t l o c k s  m e  e x c a v a t e d  a s  we l l ,  i f  they 
s a t i s f y  t h e  s o ^ i - c o n e  s e t .

w m m

-

PAGE190

g.  7-  2 A LIST OF SU3PB

121

52

S U t i P C U T  I N3 SUDPr (SO'F ,  F.,  K) 
r  0 V ;• L r P R - C l , I O N  SORZ,  ASTr  , C 1 ( )  ) , 20)  , i  2 ( 3) Z v 3 ( 3 ) ,  

1 - <4 , 5 ( 0  ) , .  6  . 7  ( b  ,  2 0 ) , r ,  ( 6 5 , 2 0 ) , .  9 ( 6 : , ,  2 0 ) .

2 ‘ 1C ( 6 5 , 2  ) , . 1 1  ( >,20) , . : ( 3 , 3 , 3 )  , FAT ( 9 9 )  , 0 H ( 9 ) )  ,

3 1 5  ( 3 ,  3 , 3 )  ,  . 1 4 A ( 9 9 )  ,  C N .-F« ,  D 0 L 0 ,  u A 3 S
V n  ( 9 9 ) , C : : / 1 / , 1 ^ 0 / 2 /

■
1TCV0 (1 3r ) , X 37 ( 30) , -.,h 0 (1 < > 1 u)

0 T E P = 5 • 1
MOOY'SL-f SLOPE ( )-ST2l 
I F  ( ? . T ( L)  -  0 3  r. ( L)  ) 1 r ' '
CN2 X=SO~2 -MAT(L)

V4 0 
53

DO 56 1 1 = 1 ,3  
D 0 L D * 0 M S >

If ( W • ' . L- 35*0) ->3, - , 3
SVAST?.=n 
00 171 2=1, iK 
DC 171 i=1, J

173 I W A (T) r
17 1 CCNTI'IOE

I f  ( F - X )  1 232# 5 4  ,  r>4

5 U DO 5( <’ 1 ' N 1
DO 5G X=1,KI

■

1



028 (7.-0:;  ~.) +NI * (Y-0N7)  ; X
0 2 9  IF ( I C R ( \ ) - L )  50,55,56
03( • 55 DO 19 KK=1,::K
031 ' IF (KK-Z) 2 , 2 , 5 6
032 2  DC • . *1 1 /
033 DO ' 1 = 1 , a
0 3 4 (KK-OML) ♦MI* (J-CNF.) ♦!
0 35 IF (TCVO(N)) 3 , 3 , 1 0
0 3 6  1 0  I f  ( IOSCO)  1 , 1 , 9
0J7 1 IF  ( I P (  O)  ' . 9 ,  9
030 3 IF (r.:.\ (N)) a , 4 , 9

Tho c o n s t a n t . -  (X,Y,D) o f  t l . o  con e x i r e s a i o n  i n  Line  47 a r e  
a i v e n  t t h e  - j r i d  c o - o r d i n a t e s  of  t h e  b a s e  g r i d - b l o c . c s
rx v • b o u o v ' t ,  t h e  c o n s t a n t  ’ D1 must r c s j o n u  t o  v a r i a b l e
u o r k i n  v . 1 1 -  m j l e s *  l‘oi  e xam p le ,  t h e  j i v e n  dei-o . i t  (->ee 
S e c t i o n  7 * 1 )  i  f i i v i d e  I i n t o  two z o n e s  by t ne  t e n t u

u s e r ' s  r o ] u i r e T « n t s *

139 4 IF ( 1  r ) 1 4 , 1 4 ,  15
140 14 d~Z
>41 GO TC 16
) 4  2  1 5  1 1" ( ‘ -  1 ) , 1 4,  1 •<
)43 17 CC = 7 -1 '  •
)44 
345 
34 c
047 „  .

1**2)) 9 ,  , , 5
048 5  IF (5 1 ) { ‘ '
049 6  KK^OND
050 GC 70 F>

052 8  IF (V.LCI) ) 1 1, 1 1' 1 :

0 5 5  GO " 0  9
056 12 I CS (M) L

< n > / s »  «d  > >



-------------------------
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0 ; i 7  S0*:«S0?2+T0NF (MM)
058 9 CONTINUE
O5 5  : 22 CONTINUE
060 19 CONTINUE
r b 1 5u CONTINUE
0 6 2  2 3 2  D N E *  = SWASTE-;:AT (L) ♦sore
06  » I I  ( l A L S  (T N W) - T O N F  (.y. ) ) 5 9 , 5 7 , 5 7
064 c.7 IF (ECLD*F >.;•;«) 50,52,52
C65 50 STEf=-C«5*LTE.
066 59 S'.;Af»TE = C
067 2 3 RETU'N
068 END

8 . 8  GLOSS\9?

n o t  c o m p e t e ;  i t  ^.o-... 
f a c i l i t  a t e  ; r o j r . i n i f i i i - j e

„ KG -  , 1 . 2 , t h e  a v n a j o  c u t - o f f  , r u fle  . . o r  t h e  f U ' o  U f -

span*  t

. , ; f i ,• 1 t i o n  n u m h o t

1 :  " u c r r . e n t i f i c u u o .



CAPO3 ( i )  ~ ( ' )  t •• - unr iu^l  co . ; t  o f  ovevl  u d e n ;

. i  -  / e a r *

Cc:; ( i )  -  ( t )  t h e  a n n u a l  p r o d u c t i o n  t i r j e t  f o r  t he  c o n c e n t ­
r a t o r  i n  ir.j  n  t o n s ;

i  -  / o a i *

Cv‘ C\ :  ( i )  -  (?) t h v  : 1 a r 1 c a p a c i t y  o f  a l l  p o s s i b l e  c o n c e n t ­
r a t o r s  i n  i n p u t  t o n s ;

i  -  c o n c e n t r a t o r  i d e n t i f i c a t i o n  number*

CUTOFF ( i )  -  ( I )  t h e  i n n u a l  c u t - o f f  j r a d c s  s c a l e d  up> by the
St a d a  s c a l e  f a c t o r  * S '  t o  i n t e g e r  v a l u e ;

i  -  y e a r *

D:„ ( r j  t h e  c;  i o r t u r , i t ,  c o s t  of i n v e s t m e n t  C f ' i U l  (“AIN1-; ,
CCGlv 2 and CClf  d) •

C -  IS) 4  c o i  HSfJ t o  d e f i n e  t h e  e e r i - c o n e  c l o s u r e s  (r;
o suDpr.) •

ou t !  « v  S e e  su !  ' ' . e c t t o r ^ 1«2, t « , ‘ 1? i j o : o a s  d e f i n i t i  >»;

i  -  y e a r •
-  . 1 . 2 :  t h e  - , 1 , 1  e j u i v u l e n t  n i n e r u l  c o n t e n t

a t  e a c h  j t i d - i n t -  r s e c t i c r  ,

i ,  j A  -  1,  u n i  r  j t l d  c o - o t d i  n a t e s #  t - e i  ' - c t  .

, ( i )  / p ,  t h e  f i x e d  p i e . ,  u d r i n i - t t l  a t i v c  c o o l s  i «  " e a f .

8 5 1 S K - J X  « . & - S S 5 . "  “ 7  %

s e a l  •* f a c t  o i  ' * <



3 J5 (’i ) f GC ( i )  , G ?, ( i ) -  (1*2) t h e  a n n u a l  economic c u t - o f l
f o i  t h e  \ i t , c or  : e n t t  i t  o r  ind r e f  i n e i , ,  r e s p e c t i v e l y *

^  fv a i v s c a l e d  ur t o  i n t o  / t r  v a l u e s  « i t h  t he j r a J e  s c a l e
s m t o r  1 G 51 ;f a c t o r  ' G S ' ;

i  -  yo u *

' - c m  GRK ( i )  # IRC ( i )  -  ( 1 *2 ) t h e  b a l a n c i n  j c u t - o f f  j r . ide s  
/ jC^ ; t i n c r o M e n t  Votwoen in"  and c o n c e n t r a t o r ,  

r e f i n e r  / a r  i '  rr •, m a  r e f i n e r y  xrxd c o n e  n t i  i t o t ,  r e s p e c t i -  
: hcy  a r e  s c  il< \ up t o  i n t e g e r  v a l u e s  v i t a  -he j r ad e

s c a l e  f a c t o r  ,

i  -  p i t  i n c r e m e n t *

. . . .  .  t h e  c t c i  • i r . t e i v . t l  f o i  t h e  i n c r e m e n t s  i n  t h e  T-s
e f e e t d t  i i . t t t i  ‘ ' i o n  • 3 . r : S "

s u b s c r i p t #  i n  a r r a y s

K i ; u “

i -  j r i d - M a c k  i d e n t i f i c a t i o n  nu a i e r *
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i  -  < j r i d - t  l o c k  i d e n t i f i c a t i o n  number*

IP f t )  -  (1*2) i p o i n t  cm f o r  t h e  j i  i d - b l o c k s  w i t h in  t h e  f i n a l  
p i t  s u r f a c e ;
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