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f ^ 1 1 ^ * 3 u r f u c o  ( f o r  t h e  s p a c e  d i m a n s i o n s )  
1 e " ’1 t h c  r o u t i n e  FINAL PIT SOHFACL DESIGN, and

„ L‘ t u ?i i t  p r o d u c t i o n  c o s t s  e s t i m a t e d  by t h e
L o i t  m e  . -L NTT CASH VALUE DISTRIBUTION COMPUTATIONS*

Tne s o x u t i o n  r o n v e r j e s  when t h e  r e s u l t s  of  t h e  p r e c e d i n j  
i t e r  a i on  c y c l e  e j u a l  t he r e s u l t s  of  t he  u l t i m a t e  c y c l e *  
Th e s e  r e s u l t s  a r e  l i s t e d  a s  t h e  OUTPUT i n  T a b l e  6*1*

6* 1 T I P E“ SPACE DISTRIBUTIONS Of MINERALS

The FORI dA.1 d a t a  s e t  f o r  t h e  T-S m i n e r a l  d i s t r i b u t i o n  i s  
named:

ORERES (M,N) 

where  t h e  s u b s c r i p t :

* H* i d e n t i f i e s  t h e  m i n e r a l  j r a d e  i n c r e m e n t , and

*N1 i d e n t i f i e s  t h e  p i t  i n c r e m e n t  o r  t h e  t i me  p e r i o d  d u r i n j  
which t h e  m i n e r a l s  w i l l  be rained*

Each a r r a y  member i s  t h e  w e i j h t  o f  p i t  m a t e r i a l  wi t h  a 
m i n e r a l  c o n t e n t  1 M* which w i l l  be mined i n  t h e  Nth p e r i o d  or  
p i t  i n c r e m e n t *  1 M1 i s  g i v e n  by t h e  p o i n t  d e n s i t i e s  o f  t h e  
s p a t i a l  m i n e r a l  l i s t i i b u t i o n  1 GRAD1 comput ed  by t h e  Gr ade
P r e d i c t i o n  Program >ie ( l i s t e d  i n  C h a p t e r  6 ) * * N’ i s  g i v e n  by 
t he  e x c a v a t i o n  t i n e s  comp t e d  by t h e  r o u t i n e  PIT PRODUCTION 
SIMULATION ( s e e  T a b l e  6*1)*  • N* i d e n t i f i e s  a h o r i z o n t a l
c r o s s - s e c t i o n  o f  t h e  d e p o s i t  when t h e  'OPF.RES• d a t a  s e t  i s  
a s sumed i n  c r < ° r  t o  s t a r t  th<* i t e r a t i v e  s o l u t i o n *  S u b s e q u e n ­
t l y ,  • S '  i d e n t i f i e r ,  a p e r i o d  in t h e  m i n e ' s  l i f e  span*

6 * 3* 1 INITIAL ASSUMPTION CF THE T-S MINERAL DISTRIBUTION

As n o t e d  p r e v i o u s 1 / ,  t h e  s u b s c r i p t  1N * of t h e  ORERES d a t a  
s e t  i s  unknown i t  t h ^  s t a r t  of t h e  i t e r a t i v e  s o l u t i o n *  A i i t  
s u r f a c e  ha s  no t  . een  do. > i gned and i t . ,  d i  w e n . i o n s  ar*-* 
u. .xnown* T h e r e f o r e ,  a l l  t h e  m a t e r i a l  w i t h i n  t h e  irici s y  tern 
i s  i n c l u d e d  in 0 tERSS* The j it. q r e d u c t i o n  h a s  not  boon
s i mu l  a t e  jr d t h e  t i • • di men ion i s  unknown* 1 h•' i .*i >„ •.», ' h i s  
i s  e s t i m a t e d  by t o t a l l i n g  t h e  m i n e r a l  q u a n t i t i e s  of  s u c c e s -



DO 1 1  N=1 ,MAX.N 
K1 = H*!i 
K2 = K 1-3 
DO 10 K = K2,K 1 
DO 10 .1=1, NJ 
DO 10 1 = 1 , NX
I F  (T( r O ( l , j , K )  ) 10,  1 0 , b

5 «*GRAD ( I , J , K ) * G S  
IF (X-1) 6 , 7 , 7

6  M= 1

7 0:3EPSf. N) =01TRi3 (H, N) ♦TONF 
1 0  CCNTXN 0 "
1 1 CONTINUE

whe i e  ( i n  u c d e r  of  i p p e a c a n c e ) :

' t«’ i  J e n t  i f  i t h e  p i t  i nc r e me n t : ; *

' KAXN' i s  t h e  t o t a l  number  of  p i t  i n c r e m e n t s *

•K1 1 a n j  ' H z '  i d e n t i f y  t h e  l ower  and a j i e t  g t i d - l e v e l s
b e t we e n  whi ch t h e  m i n e r a l  c o n t e n t s  a r e  t o t a l l e d  f o r  p i t  
i n c r e m e n t  1 N’ •

• I * ,  *J* and 1 K' a r e  t h e  g r i d  c o - o r d i n a t e s *

' NI * and 1 NJ • a r e  t h t  maximum g r i d  c o - o r d i n a t e s  in t h e  • X’ 
and ' J ' c o - o r d i n a t e  d i r e c t i o n  r e s p e c t i v e l y *

• TCPC1 i s  an i n d i c a t o r  a r r a y  for  t h e  d e j o s i t ' s  s u r f a c e *

•GBAC* i ;  t h e  p o i n t  d e n s i t y  o f  t h e  s p a t i a l  m i n e r a l  d i s t r i b u ­
t i o n  a t  ( I ,  J ,  K) *

*GS'  i s  a s e a l  • f a c t  ir*

•TONF* i s  t h e  u n i t  we i g h t  o f  e a c h  jt  i u - b l o c k *

DO loo; ,  e l e v e n  p r o v i d e s  t h e  j r  i d - l e v e l  i aramt t or  ; ’ K 1 • and 
1*2'  f u r  00 l o o j  t e n*  No t ' 1 t h a t  th< se  s t a t e m e n t s  were 
w r i t t e n  t o  i n c l u d e  t h e  i i t  m a t e r i a l  of e v e r y  f o u r  g r i d  
- l e v e l s  i n  o n e  p i t  i n c r e m e n t  ' ' *



Th° n ^ . t 0 T*fn t  Chocks  t h c  v j 1u i * of  ' t o  s e e  i f  i t
®3,> 1̂ n 0 '-‘ 1 1  s o ,  S t a t e m e n t  number s i x  r e a s s i j n s  « 1

a v a i u e  oJ one  t o  p r e v e n t  ' 0RC1ES'  f rom l o i n ,  o u t  of  
s u b s c r i p t  r a n j e *  Consv j u e n t  l y ,  'GS* must  i e  de f i ne , -  s  i l l  
e n o u j h  s o  t h a t  a l l  a r r a y  a e n L e c s  where  H= 1  c^n r e ; r e s e n t  t h e  
p i t  r ,t t ; i d u  wi t h  a r, i  nn t a 1 c o n t e n t  r a n j e  of  0 *v.v.<2 *

Th«- u n i t  we i g h t  1 T*onr * of  t h e  g r i d - b l o c k s  i s  programmed i s  a 
c o n s t a n t  i n  t h e  i r e c e d i n g  r o u t i n e *  However ,  i f  t i l s  i n i t  
w e i g h t  v a r : «  t h r o u j h  t h e  d e p o s i t ,  t h e r e  a r e  two p o s s i b i l i ­
t i e s  f o r  ^ r o j r i ' m i n ;  t h e  v a r i a t i o n *  F i r s t  1 ; ,  an i n d i c a t o r  
a r r a y  c m  be c h e a t e d  t o  s t o r e  t h e  c h a n g i n g  u n i t  w e i g h t s ,  i s 
d e s c t  i l o d  in  S e c t i o n  3 • J • The a r r a y  i s  c o n s t r u c t e d  by a d d i n g
a s u b s c r i p t  t o  •TOSF* f o r  e a c h  c o - o r d i n a t e  d i r e c t i o n  i n
which i t  v a r i e s *  For  exam; l e ,  t h e  c o n s t a n t  used  i n  t h e  
p r e c e d i n g  r o u t i n e  becomes  ’ TUNF (K) «, i f  t h e  u n i t  g r i d - b l c c ’t 
w e i g h t  v a r i e s  wi t h  de;  t h  on l y*  each a r r a y  mea l or  1 :<«
c o n t a i n . ;  t h e  j r  i d - b l o c k  u n i t  we i g h t  f o r  t h e  r e s p e c t i v e  1 r • 
g t i d - l e v e l *

The s e c o n d  t e c h n i q u e  f o r  s i m u l a t i n g  t h e  v a r i a t i o n  o f  t h e  
Ui . i t  ;r i 1 - b l o c k  w e i g h t s  i s  t h e  d e r i v a t i o n  of s u r f a c e  ,* :h;*se 
s u r f  i c e p  ii u sed  t o  s i m u l a t e  t h e  bounda i m s  be t ween  t h e  
u n i t  w» i ght v a r i a t i o n s *  T h i s  s i m u l a t i o n  t e c h n i q u e  was e x p ­
l a i n e d  ir; i “ i t u i  d e t a i l  in s u b s e c t i o n  3*3*2* As p o i n t e d  ou t  
i n  t h . ; t  f u t  s e c t i o n ,  i t  ha a co  ; a t  a : vol . .  s l ow e x e c u t i o n
t i me  and  i s  d i f f i c u l t  I d e v i s e  f o r  i r r e g u l a r  s u r f a c e s *
However ,  t he t e c h n i  iue i s  •' f a c t i v e  f o r  iwp l e  s u r t  t e e s  and 
i t  does,  c o r  s ' t  ve i n t e r n a l  c ompu t e r  s t o r  a ge sp ace* . he
t e c h n i j u e  c a n  be de o n s t r a t e d  wi t h  a d e p o s i t  ha v i n g  two
d i f f e r e n t  u n i t  v e i j h V . *  In  t h i s  d e p o s i t ,  t h e  i >c< d e n s i t y  
was f o u n d  t o  I U f  f e r o n t  on e i t h  -r s i d e  of  g r i d - l e v e l  : i v •* 
The f o l l o w i n g  r o u t i n e  w i l l  i d e n t i f y  t h e  a p p r o p r i a t e  u n i t
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g r i d - b l o c k  w o i j h t :

IF (F-S)
1 MK= 1  

GO TO 3
2 XX = 2
3 •

10 OR L ' E5 (X, ',1) eORT.RES (M, M) *TOKf (MM)

IF s t d t on i - ' n t   ̂ ‘Xi - r e s s i on  r a; r e s e a t s  t h e  bounda r y  be t ween
t h e  -vo u !> x t  wei  j h t s *  The ’ TON’F' a r r a y  o e a b e r a  c o n t a i n  t h e
u n i t  wei  j u t  o t 1 o j r i d - 1  l o c < s  who;.e r e l a t i v e  j o a i t i o n s  wi t h
g r i d - l e v e l  f i v -  i r e  j i v e n  by t h e i r  *K* ; r i d  c o - o t l i n u t e *  The 
p r e c e u i n j  i o u t i n e  i a  r a t h e r  a i my l e  bu t  becomes  c o m p l i c a t e d  
gui t*r  r a ^ i a l y  wi t h  r o t e  l o a n  l i t r e s  un,l i r r e j u l a r  s u r f a c e s *  
Th i o  s i m u l a t i o n  t e c h n i q u e  i s  d e m o n s t r a t e d  " a j a i n  i n  t h e
r o u t i n e  l i s t e d  i n  t h e  l a t e r  ; a t t  of  t h i s  S e c t i o n *

6 « 3* 2 rQUIVALENT II' IERAL CONTENTS

Note i n  t h e  i r e c e d i n g  co yu t  j t i o n a l  r o u t i n e  f o r  "ORElES* 
t h a t  t h e r e  was o n l y  one r e c o v e r a b l e  m i n e r a l  r e .  o r t e d *  A 
d e p o s i t  c o n t a i n i n g  s e v e r a l  r e c o v e r a b l e  m i n e r a l  p r e s e n t s  a 
d i f f i c u l t y  t o t  c o m p u t i n g  ’ ORE ES1•

The n e t  c a s h  v i l u c  o f  any p a r t i c u l a r  g r i d - b l a c k  d e p e n d s  on
i t s  t o t a l  r e c o v e r a b l e  ? i n  i l l  c n t e n t *  The c u t - o f f  g r a d e s
must  be  a £ u n e t  i >n o f  t h e  n e t  c a s h  v a l u e  of a l l  r e c o v e r  a b l e  
m i n e r a l ,  o c c u r  i n ;  i n  i p a r t i c u l a r  j t  i d - L i c k *  T h i s  p r ob l em i s  
o v e r c o n e  b, e x p r e s s i n g  t h e  r e c o v e r a b l e  m i n e r a l s  a t  e a c h  
g r i d - i n t  t r  c t  i o n  an e g u i v a l e n t  m i n e r a l  gr a - e ,  and t h  -n
c a l c u l a t i n g  t h e  c u t - o f f  g r a d e s  i n  t u t -  ; of  t h i s  e g a i v i l a n t *
A r e l a t i o n s h i p  i s  d e v i s e d  t o  «• j u a t e  t h e  s e c o n d a r y  c i n e r a l s
wi t h  t h e  i r i  * a r y - i n  t i l *  T h i s  r e l a t i o n s h i p  us ,n e gui v a i . ' n t  
m i n e r a l  ra e ' o t  e t ' i n - d  for  e a c h  s e c o n d a r y  ’ i n e r a l  b a s e !  on 
i t s  s e l l i  t i c e  a n :  r e c o v e r y  e f f i c i e n c y  r e l a t i v e  t o  t h e
s e l l i n g  p r c o  md r e c o v e r y  e f f i c i e n c y  >f t h e  . t i " i r y  -- 
r a  1 • The  e s i v i l  nt  m i n e r a l  r a d e s  of a l l  s©cc dai  y i r . e t a  1 s  
a r e  t o t a l  1 wi t h  t h(? j r i - i i y  ir. •, >i i ■ 1 • ' * * h i > 1
e g u i v a l e n t  i n e r  i l  c o n t e n t  us  c a l c u l a t e  > a t  vdc .. gi i  ..
- I n t e r s e c t i o n  e x c e p t  f o r  t h o s e  r e p r e s e n t i n g  a i r  s p a c e *  For
exaui;  1 c ,  a s s u r e  t h u t :

1) t h e r e  i r °  t h r e e  r e c o v e r  i b l o  m i n e t a . s  1 G.'AM 1, ' . . . AD. '
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and* *GRAD3'  ;

2 ) t h e i r  i e s :  e c t  i ve  s e l l i n  j p r i  -es  a r e  1 S 1 ' ,  ' 52 • and 
' S 3 ' ;  and

)) t h e i r  r e s p e c t i v e  r e c o v e r y  e f f i c i e n c i e s  * r e  ' Y V , ' Y2 ' 
and  ' Y3 • •

Then ,  t h e  t o t a l  e q u i v a l e n t  m i n e r a l  c o n t e n t  ' 2 i G3aD' f o r  
g r i d - i n t e r s e c t i o n  ( I , J , K )  w i l l  Le :

EtiGRAD ( I , J , K )  ='.;»AD1 + ( ( 5 2 / b i )  * (Y2/Y1) * ISAE2 ( 1 , J , K ) )
♦ ( ( 53 / 51 )  « (Y3/Y1) *GRAD1 ( I ,  J , K)  )

' EQGRAE' i s  t u l t  i p l i e d  by t h e  s c a l e  f a c t o r  ' G5 *, and t h i s  i  
u s e d  a s  t h e  s u b s c r i p t  1 .v, 1 o;  ' 0RER251 • T h i s  i s  d e m o n s t r a t  'd 
i n  t h e  r o u t i n e  t o  f o l l o w *

6 * 3* 3 RE-CC^PUTATION OF THE T-5 MINERAL DISTRl -UTlCi

The T-S n i n e r t l  d i s t r i b u t i o n  i s  r e c a l c u l a t e d  when ' v e r  t h e  
i t e r a t i v e  s o l u t i o n  j o e s  t h r o u j h  m o t h e r  c y c l e *  ( S e - S e c t i o n  
6*2*)  r o u t i n e  PIT PR DICTION 5 1 MULATICS* I he e x c a v a t i o n  t i * e  
of  e a c h  g r i d - L l o c k  i ^  su t  i t u t e d  f o r  t h e  i n i t i a l  a s a a  j -  
t i o n s  o t  t h e  T-S m i n e r a l  d i s t i l l a t i o n *  T h i s  r e c a l c u l a t i o n  i s  
e x e c u t e d  w i t h  t h e  f o l l o w i n g  r o u t i n e ;

CO 10 1 * 1 , NK 
DO 10 J =1 , NJ  
DO 10 1 * 1 , NI
LOC® N3 *NI* (K- 1) ♦HI* (J- 1) * t  
I F  (TOPC (I,  J,K) ) 10, 10,2

2 I f  (Y?) (LOG) ) 10, 1C, 3
3 PITIKC* (Yp (LOG)- 1 ) /PERIOD*1 

IF (K-5)
4 MM* 1

GO TO e
5 MM = 2
6 E.GP^D(I,J,K) -GRAT 1 (I,J,K) * ( (52/5 1) * (Y2/Y1) ♦

1GSAD2 ( ! , d , F ) )
R*E.GPAr (I,, 1,K) *31 
IF (K-1) 7 , 7 ,  ;

7 M= 1
8 OR" Pi.5 (M,PITI:.’C) =( RET. 5 (M, PIT INC) ♦TONF (*!’')

10 CONTINUE
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D e f i n i t i o n s  ( i n  o r J o r  o f  a p j e a r a n c o ) :

' I ' ,  ' J ’ a n i  ’ ” 1 a r c  t h e  j t  i  i  c o - o r d i n a t e s *

* NI * # ' N J  ’ a nd  ' V. * i r e  t he naximar.  co- ol d i n a  t o s  i n  t h e  • i  ' ,
1 J ' and *K' c o - o r d i n  t t e  d i r e c t i o n s ,  r e s p e c t i v e l y *

* LOG’ i s  t h e  enidi : ' .  >n s i o n a l  a r r a y  member l o c a t i o n  s p e c i f i e d  
by t h e  g r i d  c o - o r ’ i n a t c s *

' TCPO* i s  an i n d i c a t o r  i r r a y  f o r  t h e  d e p o s i t ' s  s u r f a c e *

1 YR1 i s  a a n i d i m e n s i o n a l  i n d i c a t o r  a r r a y  t h a t  c o n t a i n s  t h e  
ye a r  i n  which e a c h  ; r i d - b l o c k  i s  i n e u •

1 PIT IMG* i »  t h e  p i t  i n c r e m e n t  or  t i m e  d i me n s i o n  of  t . ; r -S
m i n e r a l  d i s t r  i v i t i o n *

1 PERIOD' i s  t h e  n u a b e r  of  p r o d u c t i o n  y e a r s  i n c l u d e d  in  ?ach 
p i t  i n c r e m e n t . •

•KK* i d e n t i  r e*  t h e  u n i t  j r  i  - b l o c k  we i gh t *

' GFAD 1'  and , GP.\D2* i r e  t h e  p o i n t  d e n s i  t i e . ,  o f  two r e c o v e ­
r a b l e  m i n e r a l s ,  r e s p e c t i v e l y , a t  ( I , J , K) •

*5 1 * and  *52* i r e  t h e  s e l l i r j  p r i c e s  o f  'GRAD V  and * 3 ? A D 2 ' ,  
r e s p e c t i v e l i •

' EgGRAD' i s  th<‘ t o t a l  < l i v a l e n t  m i n e r a l  e n s i t ; a t  ( I , . ' , K ) *  

•GI* i s  i s c a l e  f a c t o r *

«K« 1 .i t h  i n t t ' j e r  v . re of * LUIRAD* 1

•CP.ERSS'  i s  t h e  T-S m i n e r a l  l i  ; t r  i h a t i o n •

* TCNF' i s  t l i *1 u n i t  j t  i d - b l o c k  w e i j h t *

« Y v  j n d  • Y2' a r e  t h e  r e c o v e r y  *f f i c i e n c i e . ,  of  ' G1AI1'  and 
' GRAD2' , r*' s[ a c t i v e l y *

Tkfi t  wh'*n e a c h  yf  i i - 1 1 ock ( i #•’ # ■ i i ■ • 1131' ’v 1 ■ ■ 1 *
s t o r e d  m  d a t a  s - t  "Y"" 1 /  t h e  r o u t i n e  P I "  P3:3VCT:c: i
SIMU C'i• 1>t a t e ' • ’n t  i; It ' t  two e s t a f c l i  .. .» whet n t t.i
<jr i d - b l o c k  named hy t h e  1 0  loop j at  ir.et e t s  (* # > # ) has  a
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mi n e d • I f  n o t , t h e  r o u t i n e  b r a n c h e s  p a s t  t h e  r o m a i n i n j
c o m p u t a t i o n s *  A n e j ^ t i v e  or  z e r o  a r r a y  v a l u e  f o r  1Y R *
i n d i c a t e s  t h a t  t h e  j i  ven , 1  i d - b l o c k  ( I , J ,K)  i s  j nroine i*  
Ot he r  w i s e  t h  * r o u t i n e  b r a n c h e s  t o  s t a t e m e n t  number  t h r e e  f o r  
t h e  j r i d - b l o c k  ; t h a t  ha ve  he ;ii i n e d • The u n i t  w o i j h t  ol t h e
g i v e n  3 r i d - b l o c k  ( I , J , !)  i s  a s s i g n e d  i t s  t i t  i n c r e m e n t
• PITIh’C’ by s t a t e m e n t  number  t h r e e *  Subs  - j u e n t l  y , t h e  u n i t  
wei  ] h t  * TCNF ’ of  t h e  j 1 ven g n u  -  b l o c k  ( I ,  J ,  K) i s  added t o  
t h e  a p p r o p r i a t e  a r r a y  memoer o f  1 0 .ISRES' i n  s t a t e m e n t  number  
e i g h t •

’ PERIOD'  i s  t h e  number  o f  p r o d u c t i o n  y e a r s  i n c l u d e d  i n  e a c h  
p i t  i n c r e m e n t *  T h i s  number r u s t  be s m a l l  enough t o  c o r r e s ­
pond w i t h  t h e  b r o a d  c h a n g e s  i n  t h e  d e p o s i t ' s  m i n e r a l  
a s s e m b l a g e *  For e x a a p l e ,  a m a s s i v e  d e p o s i t  wi t h  a wa s t e  
o v e r b u r d e n  1 i ve r  vas t  be d i v i d e d  i n t o  a t  l e a s t  two p i t  
i n c r e m e n t s  t o  c o r r e s p o n d  w i t h  t h e  wa s t e  and m i n e r a l i z a t i o n *  
Howeve r , not-* [ i t  i n c r e m e n t s  would y i e l d  g r e a t e r  a c c u r a c y  
b e f f u s e  t h e y  would c o r r e s p o n d  more c l o s e l y  t o  t h e  s p a t i a l  
c h a n g e s  i n  t h e  l i n o t a l  d i s t r i b u t i o n *  The mini sum l e n g t h  o f  
t h e s e  p . t  I n c r e m e n t s  i s  one ; e a r *  The r e a s o n  f o r  t h i s  i s  t h e  
way X h  whi ch t h e  cut -o*" f g r a d e s  and p l a n t  p r o d u c t i o n  t a r g e t s  
a r e  commut ed ,  i s  d e s c r  i f  ec i n  S u b j e c t i o n  6  • 4 • 2*

The t h i r l  IF s t a t e m e n t  s i m u l a t e s  t h e  bounda r y  be t wee n  t h i s  
p a r t i c u l a r  d e p o s i t ’ s  two d i f f e r e n t  u n i t  g r i d - b l o c k  w e i g h t s  
’ TCNF’ , r s  d e s c r i b e !  i n  S u b s e c t i o n  6*3*1*

The p r e c e d i n g  r o u t i n e  f o r  r e c a l c u l a t i n g  t he  T-S m i n e r a l  
d i s t r i b u t i o n  i s  e x e c u t e d  a t  t h e  end of  e a c h  i t e r a t i o n  c y c l e *  
The c a l c u l a t i o n  i s  ^ e g e a t o d  t o  r e a l i g n  t h i s  d a t a  s e t  wi t h  
t h e  i n c r e a s i n g  a c c u r a c y  o f  t h e  t r n e  f a c t o r  a s  p r o v i d e d  by 
t h e  i t e r a t i v e  s o l u t i o n *

6* 4 ECONOMIC MANAGEMENT OF THE OPEN PIT PROPOSAL

The i o t e n t i a l  v a l u e  uf an,  depo $ i t  d e , e n d s  on t h e  [ o l i c y  
c h o i c e  of  p l a n t  c a p a c i t i e s ,  p r o d u c t i o n  t i r  get . ,  and c u t - o f f

l a d e s *  A group of  s u b r o u t i n e s  were i n c l u d e d  i n  t h e  MP
Programme t o  s e l e c t  t h i s  e conomi c  p o l i c y  so  t h a t  i t  w i l l  
y i e l d  an or  on : i t  s o l u t i o n  wi t h  t h e  h i g h e s t  p r e s e n t  v a l u e *  
The t h . o r , * used t o  co  p a t '  t h i s  p o l i c y  was d e r i v e d  by K*F*
Lane* (4)
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6 * 4* 1 TRADITIONAL METHOD OF ECONOMIC POLICY DECISIONS

The t r a d i t i o n  i l  i r e thod o f  c a l c u l a t i n g  t h i s  economi c  p o l i c y  
(9;  % a g e  1^1,  . 7> and 897) s e r v e s  a s  a jood c ompa r i  son t o
h i j h l i j h t  th ' a d v a n t n j e s  of  L a n e ' s  method* The t r a d i t i o n a l  
method i  s c ompu t e  i i n  t h e  f o l l o w i n g  ma n n e r : F i r s t l y ,  t h e  p i t  
i s  d e s i g n e d  by f i x i n g  t h e  f i n a l  s u r f a c e  a t  t he  bounda r y  
beyond whi ch t h e  l o y o s i t ’ r. m i n e r a l i z a t i o n  c e a s e s  t o  be 
p r o f i t a b l e *  The l o c a t i o n  u f  t h i s  b o u n d a r y ,  o r ,  i n  o t h e r  
wor ds ,  t h e  ' p i t  l i m i t s '  i s  f i x e d  wi t h  t h e e  c o n d i t i o n s :

1 ) ' b r e a k - e v » n  c u t - o f f  g r a d e * ,

2 ) ' b r e a k - e v e n  s t r i p p i n g  r a t i o '  and

3 ) a s a f e  w a l l - a n g l e *

The ' b r e a k - e v e n  c u t - o f f  g r a d e '  i s  t h a t  p r o p o r t i o n a l  m i n e r a l  
cor  t e n t  o f  t h e  o r e  s u c h  t h a t  t h e :

ORE VALUE/TON -  OPE PRODUCTION COST/TON

-  if ASTE STRIPPING COST/TON

i s  c g u a l  t o  ze r o*  The ' b r e a k - e v e n  s t r i ; p i n ,  r a t i o '  i s  t h e  
maximum r a t i o  o f  wa s t e  t o  o r e  t o n n a g e  a l l o w a b l e  a t  t h e  f i n a l  
p i t  s u r f a c e  t o  main a i n  a p r o f i t *  " h i s  r a t i o  i s  compute- ,  
f rom an o r e  m i n e r a l  c o n t e n t  e : i a l  t o  t h e  ' b r e a k - e v e n  c u t - o f f  
g r a d e '  wi t h  t h e  f o r m u l a :

"BREAK-EVEN STRIPPING RATIO=

RECOVERABLE VALUE/ORE TON -  PRODUCTION COST/ORE TON 

STRIPPING COST/WASTE TON

& S S  W ;  r  w  w
( 9  - i n  l u 6 ) The ' [ i t  l i m i t s '  a r e  r e .  b, u . i n j  . he

s u r f a c e  t h a t  ; i t i i f i " : t h e s e  m a r g i n a l  c o n d i t i o n s *
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n r o d a c t  i on  :' * • • i - * ‘ i t  1 • •  ̂ •lui con.hint :  t i o n  o t  c u t - o f f
. j r a d e  and H i  - in fu i  . i l . i h i n  j t h i  L t v o c n t  v- i loo i a
c bc  ivn t o  x r l o i t  t h e  do;  x - i t *  r h i u  f i n . i l  c u t - o f f  j r.d Je i s  
not  n e c e s s a r i l y  ^ . i  t :  i > t !.• • L i t u V o v o n  c u t - o f f  ; t  >• •

Th e r e  a r e  «i nun;  or  o f  d e f i c i e n c i e s  i n  t h i s  .uathod of  
d e t e r  m i n i n j  how t o  >v,,i i t ' i  on u d e p o s i t ' s  r c out c- -  • p r i r i -  
l i l y ,  i t  1 j n . ? r o 3  t h e  - i  m i n e r a l  d i s t r i b u t i o n ,  t h e  c h a n j i n j  
I r e s e n t  v a l u e  m  ?t  th< i i t ’ .; l i f e  s:  an m d  t h e  t i me  
i n f  1 i t  i o n  o f  c o s t s  ind ' i i  :<•.;• The e c o n o m i c  e n v i r o n m e n t  
p r o v i d e d  by t h e s e  cl  in j i n j  c i r c u m s t a n c e . ,  der  and. ,  t h a t  t h e  
c u t - o f f  j r a (1 p 5 vai  , a< :oi  l i n j l y , t o  . , / i  i z e  t h e  p i t ' s  
[ r e s e n t  v a l u  • j. i d i t i o n a l l / ,  t he t r a d i t i o n a l  o t h o u  mi k e s  no 
e f f o r t  t o  c o r '  : r.v or. u n i t e  i n t o  o n e  i n t e r  d ■ t ? a 3 o u t  f u n c t i o i  
t h e  c c ' p u t  i t  i o n s  for  t h "  [ i t  c*. ; i  i n,  c u t - o f f  r u d e  and  p l a n t
c a p a c i t i  * »3 a r e  l i t  t n v  f I n a l  r u t - o f f  , 1  a 1 • c h o s e n  t o
r a k e  t h e  oi  e o r  w a s t e  d e c i s i o n  « ty d i f f e r  I r o n  t h e  1b r o a *  
- e v e n  c a t - o f f  j r u d •1 u s e d  t o  to ; i j n  t h e  ' i i t  l i m i t s * '  The 
d i f f e r e n c e  \ t waon  t h e s e  c u t - o f f  j r a d  o s  i s  t h  • o u t c o me  o f  
e«’i l o y i n  j d i 4 f o r  e n t  c r i t e r i a *  A rat  j i n a l  p r o f i t  c r  i t  c i o n  i . ,  
u s e d '  t o  de  . . p  t h e  } i t , w h o c e a i  i  .naxinu.r ; r e s e n t  v a l u e
c r i t e r i o n  i s  a v 1 t o  c h o o s e  t h e  f i n a l  c u t -  o f f  j r - i d e s  and t h e
[ i t ' s  l i f e  s ; an*

La n e '  s  ’coi  > i s  t h -•oi / (4) i n c o t  \ »i it o s  t h e  i n t e r  J - \  u n d e n t  
f u n c t i o n s  o f  ; i a n t  c sj r c i t  ;< , c u t - o f f  j t a d e s  a nd  p r o d u c t i o n
t a r j e t s *  The y  a t e  I n c l u d e  1 i n  t h e  k? P r o  j r d  n ?e i n  o r d e r  t o

[ r e s  -nt  v a l u e *  fh i s  c t  .it u t u t i u n a l  i n t e r d e p e n d e n c e  i s an 
a d v a n t a g e  of  t h e  KF P r o j i u - :  re b e c a u s e  i t  i s  t h e  u n i f i c a t i o n  
of  t h  1 o i e t i j i t  i • i a t i o n s h i ;  s tl. i t  e x i s t  c o n d i t i o n a l l y  u. on 
one a n o t h e r *  - • • c a l l  t !  i t  t h '  tc c ; c i s i o n s  p r o v i d e  t h e  i : 1 a-  
t ions!:  i  i t h e  i a net  i an F ( * ( x , y , z / , t ) an : t h e  pat!:
of  t h e  :nu I t  i p 1 i r t e j c i ’ d e v e l o p e d  i n  S e c t i o n  6*2*

I V = / :  / / / !  (: ( x , y ,  z )  , t ) d V ] d t  
T R

The r.r : r o j r a m  =• <:n : u t < . t h • o[ t i mam:

1) c u t -  f f r i , : r i

2) [ i t , c o n >- ''ii t * 1 1o r  11 1 t *• f i r • i /  [ :  o ! u c t  i or 1 ■ • j* f ‘

f o r  d l l  t h e  - s 1! 1' CO r! i n *  I i o n s  of  [ l a r t  c a t  a c i t  i r . . *  i! .>n, 
i t  s e l e c t s  ‘ th.  r o  hi n a t i o n  wit  « i t s  c c t f e . . [ o n  u n j  • 4
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c j r adns  and p r o d u c t i o n  t a r  j e t s  t h a t  w i l l  y i e l d  t h e  g r e a t e s t  
p r e s e n t  v a l u e *

The c u t - o f f : ,  a i e  e j u i v a l e n t  m i n e r a l  j r a d e s ,  i f  t h e  d e p o s i t  
ha s  more t h a n  one  r e c o v e r a b l e  m i n e r a l *  T h e r e f o r e ,  t hey  a r e  
co mp a r e d  wi t h  t h e  t o t a l  e q u i v a l e n t  miner  i l  d e n s i t i e s  for  t h e  
o r e  an 1 wa s t »  d e c i s i o n *  The ' e q u i v a l e n t  ,n. n e i a l  q r a d o s '  were 
e x p l a i n e d  in S u b s e c t i o n  fi• 3 • 2 •

The d i s t i n c t i o n  b e t we e n  1 [i 1 a n t  c a p a c i t i e s '  and ' p l a n t  p r o d u ­
c t i o n  t a r j o t s *  s h o u l d  be made c l e a r • The ' p l a n t  c a p a c i t i e s '  
a r c  t h e  p o t e n t ! i l  a b i l i t y  o t  t h e  m i n e ' s  p r o d u c t i o n  f a c i l i ­
t i e s  t o  p r o d u c e  t h e  j i v e n  amount s*  The ' p l a n t  p r o d u c t u o n  
t a r g e t s '  a r e  t h e  opt imum y i e l d  o f  e a c h  f a c i l i t y  d e p e n d i n g  on 
t h e  T-S m i n e r a l  d i s t r i b u t i o n ,  and t h e  u n i t  p r o d u c t i o n  c o s t s  
and s e l l  in p r i c e s *  The ' p l a n t  c a p a c i t i e s '  a r e  t h e  u pp e r
l i m i t  o f  t h e  ' p l a n t  p r o d u c t i o n  t a r g e t s * '

6 * 4* 2 OPTIMUM CUT-OFF GRADES AND PRODUCTION TARGETS

The o p t i m u r  c u t - o f f  g r a d e s ,  i n  L a n e ' s  t h e o r y  ( 4 ) ,  a r e  com­
p u t e d  i n  t h e  f o l l o w i n g  manner  f o r  any p a r t i c u l a r  c o m b i n a t i o n
o f  p l a n t  c a p a c i t i e s :

F i r s t l y ,  " t  l i t ^e  c u t - o f f  .prude f o r m u l a e  a r e  d e r i v e d  by 
s u p p o s i n g  t h a t  e a c h  o f  t h *3 t h r e e  p l a n t s  ( p i t ,  c o n c e n t r a t o r  
anu r e f i n e r y )  a l o n e  l i m i t s  t h e  t o t a l  c a p a c i t y  of  t h e
o p e r a t i o n *  These  j r a d e s  a r e  comput ed  on an a n n u a l  b a s i s  and 
may t  ’ c a l l e d  t h e  l i m i t i n g  e conomi c  g r a d e s *  They depend 
d i r e c t i ,  on p r i c e  and c o s t s  but  on l y  i n d i r e c t l y "  ( u ^  age  
6 1 2 ) ,  t h r o u g h  t h e  p r e s e n t  v a l u e ,  on t h e  T-S m i n e r a l  d i s t r i ­
b u t i o n *

The f o l l o v i n  j p r o f i t  e x p r e s s i o n  i s  c o n s t r u c t s  1, and f rom 
t h i s  t h e  l i m i t i n g  e c o n o mi c  c u t - o f f  g r a d e s  d e r i v e d *

p=[ ( s - r )  *vr ]-[  c*£c  ] - [  m*um ]~[ f *T ]

Where:

•P* i s  t h e  p r o f  i t *

' s '  i s  t h e  s e l l i n g  p r i c e  per  u n i t  we i gh t  of  p r o d u c t *

’ a '
The

i s  t h e  e x c a v a t i o n  c o s t  pe r  u n i t  w? i ght  of  p i t  m a t e r i . l *  
u n i t  e x c a v a t i o n  c o s t s  a r e  t h e  e x p e n s e s  common t o  bo t h
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o r e  and w a s t e  e x c a v a t i o n *

• c '  i s  t h o  c o n c e n t r a t i o n  c o s t s  pe r  u n i t  w e i g h t  of  o r e *  "The
u n i t  c o n c e n t  t a t  i on  c o s t s  i n c l u d e  a l l  c o s t s  i n c u r r e d  b,  o r e  
e x c o [ t i n g  t h o s n  which d e f e n d  u ; o n  i t s  g r a d e * " ( U, ; a ; e  R1 4 ) •

1 1 ' i s  t h e  r e f i n i n g  c o s t s  i e r  u n i t  we 1 j h t  of  p r o d u c t *  The 
u n i t  r e f i n i n g  c o s t s  a r e i l l  t h o s e  "whi ch i r e  a f f e c t e d  by 
d e c i s i o n s  a b o u t  g r a d e  which va r y  t h e  amount  of  miner  1 1 
p r o d u c t  w i t h o u t  a l t e r i n g  t h e  o r e  t h r o u g h p u t * " (4,  [ a g e  3 1 ' ) •

* f 1 i s  t h e  f i x e d  or  a d m i n i s t r a t i v e  c o s t s  pe r  p e r i o d *

1 T 1 i s  t h e  j c r  i od l e n g t h *

’ Qr* i s  t h e  r e f i n e r y  c i t p u t *

1 Qc* i s  t h e  c o n c e n t r a t o r  i n p u t *

’ Qm* i s  t h e  p i t  o u t p u t  ( wa s t e  p l u s  o r e  ) •

Gi ven  t h e  f o l l o w i n g  a d d i t i o n a l  d e f i n i t i o n s :

1) PV = t h e  maximum p o s s i b l e  p r e s e n t  v a l u e  o f  p r o f i t s  f rom 
t h e  d e p o s i t  and

2 ) W = t h e  maximum p o s s i b l e  p r e s e n t  v a l u e  o f  f u t u r e  
p r o f i t s  a f t e r  t h e  ne x t  I'ci of  m a t e r i a l  has  been nlned*

Then ,  f rom t h e  d e f i n i t i o n  o f  p r e s e n t  v a l u e :

T
PV= (P*W)/  (1*d)

whe r e :  d i  , t h e  i n t e r e s t  r a t e  f o r  t ho  o p p o r t u n i t y  c o s t  o f
i n v e s t m e n t  c a p i t a l *  ( Not e :  t h e  l i s t i n g  o f  t h i s  f o r m u l a  in
t h e  o r i g i n a l  t«*xt i s  a t y p o g r a p h i c a l  e r r o r )  •

S i n c e  T i s  s h o r t  and d i s  l e s s  t h a n  o n e ,  t h e  e x p i e s s i o n  (1 ♦ 
d ) t o  t h e  t ower  T may be a p p r o x i m a t e d  by t h e  ■ i r .>t two t t .ts 
o f  t h e  oxt  an i o n ,  which a r c  (1 * T d ) • S u b s t i t u t i n g  t h ' s  
a p p r o x i m a t i o n  i n t o  t h e  p r e c e d i n g  p r e s e n t  / a 1 ae e q u a t i o n  
y i o l d s :

PV-W = P- (-1 *V ♦ T)
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F u r t h e r , . s u b s t i t u t i n g :

1) V f o r  (PV-W)# t h e  i n c r e a s e  i n  j r e s e n t  v a l u e  f rom m i n i n ;  
t h e  ne j o  o f  t  e r i a l  and

The s o l u t i o n  o f  t h i s  e . j ua t  i on  i s  made by t r i a l  and e r r o r  
becau r V i s  i n i t i a l l y  an unknown j u a n t i t . •

Li ne  ( 4 , ; ' ,je 816) p o i n t s  o a t  t h e  f o l l o w i n g  1 i  i t a  t  i on  on
t h e  p r e e n  t i n ,  p r e s e n t  v a l u e  e x p r e s s i o n :  "The c o n s t r u c t i o n  of  
t h e  e x p r e s s i o n  i s  v a l i d  o n l y  i f  t h e  p r e s e n t  v a l i e  PV d e p e n d s  
on t l . e  i t o  r e s e r v e s  b u t  no t  upon t h e  t i n e *  T h i s  i s  
e puiv a l e n t  t o  a s s u - i n j  s t a b l e  s e l l i n g  t r i c e s  and c o s t s *  In 
c o n d i t i o n s  o f  i n s t a b i l i t y ,  t h e  p r e s e n t  v a l u e  of  t h e  s a r a  
r e s e r v e s  can  c han  j e  wi t h  t i me  * * *" As a r e s u l t  of  t h i s  
l i m i t a t i o n ,  t h e  i n f l a t i o n  r a t e s  f o r  c o s t s  and s u l l i n j  p r i c e s  
i„ust  be  c o n s t a n t  s o  t h a t  t h e  p r e s e n t  v a l u e  T V  of  any 
p a r t i c u l a r  o r e  r e s e r v e :  i s  no t  a f a n c t i  >n of t i n e *

The c o n s t a n t  i n f l a t i o n  r a t e s  l i m i t  t h e  IT Programme t o  t h e  
r o l e s  o f  i l a n n i n j  and i r o j  c r t y  e v a l u a t i o n ; and t h e r e f o r e ,  
p r e v e n t  i t  f rom h e i n j  u s e d  t o  e v a l u a t e  ma r k e t  f 1 a c t u a t i o n s *

The t h r e e  l i m i t i n g  ••conori ic c u t - o f f  j r a d e s  a r e  fou' id ' row 
t h e  b a s i c  p r e s e n t  v a l u e  e x : t e n s i o n  by a s s a :  i n ] t h a t  t h e  p i t ,  
c o n c e n t r a t o r  an 1 r e f i n e r y ,  i n  t u r n ,  l i m i t  l,  c a p a c i t y  ot 
t h e  t r i a l  o p e r a t i o n *  For  e x a mp l e ,  a s sume  t h a t  t he ; 1 r i s  
l i m i t i n g  t h e  p r o d u c t i o n :

2 ) t h e  p r o f i t  e x p r e s s i o n  

y i e l d s  t h e  b a s i c  p r e s e n t  v a l u e  e q u a t i o n :

V = [ ( s - r )  *0r  ] - [  cmQc j- [  m*(jm ] - [  (f td* PV) * T ]

T h e n :

T=Qr / «

i f  • M1 i s  t h r  maxima-  p i t  c a p a c i t y ;  and

Vm = [ ( s - r )  *Qi : - [ C * i ) c ] - [ [  (f ♦d*l>V)/i :*n > v m }



C'(3 - r )  *Ql ] - [ c * 2 c J

a s  l a r  j e  u ; p o s s i b l e *  T h i s  i m p l i e s  t h a t  e v e r y  u n i t  of
mat er  i  l l  f o r  whi ch  ' ( s - r ) * m i n e r a l  c o n t e n t  J e x c e e d s  t h e
c o n c e n t r a t i o n  c o s t  c s h o u l d  be c l a s s i f i e d  a s  o r e*  T h e r e f o r e #  
t h e  oj.tiir.um c u t - o f f  j r a d e  Gm or b r e a k - e v e n  }r a d e  i s  <jiven
b y :

[ s - 1 ) *y * ;m=c 

0.71=0/: ( s - r )  ♦/ ] •*•  (U#i a j e  8 1 6 )

whe r e :

*y 1 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  o f  t h e  e q u i v a l e n t
m i n e r a l  •

S i m i l a r l y #  i f  * C* and ’ 3 1 a r e  t h e  maxi  mum c a p a c i t y  pe r  
p e r i o d  f o r  t h e  c o n c e n t r a t o r  and r e f i n e r y ,  t h e n :

T=tic/C
Vc=[ ( s - r )  *;  r > {  [ (f  + d»I 'V)/C + c ] * L c ] - [ n * « t „  ]
Gc=[ (f *d*PV) / C * c  ] / [  ( s - r )  *y ]

T = 0 r / 8
Vt =( [ - (f ♦c]*?V)/?< ( s - r )  >  . r )•*[ c*Cu ]-[ m*Cm ]
Gr = c /{  [ -  (f ♦d<-vV)/ r'* ( s - t )  ] * /  }

The t h r e e  1 i~ i t i n j  e conomi c  c u t - o f f  j t a d e s  Gm, Gc,  and Zc  
w i l l  be U u o n e s  which most  i n c r e a s e  Vm, Vc and Vr
r e s p e c t i v e l y *

fAs c a n  be s e e n ,  t h e s e  t h r e e  l i m i t i n g  e conomi c  c u t - o f f
cqt ades  depend l i r o o t l y  on s e l l i n g  j r i c  s ,  c o s t s ,  and cap t c i -  
t i e s  b it on l y  i n d i r e c t l y #  t h r o u g h  t h e  p r e s e n t  v a l u e  T V '  on 
t he T-S m i n e r a l  d i s t r i b u t i o n *

" Ne x t ,  t h r e e  t i l  m c i n g  c u t - o f f  j r a d e s  a r e  d e f i n e d *  Th e s e  a r e  
t h e  j r i j  o s  which j u s t  s a l  unco t h e  c a p a c i t i e s  o e a c h  q a i r  o. 
p l a n t s *  71 1 - i r e  i n d e p e n d e n t  of  econo . n i us  a l t > j f' t h e f #  b g i n j  
d i r e c t l y  I n t e r l i n e d  by t h e  T-S m i n o r a l  l i s t t i b u t i  »n • • •
Th e s e  a r e  t h e  c 1 1 -Of  f j t a d e s  which c i u.a? 1 ’ i c  ,i pa 11 1 > I , 1 i r .. 3
t o  he j u s t  in b a l a n c e  a t  t h e i r  maximum c a p a c i t i e s * "  (4)

The W  m c l a j  c a t - o t t  j r  -dva » »  e o * r a t e a  free the T-S 
Mi n e r a l  1 i a t r l b J t l o n  t o t  e a c h  i i t  i n c r e m e n t .  " T h r e e  r a t i o s



a r e  r e  j u i r e d  m  
c a t e r i a l ,  c e f i n e d  
d u c t : o r e * "  (4 #
g r a d e s  a r e  t h o s e  
pro} o t  t  i o n  t h  i t

f u n c t i o n s  
p r o d u c t :

; i j c  317) • 
rfiii.cn w i l l  

w i l l  e j u . t l  i c e

o f  t h e  c u t - o f f  
i i t  m a t e r i a l .

: r a u e  -  o r e

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

Gao i s  t h e  c u t - o f f  . h e r e :

f  , i Ua n a  r e f i n e d  p r o -  
" h e n ,  t h e  b a l a n c i n g  c u t - o f f  
s e p a r a t e  o r e  f r or. w a s t e  i n  a 
t h e  [ r e d u c t i o n  r a t i o s  t o  t h e

I n
a s

o t h e r  wor ds ,  t h  .

OR S

PIT MATERIAL 

s i m i l a r l y :

CONCENTRATOR CAPACITY 

PIT CAPACITY

Gar :
REFI' iEP P30DUC

PIT MATERIAL

PEF1 i!LPY CAPACITY 

PIT CAPACITY

REFINE! PRODUCT ? S F I >Z''Y CAPACITY
G r c : ---------------------------- ---------------------------------------------

CHS CONCENTRATOR CAPACITY

" S o me t i me s  a b a l a n c i n g  p o s i t i o n  may not  e x i s t  w i t h i n  t h e  
p e r m i s s i b l e  r a n g e  of g r a d e s *  I n  such  c a s e s  t h e  c o r r e s p o n d i n g  
b a l a n c i n g  c u t o f f  g r a d e  s h o u l d  bo d e f i n e d  <. t h e  a p p r o p r i a t e  
e x t r e m a  v a l u e *

"The b a l a n c i n g  c u t - o f f  
f a c t o i s  e n t i r e l y *  Th -/ 
t h e y  Uei en upon  t h e  
a h e a d  and c a n  v i r y  w i d l

g r a d e s  a r e  i n d e p e n d e n t  o f  e c o n o m i c  
a r e  a l s o  d y n a mi c  i n  t h e  s e n s e  t h a t  

g r a d e  d i s t r i b u t i o n  o f  t h e  i i t e r i a i  
t h r o u g h  an i t  r e g u l a r  o r e  body*

" The  a n n u a l  and o v e r a l l  op t i mum c u t - o f f  j t . j i . e  i s  o ne  o .. t h e  
s i x  c u t - o f f  j i  i i ' s  c o n s i s t i n g  o f  t h e  l l r e e  l i m i t i n g  e c o n o m i c  
g r a d e s  »nd t h e  t h r e e  l i . a n c i n j  g r a d e s *  . o t vo wny t a x  i.* 
a n l  how t o  d i s c o v e r  t h e  a c t u a l  o : t i ..u ; i n  p a r t i ,  j . i i  
c i r c u m s t a n c e s ,  i t .  i s  b e s t  t o  c o n s i d e r  e a c h  p a i r  of  s t a g e s  i n  
t u r n *

" F i r s t  t a '*» t h o  l i n e  and  c o n c e n t r a t o r s  In tit:- j a t a . j r  apn on
f grades, expressions wore derivedl i m i t i n g  

f o r  t h e  
a s s u  mi n j  
• • As t h >1

■rsnoa r e
i n c i M ; e  i n  p r e s e n t  v a l u e  o f  d i f f e r e n t  t h r o u g h p u t s  
t o i i n ^ ,nd c o n c e n t r a t o r  a l o n e  1 : n i t t  : c a p a c i t y  * 
c u t - o f f  g r a d e  v a r i e s ,  ' j i  a nd  J c  v a r y ;  h e n c e  Vai and
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Vc* At . low c u t - o f f  g r a d e s  Vm i s  s r a l l c r  t h a n  Vc« T h i s  ha s  
been shown g r a p h i c a l l y  i n  Fly* 6 • 4 A•

"The c u t  v s  i n t j r : t ? c t  a t  one  i o i n t  o n l y  and t h i s  c o r r e s p o n d s  
t o  t h e  b a l a n c i n j  L u t - o f l  y r a c e  Gtic*

"When t h e  mine  and c o n c e n t r a t o r  l i m i t  c a p a c i t y  s i m u l t a n e o u ­
s l y  , t h e  i n c r e a s e  i n  p r e s e n t  y r ude  i s  a c t u a l l y  t he  l ower  o f  
Vm and Vc* f t  i s  marked h e a v i l y  i n  t h e  d i a , r a r *  A ; can  be 
s e e n ,  i n  t h i s  c a s e  t h e  maximum i s  a t  t h e  v e r t e x  Gr.c*

" Ho we v e r , two o t h e r  c a s e s  must  he e x a m i n e d » Those  a I s o  a r e
b e s t  i l l u s t r a t ' d  y r a p h i c a l l y  by Fly* 6*45 and C* As t h o s e  
g r a p h s  show,  when t h e  l u l u n c i n j  c i t - o f r y r a l e  3~c - s  l e s s  
t h a n  Gm, t h e  mine us  r e a l l y  th** b o t t l e n e c k  in  t he  o p e r a t i o n  
and Gm i s  t h * opt imum c u t - o f f  g r ade*  On t h e  o t h e r  h a n d , when 
Gmc i s  j r e  i t o t  t h a n  Gc,  t h  - c o n c e n t r a t o r  i s  t h e  b o t t l e n e c k
and Gc i s  t h e  opt imum c u t - o f f  : r a d e » "  (4,  p a d 1 9 )  •

Th r e e  opt imum c u t - o f f  j r a d  ^ idC,  GPC and iXC a r e  found by 
c o mp a r i n g  t h e  l i m i t i n g  econ i c  an 1 b a l a n c i n g  c u t - o f f  j t a d e s  
f o r  e a c h  r ) i r  o f  , l i n t s  a s  d e m o n s t r a t e d  wi t h  t 'nv mine and
c o n c e n t r  i t o r • " he  f o l l o w i n g  r u l e s  may be used  t o  f i n d  t h e s e  
opt imum c u t - o f f  g r a d e s :

For  t h e  mine and c o n c e n t r a t o r :

GMC-Gea i f  GmtSGm 
=Gc i f  Gmc>Cr 
=Gmc o t h e r w i s e

For  t h e  mine and r e f i n e r y :

GKR=Gm i f  GmtfGm 
•=Gr i f  Gmr>Gr 
=GPf o t h e r w i s e

For t h e  c o n c e n t  t i t o r  and r e f i n e r y :

GRC=Gi i f  Gr e f Gr  
»Gc i f  GrcSGc 
=Gtc  o t h e r w i s e *

o v e r a l l  opt imum c u t - o f f  g r a de  * ;* i s  s e l e c t  ’ f rom GKC, 
GdC and . and i l wa ys  i s  t h e  mi d d l e  v > l u c  o! t h e  t h r e e *
T h i s  can  b<' ’ ( • u n s t :  i t e d  wi t h  t h e  t h e e  V - c u r v e s  i l l u s t r a t e d
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i n  Fi g*  6 * '* "The l . u  j ■ »t i n c t  ' . i se in p r e s e n t  v a l u e  t h a t  can
be a c h i e v e d  a t  iny , t - o i f  j i i l o ,  a l l o w i n g  f o r  t h e  c a p a c i t y  
r e s t r i c t i o n s ,  i n  a c t u a l l y  t h e  } ‘a n t  of  V i , Vr and Vc* Thi s  
i s  t h e  c u r v e l  ; o l ,  n : 11 • 1 , , t  t v i 1 /  i n  t h e  d i a g r a m*  The
o v e r a l l  opt imum c u t - o f f  gi n i ' ’1 * G* o b v i o u s l y  c o i r  s i  onus  t o  
t h e  h i g h e s t  p o i n t  i r  t h i n  t o i , ;on and i t  can  bo shown t h a t  
t h i s  a l w a y s  oc c u r s  a* t h e  niu 11- va la® of  GhC, r,K» md  GRC* 
In t h e  cu 1 l u s t r a  , i t  i  i J  • F u r t h e r ,  ti,  • a s s o c n t e d  
i n c r e a s e  i n  p r e s e n t  ilu«- i a l w a y s  t e l e a s t  o f  t h e  t h r e e  
i n c r e a s e s  which a r e  f,s.-il e c o n s i d e r i n g  t h e  p l a n t s  i n  
[ a i r s * "  (4,  page  321)

The a n n u a l  p l a n t  p r o d u c t i o n  t a r  ge t s  for  any ye a r  a r e  
commuted f r o  t h e  c u t - o f f  , 1 m. •> ' 3 1 of  t h a t  yea r  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  *GRER.G’ •

The a n n u  «1 c u t - o f f  , r a d e s  ' J '  a r e  c h o s e n  t o  m a x i m i z e  t h e  
p r . e s e n t  v a l i e  o f  t h e  o r e  r e s e r v e s  c x j  o s e d  f o r  m i n i n g  i ’’ 
t h t - s e  [ a r t i c u l a r  y e a r s *  Thv  T - S  m i n e r a l  i . . t r i !  i t  i o n  ' CRE­
PES* p r o v i d e : t h e  , U i n t  t i n  v f  [ i t  mat  t r i a l ,  c o n e  n t r a t s
and [ S f i n e d  p r o d u c t  i v u i l a b l <  a t  t h e  c u t - o f f  g r a d e  * ; •• T h i s  
c u t - o f f  d e c i s i o n  d e t e r m i n e s  th« p i t ,  c o n c e n t r a t o r  a n d  r e f i ­
ne r y  t h r o u g h p u t s  i n  t h e  f o l l o w i n g  m a n n e r :  T h e  t h r  • a v a i ­
l a b l e  g a u n t  i t  i o s  i r e  d i v i d e :  by t h e  r e s p e c t i v e  p l a n t  c a p a c i ­
t i e s  t o  g e t  t h e  m i n i u m  p t o c  s i n  g t i m e  r e p a i r e d  f o r  e a c h *  
The p l a n t  r e g u i t \ n g  t h e  l o n g e s t  p r o c e s s i n g  t i  e  i s  r u n  a t  
f u l l  c a p  a c i  t  , , a n d  t h -  t wo  r e mu  r a i n  g t h r o u g h p u t s  a r e  s c a l e d  
down j u s t  e n o u g h  t o  ke e p  t h e  r e s t r i c t i n g  p l a n t  a t  f u l l  
c a p a c i t y *  F o r  t h e  f o i l  w ng y e a r ,  t h e  p r o d u c t i o n  t a r g e t s  a r e  
r e  a s s e s s e d  i n  t e r  s  o ;  t h a t  y e a r  * u c u t - o f f  . r a l e  'G* a n d  t h e  
r e m a i n i n g  u n p r o c e s s e d  o r e  r e s e r v e s *

A s c h e d u l e  i l l  i s t r  a t i n  , t h e  r e s u l t s  o f  t h e  c o m p u t a t i o n s  of  
t h e  c u t - o f f  g r a d ‘ ; and p r o d u c t i o n  t a r g e t s  i s  shown i n  T a b l e  
7*9* T e U t  i i l l u s t r a t e d  i n  t h e  T a b l e  i s  c o mp u t e d  f o r  e a c h  
c o m b i n a t i o n  of  p l a n t  c a [ a c i t i "  m d  t h e i r  o v e r a l l  r e c o v e r y  
e f f i c i e n c i e s  j i v  n by t h e  u s e r  •  The c o m b i n a t i o n  f a m i s h i n g  
t h e  i r e  i *» ; t  r e s e n t  v a l u e  *5 c h o s e n  a i t  »aat  i c . t l  1 y t o  
o x i l o i t  t  dep . s i t *  A l t e r n a t i v e l y ,  t h  > . a t a  p r o v i i  ‘ 1 in 
T a b l e  7 , 9  c a n  ! -  p r i n t -  out  for  "%ch c o m b i n a t i o n  ana  t h e  
us e r  c a n  s e o c t  t h e  on* so  t  c o n s i s t e n t  wi t h  h i s  r c g u r r e a e -
n t  s  *

The comp- 
t h i s  Sul
COG2 an : v  ̂- - -

j i r e d  t o  ‘x e c u t e  t h e  t h e o r y  d e s c r i b e ’ in 
r, ; f o l i o . - e l  i n  t h e  s u b r o  i t i n e  COG 1,

s e c t i o n s  3*4 m d  *h*
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6  • !> TIKE-SPAC:  DISTRIBUTION OF NET CASH VALUES

The t i n e -  ^  a co  (T-S) i i r . t r i b a t i o n  of  n u t  c a j h  v a l u e u  i s  t h e  
c o n c e n t r a t i o n  and d i s ;  •. r s a i  of  m o n o r r r , v a l u e  t h r o u g h  t he  
u s o t ' s  d e p o s i t *  T h i s  d . a t  r i l a t  i on  i s  measur ed  by compu t i n g  
t h e  t o i n t  d e n s i t y  of  n e t  c a s h  v a l u e  a t  euci .  j r  id 
- i n t e r s e c t i o n *  "acl;  p o i n t  d e n s i t y  i s  t h e  e conomi c  ga i n  
o b t a i n a b l e  f rom t h e  u n i t  we i g h t  of  p i t  m a t e r i a l  d e l i m i t e d  by 
t l ie -ji i d - t  l c c <  a s s o c i a t e d  wi t h  t h e  ' u r t i c u l i r  j n d  
- i n t e r s e c t i o n *  T i e  p o i n t  n e t  c a s h  v a l u e s  a r e  i f u n c t i o n  of  
t i me  b e c a u s e  t h e y  depend  on t h e  i n f l s t i o n  of  c o s t s  and 
s e l l i n g  p r i c e s , and t h e  a n n u a l  c u t - o f f  g r a d e s *  Thu e x c a v a ­
t i o n  t i m e s  a r e  comput ed  t-; t h e  r o u t i n e  PIT PRODUCTION 
SIMULATION*

The FORTRAN d a t  i s e t  used  t o  s t o r e  t h e  T-S n e t  c a s h  v a l u e  
d i s t r i b u t i o n  i s :

VAL ( I , J , K )

The s u b ^ c r i ;  t s  ( I , J , K )  a r e  g r i d  c o - o r i i n a t e s  t h a t  l i n k  t h e  
a r r a y  members  wi t n  t h e i r  l o c a t i o n  i n  t he  u s e r ' . .  d e p o s i t *  
Each a r  r i y membur w i l l  e t h e  n e t  c a s h  v a l u e  g a i n e d  from t h e  
m a t e r i a l  w i t h i n  th : a s s o c i a t e d  g r i d - b l o c k  # i f  i t  i s
mined* The \ o i n t  n e t  c a s h  v a l u e s  i r e  t h e  t o t a l  v a l u e  of  t h e  
r e s p e c t i v e  j r  i d - b l o c k s  t o  t h  l i n i n g  v e n t u r e *  Conse g u e n t l y ,  
t he y  c i n  be p o s i t i v e ,  z e r o  or n e g a t i v e  dag e n d i n g  on t h e i r  
e c ono mi c  p o t e n t i a l *

6 * 5 * 1 STANTAnD CO TING METHOD

The p o i n t  n e t  c a s h  v a l u e s  a t e  computed wi t h  i s t a n d i r d  
c o s t i n g  i n t h o l e  T i s  m t hod  i s  d e v i s e d  I ,  a p p o i n t i n g  s t a n ­
d a r d  v i l u o s  f o r  ‘ he v a r i o u s  u n i t  p r o d u c t i o n  c o s t s  ( i s  
d e f i n e  1 i n  Ta b l e  3 * 2 ) ,  t h e  s e l l i n g  p r i c e s  and r e c o v  ry 
e f f i c i e n c i e s *  Then,  t h o s e  s t a n d a r d  r. a t  o tu j u s t  *d i c c o r  in j  
Pq t h '* ecu  l i a r  on l i t  i on » unde r  w.»i c  h t  «>" g a r t r c  i ^at  
g r i d - b l o c k s "  i r e  m r.ed* The p o i n t  ne t  c i sh  v a l u e s  of  each 
«g r i d - b l o c k  <1 e I on 1 on:

1 ) i t s  t o t a l  o g u i v a l e n t  r i n  t a l  c o n t e n t  c ompa r ed  wi th t he  
a n n u a l  c u t - o f f  gt i d e s ;

2) t h e  ye a r  in which i t  i t  ' l i n ' d ;
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3) i t s "  l o c a t i o n  in  t h e  de* o s i t ;

ti) : -s i o s i t i on r e l a t i v e  t o  t h e  p h y s i c a l  f e a t u r e s  t h a t
a f f e c t  i r e d u c t i o n  c o s t s ;

5) t h e  q u a n t i t i e s ,  s e l l i n g  p r i c e s  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  of  t h e  r e c o v e r a b l e  m i n e r a l s ;

6) t h e  p r e s e n c e  of  any m i n e r a l s  t h a t  k i l l  i n t e r f e r e  wi t h
t h e  p u r i f i c a t i o n  p r o c e s s e s  o f  t h e  r e c o v e r a b l e  m i n e r a l s ;

7) i t s  s h a r e  o f  t h e  f i x e d  and a d m i n i s t r a t i v e  c o s t  bu r den*

Each q r i d - 1  l o c k  i s  c l a s s i f i e d  i s  o r e  or  w.-ste t o  t r a n c h  t h e  
r o u t i n e  t o  t h e  a p p r o p r i a t e  c o s t  i n  j so  j u e n c  • ho c u t - o f f  
d e c i s i o n  i s  made by coir p a t  i n  j t h e  j r  i d - b l o c k  1 s  t o t a l  e q u i v a ­
l e n t  l i n e r a  1 c o n t e n t  wi t h  t h e  a n n u a l  c u t - o f f  , r a d e  of  t h e  
ye r i n  which t h e  j r  i d - h l o c k  i s  mined* (See S ib e c t i o n  6*3*2 
f o r  an e x p l a n a t i o n  o f  " e q u i v a l e n t  m i n e r a l  c o n t  t s • 1) Th us , 
t h e  ^ u t - o f f  d e c i s i o n  i s  made on t h e  j r  i d - b l o c k 1s  t o t a l  
r e c o v e r a b l e  m i n e r a l  c o n t e n t  r a t h e r  t h a n  j u s t  on t h e  p r i ma r y
m i n e r a l *  A d j u s t m e n t s  a r e  e x e c u t e d  on t h e  s t a n d  l t d  u n i t
p r o d u c t i o n  c o s t s  and s e ^ l i n j  p r i c e s ,  and r e c o v e r y  e f f i c i e n ­
c i e s  t o  f u r n i s h  t h e  c o r r e c t  f i j u t e s  f o r  t he  c o n d i t i o n s
l i s t e d  a bov e *  Thes e  a d j u s t e d  s t a n d a r d s  a r e  -inp l o y e d  t o  
c omput e  t h e  p o i n t  no t  c a s h  v a l u e  o f  e a c h  q r i d - b l o c k *  The 
f o l l o w ] n j  r o u t i n e  i l l u s t r a t e s  how t h  •' c o m p u t a t i o n s  a r e
e x e c u t e d ;  o n l y  t h e  a d j u s t m e n t s  i r e  u r . i * t e d*  They i r e  d e s c ­
r i b e d  i n  S u b s e c t i o n  6*5*2*

and

01 DO 30 T = 1 , L
S

02
03
04
05
06 
07 
06 
09

14 I ¥ (Y3 (LOC) ) 1 j . 15* • 7

15 k=1
I f  (T-K) 16 , 16 , 3u

DO 34 V-  1 , NX 
DO 34 .1=1, XJ 
DO 34 1=1,  M
LOC (K- 1) ♦HI* ( J -  11 ♦!
I F  (TOPO (LOC) ) 3 4 ,  34 , 14
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10 1-6 IF (FQGRAD ( I , J  , K) -  A V 30) 1 9 , 2 3 , 2 3
11 17 IF (Y? (LOC) -L)  IB, 18,261
12 • 261 r - i
13 GO TO 16
14 18 IF r - YP ( LOC) )  3 4 , 2 6 2 , 3 4
15 262  K=T
16 IF (EQj PAD(I , J ,K) -CUTOFF (T)) 1 9 , 2 3 , 2 3
17 19 R EV = 0 • 0

• ( s t a n d a r d  c o s t  a d j u s t m e n t s )

18 C05T = T0NF ♦ (’(♦ (F (M)/MIN (.1 ) ) )
19 GO TO 33
20 23 •

• ( s t a n d a r d  f r i c e  a d j u s t m e n t s )
•

21 R2V = TONF* (GRAD 1 ( I ,  J ,  K) *S1 (M) ♦YIELD !♦
1 GRAC2  ( I , J , K )  *S2  (K)♦Y:FLD2teee
2GRAL'n ( I # J , K)  #Sn (M) *YI3LDn)

.. .. • ( s t a n d a r d  c o s t  i d j u s t m e n t s )

22 CCf>T "TO’IF< (Y + Z + %» (F (M)/KIN (K) ) )
23 3 3 VAL ( I , J ,X)=RLV-COST
24 34 CONTINUE

25 38 CONTINUE

D e f i n i t i o n s  ( i n  o r d e r  o f  a b e a r a n c e  ) :

*T• i s  t h e  ^ r e d u c t i o n  yeai  •

•L'  i s  t Ua l i f e  s pa n  o f  t h e  mine in  ye a r s *

• I ' ,  1 J • a r d  'I,*' i r  t h e  j i i u  c o - o r d i n a t e s  of  t he  d e p o s i t ' s
rj t  i d - b l o c k s  •

. a i i # 1 fjy I , n ( 2 i n f *  a r e  t h e  maximum ( I , J , K )  j r i d - c o
- o r d i  n a t  ; ,  r e s p e c t i  v o l : •

* LCf * i in nx,  r n s s i o n  f o r  c o n v e i  i n y  i ae 1 h r ' ' 1? s L i f  ,i^»ioii i^ 
c o - o i l i n . i t o s  ( 1 , 1 ,  K) t o  d i n i  J i  n e n s i o n . i i  . u h s c i i .  t .  Th i s  
s u t s c r i i ' t  l o c a t e s  t h -  i n d i c a t o r  a n a /  member a s s o c i a t e d  wi t h
( l , d , K )  •
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’ TOPvV i s  an i n d i c a t o r  a r r a y  o f  Uu> d e p o s i t s u r f a c e *

1 Y3 ’ i s  an i n d i c a t o r  a r r a y  t h a t  s t o r e s  t h e  p r o d u c t i o n  t i me  
o f  t h e  j r  i d - b l o c k  ' r.OC’ •

1 K ’ i s  a t r a n s f e r  v ,a r i  a 11-  u s e d  t o  e x p e d i t e  p r o  j r  amain j • I t  
e q u a l s  t h e  i r e d u c t i o n  yea r *

* EQG"AD 1 i s  t h e  e q u i v a l e n t  m i n e r a l  c o n t e n t  o f  j r i  d - b l o c k

* AVEG* i s  t h e  ave r  a j e  of  t h e  a n n u a l  c u t - o f f  g r a d e s *

• CUTOF F ’ i s  t h e  c u t - o f f  g r a d e  f o r  p r o d u c t i o n  y e a r  ( T) •

* REV 1 i s  t h e  r e v e n u e  of  j r  i d - b l o c k  ( I #J , K)  •

1 COST1 i s  t h e  p r o d u c t i o n  c o s t  of  j t  i d - b l o c k  ( I # J# K) •

*TCKF' i s  t h e  t o t a l  w o i j h t  o f  j t  i d - b l o c k  ( I , J , K ) • T h i s  
c o n s t a n t  i s  made i n t o  a v a r i a b l e  a s  e x p l a i n e d  p r e v i o u s l y  i n
S e c t i o n  6*2 ,  i f  t h e  u n i t  qt i d - b l o c k  w e i j h t  v a r i e s  t h r o u j h
t h e  u s e i 1s  d e p o s i t *

«X* i s  t h e  a d j u s t e d  w a s t e  e x c a v a t i o n  c o s t  pe r  u n i t  d e i j h t *

i f « i s  t h e  f i x e d  c o s t s  i n  ye a r  (M)•

* MM'  i s  t h e  t o t a l  p i t  p r o d u c t i o n  i n  ye a r  (M) •

’ GhAT 1 1 • g"AC2' ,  * * • '  IRADn'  a r e  t h e  p o i n t  m i n e r a l  g r a d e s
a t  g r i d - i n t e r s e c t i o n  ( I , J , X )  t o r  «n« r e c o v e r a b l e  m i n e r a l s ,  
r e s p e c t i v e l y *

i <-1 « i cj2  * « * * * sn ' i t  o t he  se  1 1  i  n j { i i c e o  pi*t u n i t
v e i j h t  f o r  t he  • n* r e c o v e r a b l e  m i n e r a l s ,  r e s p e c t i v e l y ,  i n
year  ( K)*

• YISLD1* ' YI E L D? ' ,  * * '  ' YlELPn'  a r e  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 i e s  f o r  t h e  ' n« r e c o v e r a b l e  m i n e r a l s ,  r u . ; t ec t i v . > i y v

»yi i s  t he  a d j u s t e d  o r e  x c a v a t i o n  c o s t  p e r  u n i t  w e i j h t *

•W i s  t h e  a d j u s t e d  r t ' i n i n ,  c o s t  pe r  u n i t  we i gh t *

* Z'  i s  t h e  ad j u s '  -d m i l l i n g  c o s t  put  u n i t  we i gh t *
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•VAL' i s ‘ t h e  j o i n t  n o t  c a s h  v a l u e  of  «j r i d - b l o c k  ( I , J , K) •

The p o i n t  n e t  c a s h  v a l u e  ’ VAL1 i s  comput ed  f a r  »dch 
g t i d - L l o c k  ( 1 , J , | ) wi t h  t h e  p r e c e d i n g  r o u t i n e *  A Ve r b a l  
d e s c r i p t i o n  o f  t h i s  r o u t i n e  f o l l o w s :

01) DO l o o p  33 names t h e  p r o d u c t i o n  y e a r  f o r  which t h e  
f o l l o w i n g  c o m p u t a t i o n s  a r e  mide*

02)  LO l o o p  3' c o n f u t e s  t h e  j o i n t  ne t  c a s h  v \ l u e  o f  t h e  
j r  i d - b l o c k  named by t h e  DO l o o p  p a r a m e t e r s *

07) The  IF s t a t e m e n t  i n  L i ne  07 e s t a b l i s h e s  wh e t h e r  t h e
p r o d u c t i o n  t i nn  o f  jt id - bl ock  (I,J ,K)  h a s  been c o n f u t e d  
by t h e  r o u t i n e  PIT PRODUCTION SIMULATION*

08) T h e  g r i d - b l o c k  ( 1 , 0 , K) p r o d u c t i o n  i s  assumed t o  o c c u r
i n  t h e  f i r s t  y e a r  by Li ne  03,  i f  i t s  p r o d u c t i o n  has  no t  
b e e n  s i m u l a t e d *

09) The  IF s t a t e m e n t  i n  Lino 09 i s  i n c l u d e d  t o  b r a n c h  p a s t
t h e  r e m a i n i n g  c o m p u t a t i o n s  f o r  unminod g r i d - b l o c k . ’>,
when CO l oop  38 c y c l e s  t o  t h e  s e c o n d  y e a r •

1 0 )  The a n n u a l  c u t - o f f  g r a d e s  ’ C U T O F F '  c a n n o t  be u sed  i f
t h e  t h e  p r o d u c t i o n  ye a r  ’ YV i s  unknown* T h e r e f o r e ,  an
a v e r a g e  ’ A/EG’ o f  t h e  a nn ua l  cut  — of g i a - . es  i o  i-»ou t a i  
t h e  - r e  or w a s t e  d e c i s i o n  in  L i ne  10* "he r o u t i n e  
b r a n c h e s  t o  s t a t e m e n t  1 J , i f  t h e  , r i  d - :  ̂oc •. (I , J  # Ix) i-»
w a s t e  o r  i t  b r a n c h e s  t o  s t a t e m e n t  2  3 i f  t he  j t  i d - b l o c k

LINE
NO*

Co) The IF s t a t e m e n t  in Li ne  06 s i m u l a t e s  t h e  d e p o s i t ' s  
s u r f a c e ,  a s  e x p l a i n e d  i n  S e c t i o n  3*3*

I s  o re *

14) The IF s t a t e m e n t  i n  L i n e  14 c o m p a r e s  t h e  p r o d u c t i o n



y e a r  ’ YR’ wi t h  t h e  ' F' p a r a m e t e r  o f  DO l oop 38• The 
r o u t i n e  b r a n c h e s  p a s t  t h e  r e m a i n i n g  c o n f u t a t i o n s  u n t i l  
t h e y  a r e  o ] u a 1 •

i
1 6 )  The I F  s t  u l  ‘went  i n  L i ne  16  c o m [ a r e s  t h e  e q u i v a l e n t

m i n e r a l  q r a d e  'ZQJRAD* of  t h e  j r i d - b l o c k  ( I , J , K) wi th 
t h e  a n n u j l  c u t - o f f  j r a d e  * CU T OF F '  for  t h e  [ r e d u c t i o n
y e a r  ’ T* •

1 7 )  The r e v e n u e  • R Z V ' and c o s t  1 COUT* o f  j r i d - b l o c k  ( I , j . K)  
a r e  c omput ed  f o r  t h e  wa s t e  ( j r i d - b l o c k s  be tween L i n e s  17 
and  19,  and f o r  t h e  o r e  j r i d - b l o c k s  be t ween  L i n e s  20 
and 2 3#

23) Th p o i n t  n e t  c a s h  v a l u e  'VAL* i s  comput ed  f o r  j r  id
- b l o c k  ( I , d , K) a t  L i ne  23*

The p r e c e d i n  j c o s t  i  n j r o u t i n e  i s  n e c e s s a r i l y  c o m p l i c a t e d  t o  
c o v e r  a l l  t n o  c o m p u t a t i o n a l  s i t u a t i o n s #  The d i f i c r e n t  s i t u a ­
t i o n s  o c c u r  i s  a r e s u l t  o f  t h e  MP P r o g r a mme ' s  i t e r a t i v e  
s o l u t i o n #  The numer ous  IF s t a t e m e n t s  b r a n c h  t h e  r o u t i n e  t o  
t h e  c o r r e c t  c o m p u t a t i o n a l  s e q u e n c e  f o r  t h e  f o l l o w i n g  s i t u a ­
t i o n s  :

A) Thf c o s t i r ,  j r o u t i n e  i s  e x e c u t e d  b e f o r e  t h e  r o u t i n e  PI F
PRODUCT I CM SIMULATION in t h e  f i r s t  c y c l e  of  th i t e r a ­
t i v e  s o l u t i o n *  T h e r e f o r e ,  t h e  g i i d - b l o c k  | . a c t i o n
y e a r s  a r c  n o t  s i m u l a t e d  f o r  t h e  f i r s t  e s t i m a t e  o f  t h e  
j o i n t  n ^ t  c a s h  v a l u e s *

B) The f i n a l  p i t  s u r f a c e  f l u c t u a t e s  a s  t h e  s o l u t i o n
c o u V < ? r  j o s •  Th i  j  c d Ui>c $» somo j r i d w t 1 c c < s # w i t h i n  t ag
f i n a l  [ i t  s u r f a c e ,  t o  * c l e f t  unr  i neu  Lf th a p r o c c . i n q  
i t e r a t i o n  c y c l e ' s  q i t  qrod a c t i o n  s i m u l a t i o n *

C) The m i n e ' s  l i f e  s p a n  i s  comqut ed  s e , i r a t e l y  by t h e
c u t - o f f  i r i i e  c o m p u t a t i o n s  and t h e  ( : t  [. rouuv t i o n  
s i m u l a t i o n #  The K f o  s p a n s  comqut eo  by t h e s e  r o u t i n e s
mav d i f f e r  u n t i l  t h e  s o l u t i o n  c o n v e r g e s *  . he  . u r - t i o n
i<; c o n t r o l l e d  i n  t h e  c o s t i n g  r o u t i n e  wit), t h e  I i m  o an 
i r i l i v e n  by t h e  c u t - o f f  g r ade  c o m p u t a t i o n s #  ^.on^-quen-

J t , (. IF s t a t e m e n t  i n  Lino 11 i s  r e q u i r e ;  t o  
r e a s s e s . !  U -  i r i d - b l o c k  p of a c t i o n  y e a r s  t h a t  excaou  
t h e  iri ne l i f e  1 L'  •

The 9 , 1 4 - b l o c k *  i n  t h e  i - t e c c d i n ,  s i t u a t i o n - ,  c a n n o t  he
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c l - i s s I f  l ed  a s  o t o  or  wa s t e  wi t h  t h e  a n n u a l  c u t - L  f f j r a d e  
•CUTOFF'  b e c a u s e  t h e i r  i r e d u c t i o n  y e a r s  ' YR1 a r e  unknown or 
e x c e e d  t h e  l i f e  s ; a n  ' L ' • T h e r e f o r e ,  t h e  mean ' AVEJ* o t  t h e  
a n n u a l  ut - o f  f a l e s  'CUTOFF'  i s  empl oyed t o  n. tke t h e  o r e
o r  w a s t e  d e c i s i o n *  A d d i t i o n a l l y ,  t h e s e  j r i d - b l o c k s  a r e  
a s sumed  t o  mined i n  t h e  f i r s t  y e a r • Thes e  a s s u m p t i o n s  a r e
c r u d e ,  b u t  n i s  i s  i n c o n s e q u e n t i a l *  Tlie f i n a l  : i t  s u r f a c e
becomes s t a t i c  us  t h e  s o l u t i o n  c o n v e r j e s ,  and a s  a r e s u l t ,  
t h e  a s s u m p t i o n s  become r e d u n d a n t *

The | r  c c e 1i n  ̂ a s s u m p t i o n s  ne ve r  become comp l a t e l y  r e d u n d a n t  
i n  t h o  l a s t  y e a r  r f  i o n j  t e r m p r o p o s a l s *  The r e a s o n  i s  t h a t  
t h e  p o i n t  n e t  c a s h  v a l u e s  o u t s i d e  t h e  f i n i l  p i t  s u r f a c e  a r e  
u n r e a l i s t i c  i l l y  i n f l a t e d  b e c a u s e  o f  t h e  As s umpt i on s *  T h e r e ­
f o r e ,  t h e  f i n a l  p i t  s u r f a c e  o s c i l l a t e s  a t  t h e  p o i n t  where
t h e  y r i d - b l o c k s  a r e  a f f e c t e d *  I t  c o u l d  be p o s s i b l e  t o  s t o p  
t h i s  o s c i l l a t i o n ,  i f  ' h = 1 ' were s u b s t i t u t e !  wi t h  ' K = L
a t  L i n e  12 and L i n e  13 d e l e t e d  f o r  t h e  l a s t  c y c l e s  of  t h e
i t e r a t i v e  s o l i t i o n *  h o w e v e r , t h i s  m o d i f i c a t i o n  h a s  no t  been 
t r i e d  nor  t h e  e f f e c t s  on t h e  Kp Programme a n a l y z e d *  In any
c a s e ,  t h e  s l i j h t  p r o d u c t i o n  o s c i l l a t i o n  i n  t he  l a s t  ye a r  of
a lon-j  t e r m p r o p o s a l  i s  i n s i g n i f i c a n t  comp i r e d  t o  t h e  t o t a l  
p r o d u c t i o n *

6 * 5* 2  A D J O S T r ' S ’I T S  OF THE S T A N D A R D S

The s t a n d a r d  u n i t  p r o d u c t i o n  c o s t s  a n !  s e l l i n q  p r i c e s ,  and 
t h e  s t a n d a r d  r e c o v e r y  e f f i c i e n c i e s  a r e  c ^ r r e c t e :  by ' a c t o r s  
t o  f u r n i s h  t h  • f o l l o w i n g  a d j u s t e d  s t a n d a r d s  d e f i n e d  i n  ' h e  
p r e c e d i n j  S u b s e c t i o n :

C o s t s :  1 1«) , W, X, Y, and Z ;

S e l l  i n  j P r i c e s :  Si  (h) , 52 (.r) , * * * Sn (.*!); and 

Recovery e f f i c i e n c i e s :  YIELD 1, YIELD, ,  • • » YlwuDn;

where ' n '  i s  t he  number of  r e c o v e r a b l e  m i n e r a l s *

which c an  be a p p l i e d  t o  a d j U . t  t h e  o t a i . d a r i s .

TYPE 1:
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Time i n f l a t i o n  r a t e s  a t e  empl oyed t o  a d j u s t  t n e  s t a n d a r d  
c o s t s  and s e l l  i n  j p r i c e s  t o  t h e  c o r r e c t  v a l u e  f o r  t h e  
p r o d u c t i o n  y^ac  in which e a c h  j r i d - h l o c k  i s  p r o c e s s e d *  Th i s  
a d j u s t m e n t  i s  made fcy i d e n t i f y i n g  t h e  t i m e s  when t h e  
g r i d - b l o c k s  a r e  mined* For v x a n ; l e ,  t h e  s t a n d a r d  c o s t s  c o u l d  
be m u l t i p l i e d  by t h e  f a c t o r :

( 1 •♦INFRC)**M

wher e :

*INFRC' i s  t h e  p r o p o r t i o n a l  t i me  i n f l a t i o n  r a t e  f o r  c o s t s *

«K* i s  t h e  p r o d u c t i o n  y e a r  i n  which t h e  p a r t i c u l a r  j r  id 
- b l o c k  i s  mined*

T h i s  f a c t o r  m u l t i p l i e d  by t h e  s t a n d a r d  c o s t s  w i l l  y i e l d  t h e  
a d j u s t e d  s t a n d a r d s  f o r  y e a r  *rt*• A s i m i l a r  f i c t o r  couxd be 
used  f o r  i r i c e s *

TYPE 2:

The s u r f a c e  s i m u l a t i o n  t e c h n i q u e s ,  which a r e   ̂he i n d i c a t o r  
a r r a y s  un i  j o l y n o  i i  1 e j u : i t i o n s  d e s c r i b e d  i n  St- i on i • ^* 
can  be used  t o  l o c a t e  s t a n d a r d  c o s t  a d j u s t  ent.> t h a t  a i '  i 
f u n c t i o n  o f  l o c a t i o n *  T h e s e  s t a n d a r d s  c an  be a d j u s t e d  by 
i d e n t  i f  >-ng t h e i r  \ a r t i c u l a r  j r  i u-bloc ;< • s  r e l a t i v e  p o s i t i o n  
wi t h  t h e  s i m u l a t e !  s u r f a c e s *  These  a d j u s t m e n t s  a r e  . . .o s t  
e x p l a i n e d  t h r o u g h  d e m o n s t r a t i o n  wi t h  t h e  f o l l o w i n g  e x a n p ^ e ^ :

Example  1:

! S i * S S | i
a d d i t i o n a l  c o s t  o f  o r e  e x c a v a t i o n  a t  d e p t h .

( : > 0 QC I )

w h e r e :
, K, i £  t h e  v e r t i c a l  j r i d  c o - o r d i n a t e  o f  t he  p a r t i c u l a r  
?r i d - 1  l o c k  be i n j  a v a l u a t i  1*



*CUCI * irj t h e  i n c r e a s e d  c o s t  of  o r e  e x c a v a t i o n  [ or ' j i i d
- l e v e l  t e r  u n i t  w e i j h t  o f  e a c h  j t  i d - b l o c k s

T h i s  f a c t o r  mu 1* ^ i - l i e d  by t h e  s t a n d a r d  o r e  e x c a v a t i o n  c o s t  
1 CR1 w i l l  f u r n i s h  t h e  a d j u s t e d  s t a n d a r d  f o r  t h e  g r i d - b l o c k s
on t h e  1 K1 j r i d - l e v e l *  S i m i l a r  f a c t o r s  can be d e v i s e d  f o r  
a l l  t h e  c o s t i n  j s i t u a t i o n s  d e p e n d i n g  on d e p t h  a n d  t r a n s p o r t  
d i s t a n c ? s «

E x a m p l e  2 :

A f a m i l y  of  s u r f a c e s  c o u l d  be used  t o  d e f i n e  t h e  c o s t  
d i f f e r e n c e s  b e t we e n  z o n e s  of  v a r i a b l e  e x c a v a t i n  j d i f f i c u l t y *  
For  e x a m p l e ,  t h e r e  c o u l d  be i f r a c t u r e  zone  s u r r o u n d  i n a  
f a u l t  [ l a n e  which c a u s e s  t h e  wa s t e  and o r e  e x c a v a t i o n  in 
t h i s  a r e a  t o  be l e s s  e x p e n s i v e  t h a n  t h e  o t h e r  a r e a s *  The 
f o l l o w i n g  r o u t i n e  c o u l d  t o  used t o  make t h i s  r e q u i r e d  
a d j u s t m e n t  o f  t h e  s t a n d a r d s :

IF (FAULT ( I , J , K ) ) 3 0 , 1 0 , 3 1
30  Nti=1

GO •’’0 32
31 N N = 2
32 X*CB*FCW(NS)

Y = CF* f CO (MS)

where

1 FAULT* i s  an a r r a y  u s nd t o  i n d i c a t e  whe t her  t h n p a r t i c u l a r  
g r i d - t l o c k  ( I , J , r )  i s  i n  t h e  f r a c t u r e  zone  o r  not*

• FCW• and * FCC* i r e  t h e  c o r r e c t i n j  f r c t o r s  f o r  v i s t e  and o r e  
e x c a v a t i o n  c o s t s ,  r e s p e c t i v e l y ,  i n  t h e  f r a c t u r e d  an 1 u n ; r i c -  
t u r e d  a r e a s *

iQpi and ’ CP* a r e  th*’ s t a n d a r d  wa s t e  and o r e  e x c a v a t i o n  
c o s t s  r e s p e c t i v e l y *

«y i arod • y 1 a r e  t h e  a d j u s t e d  wa s t e  and o r e  e x c a v a t i o n  co. i t  •, 
r e s p e c t i v e ! y *

I s s i i s i l i l
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from t h e -  j i v o n  f i u l t  p l a n e  ’ PLANE1•

PLAHE»0«22*I -  J -  (n .  1 UK) ♦ 10 
I F  (ACS(PLANE-3.C) 3 0 , 3 0 , 3 1

D i m e n s i o n e d  d a t a  s e t s  w i l l  Lo p r e f e r a b l e  t o  t h e  c o r r e c t i n g  
f a c t o r s  ’ FCl. * a nd  ' FCC* f o r  c e r t a i n  c o s t i n g  s i t u a t i o n s *  For  
e x a m p l e ,  t h e  a b o v e  r o u t i n e  c o u l d  be  r e v i s e d  t o  r e p l a c e  t h e  
c o r r e c t i n g  f a c t o r s  w i t h  s t a n d a r d  c o s t  a r r a y s ,  a s  f o l l o w s :

IF (FAULT ( I , J , K ) ) 30,  30,  31
30 Ntl= 1

GO TO 32
31 NN=2
32 X = 0D (UN)

Y-OR (N ’!)

S i m i l a r  c o r r e c t i n g  f a c t o r s  or  s t a n d a r d  c o s t  a r r a y s  c o u l d  oe 
d y i s e d  f o r  va r?  : b l e  powder  f a c t o r s ,  wa t e r  pumping c o s t s ,  
d r i l l i n g  c o s t s ,  and so  f o r t h *

0 ■
Example 3:

The f i n a l  p i t  s u r f a c e  o f  a t ew d e p o s i t s  w i l l  be l i m i t e d  by 
l e g a l  o r  e c o n o mi c  r e s t r i c t i o n . ; *  Cor e x a mp l e ,  t h e  t-i t  c o u l d  
e n c r o a c h  on t h<* t e r r i t o r y  beyond a p r o p e r t y  l i n e  or  nun made 
s t r u c t u r e ,  i f  t h e s e  f e a t u r e s  a r e  ne a r  enough to t h e  u s e r ' s  
d e p o s i t  and t h e r e  a r e  no r e s t r i c t i o n s  imposed on t h e  p i t  
d e s i g n  r o u t i n e *  The s e  r e s t r i c t i o n s  a r e  made by g i v i n g  t h e  
c o m p u t e r ' s  l a r g e s t  n e g a t i v e  v a l u e  t o  t h e  p o i n t  n e t  c a s h  
v a l u e s  a l o n g  t h e  l e g a l  or  econo  i c  1 o u n 3ai  i c s • . le cxce.»s i  
v e l / low j o i n t  n e t  c a s h  v a l u e s  w i l l  a u t o m a t i c a l l y  p r e v e n t  
t h e  ’ i t  d e s i g n  r o u t i n e  f rom e x t e n d i n g  t h e  f i nu^  j i t  s u r f  i ce  
beyond t h e s e  b o u n d a r i e s *  The f o l l o w i n g  s t a t e m e n t s  p l a c e s  
w i t h i n  t h e  c o s t i n g  r o u t i n e  w i l l  p e r f o r m t h i s  t - ’s t : ret  van . o r  
t h e  g i v e n  r a i l w a y  l i n e  i d e n t i f i e d  by i t s  r e l a t i v e  p o s i t i o n  
•RAIL'  i n  t h e  g r i d  s y s t e m:

RAIL= 1C* I-.1 
IF (RAIL) 1C,1C,11

10 VAL ( I ,  J , K)  *1C*C:->75
11 CO NTlb'llE

r  ' a i T i F E H i r - c E



P A G 2 1 0 1

g r i d - k l o c k s  a s s o c i a t e d  w i t h  
w i t h i n  t h e  f i n a l  t i t  s u r f  a c e •

TYPE J :

t h e s e  p o i n t  n e t  c a s h  v a l u e s

c a n  L-c c h a r g e d  t o  t h e  
For e xampl e ,  

t h e  u s e r ' s

P r o d u c t i o n  p e n a l t i e s  o r  r e w a r d s  
g r i d - b l o c k s  by i d e n t i f y i n j  t h e i r  m i n e r a l s *  
t h e r e  may b o  m i n e r a l s  i r e s e n t  i n  p o r t i o n s  o f  
d e p o s i t  wh^c h  i n t e r f e r e  w i t h  p r o d u c t i o n *  The  s t a n d a r d  r e c o ­
very  e f f i c i e n c i e s  c o u l d  be  a d j u s t e d ,  i f  t h e  i m p u r i t i e s  i r e  
not  s e p a r a t e d *  On t h e  o t h e r  h a n d ,  t h e  j r i d - b l o c k s  c o n t a i n i n g  
t h e s e  m i n e r a l s  c o u l d  be  c h a r g e d  a m e t a l l u r g i c a l  [ e n u l t ;  for  
t h e  a d d i t i o n a l  r e f i n i n g  e x p e n s e  w i t h  t h e  f o l l o w i n g  r o u t i n e :

10

1 1
12

where :

IF ( ;PAP1 ( I , J , K ) - 0 * 0 0 h )  1 1 , 1 1 , 1 0
W = !tEFC*C;:,Vt3Z 
GO TO 12 
W=1EFC
cont r ; ;uz

'GtiADV i s  t h e  p o i n t  d e n s i t y  o f  t h e  o f f e n d i n g  m i n e r a l  a t

'CHARGE' i s  t h e  m e t a l l u r g i c a l  p e n a l t y  f a c t o r •

' REFC' i s  t h e  s t a n d a r d  r e f i n i n g  c o s t *

' w' i s  t h e  a d j u s t e d  r e f i n i n g  c o s t •

The IF s t a t e m e n t  c h o c k s  t h e  p r o p o r t i o n a l  mi ne r a l  c o n t e n t  
t h e  m i n a r u l  ' r A T T  t h a t  i n t e r f e r e s  wi t h  p r o d u c t i o n *

g i v e n  a m e t a l l u r j i c a l  c o s t  pona 
i ona  1 m i n e r a l  c o n t e n t  oi  ' G 5 A J 3 1

f a c t o r  co

g t i d - L l o c k  
' CHARGE*, 
above  t h e  
be d e v i s e d

( 1 , 0 , n  i si A f o # I XO J X W 4t " J -----
i f  t h e  p r o p o r t i o n a l  m i n e r a l  c o n t e n t  

i C • 0 0 V  l e v e l *  a s i m i l a r  c o r r e c t i n g  
be d e v i s e d  f o r  t h e  p r o c e e d s  of  a . y - p r o l u u i  x •«i.n 
p r o c e s s *  T i i i s ,  of  c o u r s e ,  wouli  be i c t  o d i f i t em i n s  1 a . 
a del  i t ,  a s  d e m o n s t r a t e d  w i t h  t h e  p r e c e d i n g  si '* a . ,  .. j ia de l  i t ,  
p e n u l t y •
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t h i s  f,ul.’s e c t  i o n  must  he  t a l l o t  * ;l t o  t h e  p e c u l i a r  c os  t i n  
c o n d i t i o n s  e x i s t i n g  f o r  t h v  u s e r ' s  d e p o s i t *  The c o t  r o o t i n g  
f a c t o r :; -in- u.s-ov r  -psi  i t o l ;  and i t  c o m b i n a t i o n  t o  s i  mi  l a t e  
t h e  p a r t i c u l a r  c o s t  s t r u c t u r e *  ,'hc . « t a c t o r s  have  i>.ion
i n c l u d e d  a s  ex  a nr l e s  i n  t h e  v  • .t. s t r u c t u r e  j f o j r a  xioed i n
Chai  t e r  8 f o r  t h e  d e j  o s i t  do s e t  i l  rd i n  C h a j t e r  7*

T h e r e  i s  o n e  l a s t  f u n c t i o i  e x e c u t e d  i:y t h e  c o s t i r ,  j r o u t i n e  
t h a t  ha;,  not  Loon <!< -ions. tr  a t • • The at. j u s t e d  n i t  f r . ,  n a t i o n  
c o s t s  * h 1 , ' ' ,  * v« a nd  ' i s . i i  j r e d  i n  e a c n  ; i od l e t  i on  year
a r e  a v e r a g e ; !  t o  e ; t  i n a t e  t h e i ;  .ne.in v a l u e s *  Th .;>* a n n u a l  
means i r e  s u b s t i t  u t e d  f or  t h e  i n i t i a l  a . . . ; u - ; t i o n s  o f  t h e  
a n n u a l  u n i t  p r o d u c t i o n  c o s t s  ' ' ,  ' C 1 and  ' ' w h i d  ver  -
made t o  1 e - j i n  t h e  i t e r a t i v e  s o l u t i o n *  Th- o u t  i n  r t e u  a r e
S i m p l e  a v e r  a y s ,  t h e r e f o r *  t h e  p i o g c a a o i n j  r e  y a i r e s  no 
e x p l a n a t i o n *  'Iou< vi>i , r e c a l l  t h a t  t h e  u n i t  p r o d u c t i o n  c o s t s  
a t  d e f i n e d  U f f e r e n t l ;  f o r  t h e  c o s t u  n j r out ine? and t h e  
c u t - o f f  . i a s  • r o u t i n e *  T h i s  d i f i t  once  i s  a c c o u n t e d  foi  when 
t h e  a d j u s t e d  u n i t  p. d u c t  i o n  c o s t s  a r e  a v e r  a /  1*

6 * 6  r  : :d OK Til PINAL PIT :;URFAc:

The f i n d  p i t  s u r f a c e  i s  d e c i  j n o 1. wi t h  t h e  L e r c h s - d r o s  . an 
a l g o r i t h m  (r>) out  l i n e d  i n  C h a p t e r  2* Roc i l l  f rom s e c t i o n  6*2 
t h a t  t h o  o b j - ’c t i v  i - t o  f i n d  a p i t  vo l  j ; ’ ' • 1 of  t h  - i '
d e p o s i t  ' P ' t h a t  / i  I d s  t h e  a x i .  ur t o t i l  , r o f i t  f r o  t h e
t h r o e  i n n e r  or . t  i n t  o j t  r l .  o f  t h e  . n a l t i j  1 i n t  : >ra 1?

PV = / [  / / f P  (C ( X , t )  -. j d t  
T S

The p o i n t  d e n s i t i e s  o f  t h e  t unc?  i - a I' (C (x ,> , /  ) # t.) it v - -
by t h e  T-S n e t  c a s h  v a l u e  d i  , t r  i !  i t i o n *  Tie 1 e r d . s - . d o  ;an .n
a l g o r i t h m  «.• a r.a e r i c a l  me t h o d  whi c h  i  - sal . ,  t j t -  " . ' '  ] ,
i n t e g r a t i o n  ov r t h e  r < g i o n  ' R* • Gy meai . s o:  ♦ h i r  -i- 1 1" ’"
me t hod ,  t h e  j i t  vo l  u e i . .  f ound  t  a t  w i l l  j r e l  . a e x .
t o t  a 1 p r o f i t *

6* f,« 1 A 1)1 :cCT"D GnAV.. t: At t PGM PIT “IN*-

The t o r c h ; ’.- ' r o  • m a l g o i  i t h  • (5) 1 ! , ’ 1 t
d e f i n e d  in Chap t  -r 2* 1 he 1 d i e  wing i.e. m i  -p 1 ‘ #
d i r e c t e d  , t  iph t o  - In- ;p-eci f  i c  appl  i ca?  i o n  i >'■ thr-> •* 1 •* i



1) Ve r t  icf ' r ; :  The v o i t i c e u  o f  t h e  d i r e c t e d  j r a ' h v«re t h e
g n u  - i n  t e r  . l e c t i o n s  • The duss  of  eacl i  v e r t e x  i s  t h e  
a s s o c i a t e d  f e i n t  d e n s i t y  o f  t h e  T-S ne t  c-ish v.i] iG 
d i s t r i b u t i o n *

2) Ar c s :  Ar c s  a r c  drawn fro.n a v e r t e x  t o  any a d j a c e n t
v e r t e x ,  i f  t h e  e x c a v a t i o n  of  t h a t  v e r t e x  i s  J o e n l e n t  
on t h e  r e mo v a l  o f  t h e  a d j a c e n t  v e r t e x *

3) C l o s u r e :  a c l o s u r e  o f  t h e  d i r e c t e d  . j r a f h  i s  any s e t  of
v e r t i c e s  such  t h a t ,  i f  u v e r t e x  b e l o n g s  t c  t h e  c l o s u r e  
and an a r c  e x i s t s  f rom t h a t  v e r t e x  t o  a n o t h e r  v e r t e x ,  
t h e n  t h e  s e c o n d  v e r t e x  r u s t  a l s o  be l o t . , t o  t h e  c l o s u r e *  
A c l o s u r e  i s  a n ,  r e a s o n a b l e  f i t  s u r f a c e *

4) Maximum C l o s u r e :  A maximum c l o s u r e  i s  t h e  s e t  o f
v e r t i c e s  y i e l d i n g  t h e  maximum t o t a l  of  t h e  $ o i n t  n e t  
c a s h  v a l u e s *

The a r c s  a r e  d e p i c t e d  j u i t e  e a s i l y ;  however ,  p r o j r a mwi n
t h e n  j r e s e n t s  a d i f f i c u l t y *  i t  bar  been su^ j e s t e .  ( 1  and 5)
t h a t  t h e  a r c s  be d e f i n e d  t h r o u g h  t h e  c o n s t r u c t i o n  o f  t h e
g r i d  s y s t e m*  For  e x a mp l e ,  Fi ;• 6 * 6  i l l u s t r a t e s  t h r e e  g r i d  
c o n s t r u c t i o n s  which have  d i f f e r e n t  w a l l - a n g i e s  a s  a r e s u l t  
o f  t h e  way i n  which t h e  g r i d - b l o c k s  a r e  s t a c k e d *  T h e o r e t i c a ­
l l y ,  a g r i d  c o n s t r u c t i o n  c o u l d  t e  found t o  f u r n i s h  any 
d e s i r e d  w a l l - a n j l e *  U n f o r t u n a t e l y ,  t h e s e  w a l l - a r . g l e s  would 
be f i x e d  o ve r  t h e  e n t i r e  d c [ o . , i t ,  and a., a r e s u l t ,  t h e y  
c o u l d  no t  he v a r i e d *  Ph i s  d i f f i c u l t ,  was o v e r c o r e  by 
f o r m u l a t i n g  a method o f  d e f i n i n g  t h e  a r c s  k i t h  t . . e  upj e r  
h a l f  o f  a cone*

To e l a b o r a t e  - -  t h e  d e p e n d e n c e  o f  one v e r t e x  on a n o t h e r  f o r  
r e mo va l  i s  d e f i n e d  b, t h e  a r c s *  T h i s  d<»i on de nce  i s  s i u u l  .Led 
by a s e t  of  o v e r - l i p p i n g  c o n e s  t or  t h e  ; u r t o ; e  of  y r o j r l i ­
ming t h e  a l g o r i t h m *  Cones  a r e  used t o  u*>fine t h e  l u u n d a r y
be t wee n  t h o s * v e r t i c e s  which nus t  be removed and t h o s e  which 
may r e ma i n  in  o r d n  t o  e x p o s e  any ; a r t i c u l  it v e r t e x *  A 
c r o s s - s e c t i o n  o r t h e  d i r e c t e d  j r a t li i  ̂L u . t .  11 • . i - ■>* " * ^
shows  how a c c n e  c m  be used t o  s i m u l a t e  t h.- i ic.s* . o t e  t! i t  
t h e  c o n e  i s  a c l o s u r e  b e c a u s e  of  t h  * wi y  t h e  i i r e c *  J t i : h 
i s  c o n s t r u c t e d  f o r  t h i s  p i t  d e s i g n  a;  ; l i c a  t i e r *  "n r . - f o t c ,  
a l l  t h e  v e r t i c e s  t h a t  must  be r emoved t o  e x p o s e  t no  v o r t e x  
a t  t h e  b a s e  o f  t h e  c o n e ,  a r e  i n c l u d e d  w i t h i n  t h e  c o n ' *

The f i n a l  j i t  s u r f a c e  i s  t h e  n e t  of  o v e r - l a m p i n g  cor . ' 5  f lni .
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a r c  a maximum c l o s u r e  o f  t he  J i t e c t o d  gt  aj. h» These  c o n e s  a r ^  
pcoy tdnmcd v ; d e r i v i n g  a FORTRAN e x p r e s s i o n  frotr. t h e  a n a l y ­
t i c a l  e j u a t i o n  of  a c on e ,  t h e  j r i d  c o - o r d i n  i t o s  of  t h e  
v e r t i c e s  an 1 t h e  p i t ' s  s a f e  w a l l -  a n g l e s *  T h i s  e x p r e s s i o n  
i s :

CON5= SLOPE* ( (A (K-7'  ) **2) -  ( (B (J-Y) ) **2) -  ( (C (I -X)  ) **2) 

w h e r e :

•SLOPE* i s  t h e  t a n g e n t  s q u a r e d  o f  t h e  saih* w a l l - a n j l e  
mea s u r e d  from v e r t i c a l  i n  r a d i a n s *

• X1, • Y• and • Z • a r e  t h e  j r i d  c o - o r d i n a t e s  o f  t he  v e r t e x  a t
t h e  t a s e  o f  t h e  cone*

• 1 , • J * and ‘ K1 a r e  t h e  j r i d  c o - o r d i n a t e s  o f  t h e  r e m a i n i n g
v e r t i c e s *

• A ’ ,  ' B' and •C’ a r e  c o n s t a n t s  which d e f i n e  t h e  r e l a t i v e  
l e n j t h s  o f  t h e  c one  a xe s *

The 1 CON E’ e x p r e s s i o n  i s  l i m i t e d  by t h e  p i t  d e s i j n  r o u t i n e  
t o  i t s  ip i o r  h a l f  t o  form t h e  s e m i - c o n e  s h a p e  o f  t h e  d e s i r e d  
c l o s u r e *  O t h e r w i s e ,  t h e  r o u t i n e  would be u s i n g  t h e  hour  
- g l a s s  s h a p e  o f  a c o m p l e t e  c one*  Any p a r t i c u l a r  s e t  r - c o n e  i s  
d e f i n e d  by t h  ;afc- w a l l - a n  j l e  ' S LOP " ' ,  t h e  t a s e  v e r t e x  
(X,Y,Z) ana t ho c o n s t a n t s  ( A, D, C) • The v e r t i c e s  ( I , J , K) a r e  
w i t h i n  t h e  s e m i - c o n e  c l o s u r e ,  i f  t h e  •CONE' e x p r e s s i o n  i s  
p o s i t i v e  o r  z e r o ; o t h e r w i s e ,  t h e y  i r e  o u t s i d e  t h e  s e m i - c o n e *

The s a f e  w a l l - a n j l e  ' SLOPE'  and t he  c o n s t a n t s  (A,B,C) can  t o  
v a r i e d  a s  o f t e n  a s  r e q u i r e d  by t h e  s l o p e  s t a b i l i t y  c o n d i ­
t i o n s *  Thes e  f a c t o r s  can  be s p e c i f i e d  f o r  any number o f  p i t  
z o n e s  t h r o u g h  s i r o j l a t i o n  wi t h  t h e  i n d i c a t o r  a n  i ys and 
p o l y n o m i a l  e j u . i t i o n s  d e s c r i b e d  i n  S e c t i o n  3*3*

The s a f e  w a l l - a n j l o  » s t a l l i s h e s  t h e  d e g r e e  of  s l o p e  f o r  t h e  
s e m i - c o n e s *  V a r i a b l e  w a l l - a n g l e s  a t "  a c c o u n t e d  f o r  by c o n s t -  
r u c t i n j  a s e t  o f  s e m i - c o n e s  t o  s i m u l a t e  t h e  d e s i t  d c l o s u r e *  
T h i s  s - ' t  i s  d e f i n e d  by t h e  v a r i a b l e  ; a f «  w a l l - a n g l e s  and thw 
g r i d  c o —o r d i n i t  s  of  t n o  1.u s e  v o r t e x  a s  i i i u s t i a . 1' -  in t.ii.’ 
f o l l o w i n g  e x a m p l e ;  Assume t h a t  1 " 1 *• -1 at  two s i . walx 
- a n  i l e s  f o r  o i t i i  *r s i d e  of  t h e  f i f t h  g r i d - l e v e l  a s  shown i n  
t h e  c r  o s  : -  s e  c t i o n  o f  t h e  d i r e c t  ; t a p h in ; i  j * t, • • i t  . a 
r e g u i r e d  t o  i d e n t i f y  t h e  v e r t i c e s  w i t h i n  t h e  c l o s u r e  shxwn





t o  e x p o s e  t h e  b a s e  v e r t e x  ( X, Y, 2) • The  v e r t i c e s  below t h e  
f i f t h  -j l i d - l e v e l  i r e  w i t h i n  t h e  c l o s u r e ,  i f  t h e '  s a t i s f y  t h e  
a b o v e  1 C0N2* e x p r e s s i o n  u s i n  j SLOPE = SLovl  ( 2 ) •  : ..3 V e r t i c e s  
a b o v e  t h e  w a t e r !  t a b l e  a r e  w i t h i n  t h e  c l o s u r e ,  i f  t he y  
s a t i s f y  t h e  ’ COKE1 e c p e s s . i o n  w i t h  t h e  f o l l o w i n j  a d j u s t m e ­
n t s :

1) SLOPE i s  s e t  e j u a l  t o  SLOPE ( 1 ) ,  and

2 ) t h e  v e r t i  ’a l  j r  i d  c o - o r d i n a t e  • Z '  of  t h e  ba s e  v o r t e x  i ^  
r e p l a c e d  wi t h  ’ C1* ’ D* i s  c a l c u l a t e d  wi t h  t r i j n o m e t r i c  
r e l a t i o n s h i p s  o f  t h e  s e m i - c o n e  s e t *

T h i s  e xa mp l e  d e m o n s t r a t e s  how t h e  s e i r i - c o n e  c l o s u r e s  a r e  
u sed  t o  i m i t i t o  t h e  i r e s  for  t h e  ; i t  d e s i j n  i m p l i c a t i o n  
t h e  d i r e c t e d  j r a p l  s* I t  a l s o  i l l u s t r a t e s  t h e  f l e x i t  i >. i t y  
o b t a i n e d  h,  u s i n j  t h e  s c n i - c o n e  s e t s  wi t h  v a r i a r l e  wa l l  
- u n j l e s  t o  r e p l a c e  t h e  a r c s *

The cone  c o n s t a n t s  (A,P,C)  e s t a b l i s h  t h e  shap ? 0 1  - 11 e
s e m i - c o n e s *  A no r ma l  c i r c u l a r  s h a p e  r e s u l t s ,  i f  t u e  c o n s ­
t a n t s  a r e  a l l  e j u a l *  The d e f i n i t i o n  of  t h e s e  c o n s t a n t s  i s  a 
handy t e c h n i q u e  f o r  s i n u l a t i n j  d e p o s i t s  w . t .. d i t e c t i o n i l l ;  
d e p e n d e n t  s l o p e  s t a b i l i t y  c o n d i t i o n s *  For  e x a m p l e ,  ^ ^ 1 ^ ; -  
t i c a l  s e n i - c o r e s  c an  be c o n s t r u c t e d  by w e i j h t i n j  t . :e c o n s t a ­
n t s *  Then,  t hey  can  be used  t o  s i m u l a t e  t he  * i t  s a i l  i ce^  
r e  i u i r i n  i s a f e  w a l l - a n g l o s  t h a t  v a r y  a s  t h e i r  o r i e n t a t i o n  
w i t h  t h e  weak s t r e n g t h  d i r e c t i o n  of  a bed 1 in j  p l ane*

In a d d i t i o n ,  t h e  cone  c o n s t a n t s  must  i n c l u d e  a f a c t o r  t o  
c o m p e n s a t e  f o r  d i f f e r e n t  u n i t  i n t e r v a l  d i s t a n c e s  be t ween 
a r i d  c o - o r d i n a t e s  on t h e  t h r e e  axes*  For e x a m ^ c ,  t h e ,  wo i l a  
be \ = 1, B " 2 and C * 1 f o r  a c i r c u l a r  s e . i - c o n e ,  i f  t he
i n t e r v a l s  be t we e n  j t i d  c o - o r d i n a t e s  i n  t h e  J ,  and 1
d i r e c t i o n s  were  ICO : t ,  200 f t ,  and IOC f t ,  r e s p e c t i v e l y

o^en^ ^j i t , 1 1 1  ' i s '  now p o s s i h l ^  t o * t u r n  t o  t h e  p i t  d e s i j n  
a l g o r i t h m  *

6 * 6 * 2 THE t  ' ’’CHS-GRCSSnAN AL10P1TMV*

L c r c h s  and Grossman (5) u ,o a m e c h a n i c a l  i r . a l o j u e  t o  
d e m o n s t r a t e  t b a i r  . I j o r i t h m *  An i l l u s t r a t i o n  of  t h e  a n a l o j u e  

.•i!()wn : r r ;  , p,. ,e i t  c a r  be s e e n  f rom t h e  a n i i o y e  t h a t
t he  - i i d - h l o c k s ' h a v a  e i t h e r  an upward or downward f o r c e *  The



 I
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a t t o w s  I n  e a c h  gi  Ld-t  l oc k  r.hov which way t.he f o r c e  i 3  
e x e r t e d *  An upward  f o r c e  r e p r e s e n t s  a [ o s i t i v o  ne t  c a s h  
v a l u e  o f  t h e  p a r t i c u l a r  gr  i d - b l o c k ; w h e r e a s ,  a downward 
f o r c e  r e ; r e s e n t s  a n e g a t i v e  n e t  c a s h  v a l ue *  In  o r d e r  t o  f i n d  
t h e  opt imum p r t  s u r f a c e ,  t h e  j r  i d - b l o c k s  a r e  a l l o w e d  t o  move 
a ] on j t h e  v e r t i c a l  axi^;* The movement  of  a f r e e  mecha n i c a , 
s y s t e m ma x i mi z e s  t h e  work l one* T h e r e f o r e ,  i t  i s  t h e  
u r i d - c l o c k s  t h a t  have  moved which maxi mize  t he  t o t a l  ne t  
c a s h  v a l u e s *

The s t e p s  f o l l o w  f o r  f i n d i n j ,  wi t h  t h e  d i r e c t e d  g r a p h ,  t h e  
p i t  volume y i e l d  i n  j a maximum t o t a l  p r o f i t *  These  s t o p s  a r e  
a p p l i c a b l e  o n l y  t o  t h e  d i r e c t e d  j r a y h  d e s c r i b e d  i n  
p r o c e d i n j  S u b s e c t i o n *  The d i r e c t e d  g r a ph  was c o n s t r u c t e d  
p e r m i t  a s i m p l i f i e d  v e r s i o n  o f  t h e  o r i g i n a l  s t e p s  d e r i v e d  by 
L e r c h s  and  Grossman*

t h e
t o

STEP 1:

The v e r t i c e s  wi t h  a p o s i t i v e  n e t  c a s h  v a l u e  a r e  exami ned i n
turn:*

STEP2:

' h a i r '  i f / f i x a d ' b j ^ I t s  [ T c t i c u l ^ ^ f e  
w a l l - a n g l e s  1 SLOPE1 and t h e  c o n s t a n t s  ( A, d , c ) *

STEP 3:

The net  c a s h  v a l u e s  o f  f he 
e x p r e s s i o n  a t  ' t c t a l l t  J* 
s e m i - c o n e  c l o s u r e  becomes  
O t h e r w i s e ,  t  i s  ©x c l u c • 
any p a r t i c u l a r  s e m i - c o n e  
s e m i - c o n e  a l r e i l y  w i t h i n  t h  
ne t  c a s h  v a l u e s  w i t h i n  i ; 
i n c l u d e  t h o s e  v e r t i c e s  a l r e  
c l o s u  t e *

v e r t i c e s  t h a t  s a t i s f y  t he  1 C0 gi  
I £ t h i s  t o t a l  i s  p o s i t i v e ,  t h e  

a i  t  of  t h e  maximum c l o s u r  e* 
Soto of t h e  v e r t i c e s  i n c l u d e !  in 
c l o s u r e  can  be a p a r t  of  a n o t h e r  

maximum c l o s u r e *  The sum of  t h e  
ov 1 1 a ; ; i ng s e mx- c o nc s  does  n a t  

way c o n t a i n e d  w i t h i n  t he  maximum

STEP 4

When t h e
v e r t i c e s  ha ve  been 
from t h e  maximum c l o s u r * ' ,
v o I l m »•

t h e r e s u l t  i s  t he  f ^ n a l  t i t



■ n i l l u s t r a t i o n  of  t i i o  a l j o i  i l l  i can bo s e e n  in F i j *  6*10* 
V.o t e t h a t  t h> 4 i r < ‘ : i  ec  j r a ; h i s  i''*; t v . i e n t - u  i n  j l c  Cot 
r a t h  at t h a n  s n m i - c : n u  f o i : *  In Fi ' j  • 6 * 10b,  th-a f i t  a t

o s i t i v c  vot  t » x  - :a.* a v a l u e  o f  *1* T h i s  1-; t h e  ba s e  of  t
t e s t  c l o s u i -■ f o l -  1 /  i n c l u v  Lnj i l l  v e r t i c e s  o in.: t o  i t *
Only t h e  -4  v e r t e x  i s  c o n n e c t '  1 t o  t h e  + 1 v e r t e x  t o  forr- t h e
t e s t  c l o s u r e  w i t h  i t o t a l  r,e j - i t i v v  v a l a  > o;  -3$ T h e r e f o r e ,
t h i s  c l o s a r *  i s  not. i n c l u d e !  w i t h i n  t h e  .iaxj.au.ii c l o s u r e *  The 
t e s t  c l o s e r  shown i n  F i j *  6*10C am D a r e  i n c l u i e d  in  t h e  
maximum c l o s u r e  1 --C i u s e  t hey  b o t h  ha ve  a t o t a l  p o s i t i v e  
v a l u e *  The t " s t  c l o s u r e  shown i n  i i j »  6 • H h a s  t h r e e  
v. a t  i c e s  (» 7 , - 1 ,  - 1 )  which a l r e a d y  1 <  on j t o  th axi .nua
c l o i u r e *  Con e j u o n t l y ,  o n l y  t h e  +3 and - 2  v e r t i c e s  ars?
sunmed,  tnd i n c  • t h e  t o t a l  i s  p o s i t i v e  l o t h  a e  i n c l u d e i  i n  
t he  maxinu" c l o s u r e *

The e x c l u s i o n  o f  . n y p o s i t i v e  t o s t  c l o s r r o  w i t h i n  t h e
tvaximu i c lo s . i l i  • w i l l  s u b t r a c t  f r om i t s  t o t a l  v a l u e *  A d d i t i o ­
n a l l y  t h e  i n c l u s i o n  o f  any n o j - t t i v  ■ t e s t  c 1 os  rr * wi l ,  r^oO 
s u b t r a c t  f i o  t h e  . i x i v u m v a l u e *  T h e r e f o r e ,  i t  i s  o b v i o u s  
t h a t  t h e  maxi  an c l o s u r e  o f  r i j ,  0*11% h r:; t h e  a i j z u r s t  v a l u  > 
p o s s i b l e  f i  i. t h e  v e r t  c e s  w i t h  t h e  c o n s t r a i n t s  o.  t h e  a : r ^ *

f e  7 PIT PSOnUCTIC# SIMULATION

The r o u t i n e  i l"" r i OI  JC1I0K SIMULATION p e r f o r m s  t h e  o u t e r  nos 
I n t e g r a t i o n  o f  t !  r i l t i i l v  i n t y r a l :

pv * / [ / / / p ( C( x , y
T R

t h e  or e »x av it i on • ' j 1
t h e  i i t  j k  lut . t  i on  : ; 1
d i  j i t  i l  c u . ’ii u t u  in  1 1
of  t h e  , 11 11 r i l l
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The s i m u l a t i o n  i s  projLammed wi t h  a l oop  o f  c o m p u t a t i  ps 
t h a t  c y c l e s  y e a r l y *  The l o o ;  i s  d i v i d e d  i n t o  two p u t t s *  : he  

p a r t  s i m u l a t e s  o r e  e x c a v a t i o n  by i d e n t i f / i n J  t h ef i r s t  
g r  i d - b l o c k .; wi t h  a p o s i t i v e  ne t  
mined i n  e a c h  p r o d u c t i o n  yea r *  Th

c a s h  v a l u e  t h a t  w i l l  be
s e cond  p a r t  i d e n t i f i e s  

t h e  ; L" i d - b l o c k s  r e q u i r e d  t o  e x p o s e  "ho o r e  p r o d u c t i o n  of  
e a c h  y e a r *  The r o u t i n e  PRODUCT ION TARGETS CCKP . A: IOMS 
p r o v i d e s  t h e  p i t  t. r o  l u c t i o n  s i m u l a t i o  t wi t h  t he  1u a n t i t i o s  
whi ch s h o u l d  be p r o d u c e d  t o  t d ixi mize  t h e  n i n e ' s  p r e s e n t  
v a l u e *  However ,  t h e s e  t a r  j e t s  a r e  s u p e r s e d e d  by t h e  s i m u l a ­
t i o n ,  i f  t h e  d e p o s i t ' s  \ h / s i c a  1 c o n d i t i o n s  make i t  i mpos ­
s i b l e  t o  meet  t h e  t a r  j e t s *

The O r o ' and Was t e -  Sul  s e c t i o n s  t o  f o l l o w  d e s c r i b e  t h e  p i t  
p r o d u c t i o n  s i m u l a t i o n  i n  g r e a t e r  d e t a i l •

6 * 7* 1 ORE PRODUCTION SIMULATION

The e r e  p r o d u c t i o n  s i m u l a t i o n  i s  programmed by l e i i n i n j  
r u l e s  which e s t a b l i s h  t h e  o r e  e x c a v a t i o n  s e guene e*  The r u l e s  
d i r e c t  t h e  c o mp u t e r  t o  s c a n  t h e  j r i d - b l u c k s  t o r  t h e  n e x t  ona 
t o  be e x c a v a t e d *  When t h i s  j r  i d - h l o c k  ha s  been f o u n u ,  i t  i s  
t a i l e d  wi t h  i t s  p r o d u c t i o n  / o u r *  Then ,  i t s  t onn a ge  i s  summed 
wi t h  t h e  o t h e r  o r e  p r o d u c t i o n  o f  t n e  same y e j t *  r . n s  
c u m u l a t i v e  o r e  p r o d u c t i o n  i s  compared wi t h  t he  o r -  p r o d u c ­
t i o n  t a r g e t  o f  t h e  g i v e n  yea r  a f t e r  e ach  o r e  g r r n - ^ o c *

a l l  j r  i d -  b l o c k s  w i t h i n  t h e  f i n a l  p i t  s u . f a c t .  •

J = 3 0 , 1 = 2 6  and K = 1 6 , 
t o  be e x c a v a t e d  Stow 
e j u a l  t o  t h e  row of  
i n  t h e  J c o - o r d i n a t e

t r a n s v o t s e  and v e r t i c a l  d i r e c t i o n . ,  a r t  
r e s p e c t i v e l y *  The o r e  p r o d u c t i o n  i s  
one  worki ng  f a c e *  The be n c h e s  u r e

t h e  d i a g r a m a r e  d e f i n e  1 u *•
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I I ,  J l ~ V  | SIGN = 1 | 11=1 I

" " F ^   Z J "

| K = K+ 1 h-------------------------------- ----- -----------

"  j '
| IS :<<"l6 ? 1— *N0 *CXIT

YES

| IS K CUC ? | NC 4B=-1|

YES

I B= 1 |-
 L _

-1 I = I*B|

| I S  I <2 6 ?t  NO *| SI GN*- I k

YEfl

I i s  I >1 ? I NC  *1 513,1*1 k

Y ESI

l I s T O D D ' ?  h—no H A - (-1) *SIGN K—i

5 ”  - I

ICr. TABLE 6*5

| A-SIGNh

” 1 "
-NO | I S  1<J<30 ?|

YES 
GO TO

5 S i
TALL G 6 *

TABLE 6 * 4

1 ) • l * i s  t  he p r o d u c t i o n  /f* i r  •

2j , i y « 3Ilt] * SIGN'  co i . t i  >1 thf* u i i p e t  i o n  of  a u v i n c r



f o r '  t h e  o r e  wor r . i n j  f a c e ;  u n i

3 ) 1 ( I , J , H  * t ! i^ c o - o r d i n a t e  l o c a t i o n  o f  t h e  ] r  i d
- b l o c k s *  |

Note t h a t  t h i s  s i m u l a t i o n  o n l ; works  f o r  9 r i d  s /  terns wi th 
an e v e n  number  o f  j r i d  c o - o r d i n a t e s  i l o n j  t h e  I and J a xes*

FF.Cr TABLE 6*4 GO TO 7ALLE 6*51
1  __ t

I i " G ^ i - ? L C C K " F T “ wTTHl "" THr PI T ? I----------------»of

YES

| DOES-llTjlKT-hAVF-A-TE^iTivE-SZT-cISh-vlL^;-? J--------- %

YES
| n r i r , 3 7 K 7 " A S ‘ 5 p r « I N 2 D “ i r Y E A " L l  

| DOES CUMULATIVE 0 1 :  PRODUCTION EQUAL TASJ : :  IM L ?|  A

— T r ~

11 d e h H  r  y“ "i 11  u -  u l c c  k s “  ? r 3  ̂ a i io ” ~~ ~ - - - -  -  -  -  - -

_JL__
I L-" L* 1 h

TABLE 6 * 5
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t h e  r o u t i n e  r e t u r n s  
o r e  e x c a v a t i o n  
bo t h  t e s t s ,
( j i v e n  by t h e  
wi t h  i t s  ex
a s s o c i a t e d  i r r a y  -------- - - -  .... ---------------  —  , 1
a t  t h e  b e ' j i n n i n j  of  t h i s  S u b s e c t i o n ,  t h e  y e a r l y  c / c y :  i:; 
c o m p l e t e d  when t h e  c u m u l a t i v e  t o n n a j e  of  t h e  o r e  j r i d - L l o c k s  
e j u a l . i  t h e  o r "  p r o d u c t i o n  t a r  j e t ,  and th« o v e r b u r d e n  r e ­
q u i r e d  t o  e x p o s e  t h i s  o r e  p r o d u c t i o n  ha s  been i d e n t i f i e d *

The o r e  p r o d u c t i o n  s i m u l a t i o n  i s  t a i l o r e d  t o  s t u d y  a l t e r n a t e  
o r e  e x c a v a t i o n  s e qu e nc e s *  The o r e  e x c a v a t i o n  r vquenca  can t o  
m o d i f i e d  t o  s i m u l a t e  m u l t i p l e  wo r h i n j  f a c e s  and or b e n r he s *  
For  exam,  l e ,  T a b l e  t>*t> c o n t i n u e d  t h r o u j h  Ta b l e  6 * d i l i u s r -  
r a t » 3  an or  • e x c a v a t i o n  s e q u e n c e  wi t h  two wor k i n  j f ac,- . eu 
t h e  same bench* Each bench i s  e . u a l  t o  t no  row o .  j n d  
- b l o c k s  b e t  we mi t h e  p i t  H a l t s  in t h e  J c o - o r d i n a t e  ^ s e c ­
t i o n *  The two work i nq  f a c e s  aUvi nce  i n  o p p o s i t e  u i t  e c t i o n ^

mi d d l e  t o  t h e  >ther  e x t r e me *  

f o l l o w i n g  comp a t a t i u i . - . :

” ir.
a r i a  y h C (’f) ,
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1 1 7  3 5 K = 0 |

• ‘ _ _ j z

I L= 1 I 
~T ~

X IT

H

YES
FROM TAuLE 
— AND TABL

IS l £ I <2o  ?|  NOYES

yrs— i i s  i  odd"? \— no— a=~i i

— i -  - i -
| A = ♦ 1 |---------------------------------------- *10 = 01

I r-

| N*0 |

I
|I!» J> 3C ? | NO—H IS (1 .3 ,7)"  h  i ^ —*( . f J
 T  I IN TiiE I IT? | I POSITIV E ? I

yCS j --------------------

| l s ~ f t ’ ♦ V  ? | YT’f  ►1C TO TABLE 6,* 7

: , r i  ► ;r " c  TABL:

TAbLi: o* b

The two a t o v o  e x a m p l e s  i l l u s t i  . t o  how t h e  $ i t  . l o d u c t i o n

I
m

-
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FWCM TABLE 6*6

I H= 1 I M IS :i ODD ? |
I Q = : t |

GO TO TABLE 6 ' b

q= I -----------------
YES :I0|

no— i i r " r  ?i— y ; s  

1
|TA1 ( I , NO (?) ,%)  f- |

[^1 (I,N'C(Q) , Y)  %ITH LI

i
| I s  CUMULATIVE OR: |  
(PRODUCT:" ; P L I 
|EQUAL TC TARGET ? |

y::> no
{    '

I GO ro WASTE!
I SIMULATION I

| L « L O h - H I S ~ - a * 2  ? |— lES-

NC

| F^K+ 1 I 
' | L = ; - U

I TAG ( 1 , AC (ti) ,K) C | 
1 ( I ,NC(v)  , f  ) HIT.l L|

| I " c " ;;"LnTIV“ OR21 
|PRODUCTION FOR L I 
|EQUAL TO TARGET ?|

NOYES N

| GO mO CASTE|
| SIMULATION |

I l"=lI 1 r  - i l u  ? i

No|

IR=n*l i

YES-

I . = 2-11

| rA , I U nC (U) ,K) WITH L|

( I s  C U M U L A T I V E  O R E  | - T E :  - H  L  - u  ♦ H

1 PRCDUC ION PO° L 1 
|SC UAL TC TAP iET ? |  NO-------------

TABLE (,• 7

s i m u l a t i o n  can  ! o t a i l o r e d  t • 
so jiKTtcf'* A v a r i e t y  o*

f i t  t h e  uuei :1:. oi  » vxcav it i on 
e x c a v a t i o n  a o j u o n c o a  c an  i ’
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F9CK TA'JLE G« 6

-YES I I S  M ODD ?

GO TO TALLS 6*6

NO-

lR = S / 2 ~ 0 *5 I _________
| Q = R+1  |— > 1 1 3  v‘= 1 ? I YyS

NO

| TAG ] l  / !C (K) ,K) o | 
r*) ( I , t i C ( . )  ,K) WITH L|

| I 3 _ CUiv. D L A T I V Z OR .', i 
|PRODUCTION FOR L I 
|E.UAL TO TARGET / I

i O

| GO 
| SIM

>"70 WASTE|

| P = R- 1 K- 
I , = v + 1 l

WASTE 
ULATIOIJ I

 1 L~L U  I

|R = ii/2|
10=3+ 1  I

7 1 . . .
| TAG (J , UCl i f  ,F) I  I 

l l  ( I ,NC (v) ,K) WITH L |

 i:;'::;:;"
( I s  C U X U ' ATIVE ORE |
| PRODUCTION FOR L ]
|EQUAL TO TARGET ?|

lESi
|G0 TO WAoTLI 
1 SIMULATION' |

 1 L* L + 1 1

HO

NO 1 IS G-0 ? 1 YyS

|TA7f'(17NCl.i7KT'"wlTH L|

 i —

IR = H - 1 M- 
10=0+11i::_______

0 -----1 i s  R = 0 ? 1------YES-

| 7 s" cu7 u :..» r i vE c t l i — yes—*1 l=l * 11-
|PRODUCTION FOR L I 
|EQUAL :0 TARGET ?! NO

T.VJLE 6• 8

s u V . v U i t e d  i n t o  t h e  i if ■» *  s l * 1 , a t

i k
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Tii a u d i t  i o n ,  t h e  o r e  p r o d u c t i o n  can  h i  d e s i g n e d  t o  i n c l u d e  
the.  s i m u l a t i o n  o f  any p h y s i c a l  f e a t u r e s  which a f f e c t  t h e  o r e  
e x e  f v d t i o n  s e q u e n c e *  T h e r e  p h y s i c a l  f e a t u r e . ,  a r e  s i m u l x t e  i 
wi t h  t h e  i n d i c a t o r  a r r a y s  )t ; o I / n o n i a l  e q u a t i o n s  d e r c r i l o u  
in  S e c t i o n  3* 3* i h o  or-? e x c a v a t i o n  s e q u e n c e  i s  projra-nrne 1 t o  
r e c o g n i z e  t h e s e  f e a t u r e s  i n  o r d e r  t o  t a k e  a c c o u n t  of  t h e i r  
o c c u r r e n c e *  t o r  e x a m p l e ,  a l a t  j e  f a u l t  d i s p l a c e m e n t  c o u l d  
f o r c e  a k i n k  in  t h e  o r e  bench  shape* T h i s  would be a c c o u n t s » 
f o r  by u s i n  j a s i m u l a t i o n  of  t h e  f a u l t  t o  o r  j a n i / . e  t h e  or<> 
fcxcavat  i on  s e q u e n c e *

6 « ? •  2 WASTE PRODUCTION SIMULATION

t h a t  ye a r  by means o f  t h e  f a l l o w  i n j  e x ^ i e s o i o n .

CO:is»iJO?KSL. ((A (K-Z) ) , . 2 > -  ( W ( J - t ) ) • • 2 ) -  ( (C ( I - X ) ) «*2> 

where :

t h a n  t h e  minimum wot k i n  j wal l  a a j l ^

„  , , 2) , r e  t ho  „ l d  c o - o r d i n a t e d  of  t h e  o r e  J t i d - b l o c U  a t  
t h e  b a s e  o f  t h e  s ' M i - c o n e s *

H . J . K ,  a r e  t h e  j r i J  c o - o r d i n a t e ,  of  t h e  r e . a r n i n j  j r i d  
- b l o c k s *
,A,B,C) a r c  c o n s t a n t s  which d e f i n e  t h e  r e l a r i w  l e n j t h e  of
t h e  s e mi c o n e  dxr'S*

Eich s e m i - c o n e  s e t  i s  J i ' f i n s t .  by.
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r a d d i t i o n ,  t h e  o r v  p r o d u c t i o n  c. in e d e s i g n e d  t o  I n c l u d e  
? L  s i a . u V . t i o n  o f  any p h y s i c a l  f e a t u r e s  which a f f e c t  t he  o r e  
n . i f v a t i c r .  i e i a e i . s e .  The s e  ; h , s i s a l  f e a t u r e -  a r e  a r  t u l i t e i  
= t h e  in.: t e a  t o .  a r t  r / s  or  f u l . n o i i a l  e  m a t r o n s  i n s c r i b e d  
. r p c t i n n  3.  3* I ho  ot  . o x c a v a t  t on 3 ' j uenc o  i s  . t r o j r aame  . t o

e x c a v a t i o n  s e q u e n c e *

6 , ? .  2 WASTE PPODUCTIC,.  SI EJLATIOU

coisizoRKSL. I (;. (K-2)) . . 2 ) - 1 la (J-n )*.? ' - (  (C d -  . )  “ • > 

where:

t han  t h e  mini  )um work.! n j wai l  a n j
a rc  t h e  „  i d  c o - o r d i n a t e s  o f  t h e  o r e  j r i d - b l o c i t s  a t  

t h e  b a s e  o f  t h e  sor: : . - . .onet>e

U . a . K ,  a r c  t h e  » r i d  c o - o r d i n a t e s  of  t h e  g a i n i n g  g r i d  

- b l ock . ; *
a t e  c o n s t a n t s  whi ch d e f i n e  t h e  r e l a t i v e  l e n g t h s  of 

t he  s e mi c o n e  axe  »

Each p o m i - c o n e  r e t  i n  i r ,vu ‘

-  - " / " u r ; . . : ; " : - 1" . ; : ' ; : ; ; . - " - 1 - » ; •

21 H I  ^ S a n i . '  ( » . » “ “ “ » l n  SU b:!eC"
t i  on h • 6  • 1 *
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i on  
i l  o r e  
s  z e r o

-he n r  i d - b l oc k . ' ,  ( I , J , R )  t h a t  s a t i s f y  t h e  ' CO I! L ' exi  r e  
i r e  t h o s e  r c j u i r e d  t o  be removed t o  exi  o s e  t he  j n  i 
r e d u c t i o n *  The e x , c e s s i o n  i s  s a t i s f i e d  when 'CONS'  s  

^  p o s i t i v e *  The s e m i - c o n e s  i n  any s e t  a r e  i r o^ t  a mated to  
i v o r l i r  so t h a t  any m a t e r i a l  common t o  two or  more senx 
- c on e s  i s  no t  a c c o u n t e d  t o r  more t h a n  once* A d d i t i o n a l l y ,  
t he  s e m i - c o n a  s e t  i s  [ r a j t a m m e d  t o  e x c l u d e  any m a t e r i a l  
e x c a v a t e d  . . u  a \ r e v i o u n  ye a r *  The ; r i d - b l o c k s  w i t n i n  t . , X o  
s e m i - c o n e  s e t  a r e  t u j j e d  wi t h  t h e  [ r e d u c t i o n  year  of t h e  o r e  
a r i d - L l o c k s  a t  t h e  b a s e  of  t h e  s e t *  These  p r o d u c t i o n  . e ^ r o  

s t o r e d  in t h e  a r r a y  member a s s o c i a t e d  wi th t a e  par t i ­
l l  i d - b l o c k s  oi  t h e  i n d i c a t o r  a r r a y  ' Yd ' *  Thi s  a r r a y  i s  
t o  u [  d a t e  t i i e  t i m e  d i me n s i o n  f o r  t h e  i t e r a t i v e  s o l  u -

u l a r  
sed t o  
ion*

m a t e r i a l  t o  c j u a l  t h e  t a r y e t *

. « « t e  pi X d i U  « u



I s l E S I i l i i
t i l e d  i n  S u b s e c t i o n  6 * 6 * 1 *

B ' l ttotal  an n u a l  revenue and o v e r b u r d e n  s t r i t i-in j co^t ->
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l i i l i a i l l
i n v a l i d  f or  i n s u f f i c i e n t  i i t  c a p a c i t y

.7 .  1 Til 3 EX.\:iPLL DLPOSIT

f t .  o I o v c r l u t d c n  i n  some p l a c e s *

in i i 7 e 2 * e t  e d V 1 •# n 1 1 > •I'

o c c u r s  be l ow t .» • , > . r t h e  i ) t e  h o l ' - a #  on.  , on-
3 » o l O j U  £ o . . t  ILM r e t o r t e d  . t o .
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f a u l t  a n d  t h o  { c a s o n t  w a t e r  t a b l e  l e v e l  a r e  s i g n i f i c a n t  t o  
t h e  o v e n  l i t  n i n i n j  s o l u t i o n *  Onl y t h e s e  f e a t u r e s  h a v e  any 
o f f  a c t  on t h e  s o l u t i o n *

The  f a u l t  and w a t e i  t a b l e  d i v i d e  t h e  d < ' v o s i t  i n t o  f o u r  z o n e s  
t h a t  a r e  n e c e s s a r y  t o  d e l i m i t  t h e  a r e a s  i n  wh i c h  t h e  
o e o l o j i c  c o n d i t i o n s  v a r y  s u f f i c i e n t l y  t o  i n f l u e n c e  j r a d e  
I r e d i c t i o n *  The  f o u r  m i n e r a l i z a t i o n  z o n e s  i r e  i d o n t i : i e  : by
t h e  - J r a d e  P r e d i c t i o n  P r o j r a m m c  t o  p r e v e n t  t h e  e s t i m a t i o n  o.‘
P o i n t  m i n e r a l  v a l u e s  f rom a s s a y s  o c c u r  t i n )  i n  d i f f e r e n t  
zones*  T h i s  i d e n t i f i c a t i o n  was d e s c r i b e d  p r e v i o u s l y  m  
S u b s e c t i o n  3*4*1*  Fhe  s p a t i a l  m i n e r a l  d i s t r i b u t i o n s  o .  t n e  
two r e c o v e r a b l e  m i n e r a l s  w e r e  c o m p u t e d  b y t h e  G r a u e  P r e d i c ­
t i o n  P r o  j r a mme  a n d  , a s s e t  on t o  t h e  MP P r o g r a mme  t h r o uy h
m a g n e t i c  d i s k  s t o r a g e *

h o s e d  z o n e *

S e c t  i o n * )
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e iui rniGnt  ur.od Lelow t hu  w*toi  t a b l e  t e  ]u i  c es  a minimum 
work ing  w a l l - a n  j l ' -1 o f  1*045 t a d i a n s • The swi  t e a  i n  e q u i p m en t  
t y p e s  i s  p l a n n e d  a s  a r e s u l t  o f :

1) a n t i c i p a t e d  ch ing- ' s in  t h e  an nua l  q u a n t i t i e s  of  ove rLu-  
t d e n  r e m o v a l ,

2) c h a n g e s  in t h e  d i g g i n g  c h a r a c t e r i s t i c s  of t h e  p i t  
m a t e r i a l , and

3) r e p a i r e d  r e p l a c e m e n t s  f o r  d e t e r i o r a t e d  e x c a v a t i o n  e q u i ­
pment*

K i t h  t h e  c h a n  j o  o f  e q u i p m en t  t y p e ,  t h e  s t a n d a r d  w r o t e  
e x c a v a t i o n  c o s t  a l t e r s  from 0*15 /  , e r  t on  il  >vc t h e  J 1 ' ‘r
t a l  l e  t o  0* 3n ' p e r  t on  below* The d i f f e r e n c e  in taeoc.

l a i i i i
r e s p e c t i v e  s t a n d a r d  e x c a v a t i o n  co.»t

T h e  OL f U - a  c o s t s  a t e  a n t i c i ,  . t e e  t o  . ,e

50 C , C0 0  c a s h  u n i t s  t “ t / e a t *

s » u « ^ r . ^ t " a s 4 r s w - a j * ! f f : s s . * B s
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s p a n *

The p o s s i b l e  p l a n t  p r o d u c t i o n  c a p a c i t i e s  p r op o se d  f o r  t h e  
mine a r e  7 m i l l i o n  t o n s  pe r  yea r  f o r  t h e  p i t  and t h e  t w e n t y  
s e v e n  c o m b i n a t i o n s  o f  c o n c e n t r a t o r ,  r e f i n e r y  and o v e r a l l  
r e c o v e r y  of f i c  Loncio..: shown in  T a b l e  7*1* The e n t r i e s  under  
e v e r y  c o m b i n a t i o n  a r e  t h e i r  c a p i t a l  c o s t s *  These  c o s t s  
r e j  r e s e ! .  t  t h e  t o t a l  c a p i t a l  r e q u i r e d  t o  f i n a n c e  t h e  d e v e l o p ­
ment o f  e a c h  c o m b i n a t i o n *  They a r e  t h e  t o t a l  of  t h e  a n n u a l  
r e q u i r e m e n t s  d i s c o u n t e d  t o  t h e  f i r s t  p r o d u c t i o n  year*  The 
d i s c o u n t  i n t e r e s t  r a t e  i s  8*: which i s  t h e  o p p o r t u n i t y  c o s t  
of  i n ves tm en t ,  c a p i t a l *

THE CAPITXL COST OF 27 PLANT CAPACITY COMBINATIONS
* * *

OVERALL *P2FINERY*CONCENTrATOR CAPACITY (P.) *
* R2COVF7Y tCAPACI 
♦EFFICILMCY* (T)

'Y*

*
*
*
*
*
*
*
*
*
*
*

70%

20*0
22*5
25*0

20*0
22*3
25*0

1 • 5 
*******
* 37*75 
•32*50  
*23*50

* 17*50 

*34*75

1*6

12*00
25*65
27*2

26*85 
4 1*25 
40*50

1*7 *

35*15*
42*00*
30*25*

•
31*85*
27*00*
38*25*

4
2 5*50* 
37*75* 
35*00* 

«. * * ♦

* 20*0 *30*75 40*00
Oj T * 22*5 *23*75 41*00

* 25*0 * 28*25 25*65 
************* ******** 4*********** ******

PIT CAPACITY = 7 .1ILLICM TON .'E 
CAPITAL COSTS IN MILLIONS OF CASH UNITS 
( T ) * c d p a c i t i e s  i n  t h o u s a n d s  of t e a s  . 11
( t l )  = c a t a c i t  i v s  in  . P i l l i o n s  o f  ton.* i or  y« *•

TABLE 7* 1
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d i s t a n c e s  u r e  e ] a a l  t o  t h e  t e n c h  width and h e i  j h t  which a r e  
100 f t  and 50 f t ,  r e s p e c t i v e l y *  Ore e x c a v a t i o n  comas from 
jne w o r k i n j  f a c e  t h a t  a d v a n c e s  p a r a l l e l  t o  t h e  l o n g i t u d i n a l  
c o - o r d i n a t e  a x i s  and ch an j e f .  t h e  d i r e c t i o n  of  i t s  adv anc e  on 
a l t e r n a t e  benche s*

F i n a l l y ,  t h e r e  a t e  two f u r t h e r  p i e c e s  of  i n p u t  d a t a  r e q u i r e d  
t o  i n i t i a t e  t h e  :‘.P Programme* These  a r e  t h e  i n i t i a l  assump­
t i o n s  f o r  t h e  T-S m i n e r a l  d i s t r i b u t i o n  and t h e  a v e t a j e  u n i t  
p r o d u c t i o n  c o s t s  f o r  t h e  f i r s t  yea r*  The p i t  i n c r e m e n t s  'M' 
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 ’ s date* s e t  ’ 0RE5E5’ a r e  
assumed t o  i n c l u d e  a l l  m a t e r i a l  in e v e r y  f ou r  : j r i d - l e v e l s  
from t h e  t op  o f  t h e  d e p o s i t  down* (See S u b s e c t i o n  6*3*1 f o r  
a d e t a i l e d  l o s e r  i p t i o n  of  t h i s  a s s u m p t io n * )  The a v e r a j e  u n i t  
p r o d u c t i o n  c o s t s  f o r  t h e  f i r s t  y e a r  were assumed t o  be:

P i t :  2 = 0*43«' per  o u t p u t  ton
C o n c e n t r a t o r :  C = 0*80 /  i o r  i n p u t  ton
R e f i n e r y : 1 = s0*00 c a s h  u n i t i  r e r  o u t p u t  ton

R e c a l l  f rom l e c t i o n  6*2 t h a t  t h e s e  a s s u m p t i o n s  a r e  r e p l a c e d  
a s  t h e  s o l u t i o n  c o n v e r g e s #

7* 2 THE SOLUTION

A s o l u t i o n  t o  “ x p i o i t  t h e  d e p o s i t  d e s c r i b e d  in t h e  p r e c e d i n g  
s e c t i o n  was c o m [ n c l  wi th  t h e  Model* The o u t p u t  o f  t h e  
M o d e l ' s  MP F r o j r a m - a  i s  p r e s e n t e d  in t h i s  s e c t i o n *  Soma o.

f o u r t h  c y c l '  *



P A G E m

I
THE NET P9ESEHT VALUE OF 27 PLANT CAPACITY COP! b l  NAT IONS'

(FIRST IT.! HAT ION CYCLE)
,***************

OVERALL *.REFINEPY*CONCLNTRATOR CAPACITY (Pi)
RECOVERY *CAPACITY* 1"3 1*G 1*7
FFICI2NCY* (T)

* 20*0 * - -2 3*55 —
* 22*5 * - —
* 2 5 * 0 * «* •
* *
t 20*0 * • - •

9Cr, * 22*5 * - - —
* 25*0 * • — —
* *
* 20*0 * - — *»

95% * 22*5 * - • *
* 25*0 * • —

PIT CAPACITY=7 
PRESENT VALUES 
(T) - c a t  d e i t i e s  
(K) - c a p d c i t . i e s

n t  LION TONS PER YEAR 
IN MILLIONS OF CASH UNITS 
i n  t h o u s a n d s  of t o n s  per  year  
i n  m i l l i o n s  of t o n s  per / o a r

TABLE 7• 2

f o l l o w i n j  i t e r a t i o n  cyc^ «
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THE NET PRESENT VALUE OF 27 PLANT CAPACITY COMBINATIONS
(SECOND ITERATION CYCLE)

# * * * * < * * ♦ * * * * * * *
OVERALL *12FINEPY*CONCENTRATOR CAPACITY (”) *

RECOVERY *CAPACITY* 
EFFICIENCY* (T)

1*3 V 6

857

90

95%

*
*
*
*
*

*
*
*
*
*
*

PIT CAPACITY*?

20*0 *-16*11 -8*41
2 2 * 5  * - 1 0 * 8  1 - 2 * 0 1
25*0 * -6*74 -3*21

*
20*0 *-16*11 -3*50
22* y *-17*04 -17*86
25*0 *-13*26 -16*80

*
20*0 * -9*52 -16*83
22*5 * -4*48 -17*02
2'*0 * -6*90 -2*17

*♦***♦'
MILLION TONS PER YEAR

1*7 *

-9*72*
- 16*46* 

—4*64*
*

—6*67*
-1*76*

-12*93*
*

— 0 *48*
- 12*72* 

-9*96*

T A B L E  7 *  3
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THE NET PRESENT VALUE OF 27 PLANT CAPACITY COHBENATIONS
(THIn D ITERATION CYCLE)

* OVERALL *REFINEPY*C0ilCi'NTRAT0R CAPACITY
* RECOVERY ♦CAPACITY* 1*7
♦EFFICIENCY*
*
*
♦
♦
♦
♦
♦
♦
♦
♦
♦

85*

90'

95%

♦
♦
♦
♦
*
♦
♦
♦
*
♦
*

20*0
*

25*0

20*0
22*5
25*0

20*0
22*5
25*0

♦-10*11
♦ -5*13
♦  - 1*20  
♦
*- 10*13 
♦-11*39
♦  - 7*58
♦
♦ -3*60
♦ 1*19
♦ - 1*1 3

-2*56  
3*86 
2* 16

2*35
- 11*99
-11*35

- 11*03 
- 1 2 * 0 0  

3*33

-3*79* 
-10*54* 

1 *05* 
*

-0*72* 
4*21* 

- 7 * 16* 
♦

5*40* 
—6*82* 
-4*10* 

#
1 CAPACITY*? MILLION TONS PE? YEAR 

TABLE 7* 4

i * *
7*10 o m i t t e d  f rom t h e  I t i n t  out*
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NET PRESENT VALUE OF 27 PLANT CAPACITY COMBINATIONS

OVERALL ETIN ER Y + CCNCL NT RA
(FOURTH IT -RATION 

RECOVERY ^CAPACITY* 1 • J
EFFICIENCY* 

*
057 *

* 
* 
*

907

95%

*
*
*
*
*
*

(?)
20*0
22*5
23*0

20*0

23*0

20*0
22*5
25*0

* - 1 0 * 2 0  
<• "
* -1*29
*
* - 1 0 * 2 1
* - 1 1 * 4 3
* -7*67
*
* -3*66
*  1 * 1 0  
* - 1 * 4 1

' 01 CAPACITY ('•:) * 
CYCLE)

1*6 1*7 *

-2*66
3*7U
2*06

2*25
12*08

■11*44

1 1 * 1 2  
- 1 2 * 10 
.13*24

-3*64*
»' 0*59*

•  o n  
*

-0*77*
4*16*

- 7*18*
*

5*34*
- 6 * 8 3 *
-4 • 16*

11 PIT*CAPACITY*? MILLION TONS PER YEAR

TABLE 7 *  5



P AGE 1 2 7

CUT-OFF GRADES 5 TARGETS FOR THE PLANT COMBINATION: 
(FIRST ITERATION CYCLE)

PIT CAPACITY = 7*0 MILLION TONS/YEAR 
CONCENTRATOR CAPACITY (CON) = 1*6 MILLION TCNS/YcA 
REFINERY CAPACITY (R-F) = 20*0 THOUSAND TOMS/YEAR
OVERALL RECOVERY EFFICIENCY = 85 /

YR COG (Z) PIT (f) CON (K)
1 • 11 7*00 0*30
2 • 11 7*00 0*30
3 * 11 7*00 0*30
4 * 11 - 0*30
5 * 11 7*00 0*30
6 * 11 7*00 0*30
7 * 11 7*00 0*30
8 * 11 7*00 0*30
9 * 11 7*00 0*30

10 * 11 7*00 0*30
11 * 11 5*29 1*60
12 * 11 3*25 1*60
13 * 11 3*25 1*60
14 * 11 3*25 1*60

63 * 14 7*00 0*59
64 * 14 7*00 0*59
65 * 14 7*00 0*59
66 * 14 7*00 0*59
67 • 14 7*00 0*59
68 • 14 7*00 0*59
69 • 14 7*00 0*59
70 • 14 7*00 0*59
71 • 14 7*00 0*5 3
72 * 14 7*00 0*59
73 • 14 7*0u 0*59
74 • 14 7*00 0*59
75 • 15 7*00 0*37
76 • 13 6*11 0*50

'RES ENT VALUE OF PROF ITS LESS

REF (T)
3*02
3 * 8 2
1*82
3*82
3*82
3*82
3*82
3*82
3*02
3*82
6*89
6 * 0 1
6*01
6*01

S . 06 
5*06 
5*06 
5*06 
5*06 
5*06 
5*06 
5*0o 
5*06 
5*06 
5*06 
5*06 
5*0  3 
i| • 6 0i| • t« 0 

CAPITAL COST 
17*05 MILLION

FLO FIT (f.) 
- 0 * 5 2  
- 0*50 
-0*52 
-0*35  
-0*57  
-0*39  
- 0 * 6 2  
- 0*64 
-0*67  
-0*69  

1*38 
2*08 
2*09 
2*09

-1*65 
-1*71 
-1*78  
-1*84 
-1*31 
-1*97  
-2*04  
- 2 * 1 1  
- 2*13  
- 2 * 2 6  
- 2*33  
-2*4  1 
-2*4 3 
-2*44

CASH UNITS

TABLE 7* 6
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CUT-OFF GRADES 6 TARGETS FOR OPTIMUM PLANT COMBINATION:
(SECC..D ITERATION CVCLi:)

PIT CAPACITY = 7«C MILLION TONS/'?ZAR 
CONCENTRATOR CAPACITY (CON) = 1*7 MILLION TONS/YEA 
REFINERY CAPACITY (ELF) -  20*0 THOUSAND TONS/YZA? 
OVERALL RECOVERY EFFICIENCY = 95{

YR COG U)
1 .0 9
2 • 09
3 • 09
4 *09
5 *09
6 .  10
7 • 10
a • 10
9 • 10

10 • 11
11 • 11
12 . 11
13 • 11
14 • 11

- —
31 . 12
32 • 11
33 * 11
34 . 11
35 .  11
36 • 11
37 • 11
38 • 11
39 . 11
40 • 11
41 • 11
42 • 11
43 • 11
44 • 11

PIT (M)
7 . 0 0
7 . 0 0
7 . 0 0
7 . 0 0  
4 .  26 
4«13 
4 . 1 3
4 .1  3 
4 . 0 6  
3»64 
3«64 
3*6 4 
3*64 
3*64

CON ( 
C«74 
0 . 7  3 
0*65 
0 .6 5  
i • 7
1 .70
1.70
1 .70
1.70
1 .70
1 .70 
1 .70
1.70
1 .70

M)

PRESENT VALUE

1.77  1*70
1 .77  1*70
1 .86  1*70
1 .37  1 *70
1*87 1*70
1.07 1*70
1 .87  1*70
1.91  1*70
1 .92  1*70
1 .92  1*70
1 .92  1*70
1 .92  1*70
1*31 1*70
0 - 0 3  0*73

OF PROFITS LESS

REF (T)
4»84
4 .8 0
4 .4 7
4 .47  
6*23
6 .3 3  
6* 19 
6 .  39 
6*38 
6«40 
6*40 
6*40 
6*40 
6«40

7 .0 8
7*96 
6»95 
6*90 
6*90 
6*90 
6*90 
6*76 
6 . 7 4  
6*74 
6*7 4 
6*7 ♦

PROFIT (M) 
- 0 . 0 1  

0 .00  
-0*24  
- 0 . 2 6  

1.72 
1.38 
1*39
1.33 
1*32 
2* 16 
2« l6  
2*17 
2*17 
2*13

5 .40  
5*42 
4*16 
4*12 
4*15 
4*17 
4*20
4 .00  
3»99 
4*01 
4*04

TABLE 7* 7
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CUT-OFF GRADES G TARGETS FOR OPTIMUM PLANT COMBINATION:
(THIRD ITERATION CYCLE)

PIT CAPACITY = 7*0 MILLION TON’S/YEAR 
CONCl 'ITRA TO* CAPACITY (CON) = 1*7 MILLION TONS/YSA 
REI INF.RY CAPACITY (RTF) * 20*0 THOUSAND TONS/YEAR 
OVERALL RECOVERY EFFICIENCY = 9SK

YR 
1
2
3
4 

05
6 
7 
3 
9 

10 
11 
12
13
14

30
31
32
33
34
35 
3c 
37 
30
39
40
41
42
43

COG [?,) 
• 12 
• 12 
• 12 
• 12 
• 12 
• 12 
•  12 
* 11 
• 11
• 13
• 13
• 13
• 13
• 11

• 10 
•09
*09
• 09
• 09
• 09
• 09
• 09
• 09
• 09
• 09
• 08 
• 08 
• 03

PRESENT VALU

PIT (M) 
7*00 
7*00 
7*00 
7*00 
4*47 
4*47 
4*47 
4 * 4  1 
4*40 
4*48 
4*40 
4*48 
4*48 
4*48

COM (M) 
1*17 
1*17 
1 0 7  
1*41 
1*70 
1*70 
1*70 
1" 70 
1 *70 
1*70 
1*70 
1*70 
1*70 
1 "70

REF (T) 
5*38 
5*
5*80 
6* 6 j  
6*87 
6*87 
6*87 
6*81 
6*79 
6 • G 1 
6*61 
6*61 
6*61 
6*6 1

PROFIT (M) 
0*49 
0*41 
0*43 
0*96 
2*01  
2*03 
2 0 0  
2 0 4  
2*22 
2*06 
2*09 
2 0 4  
2*20 
2*24

1*86 
1*75 
1*74 
1*74 
1*74 
1*74 
1 • 87 
1«89 
1*89 
1*85 
1*35 
1 • 85 
1*77 
C* 37 

OF PROFITS

1*70
1*70
1*70
1*70
1*70
1*70
1*70
1*70
1*70
'*70
1*70
1*70
1*70
0*36
LESS

5*

7*96 
7*27 
7*24 
7*24 
7*24 
7*24 
6 * 4 4  
6*31 
6 • 3 1 
6*21 
6-21 
6 0 5  
4*8 3 
1*02 

CAPITAL COST 
40 MILLION CA

6*13 
5*42 
5*37 
5*43 
5*6 1 
5*7 0 
4*70 
4*60 
4*63 
4*6 3 
4*72 
4*6) 
2*91 

-0*12

Sil UNITS

TABLE 7* 8

The C i  n 1 1 p i t  s u r f  ac*
i a  t o d o s i j n u i l  t r o i  t h e  T-S ne t  cailh
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CUT-OFF GRADES 6 TARGETS FOR OPTIMUM PLANT COMBINATION:
(FOURTH ITERATION CYCLE)

PIT CAPACITY = 7*0 MILLION TONS/YEAR 
CONCENTRATOR CAPACITY (CON) = 1*7 MILLION TONS/YEA 
REFINERY CAPACITY (RF.F) = 20*0 THOUSAND ^ONS/YEAR 
OV2 ° ALL RECOVERY EFFICIENCY * 95?

YR COG (,T) PIT (M) CON (M)
1 • 12 7*00 1* 17
2 • 12 7*00 1*17
3 • 12 7*00 1*17
4 • 12 7*00 1*4 1
f> * 12 4*47 1*70
6 • 12 4*47 1*70
7 • 12 4*47 1*70
0 • 11 4*41 1 *70
9 • 11 4*40 1*70

10 #13 4*413 1*70
11 • 1 7 4*4(3 1*70
12 * 13 4*413 1*70
13 * 13 4*413 1*70
14 #13 4*48 1 *70

30 • 10 1*80 1*70
31 • 09 1*7;, 1*70
32 • 09 1*74 1 *70
33 *09 1*74 1*70
34 * 09 1*74 1*70
3 5 • Cr' 1*74 1 • 70
36 • 09 1*87 1*70
37 • 09 1*89 1*70
38 • 09 1*85 1*70
39 •03 1*8 5 1 *70
40 • on 1*85 1 *70
{«i • 03 1*85 1*70
42 • OP 1*77 1*70
ti 1 • 11 0*4 1 0*38

PRESENT VALUE OF PROFITS LESS 
5

TABLE 7* 9

REF (T) 
5*8U 
3*38 
3*30 
6*65 
6*87 
6*87 
6*67 
6*81 
6*79 
4*6;
6 • 6 1 
6*61 
6 • 6 1 
6*61

PROFIT (K) 
0*49 
0*41 
0*4* 
0*96 
2*01 
2*03 
2*10 
2*14 
2*22 
2*06 
2*09 
2*14 
2*20 
2*24

7*96 6*13
7*27 5*4 2
7* 24 5* 37
7* 24 5 *4  3
7#24 5*6 1
7*24 5*70
6 * 4 4  ' '*70
6*31 4*o0
b*21 W ) 7
6*21 4*63
6*21 4*71
6* 18 4*73
4 .0 3  2*91
1#11 -0*35

CAPITAL COST =
• 34 MILLION CASH U.K.->

v a l u e  d i s t r i b u t i o n  whenovoi
t h e  d i i i t - L ih u t i on  i s r e
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AVERAGE UNIT PbtODl’r'TION COSTS
(SECOND ITERATION CYCL

YR PIT (E) CONCENTRATOR (C) REFINERY (1)
CASH UNITS/ CASH UNITS/ CASH UNITS/
OUTPUT TON INPUT TON OUTPUT TON

1 0*4 1 1*02 50*363
2 0*43 1*06 50*446
3 0*4 3 1*06 50*463
4 0*43 1*07 50*480
5 0*42 1*07 5 3*497
6 0*4 3 1*07 50*515
7 0*43 1*07 50*53 i
8 0* 4 1 1*07 50* ,51
9 0*42 1*07 50*563

10 0*4 3 1*07 50*575
11 0*4 3 1*00 51*483
12 0*43 1*08 51*458
1 3 0*43 1*08 51*738
14 0*44 1*09 52*254
1 b 0*44 1*08 51*593
16 0*44 1*08 51*942

r s 0*45 1*11 53*110
29 0*45 1*1 1 53*232
30 0*45 1*11 53*357
31
32

0*45
0*46

1*12
1*15

53*483
55*075

33 0*47 1*17 55*502
34
35
36
37
38
39
40
41
42
43
44

0*46 
0*46 
0*46 
0*46 
0*46 
0*46 
0*46 
0*4o 
C* 48 
0*40 
0*40

1*13 
1*14 
1*13 
1 * 14 
1*14 
1*14 
1*14 
1*15 
1 • 1U 
1* 10 
1*17

54*151
54*627
54*186
54*377
54*510
54*905
54*790
54*054
55*815
56*009
55*414

TAbLi. 7«11

TU..«e n i t  s u r f a c e ,  f u r  t h e  f o u r  i t e r a t i o n  -ycl '
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d i e

AVERAGE UNIT PRODUCTION 
(THIRD IT .'A"ION CYCL 

YR PIT (E) CONCENTRATOR (C) 
CASE UNITS/ CuSh UNITS/
OUTPUT TON INPUT TON

1
2
3
4
5
6 
7 
0 
9

10 
11 
12
13
14
19 
16

27
20 
21
30
31
32
33
34
35
36
37
38
39
40
41
42
43

0*4 1
0*37
0* 37
0*30
0* 39
0*31
0*40
0*4 1
0*4 1
0*42
0*42
0*4 3
0*44
0*45
0*45
0*46

0*55 
0*56 
0*57 
0 * 5 8  
0* 5 )  
0*65 
0*70 
0*69 
0*72 
0*7 1 
0*7 1 
0*76 
0*77 
0*78 
0*80 
0*02 
0*48

1*01
0*99
1*01
1*02
1*04
1*06
1*07
1*09
1 * 1 0
1*12
1*14
1*15
1*17
1*19
1*21
1*23

1*45 
1*47 
1*52 
1*52 
1*54 
1*64 
1*72 
1*72 
1*77 
1*77 
1*80 
1*86 
1*88 
1*91 
1*94 
1*97 
1* 10

COSTS
Z)

REFINERY (R)
CASH UNITS/
OUTPUT TON 

50* J50 
51*511 
52*284 
52*643
63*325
54*125
55*056
55*962
57*140
57*75 3
58*397
59*431
60*247
61*255
62*510
63*357

74*204 
75*858 
76*893 
70*036 
79*125 
79*030 
81*720 
82*018 
83*579 
84*590 
35*867 
87*210 
89*132 
90*696 
91*750 
93*126 
56*009

TABLE 7*12

i l l u s t r a t e  i n  H g  7 . V  Etch °» t h e
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AVERAGE UNIT PRODUCTION
(FOURTH i t ;: RATION CYC

YR PIT (E) conc • .TRATOR (C)
CASH UNITS/ CASB UNITS/
OUTPUT TON INpur  TON

1 0*41 1*01
2 0* 37 0*99
3 0* 37 1*01
4 0* 18 1*02
5 0*39 1*04
6 0*39 1*06
7 0*40 1*07
8 0*4 1 1*09
9 0*4 1 1*10

10 0*42 1*12
11 0*42 1*14
12 0*4 3 1* 15
13 0*44 1*17
14 0*45 1*13
15 0*45 1*21
16 0*46 1*23

27 0*55 1*45
28 0*56 1*47
29 0*5? 1*52
30 0*30 1*52
31 0*59 1*54
32 0*65 1*64
33 0*70 1*72
34 0*69 1*72
36
36

0*72
0*71

1*77
1*77

37 0*71 1*80
38 0*76 1 *86
39
40
41
42
43

0*77
0*70
0*00
0*02
0*02

1*88
1*91
1*94
1*97
1*52

COSTS
' )

R .FINERY (R)
CASM UNITS/
OUTPUT TON 

50*330 
s 1 • 5 11 
5 '*284 
52*643 
53*325 
54*125 
55*056 
55*962 
57*140 
57*753 
50*397 
59*4 31 
60*247 
61*255 
65*510 
63*357

74*204 
75*058 
76*99 3 
70*006 
79*125 
79*080 
81*720 
02*810 
83*378 
84*598 
85*367 
87*218 
89*132 
90*696 
91*750 
9 3* 126 
94*0 39

TABwE 7*13

e l e v a t i o n  o f  t h e i i n d l  I ' i l
s a t  f a c e  a t  t h a t  p o i n t The

1



e l e v a t i o n s  i t 0 t h e  d i s t a n c e s  i n  l i d - l e v e l s  i lo^i a h o r i z o ­
n t a l  datum l e v e l  a L e v t h e  d o p o s i t  down to  t h e  [ i t  s u i i a c e *  
These  e l e v a t i o n s  : o r  .:;en' t h e  i n t e r c e p t  of t h e  j i t  sir .  . a c e  
wi th  t h e  j r i  1 sy s t  -•:ie h o w e v e r , t h e  i n t e r c e p t ;  i t  o v e r ;  o t . i e t  
a r i d - i n t e r s e c t i o n  a r e  r o t  shown he re *  The;  were d e l e t e i  to 
s r e e J  up t h e  s o l u t i o n *  The c o n t o u r s  on t h e  mat were Irawn in  
by hand a t  100 f t *  i n t e r v a l s *

H i  ̂

b o u n d a r i e s *

5 5 . %  * » S B . r 8 » . S r U 8 ' & r ; . ! M . * 5 C
T h i s  i n t o r  I d t i o n  c o n  . i s t  o! .



OPTIMUM PIT  SURFACE

 ► J
2 it 6 8 10 12 14 16 18 20 22 24 26 28 JO J2 J4 j6 j8 40 42 44 46 48 jo

2 2 2 2 / 0 0 0
1 2  0 0

24 6

26 6
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FIG. 7.JA THE FINAL SURFACE OF
,• |,IT (FIRST iteration cycl )



OPTIMUM P IT  SURFACE

 J
4 6 a 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50

~ ~ / \ r » r t r > , 3  3 3 ? P 2 2 2 2 2 2 2 2 r’ 2 / 0 0 Q

0 0 0 /z  2 2 /^ 4  4 4 4 4 4 \ 2  2 2 2 2 2 2 2 / 0 0 0 0

^ 4 A  6 6 6 /^ X 4 4 4\ .  2 2 2  *. 2 (o 0 0 0 0

0 0

0 0
10 o

0 0

1 8  4

24 b
)  12/10 10 10\12 l i t  \X •/1-

26 6 ( 8 6 /  6 6 6 \  \ :

28 6 6 6 6 6 6 6  

30 6 6 6 6 6 6 6 6 6 6 ( 4  4 4^) ( 6 6 6 6 1 (C\

H O .  7.3B THE FINAL SURFACE OF THE
PIT (SECOND ITERATION CYCLE)



OPTIMUM P IT  SURFACE 

>-J
2 4 6 8 10 IP. 14 16 18 20 22 24 26 28 30 32 34 36 38 4o 42 44 46 48

/ ■

10 o

20 6

22 6

24 6

26 C

n o . 7.50 THE FIHAE SURFACE OF THE FIT (THIRD ITERATION CYCLE)



OPTIMUM P IT  SURFACE
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P A G E 1 35

1
SIMULATED I IT PRODUCTION SCHEDULE (FIRST ITERATION CYCLE) I

 STRIPPING COSTS ORE REVENUE I
E CASH UNITS K TONS V CASH UNITS | 

2» 74 0*28 0*07 I
0*43 0*28 0*10 I
0*00 0*28 0*14 I
0*61 0*28 0*14 1
1.36 0*20 0*07 |
0*00 0*28 0*07 I
0 . 1 2  0*28 0*06 I
0*36 0*28 0*03 I
2*87 0*28 0*07 I
2*63 0*28 0*07 I
1 ,60  1*55 VoO I
0*75 1*55 1*71
0*75 1*55 1*95
1*03 1*35 1*70
0*85 1*55 1*?0
0*72 1*55 1*81

0 * 0 '  1*55 3*59
0* 13 1 *55 5*65
0*00 1*55 3*37
0*00 1*55 2*24
0*03 1*55 2*00
0*00 1*55 2 *7 5

yr cverbusd
ft TONS,

1 6 . 3 4
2 0*99
3 0*00
4 1*41
5 3*10
6 0*00
7 0*28
8 0*84
9 6 • 6 1

10 6*05
11 4*03
12 1 *59
13 1*69
14 2*53
15 2*11
16 1 *69

35 0*28
36 0*28
37 0*00
38 c . o o
39 0*14
40 C*C0
41 0*00
42 0*28
43 0*42
44 0*28
45 0*42
46 0*00
47 0*00
48 1 *18
4 1 0*15
50 0*80
51 0*90
52 0*15
TOTAL 8 E7 7.H
TOTAL 8Ur.3L

0*09

''

S 3  '1.63  2*18 I
0* 13 1*o3 3*5 4 I
0*10 
0 * 0 0  
0*00  
0*56 
0*03 
0 * 0 0  
0*00  
0*09

1*63 3*27
1*63 2*70
1*63 2*79
1*63 2*22
1*63 1*79
1*o3 7*50
1*63 1*65
0*74 0*46

)9•7 1 MILLION CASH UNITS
PIT I NCR EM2..TS3 1 1 ,

TABLE 7*14



P A J E 1 3 6

IKULA
YR

'ED PIT PRODUCTION 
OV:R "RP%'I STRIP: 

M TO: 5| X CA
1 6*?'
2 5*3
3 1*13
4 7*3
5 2*3
6 4*2
7 2*5
8 2*5
9 3*1

10 2*25
11 2*25
12 3*33
13 4*93
14 2*32
15 2*63
16 1*13

—
26 0*42
27 0*96
28 1*41
29 0*42
30 0 *0 :
31 0 * 0 0

32 0*2
33
314

35
36
37
38
39
40 
4 t 
42
TOTAL
TOTAL

SCHEDULE(S ECOND IT SKAT ION CYCLE)
>i -h; costs ORE REVENUE
;h u n i t s M TONS H CASH UNITS
2*68 0*70 3*47
2*58 0*70 0*39
0*60 0*70 O ' 2 4
4*04 0*70 0*27
1*37 1*69 2*28
2*4 3 1*69 2*68
1*50 1*69 2*63
1*5? 1*69 2*58
1*73 1*69 2*38
1*19 1*69 3*37
1*46 1*69 4*00
2*37 1 *69 2* 1 1
3*25 1*67 2*40
2*05 1*69 2*11
1 0 8 1*69 1* 18
0*7 3 1*69 4*7 3

0*00  
0*2 J 
0»0 j
0*42
0*71
0*44
0 •89 
0*10  
0 « 1 r> 
o*oo

PEVr!iU£s 14G*0S
NUX9E*' OF PIT

0*36 I ' b ?
0*61 1*69
0*06 1*69
0*09 1*69
0*00 1*69
0 * 0 0  1*6)
0 . 0 9  l *?^
0*00  1*63
0*27 1*6 3
0* 00  1*63
0*20 1*63
0*31 1*6 3
0 * 2 2  1*63
0*31 1*63
0 • C 4 1*6 3
0*08 1*63
0*00 ° * ^ r

KILLIC'I CASH UNITS 
I ‘1CPER2NTS»9

b*91 
3* 14 
7*10  
4*43 
2 * 8 8  
4*4 1 
3*67 
3*34 
4*84 
4*24 
3*37 
3*35 
2*64 
2*72 
3*72 
1*53 
0 • t»4

TAiiLE 7*16

1 ) ann ,w]  t n ; o j r a i h i c  ^ 1 :



IKULATEB p i t  P30DU 
YR OVS^BURF l-'J

n
1

1 U &4 |
6*05

2 5*77
3 6*05
4 6*76
5 3 .1 0
6 2*60
7 3*10
8 2*60
9 2*82

10 2*68
11 2*53
12 2*96
13 2*96
14 2*25
15 0*96
16 0*20

25 0*04
26 0*00
27 0*14
28 0*84
29 r . 23
30 0*14
31 1*41
32 0*00
33 1 * 8 3
34 0*00
35 0*00
36 0*14
37 0*28
38 0*10
39 0 *nc
40 0*00
41 0*00
TOTAL iiEVEN
TOTAL NUMBS

CTIOIJ SCHEDULE 
STHIPPIEU COST 

K CASH UNITS 
2*61 
2* j 3  
2*70 
3 * 3 1  
1 *50 
1*42 
1*51  
1*20 
1*49 
1 * 5 0  
1 * 3 5  
1* 32 
1*74 
1* 34 
0*38 
0*21

C*o6 
0*00 
0*14 
0*40 
0 * 1 2  
0*03 
0*05 
0*00 
1*01 
0 * 0 0  
L * 00 
0*01 
0*13 
0*27 
0*00 
0*00  
0*00

v 'j f r  l u • 5 1 F. IL LI L j v. A.»i. 
OF PIT INC1>EMENTS»9

TABLB 7 •10

(THIRD ITERATION CYCLB)
ORE REVENUE

! TONS M CASH UNITS
1 .13  0*57
1*13 0*66
1 .13  0*68
1*41 2*14
1*63 2*73
1*69 2*26
1*63 2*08
1*69 2*31
1 * 69 3* 3 3
1*69 3*84
1*69 2*52
1*69 2*32
1*69 2*67
1*69 4*02
1*69 3*69
1*69 6*51

4*79
8*79
5*83
2* 36 
3*59 
4*23 
2*97 
3*27 
3*03 
5*91 
3*70 
3*9 3 
3*77 
3*27 
4'  7 ) 
3*24 
0*29

1*6'T
1*69
1*69
1*69
1*69
1*69
1*73
1*63
1 • o 3
1*63
1*63
1*63
1*b3
1*63
1 *6 3
1*63
0*30
UNITS

f i v e - i o a t l y  t o 1 o j t a l h i c  . a y  i l l u £ ; t i a t ' " 1



P AGE  1 3B

\T"D I : IMODUCTIO'I SCHEDULE (FOURTH ITERATION CYCLE)
' rt 1 “    n  n r> ’J 1* <111 •'

YR OVE^EURCE 
K TONS,

1 6*05
2 5*77
3 6*05
4 6*76
5 3*10
6 2*68
; 3*10
0 2*60
9 2*R2

10 2*68
11 2*53
12 2*16
13 2*96
14 2*25
15 0*56
16 C *28

25 C *94
26 c * r o
27 0*1»
26 0*84
29 0*28
30 0*14
31 6*14
32 0*90

I VP I EG COSTS ORE REVENUE
CASH UNITS r  TONS K CASH UN

2*61 1*13 0*59
2*53 1*13 0*56
2*73 1*13 0*68
3* 33 1*41 2*14
1*59 1*69 2*9 3
1*42 1*69 2*26
1*51 1*69 2*08
1*23 1*69 2*31
1*49 1*69 3*33
1*50 1*69 3*84
1* 35 . 2 * 5 2

1*32 1*69 2*32
1*74 1*u9 2*5 7
1 * 34 1 * 6 ) 4*02
0* 39 1*69 3*68
0*21 1*69 (*51

0 . 0 6  T 6 ?  I ' l l
COO T O"  8 . 7 9
0 . 1 4  1 .69 6 . 8 1
0»40 1"o9 2"16

i s  ; : P

1.63  3*03
0«01
0*C0

33 ! ' »  I ' . l l  1 . 63  6 .01
0*00  
0*01

37 0 . 2 8  0 . 1 3  • t - -  3 . 2 6u E i  i l  EE
38 o . 3 o  mi ;: r 3

0 * 0 0  
c*oo

39 COO 0 . 0 0  1% 3  3.24
40 0 . 0  8 . C t  o ; 30 0 . 2 1

h i  s i r k 3 ; r n r . » i ; E !i " : : , 7 S

TABLE 7*17

2) i n  . t . m t  . innou > nd o v e r a l l  « t t i i  i i U  r -lUOS>



3 ) t h e  a r n u a l  t e f i n ^ L ;  ou t T. u t ,

4 ) a l i s t  o f  t h e  T-S n o t  c a u h  v a l u e  d i s t i i h a t i o n ,

5 ) a l i s t  o f  1 t h o  y e a r  and o r d e r  o f  c x c a v  i t i o n  f o r  e a c h  
j r i d - L l o c ’< mi n e d ,  and  s o  f o r t h *

r i  i t c  FORTRAN s t a t e m e n t s  i n t o  t h o  ML Pi ) j idinme*

p i t  production capacity*

7 .  3 ECONOMIC EVALUATION OF THE SOLUTION

i n  i:  
t ax
i n t e r e s t
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TOPOGRAPHIC MAP o f  PIT IN YEAR 1

.— * j
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n o .  7 .4  nVE mKLY PLAN NAPS of THE ITT
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topographic map of fit in year 6
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FIG. 7.4 (CONTINUED)



t o p o g r a p h i c map o f p i t  IN YEAR 11
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FIG.  7 . 4  (CONTINUED)
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TOPOGRAPHIC hap o f  p i t  in  year 16

J
2 4 6 8 10 12 14 16 13 20 22 24 26 28 30 32 34 36 38 L0 42 44 46 48 30

1 2  0

1 0  0

/

2 8  6
6  6  6  6  6  6  6 \  4 \  b

30 6 6  6 6 6  6 6 6 1 4
6 6 6 f i X 6 6 6 6 6 j

F I G .  7 * 4  (CONTINUE!')



TOPOGRAPHIC HAP OF PIT IN YEAR 21 
— >■ J
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FIG. 7.4 (CONTINUED)



TOPOGRAPHIC MAP C* PIT IN YEAR 26 
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FIG. 7 . 4  (CONTINUED)



t o p o g r a p h i c map o f  pit in YEAR 31 
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F I G .  7 . 4  (CONTINUED)
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T O PO G R A PH IC  map o f  p i t  i n  year 36 
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T O P O G R A P H IC  MAP OF PIT IN YEAR )6
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FIG. 7-4 (CONTINUED)
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