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E R R A T A

Page 33:

Page 50: 

Page 8,5i

Page 3 9 :

A = ((Y* XZ) _ (v*Y)) /  ( (NS* *Z) -  ( X " Z ) )  should be 
A -  (((Y*XZ) _ ( (X) * ( X*Y) ) )  /  ((NS*"Z,  _ ( X " Z ) )

F i r s t  I 1ne -  41000 should read 48000.

Bottom -  V i s  s u b s t i t u t e d  for  PV i n  t he  formula 
P«' -  V. » P -  ( d*V*T) wi t hout  comment and i s  changed 
back aga i n  on page 86,  aga i n  wi t hou t  comment.

GMC = ....... should read:

The phrase " d i f f e r e n t  than" i s  uae-1 in  pages  21 
and 120.

Qmc o t h e r w is e

Page l l 3 : Second l a s t  l i n e :  "past" should read " l a s t " .
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3) j p o l o j i c  and  p h y s i c a l  : ai  and

i») p e c u l i a r  c o  . t , i n  j - l “ ;-’e n t u «
l

Th'* "o t l n l  i . ;  in i nr . t  r u  n n t a l  r U  f o r  w o r k i n j  upon t h e  ; - 
f a c t  s  a c c o r d i i ;  j t o  t r . e l e c U  d o i n i n j  p r o p o s a l  • Tbo. i e  m ;  . t  
d a t a  a r e  t e r . o l v o d  i- t h e  . o i o l  f r o . i  t h e  c o  p ] o x  n i n e  
s t r u c t u r e  i n t o  s imp' :  c ;; ; on n t . ;  f o r  t h e  e x a c t  d e t e r m i n a t i o n
o f  an o p e n  ; i t  l i n i r  ; e l a t i o n #  Cona-*ju n l l y ,  t h e  e e l  1 j  
c o n s t r u c t e d  t o  1 e  u " t o t a l  s y s t u a s "  a n a l o g u e  o f  an o p e n  » i t  
mi ne*  The  1 t o t a l  s / s <e s M an i l o  j u e  i a  a d u p l i c a t i o n  o f  t h e  
i n t e r d e p e n d  fi t  e c  >no: i c ,  o a t h  • a t i c a l , ' i n  i n  j and d i j n
c o n c e p t  . f o r  i n  j t ho i n t  , i a 1 a;  on t i t  . n i n i n j  c o n a p t *  In
t h i - ;  way,  t h e  dap«»%d n e e  <f t h e  c o n f u t a t i o n  . on one  m o t h e r  
we r e  a c c o u n t o l  f o f  .,•> t h a t  t . v Mo ! e l  wo u l d  be  t r • 1 1 1 t i c  
d u p l i c a t e  o f  in a c t  aa  1 ; en p i t  mi ne*

Th** r . e d e l  p r o d u c e s  4 ; o i i o v i n  j i n f o r m a t i o n  whi ch  a k e j  j ;
t h e  c  1 e e n t . ;  >r t h  r op i f i t  i f t i u j  . s o l u t i o n *

1) A m i n e r a l  j r a l a  c : t - o f  £ j o i n t  i s  c  a&p u t e  1 t o  a i k e  th'* 
o r e  or  w t . t o  . c i  i >n* T h i  . c u t - o f f  , r a d e do.  -mu. ;  on
t h e  l i n e r  i l  a t  o f  th*? at  r i a l  e x p o s e d  f a r  n i . i i n - j
a t  any  j i v  n t  i • a n d  t h  * c u r r e n t  v . l u o  o f  c , o t s  and
s o l  1 i n  j f i  i c  . t  s u c h  t i  « C o n s e q u e n t l y , i t  l.s
co.: j u r (*d on «n m a  i l  b a s i s *

2)  The  f i r  1 1 p i t  . u;  t . i u n  i s  de  , i  j i : a d • T h i s  s u r f a c e  i s  t h e
r e  . a l t  o f  i* i n  t  t  j i v o n  d o p o . i t *  The s u r f a c e  i s
d O :> i  ; n • t o  a c  a 1' v »!i<* x \ j .. t o t a l  ][ I o f  i t  •

3/ The p i t  p r o d )  i n i s  ; i  u i a t e ! t o  j i v e  t h e  o xc  i v a t i  on 
t  i "  o f  t i t  r i i l  w i t h i n  t h e  f i n a l  . i t .  s u i t  a c e ,  and
a n n u a l  t o i  > j t  a j  : . i c  r i p s  o f  tiu* p i t *

ti) P r o d  uc* i , c t a ri ! i ' *venu  * s c h e d u l e s  a r e  t.i od uc eu  on 
an a n n u a l  b a s i s *

Thi  , r e l a t i o n  i s  r o l  ic(?d t o  a t  ad /  M»c way i n  wni ch  t h e
d e p o  » i 4 1 . < y t l o i t ' i  m f a s t  s  t o  t h e  a l t e r n a t i v e  n i ini r i j
p r o p o s a l s *  Th I  * l e t  i o n  i ; c o i  s i t  *d L /  cuistp'u t  i n  j ♦he pi  > f i -
t a L i 1.  t / o f  < L .. i l  . t i on f i t )  an  a n a  » /  s i s .  of  1:. • sa
• juner  A  d »

The , o i -1 • t i ■ • i i ’ a . ; 1 i s  1 1 i on  1 i<* : i s  t i n v ■ * .4 $ j i 4 i  m
o f  i t s  s ' > l o t i  o n t  > : x i it) i t t h o  .} i  v s  n n i n o i a l  c e p o s !  t in*..



t . u .  io.l u t i o n 1 s p r o f i t a b i l i t y *  I n  t h i s  way, t h e  us  *r s e e k s  
t o  become i n t i m a t e l y  a c q u a i n t e d  wi t h  how t h e  [ . a r t i c u l a i  

° I ° s 1 1 b e h a v e s  t h r o u g h  a d j u s t m e n t  c*  t h e  mi n i ng  p r o p o s a l • 
Iwo o p p o s i t e  e x t r e m e s  o f  t h e  r a n g e  of  s i t u a t i o n s  which can  
bo e v a l u a t e d  by t h e  Model  a r e :

T) e x a m i n a t i o n  of a I on  j t e r m  p r o p o s a l  t h a t  may c o v e r
t l io e n t i r e  l i f t  o f  t h e  mi ne ,  and

2) t h e  e x a m i n a t i o n  o f  ,* s h o r t  t e r m p r o p o s a l ,  f o r  e x a m p l e ,
a two or 11;l *e y e a r  p r o j e c t  t o  mine an a d d i t i o n a l  
s e c t i o n  of  an e x i s t i n j  n i n e *

To : uke  t h o s e  i n v e s t i g a t i o n s ,  t h e  mu t u a l  r e l a t i o n s h i p  b e t -  
weei  ̂ t h c o n s t i t u e n t  p a r t s  o f  t h e  mine s t r u c t u r e  a r e  
s i m u l a t e ' ,  t o  e s t a b l i s h  t h e  p e c u l i a r  n a t u r e  o f  t h e  j i v e n
d e j c s i t *  fho s i m u l a t i o n  i s  a c o mp u t e r  a n a l o g u e  d e s i g n e d  t o
a c c o u n t  i o r  t h e  ; h y s i o - e c o n o a i c  d i f f e r e n c e s  b e t we e n  d e p o ­
s i t . ; *  The p i t  and d e p o s i t  i r e  s i m u l a t e d  wi t h  a c o mp u t e r  
a n a l o g u e  o f  b o t h  a t h r o e  d i m e n s i o n a l  n e t wo r k  of  l i n e s  and 
s p e c i a l l y  d e v i s e d  s p a t i a l  d a t a  s e t s *  T h i s  a n a l o g u e  i s  used
t o  i m i t a t e  t h e  p h y s i c a l  s t r u c t u r e  o f  t h e  d e p o s i t ' s  m i n e r a l
d i s t r i b u t i o n  ind t o p o g r a p h y ; t h e  p i t  s u r f a c e ;  t h e  i m p o r t a n t  
g e o l o g i c  f e a t u r e s ;  and t h e  s p a t i a l  d i s t r i b u t i o n  o f  any
d e n s i t y  f u n c t i o n s *

The t h r e e  d i m e n s i o n a l  n e t wo r k  of  l i n e s  c r e a t e s  a g r i l  of  
i n t e r r e l a t e d  M o c k s  o r  i n t e r s e c t i o n s  f o r  which c e r t a i n  
v a K . e s  a r e  c a l c u l a t e d  t o  d e s c r i b e  t h e  l e p o s i t • Th> g r i d  
- i n t e r s e c t i o n s  a r e  t h e  g e o m e t r i c  c e n t r e  o f  t h e  - g r i d - b l o c k 3  
f o r me d  f rom p e r p e n d i c u l a r  p l a n e s  b i s e c t i n g  t h e  l i n e s  b e t we e n  
a d j a c e n t  g t  i d - i n t e r s e c t i o n s *  The f o l l o w i n g  e l e m e n t s  o f  t h e  
mine and d e p o s i t  a t e  s i m u l a t e d  u s i n g  t h i s  g r i d  s y s t e m  and 
t h e  s p  t i a l  l a t  i s e t s :

1) l o i o j r a g h y  and o o l o g y :  Comput e r  p r ogr ammi ng  t e c h n i q u e s  
a r e  d e v i s e d  t o  make t h e  g r i d  s y s t e m  r e s e m b l e  t n e
t o p o j i  aphy  m l i t, a  t a n t  g e o l o g i c  f e a t u r e s *

2) M i n e r a l  D i s t r i b u t i o n :  The d e p o s i t ’ s  m i n e r a l  d i s t r i b u ­
t i o n  i s  u l u l a t e d  b . f o r e c a s t i n g  t h e  d i v i s i o n ,  a r r a n g e ­
ment  and  d i s p e r s a l  o f  m i n e r a l  v a l u e s  t h r o u g h  t h e  g r i d  
sy:  tom*

3) V a l u e  D i s t r i b u t i o n :  Tuo c a s h  v a l u e  of  e a c h  u  i d - M o c k  
i s  c a l  . u l a t e d  w i t h  t h e  s t a n d a r d  c o s t  .method* The
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j i i d -  b l o c k  v t luoi j  i n c l u d e  a l l  c o s t s  and r e v e n u e  a c c r u e d  
by t h v  p r o d u c t i o n  of  t h e  m i n e r a l s  o c c u r i n j  i n  t h e  
I a ; t i c u l u i  j r i u - 1  l o c k s *  The s t a n d a r d  c o a t  method i s
d e v i s e d  by i s s i j n i n j  u s t a n d a r d  c a s h  v a l u e  t o  t h e  
i r  i d -  b l o v k  in  y r c ;  ort .  i on  t o  i t s  n i r v r u l  c o n t e n t *  Then ,  
t h i s  .it t n i i i  ! i s  a d j u s t e d  a c c o r d  in j t o  t h e  s p e c i f i c  
c o n d i t i o n s  under  whi ch t h e  p a r t i c u l a r  j r i d - f c 1 c c k  i s
mi nod* Fc : exa  np.' .o, t h e  s t a n d a r d s  c o u l  1 he a d j u s t e d  t o
v n y  w i t h  l o c a t i o n ,  m e t a l l u r g i c a l  p e n a l t i e s  or  t i me*

U) P i t  P r o d u c t i o n  . l e t h o d : The p-u t  p r o d u c t i o n  i s  s i n  i l n t e d  
by i m i t a t i n g  t h e  r e a l  s e q u e n c e  or  j t  i u - b l o c k  e x c a v a ­
t i o n *  A r e c o i  l i s  k e p t  o f  e a c h  y r i d - 1 l o c k  e x c a v a t i o n  
b 1 ^ c • t ’> nua 1 p r o d u c t i o n  s c h e d u l e s  and top o j r ap  h i e
maps a t e  c o m p u t e d  w i t h  t h i s  t i m e  r e c o r d •

The s i  u l a t l u n  of t h e  d e p o s i t ' s  p h y s i c a l  s t r i c t u r e  and p i t  
p r o d u c t i o n  ' o t > d  t a i l o r  ; t h e  Model  t o  t h e  u s e r ' s  u o p o s i t *  
Or.1 y s i r  p i e  rod i f  i c  a t  i on  ■ a r e  r e p a i r e d  t o  a d a p t  t h e  s i m u l u -  
t i c i . ;  t o  a d i f f e r e n t  d e p o s i t  o r  p i t  p r o d u c t i o n  r e t h o d • T h i s  
f l e x i b i l i t y  was an o b j e c t i v e  i n  t h e  d e s i j n  o f  t h e  Mo Pel t o
i n s u r e  t h a t  no l o s s  o f  a c c u r a c y  would o c c u r  f row t h e
p h y s i o - o c o n o o i c  l i f  f e r e n c e s  be t we e n  i l n e r a l  d e p o s i t s *

The Model  i s  c  i [ a l l e  o f  p r o d u c i n g  an op en p i t  mi n i np  
s o l u t i o n  when e x p l o r a t i o n  d r i l l i n j  h a s  d e l i m i t e d  t h e  e x t e n t  
o f  m i n e r a l  I . a t  i on* The  p r o f i t a b i l i t y  of  t h i s  s o l u t i o n  i s  
m e a s u r e d  wi t h  a c a s h  f l ow a n a l y s i s *  The s o l u t i o n  and i t s  
p o t e n t i a l  v a l u e  a r e  e x a n i n - u  m  t e r n s  of  t he  u s e r ' s  ne e d s *  
Thi  ; a n t i  v s i . c an  be r e r u n  rep r»t i t a  l i v e l y  as  a d d i t i o n a l  
i n f o r m a t i o n  i . ' c o -  v; a v a i l a b l e  f rom f u r t h e r  d r i l l i n g *  The 
s o l u t i o n  conp i t  •'J by t h«> ;:o . e l  becomes  more a c c u r a t e  s t h e  
e x ; 1 n a t i o n  d i t a  i n c r e a s e *  The e x p l o r a t i o n  wor t  can  be
c o n t r o l l e d  by m a k i n j  th<* d e c i s i o n  t o  c o n t i n u e  or  n o t  a t  e a c h  
a n u l y s i  . o f  t h e  eve r  I n c r e a s i n g  e x p l o r a t i o n  d 11 a • U l t i m a ­
t e l y ,  t h e  f i n a l  1 " i  . i ot i s  .. de t o  s i n e  t h e  d e p o s i t  or  n o t , 
when t h e  exp l o r  i t i  >n d a t a  y i e l d s  enough i n f o r m a t i o n  t o
a c h i e v e  t h e  l e s i r  --d a c c u i a c y  l e v e l *

The Model  i . l o s e r i b a d  wi t h  a d e t a i l e d  a c c o u n t  of  i t s
c h a r a c t e r !  t i e s  i n  ‘ I f o l l o w i n g  C h a p t e r s *  The l i t e r a t u r e
s u r v e y  in C h a r t e r  2 d e s c r i b e s  t t v  c u r r e n t  p r a c t i c e s  of  mine 
p l a n n i  n p an 1 p i t  der . i  .n* The Model  i  p r e s e n t e d  I /  d e s c r i -  
b i n j  i hr co i. ; tr  a c t i o n  and d e r i v a t i o n  o f  i t s  p a r t s  i n  
C h a p t e r . .  a- 1 6* C l i u p i e r s  ^ , b and A l i s t  t h e  M o d e l ' s
c o b - u t t  i i o , l a n e . *  p t o j i a m n e  l i s t i n g s  f o l l o w  t h e

!
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s E T i  f t H K & . - y t S ’S N S ' t t ' i s s s  s
i r ov i ' on Lei ° c o n t a i n s  a c r i t i c i s m ,  t h e  l i m i t i n g

r  1 ,  ; ono r e c o m m e n d a t i o n s  on t h e  hod e l *  F i n a l l y ,
' 1 0 1  ̂ ■ <ii<>ncec ai  i euro,  in C h a p t e r  10*

T  o un ’t l - L o  jv.imnios used  in t he Model  were w r i t t e n  i n  
J a L r / i  1 * ii, , a j 0  whi ch c o n s i s t s  o f  t h e  s e t  of  s t a t e m e n t s

-i r ‘ f UV S y s t  e m / 160 FORTRAN IV Lun j ua  j v ” (2) •
' . i ’ 1 ll>i /  o f  e x p r e s s i o n s  whi ch c o mmu n i c a t e  t h e

• ! :> i a run. ;  r e  j u r i e d  f ro: :  tin? c  -ipiutc-i • The l e a n s  used  t o  
i n i t i a t e  an 1 c o n t r o l  t h e  ; r o j r a  , u s e d  i n  t h i s  t h e s i s  a r e  
dt s u r i . e d  i n  "T. M S y s t e n / 3 6 0  O p e r a t i n j  Sys t em J o b  C o n t r o l
r n i J , i ?  ( 'rhl ‘ c o n t r o l  1 any a a j e  i s  t h e  met hod o f
co.'  j  Uh. in j t  e c o T p u t  r  t o  e x e c u t e  t h e  a c t i o n  t c  j u i c e d  on a 
p a r t i c u l a r  I l o j r a - i  The C h a p t e r ;  l i s t  i n  j com; a t e r  i f o j r a -
mmf's c o n t a i n  t h o  f o l l o w i n g  i n f o r m a t i o n :

^  1 ^ 1s f  °  r t e p s  r e q u i r e d  t o  p r e p a r e  t h e  p r ogr ammes  f o r
e x e c u t i o n ;

2)

3)

u „ c h r o n o l o g i c a l  d e s c r i p t i o n  >f t h e  programme c o m o u t i -  
t i c u s ;  r

a programme 1 ' s t  and n o t e s  d e s c r i b i n g  how t h e  p r o  j r  a -  
r r 0 •-* a t e  t a i l o r e d ,  f o t  d i f f e r e n t  d e p o s i t s :

y ) d J i o s j  »ry t o  do f  1  .• t h e  FORTRAN v a r i a b l e s ;  and

5) a l i s t  of  t h e  j o b  c o n t r o l  l a n g u a g e  f o r  t h e  Mine P l a n  
P r o g r a m a e  o n l y •

The f o l l o w i n g  ! i - c u s ; i o n n  as sume  t h a t  t h e  r e a d e r  i s  f a m i l i a r  
wi t h  and t h e  j o b  c o n t r o l  l a n g u a g e *



CHAPTER 2 LITERATURE PURVEY
a$ = = = - = = = -,= ~ -='= = a ^ s s  = = = = = = s - s -

b r o d  ] v i f« '  of  t l io c u s t o m a r y  n i n  * i I t n n i n  j i n i  { i t  dc . i .  ;n 
met.aodi,  i s  ; r e s e n t e d  i n  '’Sui  i i ce  M i n i n j "  ( ) ) •  I t  i s  t h e  nost .  
r e c e n t  d n '- i n c l u s i v e  s u o s a t /  of  t h e  g e n e r a l l y  a c c e n t e d  
s u i t  a c h a in fi  ̂ p r a c t i c e s *  The two a r t i c l e s  i n  t h e  book whi ch 
a t e  a p p l i c a b l e  t o  t h i s  t h e s i s  a*-e " P r e l i m i n a r y  E v a l u a t i o n s  *

/  ■’* ‘ * Su n (1 e >n , { i j o  '>4, and  ' P i t  P l a n n i n g  and L a , o u t  ’ Ly
A* S e d e r  b o i j  and D* o* Ra us c h ,  p a . e  141*

S u n a e e n  d e s c r i b e s  t h e  f a c t o r s  r e q u i r e d  t o  e v a l u a t e  an open 
p i t  l i n i n g  t o n  f i r e *  He s t a t e s :  "The f o l l o w  in. ;  o u t l i n e  l i s t s
t h e  L i s l e  f a c t o r s *  whi ch  mus t  Le t a k e n  i n t o  a c c o u n t  f o r  a
p r e l i m i n a r y  e v a l u i t  i an of  a p r o s p e c t i v e  m i n e :

1) G c o l o j y ,

2)  K i n i n j  con l i t i o n s ,

3) Economi c  a n a l y s i s ,

4) Or e  t r e a t m e n t  r e q u i r e m e n t s ,

b) G e o j r a p h y ,

6) L t j a l  s t a t u s  o l a n d  and n i n r n j  r i g h t s ,  ind

7) H i s t o r i c a l ,  p o l i t i c a l  and s o c i o l o g i c a l  f a c t o r s * "

The e v a l u a t i o n  of  any p o t e n t i a l  l e p o s  t  i s  u p l r t e J  c o n t i ­
n u o u s l y  i s  vld i t i o n a l  d a t a  becomes  av l i a b l e  f rom - x , d o t a ­
t i o n  o f  t h e  f i c t o r  ; in t h-* above  l i s t  < C o n s e q u e n t l y ,  t h e
p o i n t  whe r e  i ; t •» 1 i  t i n a r y  e v a l u a t i o n  d e / e l  o p s  i n t o  a c o mp r e ­
h e n s i v e  e v a l u a t i o n  i ; p e c u l i a r  t o  tfc** i n d i v i d u a l  ma k i n j  t h e  
a n a l y s i s '  The bode l  d e s c r i b e d  Ly t h i s  t h e s i s  i s  c a p a b l e  o f  
t a k i n j  o v e r  t h e  c o n t i n u o u s l y  e x p a n d i n g  e v a l u a t i o n  a t  t h e  
p o i n t  when e x p l o r a t i o n  dr  i l l  i n j  ha s  mar ked t h e  b o u n d a r i e s  o f  
f c i n e t  a 1 i  z i t  i on*

The f i r s t  f i v e  i t ; # s  i n  S u n d e o n ' s  l i s t  a r e  u sed  by t h e  Model
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p S sillliS b lll!
. ,i n u ' \ l t . G u r f ‘C-' , n s i  j n e u  wi t h  t ! , i  l o j i c  c o n s t i t u t e s  i l l  

' i 01, ; t  ' ^ h i c n  d e f i n e  thf '  o r e  h o u n d a t y *  The s e  l i t  H a i t i ,
a i e  f ound  i n  t h e  f o l l o w i n g  manne r :

; : " 1 1 : ? d«' |O i i t  i . .  d i v i d e d  i n t o  s e c t i o n s ,  f o r  e x a r z l e ,
1 1 l u . . t r a t e d  i n  F i y  2 , 1 *  The s e c t i o n ' s  vnC 

l o u  a: , c o n f e r  n j e n v r a l l y  t o  t h e  f i n a l  j i t  s h a p e *  The 
b o u n d a r i e s  a r e  f o r med by t h e  c u t s  which d i v i d e  t h e  

: e j o  i t  i n t o  . . n a t i o n  ,* To s i m p l i f y  t h e  c a l c u l a t i o n s ,  t h e  
s e c t  i on: ,  a :  * a. . . ,u t o  Le t w o - <.i r i * n a i o n a  1 by e l i m i n a t i n g

d i i '  i o n  e i  j « : idi<*uldi  t o  t h e  s i d e . , *  Th e s e  c o n s e c u t i v e *  
t w o - d i m e n s i o n a l  s e c t i o n s  a r e  assumed t o  l»e s o a l i  r  nou ;h 
p a r t s  o f  t v -> !«•; o s  i t  t o  dj t t o x i :  a t e  t h e  f i r . a* j i t  j i  I a c e #  
An oconoi  i c  1i n i t i s  f ound  f o r  e a c h  s e c t i o n  by a o v i n  i t s  
end b o u n d a r i e s  i n  i nc t <  i -nnt s  t o  t h e  U o u k - o v e n  j o i n t  be t we e n  
p r o f i t  tnd l o. ,  ;• The  j i t  l i o i t s  of  *ach s e c t i o n  a r e  i e f i n e d  
when t h e  c o n f i j u t  j t i o n  of  end b o u n d a r i e s  p r o d u c e s  t i e  
b r e i K - r v e n  i n ' *  : i : i l l , , t l  * l i  : . t  . ot  ad , a c c n t  . c ' i  
a r e  smoot h. -  . s o  * -.at t h e y  do no t  e x c e e d  t h e  i l l o w a h l e  s a f e  
wal  1 - un  j  1 .>• Th" r * • ; j  1 l ; t  j  , i t  I i l l  i s  boc oae  t h e  * i n a l  . i t  
s u r f a c e *

T h i s  ' j  i t  l i ’i i t  c o n c e p t  of  p i t  d e s i g n  i  a m a r g i n a l
cx- i . ninat  i  >n for  t h e  b o u n d a r i e s  : yond which t h e  de j  o s i t ' s  
m i n e r a l  i z u t i  >n c o t  ;er. t o  i 1 , c o f  i t a l i c *  The d . - s i gn  o f  th.  
f i n a l  p i t  s u r f a c e  a t  t h e  m a r g i n a l  l i m i t  I t ween o r e  an 1
m i n e r a l  i% i t .  m i ; no t  * ho i  o u l  o b j e c t i v e *  T: -• a t  j e e t  i
s h o  i l d  o t o  f i n ’ t h e  f i n a l  ? i t  s u r f a c e  y i e l d i n g  t h e  maximum 
t o t a l  p r o f i t *  An i t  hot  o b s t a c l  in t h e  ' j 1 1 l i - a t s *  d e s i g n
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c o n c e j  i . ;  ‘ h i t  t hr» b o u n d a r i e s  a i  - d e t e r m i n e '  s e ;  a r a t e l  y f o r  
e a c h  - . . act ion • "hi : ;  d e ^ i j n  i ;  r a t  ha t  l i k e  e x a m i n i n g  e i ch l e  

t a i n ,  o f  a t h r o e - l e  j  Jed ; t o o l  t o  i rncl  o u t  which l e j  
- u j j o i t . s  t h e  ; t o o l • I f  t h e  .1»• j s  were  e x a mi n e d  by i d o l a t i n j  
t h e i  i n d i v i d u a l l y  f rom t h e  a ys c a m,  t h e  c o n c l u s i o n  would bo
t u. i t  e a c h  l e j  a l o n e  h o l d s  t h e  s t o o l  u y r i i j h t * T h i s  i s
f o o l i s h ,  of  c o u r s e ,  b u t  t h e  r i - j h t  c o n c l u s i o n , t h a t  a l l  t h r e e

e V ’ ? 10 n e c e s s a r y  t o  h o l d  t h e  s t o o l  u p r i y h t ,  can  he made
o n . y  i f  t h e  s t o o l  i s  e xami ne d  a s  a t o t a l  s y s t e m*  S i m i l a r l y ,  
t h e r e  a r e  i n h e r e n t  e r r o r s  i n  t h e  s e c t i o n a l  a p p r o a c h  t o  p i t  
d o s i j n • • he s e c t i o n ’ s  l a r j e  s i z e  and t h e  t w o - d i m e n s i o n a l
a s s u m p t i o n  ■ o r  t h e i r  r . j j n i t u d e  o v e r - s i m p l i f i e s  t h e  uo: i ; n,  
whic),  c r e a t e s  t h e  f o l l o w i n g  e r r o r s :

1) The s e c t i o n s  do no t  s i m u l a t e  t h e  t i t  s h a j e  u s  t h e  ; i t  
i s  e x c a v a t e d ;  : ach s e c t i o n  i s  e v a l u a t e d  i n d e p e n d e n t l y  
on i t s  own m i n e r a l i z a t i o n *  C o n s e q u e n t l y ,  t h e  e c o n o mi c  
p o t e n t i a l  o f  any m i n e r a l i z a t i o n  o c c u r i n j  i n  a s e c t i o n  
must  i n c l u d e  t h e  c o s t  o f  e x p o s i n g  t h a t  m i n e r a l i z a t i o n *  
Ho wev e r , t h e  s i d e s  o f  t h e  s e c t i o n s  ar t ;  f o rmed wi t h  
p l a n e s  t h a t  do no t  c o i n c i d e  w i t s  j i t  w a l l s  o t  t h e  
e x c a v a t i o n *  The s i d . s  a r e  commonly v e r t i c a l  a:, shown i n  
r i j *  2* i *  "hv d i f f e r e n c e  b e t we e n  t l e s e  s i d e s  and t h e  
a c t u a l  j i t  w i l l s  i s  n o t  c o n s i d e r e d  i n  t h e  e v a l u a t i o n  oi  
e a c h  s e c t i o n *  T h e r e f o r e ,  t i c  p o t o i t i a l  v a l u e  >f j 
p a r t i c u l a r  s e c t i o n  d o e s  no t  i n c l u d e  t h e  e x a c t  over  bu­
r d e n  s i r  ip;  in j c o s t s *  C o n s e q u e n t l y ,  t h e  d e s i g n e d  p i t  
l i m i t s  w i l l  To y r e a t e r  t h a n  t h e y  s h o u l d  be*

2) The e c o n o m i c  b o u n d a r i e s  f ound  f o r  e a c h  s e c t i o n  must  be
s m o o t h "  t o  pet  t h e  f i n a l  p i t  s u r f a c e :  O f t e n  t h e
b o u n d a r i e s  o f  a d j a c e n t  s e c t i o n s  d i f f e r  e nough  t o  make 
t h e  w a l l - a n j l c s  b e t we e n  s e c t i o n s  e x c e e d  t h o  a l l o w a b l e  
e x t r a * ^ *  I f  t h i s  i s  t h e  c a s e ,  t h e  s e c t i o n  b o u n d a r i e s  
a r c  s mo o t h e d  t o  a c h i e v e  t h e  s a f e  w a l l - a n g l e s *  T h i s  
s m o o t h i n  j a l t .  r s  t h e  : i t l i m i t s  and t h e  f i n a l  s u r f a c e  
i s  no l o n j o r  t h e  r e s u l t  o f  t n e  d e s i g n  c o n c o t *

3) The s e c t i o n s  i r e  t o o  bu l ky  t o  s i m u l a t e  t h e  d e p o s i t ' s
s t r a c t u i a l  f e a t u r e s :  Tho s e c t i o n s  a t e  no t  c a p a b l e  of
r e a d i l y  r e s p o n d i n g  t o  t h e  i n f l u e n c e  o l  s t r u c t u r a l  
f e a t u r e s  on t h e  & i t  d e s i g n ,  p i t  p r o d u c t i o n  m e t h o d , o r  
t h e  c a s h  v a l u e  and o r e  r i s e r v e  c a l c u l a t i o n  i* For  
< • x a m i 1. -, t  e [ o j i , j h y , I t  a l t  zom-s  or an i r r e g u l a r  mi ­
n e r a l  u i r . t  r i b u t  i on  a r c  d i f f i c u l t  t o  manage wi t h  t h  * 
r e g u l a r  sh i j  a ui t h e  s e c t i o n s *  A d d i t i o n a l l y ,  t iie s e c -

i
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or::, w o n ] ’ bo d i f f i c u l t  t o  c o n s t r u c t  f o r  d e p o s i t s  
K- i u i r  m  j v u t 1 i h l a  i n t e r m e d i  i t e  and  f i n u l  w a l l - a n j l e s e  
v • .ov ; l or t . ,  y , t h e  j i t  d e s i j n  l o s e s  a c c u r a c y  t h r ow jh t h e  
t. i .1 . ' t . ;o .an h i j e  o f  t h e  s e c t i o n s *

K'  ‘ 1 n ? 1 a n a l y s i s ,  i t  c a n  be u n d e r s t o o d  t h a t  t h e  ’ p i t
' ' " l !n ? on<:ei 1 i s  u n a c c  rj t a b l e  f o r  two r e a s o n s *

. 1 1  ̂ 11 j inwl  i * •'n 11 o b j e c t i v e  i s  improper b e c a u s e  i t
1 b a s i s  for  n- tx in i z in . j  p r o f i t s *  S e c o n d l y ,  t h e

r,‘‘c 10:i " 'l i i  1 d e s i g n  t c o l  a r e  i n f l e x i b l e  and n o t
r e j  r e s e n t  a t  i ve o f  an a c t u a l  ; i t *

?'• T* Pana (7) s u ;  j e s t s  t h e  f o l l o w i n g  p i t  d e s i g n  ne t hod
, .  ( o v e r c o  s o no  of  t h e  d i s a d v a n t a g e s  o f  t h e  ’ p i t
H e r t s ’ d e s i g n  c o n c e p t :

( on. ; • t ; • t a t h r e e - d i m e n s i o n a l  g r i d  s y s t e m  t o  s i m u l a t e  
t h e  ie; o -, i t* The i j d s y s t e a  f o r m s  e v a l u a t i o n  u n i t s  o r  
• • j- " ■ * Th“ i i d-1 lock. ,  a r e  s m a l l e r ,  more v e r s a -
t i l<* a na  mote  r e p r e s e n t a t i v e  e v a l u a t i o n  u n i t s  t ha - t h e

. *"'<'( °n  • of t be ’ j i t  l i e  i t s ’ d e s i g n  c o n c e i t *

.’) !.:,t i ma t  • t  h * * m i n e r a l  g r a d e s  f o r  e a c h  g: t b l o c x  by
i n t v r  j o . a 1 1 or. f i o: t h e  hot  e - h o i e  samj le:>*

3) F.v i *. u t e  e a c h  ; t  i d - !  Jock "by w e i g h t i n g  t h e  r e c o v e r a b l e
( i t n r . i l  ) a g a i n s t  t h e  t o t a l  c o s t s  i n c l u d i n g  i minimum 

a c c e j  t .1 f l e  p r o f i t  bu t  e x c l u d i n g  : , t r i { j i n ;  r e l a t e d "  (7) 
t o  t h e  gi i d - 2*l ock*

ti) C l a s s i f y  t i e  g r i d - b l o c k  a s  or e i f  t h e  e v a l u a t i o n  i s
p o s i  Li vi , or a s  w r o t e  i f  n e g a t i v e *

*.) Cm . t r u c t  r “ t o v a  1 i n c r e  e n l s  f r or,, a f i m i l y  o f  o v e r l a j  -
p i n g  c o n e  • Th« ge me t i y  of t h e  p i t  i s  " a p p r o x i m a t e d  by 
a , r t i f  o f  i n t  ? i c o n n e c t i n g  c o n e s * * * *  The m a t e r i a l
c o n t  a i i  ;»d w i t h i n  e a c h  c o n e  i s  d e f i n c d  a s  a r e mo va l  
i f t c r v r f - n t * "  (7)

6) Tot si  t h e  r i d "  b l o c k  valuoc,  o c c u r r i n g  i n  e a c h  r e mo v a l  
i n e t  i. men 1*

7) I n< 1 . >  t ’ ? c  >v.i 1 i nc r oa i - ' n t u  i n  th*'  j i t  wi t h  a t o t a l  
j o .  t i v '  v i 1 i and e x c l u d e  t h o s e  wi t h  a t o t a l  n e g a t i v e  
v 11 u e •



The j r o u {  o f  r o j i t i v e  r e m o v a l  i n c r e m e n t s  forme, t h e  t i n a l  i i t  
s u r f a c e *

l a n a ' s  [ i t  ‘1 " s i  j n met hod s o l v e s  t h e  f o l l o w i n g  two d i . u d  v a n -  
t a r j e s  of t h e  ' j i t  l i m i t s '  Ues i - j n  c o n c c :  t :  l i r s t i y ,  t h e  
t cr  l n o f  wa . t o  11 i , i i n  j c o s t s  i s  d i s t r i b u t e d  t o  t h e  
m i n e r a l i z a t i o n  e x a c t l y *  Th- t h r e e - d i m e n s i o n a l  r e m o v a l  i n c r e ­
me n t s  s i n u l a t o  t h e  j i t  s h a ; e ,  w h e r e a s  t h e  t w o - d i m e n s i o n a l  
s e c t i o n s  do n o t  • S e c o n d l y ,  t h e  <; r i  d s y s t e m  r e s p o n d s  t o  
d e v i a t i o n s ,  in t !:«» d e p o s i t ' s  m i n e r a l  d i s t r i b u t i o n ,  s t r u c t u r a l  
f c a t u r e . ;  and t o o o j r a j  h y*

Ho we v e r , l a n d ' s  j i t  d e s i j n  method d o e s  n o t  j r o v i l e  f o r  a 
aximu -.ro i t  o ’, j c t i v e *  K* L e r c h s  and I* 5* Grossman (5) 

s t a l e  he o b j e c t i v e  i s  t o  v.ovi  jn t h e  c u n t o u i  of a p i t  s o  a s  
t o  Ma xi mi ze  t h e  u i f f i ? t e n c e  be t we e n  t h e  t o t a l  v a l u e  o f  o r e  
e x t r a c t e d  an i it. • t o t a l  e x t r a c t i o n  c o s t  of  e r e  and wa s t e * "  
L t i t ch s  a r c  Gr os sman  (5) a v •1 d e r i v e d  th<* t h e o r y ,  i n  t h e  form 
o f  <i j i  ’ h a 1 jot  i t i i  ' ,  t o  I s i y n  t h e  f i n a l  j i t  s u r f a c e  . h i c h  
v i l h  v i o l u  t h -  maximum j r o f  i t  f rom a j i v e n  u ej  > s i t • The 
t h e o r y  i . an a i i t h  e t i c a l  s e t  o f  r u l e s  d e s i g n e d  t o  f i n d  t h e  
maximum v a . ue of  t h e  p o i n t s  i n  a s p e c i a l  j r a j h *  T h i s  , r a p h  
i s  d o s c r i f  d and d e f i n e d  by o r e  (o) a s  fol lows*:

"The I- i ' , r a j  1.* d e n o t e s  s< e t h i n j  j u i t e  d i f f e r e n t  f rom t h e  
g r a p h s  you nay  t v  f a  i l i a r  w i t h  f t  or a n a l y t i c a l  j e o e e t i )  or  
f u n c t i o n  t h  o r y • The k i n d  of  j t a | h  you t r o t a l  ly have  d e a l t  
wi t )  c o n s i s t e d  o f  t ho s e t  o f  a l l  j o i n t s  i n  t h e  p l a n e  whoso 
c o - o r d i n a t e .  ?>;, Y) , i n  r.ot.v c o - o r d i n a t e  a y s  tv;  , s a t i s f y  an 
e j u a t i o n  i n  X and Y* Th* j r a j  h:» ( i n  t h e  ( r e s v n '  c o n t e x t )  a r e  
s i m p l e  g e o m e t r i c  f i g u r e s  c o n s i s t i n g  of j o i n t s  and l i n e s  
c o n n e c t i n g  s o * «  of  t h e s e  j o i n t s ;  t h e y  a r e  s o m e t i m e s  c a l l e d  
' l i n e a r  g i a j b i * '  I t  i s  u n f o r t u n a t e  t i i t  two d i f f e r e n t  
c o n c o j  t .  h* a:  t h e  i an •* na;  e ,  t u t  t h i s  t o r  i n o l o . y  i s  now s o  
w e l l  *• ; t . i !  l i s h e d  t h a t  i t  would he d i f f i c u l t  t o  c h a n g e  i t *

D e f i n i t i o n s  (See  F i , •  2 * 2 ) :

Gr a p h :  A f i g u r  * c o n s  i s ' i  ng of  j o i n '  ; ( v o r t i c e s )  a r c  s e g r a n t s  
c o n n e c t  ii; j  ::or • **T t ! ssv ve;  t. icu: ;* (The c o n n e c t  i n  . so  g , e n t s  
may 1 “ s t r a i g h t  l i n e  s< i ; e n t s  or  c u r v e d  s e g m e n t s  and a r e  
c a l l e d  «• go *)

D i r e c t e d  G; i j h : A g r aph  w i t h  d i r e c t e d  e d g e s *  The d i r e c t e d
o j g o s  a t  v c a l l " !  a i
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f o t  -

v l, [ !  , '  !' V- °  • V  ' )0 c i v i ^*^ i n t o  a s e t  o f  volume e l e m e n t s
ol. t  o L ni> 1 •• (' 1 ^  *fon c an  L<» , u i t  . i t  l . i t t a t b i t  may a l s o  be
. , ' ' j . 1 ’•1 n i t 01 7 (I)  t> i u n i t  vo l u  .10.3 doi  i n e d  by a
v ' ( I )  I  n l s n 1 1 1 0 " , r U ‘  : i S -: n c l a t u  t o  « - = -  ' o l ” e  " l e a  n t

n ( i )  = p ( i )  -  c ( i )

♦ r nd " (I)  ir< thQ a i n o  ( r e v e n u e )  and  t h e  e x t r a c -
e l c i m t  V (I) • Let  e a c h  e L •mont / ( I )  be 

l ;  * v e r t e x  V( i ;  o f  a y r a y h .  Diaw an a r c
A ( j)  1 y- V(J)  13 a.1 j a c e n t  t o  V (I) , t h a t  i s ,  V ( I )  and

' ' ’ 11 1V l s t  one  t °  i n t  i n  common,  and  i f  t h e  m i n i u j  o f
v o l u n e  ( : )  i s  no t  p e r m i s s i b l e  u n l e s s  vo i uwe  V (.7) i s  a l s o
mined* rtf.1 t h u s  >1 t a i n  a d i r e c t e d  t h r e e - d i m e n s i o n a l  j r a p h  G = 
(X A) wi t h  a s e t  o f  v e r t i c e s  X and a s e t  of  i r e s  A* Any 
. oa. i i ! .  1 ' c o n t  our  >*. t ie j i t  i s  r e p r e s e n t e d  b t \ " c l o s u r e * o f  
’» t h a t  i s ,  a s e t  of  v e r t i c e s  Y s u c h  t h a t  i f  a v e r t e x  X(I)  

h e l o t s  t v  Y tnd i f  t h e  a r c  (X (I) ,X ( d ) ) e x i s t s  i n  A t h e n  t h e  
v e r t  'x a (J) must  a l s o  b o l o n j  t o  Y* I f  a mass  .1(1) i s  
a s s o c i  i t -  i t o  e a c h  v e r t e x  X(I)  , and i f  K(Y) i s  t h e  t o t a l  
mass  of  a s e t  o r v o r t i c e s  Y, t h e n  t h e  p r o b l e m o f  opt imum [ i t  
d e s i  m c ome s  t o  t i n d i n y  i n  a g r a p h  G a c l o s u r e  Y wi t h  
n a x i  in a s s  o r ,  s h o r t l y ,  a maximum c l o s u r e  o f  G*" (See F i j • 
2 « 2 » )

T h i s  i a x i  n i *  c l o s u r e  i s  f ou nd  by f o l l o w i n g  a s e t  o f  r u l e s  
whi ch  i d e n t i f y  t h e  v e r t i c e s  ot  jl i d - M o c k s  e x i s t i n g  w i t h i n  
t h e  f i n a l  j i t  s u r f a c e *

The g r a p h  a l j o r i t h  d e s i g n s  t h e  f i n a l  p i t  . ut f a c e  wi t h  t h e  
c a s h  v i l u r  and ext* c t i o n  c o s t  l i v e n  f o r  e a c h  , r i d - b l o c k •
’’‘h i s  j i vi.-n i n f i r  m t  j n r o j  r e s e n t s  an a s s e r t i o n  of t h e
e c o n o a i '  c i r c i  ; t a : i ce.  u n d - i  which t h e  d e p o s i t  e x i s t s *  
L e t c h s  i no ' r o v s n i n  ' , of  . x ve ,  h o we v e r ,  t h a t  " b e s i d e s  j i t
d e s i g n ,  j l a n n i n j  a^ !>o u  on q u e s t i o n s  i uch . is:

1) what  u; g r a d i n g  p l a n t s  t o  i n s t a l l ;

2) what  j u a n t i t i  s  t o  e x t : a c t ,  a s  a f u n c t i o n  of  t i m e ;

3) what ' i n  i n ,  me t hods  t o  u : , e ;
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*0 what  m a r k e t  t o  s e l e c t ;  and

f 11 -, n : N o i t a t i o n  f a c i l i t i e s  t o  p r o v i d e *

!!u} !.l. *•* l’ :i i n t i t r i t e  r e l a t i o n  . h i p  b e t we e n  a l l  t h e  a b o v e
‘ ‘ 1 1 t o  c o n s i d e r  any one  c omp on e n t

1a ‘ V , ’ * • * ‘ " i f  ho n a t i c a l  model  t a k i n  j i n t o  a c c o u n t  a l l
] 1 T -at iv. ' : ;  -.1 mul t  tn-'ou i ly  woul d ,  however  , be o f

y L ‘ 11 1 1 f d;,a i t ' "  s o l u t i o n  would be  beyond t h e  meansol  i r e s e n t  knowhow*-"

] 1 ?lt' / i n  m a t h e m a t i c a l  k n o w l e d j e  i s  ove r come  by a
t o c h n c l o j i c . i  i l e v e l o ;  ner.t  oi  c o m p u t e r ,  m a t h e m a t i c a l ,  Si mu l a -  

1 v " . '*" i jn not  hods* Th e s e  methods a r e  pto- j rueai ed t o
c o n s t i t u t e  t h e  d e l  d e s c r i b e d  by t h i s  t h e s i s *  They a t e

11 1lj 1' • 1 v i s e d  t o  d u p l i c a t e  t ho  p h y s i o - e c o n o m i c  e n v i r o n -  
l! ""* y ; an °I  ’n I i t  n-ine* The Model  d e s i  j n s ,  e v u l u  i t e s  and
I i p t l a  1 1 > p l a n s  t h e  i t e m ; i n  t h e  p r e c e d i n g  l i s t ,  i n  t h e
fo*. I o w i t j  ma n n e r :

1) - " h o  n i n e  e n v i r o n m e n t  i s  j i v e n  by t h e  u s e r  i n  t e r m s  o f  
" p r o l i . t  i t  hot  p r i c e s ,  t h  * mine*. ,  c o s t  s t r u c t u r e ,  

t h e  i p I r c x i  mat e  p r o d u c t i o n  c a p a c i t y  and t h e  p i t  p r o d u c ­
t i o n  met hod*

?.) The  Model  p e r f  o r  .rs t h e  f o l l o w i n g  f u n c t i o n s :

A* s e l e c t s  t h e  e x a c t  ( r e d u c t i o n  c a p a c i t i e s  o f  t h e  
u ;  ji  id i n  j pi  i n t  .,

B* c o m p i l e s  a n n u a l  p r o d u c t i o n  t a r  j e t s  and c u t - o f f  
g r  a 1m ,

C* d e s i  3 ns  t h e  f i n a l  , i t  s u r f a c e ,
D* s i  n i l  a t e a  t  h-' ( i t  ; r e d a c t  i o n  method t o  j i v e  i

t i  -(' and l o c a t i o n  r e c o r d  of  t h e  i n n u i l  p r o d u c ­
t i o n ,  and

: •  c o n d u c e s  t h e  p r o f i t a b i l i t y  of  t h e  v e n t u r e *

l o r  ;o > " r n i n ;  a t t r i t i o n s ,  i t  w i l l  be p o s s i b l e  t o  va r y  t h e  
e n v i r o n  u n t i l  c o n d i t i o n  . 1 i . t od  in  t h e  f i r s t  subi  a r a j r a p h *
T h o s 0  son i i  t  i on . ; ,  wni h a r e  vai  i a b l  , a r e  c h a n y e d  one a t  a 
t i m e  t o  f i n d  * h*» i 1 - 1 1 d i l u t i o n  ( oi e x p l o i t i n g  t h e  u s e r ’ s
d e p o s i t • T ie '  i d  >a 1 s o l u t i o n  i s  c h o s e n  i . t h e  u s e r  f rv n t h e
c o m b i n a t i o n  of  e n v i r o n  i n t  i l  c o n d i t i o n s  y i e l d  i n j  t h e  j r e a -  
l e s t  | i  o f  i t ,  a ; co. | ;t : by t h e  Model*

T h e r e  i s  o n e  l a s t  open  j i t  d u s i  jn r e f e r e n c e  t h a t  s h o u l d  be
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m o n t i c m '#» ? •  J« !Ui t . r a n  a n, i C* G• Var raa (1) ha vo wr i t t e n  a
I ' ape r i e s c i i b i n j  an open i i t  d e s i g n  mode i w li i c h a l c o  i s
h a s  ‘d <an t h e  L e r c h o' .  ; n j d l  j o t  i t h m • Th e i r model
i>t?r f o r  m: - o n l y  t h e  d o j 1 j ;; f u n t;t Lon f o r  t h e  f i n a 1 i i t u r f a c e *
Ad l i t  ioin a l l y ,  th«-y su j j e s t i o n a  f o r t  he me t h o i s  o f
y r ado [ r e d i c t i o n  and co' jt.  i r. j t h a t  a r e  a  ta o >ed i a t h e Model
d e s c t  i b e d  by t h i

■

ll
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CHAPTER SIMULATION CF THE SURFACE MINERAL DEPOSIT
"=="=======%&=r%S=SZr=S=3===S======R===S====3

3* 1 OPENING DISCUSSION

Tho s u r f  lew 
t o  p r o v i d e  a

n i n o r a l . l e p o s i t  j i v o n  b'j t h e  u s v r  i s  s i m u l a t e d  
r e c o r d  o f :

1) t h o  i m p o r t a n t  s t r u c t u r a l ,  j o o l o ; i c  and p h y s i c a l  f e a t u ­
r e s ,  and

2*- t h e  s p i t i a l  d i s t r i b u t i o n  of  m i n e r a l s *

The s i m u l a t i o n  u s e s  a c o mp u t e r  a n a l o g u e  o f  a 
- d i m e n s i o n a l  ^ r i d  s y s t e m  s u p e r i m p o s e d  on t h e  u s e r ’ s  dej  
T h i s  c c i [ U t . « t  i n a l o  ; ue  i s  d e v i s e d  wi t h  t h r e e - d i m e n s  
FORTRAN a r r a y s *  The a r r a y  s u b s c r i p t s  c o r r  - spond t  
i n '  e i  ; e c t i o n  o t h o  i id e '* s f i x  - a n e t w o r k  o f  1

t h r e eu s e s
o s i  t  •

d i m e n s i o n a l
ay s u b s c r  i i t
j . . a. . M e 2

c o r r  spond t o  t h e
i n ' e r s e c t i o n s oi  i d

f u r n i s h o t  t h e  a r r a y  a d d r e s s  (I 
f u r t h e r  i n  S e c t i o n  3*2*

The s t I  i c t u t  i i , j e o l o  j i c  and p h y s i c a l  f e a t u r e s  i o  j u i r i n  j 
s i m u l a t i o n  i i "  i l l  t l ios» whi ch c o u l d  a f f e c t  t h e  d e v e l o p m e n t
o f  in open p i t  a i n i n j  s o l u t i o n *  For e x a m p l e ,  t h e  m ' t h o : o f  
m i n e r a l  ji i . le p r e d i c t  i on  u i s t  ho s e n s i t i v e  t o  t h e  m i n e r a l i ­
z a t i o n  zon s; which h a v e  e v o l v e d  f rom d i f f e r e n t  j o o l o j i c  
p t o c o s s f  .>• C< - ;<< j u e n t I )  , i t  . n e c e s s a r y  t o  i u e n t i f  t h e
b c u n l a i  i n s  o f t h e s e  >ue ; so  t h a t  t h e  p r e d i c t i o n  of  m i n e r a l
va i-'.; i n  i ; i r t i c u  i u i  zone i s  not  i n f l u e n c  i. y i n e r a l
S a m p l e s  cor. i r, j f i  >r a n o t h e t  zon * Th o zo s  c o u l d  he 
1 our i u i  1 /  i m l t  ;, int.  i u . J  or . s ,  t h e  wa t e r  t ,bl< arf.  s u  f o r t h *  
The b o u n d a r i  d e l  i t i t i n  j t h t  s  • r i n v - r a l i z a  t i o n  z o n e s  a r e  
s i r  a l i t  . hy t o i t i n j  t h “ ; i >s c n e e  or  n o n - p r o s e  i c e  of  e a c h  
f e a t  ii.e it t : > i n i  -r :t i o n s  of  t h e  j r  i d  s y s t e m ’ s l i n o
ne t  wot!;* Th ; imul  it i on  of  t h e s e  s u r f a c e s  is d e s c r  i bed  i n
S e c t  i on  1*1*
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i' coa j pu t u i  [ r<>,rar,mos . i re  d i s c u s s e d  i n  d e t a i l
d - '  o i l y  ' h° w t l i e  l r o j r  ji.' Btis a r e  m o d i f i  . 0 1  d i f f e r e n t

l n*s l i n t -  n e t wo r k *  (The r e c o v e r  i b l e
w i n c c a j s  a r c  t h o s e  c a j a l l e  o f  b e i n j e x t r a c t e d  f rom t h e  
d e i o j j t  wi t . i  .1 j r o f  i t  •) L i ch e s t i m a t e  o f  t h e  r e c o v e r a b l e  
■ i n e r a l  a c c u T j ;  i t . o n  i s  1 p o i n t  d e n s i t y  i n  t h e  s r a t i a l  
d i s  1 aL-ut ion o. i n e i  i l s *  The two c o m p u t e r  p r ogr ammes  d i s c u -  

i n  S e c t i o n  i •4 a r e  used  t o  e s t i m a t e  t h e s e  m i n e r a l  
a c c u m u l a t i o n s  f rom t h e  s a m p l e s  t a k e n  o u t  of  t h e  e x p l o r a t i o n  
b o r e - h o l c s *

4

3* 2 S I'L iCTION OF A GRID 3YSTZM

^' l0 j 1  ̂ * s y t . t e  i - an i m a j i n a r y  n e t w o r k  o f  l i n e s  s u p e r i m ­
p o s e ]  on t h e  s p e c i f i e d  i e p o s i t *  T' .e n e t w o r k  o f  l i n e s  i s  a 
t h r e o - d i  i e n o i o n a l  a r r a n ; e » e n t  f o . m i n y  a s e t  o f  r e f e r e n c e  
p o i n t s ,  p l a n e s  m 1 . i t i o n s #  T h i s  s p a t i a l  r e f e r e n c e  s e t  i s  
u sed  t o  ao f  Lne t he e s s e n t i a l  n a t u r e  o f  t h e  j i v e n  deposit a t  
the  r e f e r e n c e  p o i n t s *  Any d it.a c o l l e c t e d  t o  d e s c r i b e ' a  p o i n t  
i n  t h e  d e p o s i t  i s  s t o r e d  i n  a d a t  t s e t  by r e f e r e n c i n g  t h a t  
d a t a  wi t h  t h  c o - o r d i n  a t  i l o c a t i o n  o f  t h e  j i v e n  j o i n t *  Thus ,  
t h e  s p a t i a l  d i s t r i b u t i o n  of  any v a l u e  i s  d e f i n e d  wi t h  
r e f e r  o n c e  t o  t h e  f i x e d  c o - o r d i n a t e s  of  t h e  g r i d  system*

The s p a t i a l  " e a t  i r e s  o f  t h e  j r i d  s > s t e m u s e d  t o  r e f e r e n c e  
d a t a  s e t . ,  a r r» l e f  i n v  1 l.c»low* I ' hese d e f i n i t i o n s  a r e  i l l u s t -  
r . . t e d  i n  F i j *  3*1*

1) Gi i i C o - o r d i n > t  ' s :  The ; r i 1 c o - o r d i n a t e s  a r e  t h e  number
of u n i t  i n t e r v a l  d i s t a n c e s  f rom t h e  o r i g i n  a l o n g  each
a x i s *

2) Gi i - i n t e r s e c t i o n  .: The , r i d - i n t e r  s e c t i o n s  i r e  t n e  -
j o i n t s  c >n on t o  t h e  gi i d  s y s t  -m * s  f 1 x«-d ne t  wor < o f
1 i n o s *
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3) G r i J - l  luc' -;. ;: 
i n t e r s e c t  i n j  
- i n t e r s e c t i o n s *

"lie cjr i l l -1 l oc k  b o u n d a r i e s  a r e  t h e  p l u n e s  
tie* l i dwj y  i o i n t s  b e t we e n  j r i d

P "Ik j t  i d - b l o c k s  r e p r e s e n t  a u n i t  n a s s
d e p o s i t  in i t s  un . r i ned  s t a t e *  The j r  i d  

- i n t e r s e c t i o n s  a t "  a t  t h e  j e o n e L r i c a l  c e n t e r  o f  t h e  
^ r i d - b l o c k s *

,>i i .(u; t i o n : A i r  i d - s e c t i o n  c o n s t i t u t e s  a l l  t h e  j r i d
- l  toc:<:, o c c u r r i n j  l e t wo o n  t h e  j a r a l l e l  p l a n e s  which a r e  
p e r p e n d i c u l a r  t o  any o f  t h e  t h r e e  c o - o r d i n a t e  d i r e c ­
t i o n s ,  i r e  c e n t e r e d  on any p a r t i c u l a r  j t  i d c o - o r d i n a t e ,  
uuu ha ve  a j u j  o %u a 1 t o  t liu u n i t  i n t e r v a l  u i s t i n c e *

5) G r i d - l e v e l :  A , r i d - l e v e l  i s  
h o r i z o n t a l  j r i d - n v c t i o n *

h o t i z < or  n e a r l y

The ji  id c o - o r d i n a t e s  a r e  s c a l e d  down d i s t a n c e s  from t h e  
a c t u a l  d i s t a n c e s  t o  c r e a t e  s m a l l  i n t e g e r  v a l u e s  s u i t a b l e  f o r  
* & s u :  s c r i p  t s *  T h e s e  . . ub s c r i *  t s  Lecome t h e  a d d r e s s e s
f o r  t h e  s i  a t i u l  . ,t.a s e t s  s t o r e d  i n  F03TSAN a r t  t ys* The 
s e a l  i n j  i s  .n p r o p o r t i o n  t o  t h e  u n i t  i n t e r v a l  d i s t a n c e s *

t . •
2* 1 GRID SYSTEM TYPF.53*

The j t i d  Sys t e m i s  d e s i g n e d  by p l a n n i n g  t h e  u n i t  i n t e r v a l  
d i s t a n c e s  b e t we e n  j t  i d  c o - o r d i n a t e s  and t h e  a n g u l a r  sep a r a ­
t i o n  h ?t wean t h e  axe * T h e r e  a t e  f o u r  b a s i c  g r i d  s y s t e m  
t y p e s  whi ch  a r e  c o n s t r u c t e d  f r o  i tie* c o m b i n a t i o n s  o f :

1) t e j a l a i  or  i r r e g u l a r  u n i t  i n t e r v a l  d i  ; t a n c e s ,  and

2) r e c t a n g u l i r  o r  n o n - r e c t a n g u l a r  a x e s *

The most  
r e  j u l  tr ly
a x e s *  I ,est- 
e a c h  a x i s  
a l l  a XL .* 
regul it 1 / 
g r i d - 1  ?v«tj 
t h e  d e p o s i t

com o n l y  u s e  1 g r i d  sy 
s p a c e d  u n i t  i n t e r v a l  

an i t  i n t e r . ’a 1 d i s t a n c e s  
a 1 t hou  j a t i ivy need ne t  
The i l l u s t r a t i o n  i n  

s p a c e d  m l  r e c t a n g u l a r  
i n  i s i g n n d  t o  i n  ; u r e  

1 ; ui  f i c - 1 i s  w i t h i n  t he

. t e a  i s  c o n s t r u c t e d  w i t h  
i i s t t r e e s  and r e c t a n g u l a r  

a t e  e g u a 11 /  s p a c e d  a l o n g  
t o  t h e  same i n t e r v a l  f o r  

F i , *  3*1 i s  one  o f  t h e s e  
g r i d  s y s t e m s *  The z e r o  

t h a t  t h e  h i g h e s t  p o i n t  on 
•grid . y s t v  r,•

The i j j u l u r l y  s p t e e  1 and r e c t a n g u l a r  g r i d  s y s t e m i s  a good 
s i m u l a t i o n  f a i s . , l  v<? d e p o s i t s  wi t h  u n i f o t  m . n i n e t a l

I >r t h  - i c  d e p o s i t s ,  gt i lc» p r e d i c t i o n  c a n  bo
1 /  e . t i  i . i t i n j  t h e  ini  r a  1 g u a n t i t e s  i n  an .

g u a n t i t i '  ;* 
C d l c u 1 1 1 ed

.
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I d t  t i c u l u i  j r i d - l e v o l  s o l e l y  f rom t h o  a s s a y s  o c c u r ! n  j on 
t . i a t  j r i d - l r  v >' • H o v i v e r ,  t h i s  h o r i z o n t a l  i n t o i  v o l i t i o n  i s  
not  • d c c > ; t a 1 l e  f o r  I e % o s  i t ; o f  which t h o  j r i J  s y s t e m  must  
p o r t r a y  any o f  t h o  f o l l o w i n g  c h a r a c t e r i s t i c s :

1) z o n a l  m i n e r a l  t r  i n n , ,

2) e r r a t i c  i r Lner a l  l u a n t i t i e s ,  and

.i) some s ;  i c i f i c  s t r u c t u r a l  f o r t u n e s *

Soder  hu t  j  ar. ! \ i u s c h  ( 1, ; a j e  141) ha ve  warned t h a t  " H o r i z o -  
n t a *  i n t e r p o l a t i o n s  of  o r e  v a l u e s  must  be made wi t h  c a u t i o n *  
homo o r e  o o d l e s  have  a z o n a l  t r e n d  wi t h  a d e f i n i t e  s t r i k e  
d i r e c t i o n ;  o t h e r s  h a ve  o r *  v a l u e s  t r e n d i n j  a t  d i p s  up t o  
v e r t i c a l ,  wi t h  : • f i n i t e  c u t - o f f s  . n v a l u e s  n o r  1 1 t o  t h e  u i v 
z o n e s *  i n  s uc h  c a s e s ,  h o r i z o n t a l  i n t e r p o l a t i o n  o f  v a l u e s  
wi l *  * Mi i lea-:  i n  j *"  For  t h o s e  s i t u a t i o n s ,  Soderb-  r y and 
Ra s c b  t •»co i~ >n 1 t h  i t  t h e  j r u  ]<• p r e d i c t i o n  c a l c u l a t i o n s  he 
made wi t  , v e r t i c a l  j r i d - t i e c t i o n s  and t h a t  t h e  i n f o r m a t i o n  be 
t r  an ;f or r v  I to t h  h o r i z o n t a l  - j r i  f - s ^ c t i o n s *  However ,  t h i s  
p u r e l y  c h a n j e s  t h e  d i r e c t i o n  o f  t h e  i n t e r p o l a t i o n  c a l c u l a ­
t i o n . . ;  and t he :  ‘ f o r e  t h e  s a e  p r o b l e m s  . . t i l l  e x i s t ,  e x c e p t  
i n  a d i f f e r e n t  d i m e n s i o n *

An o t h e r  s o l u t i o n  t o  t h i s  r e p r e s e n t a t i o n  p r ob l em c a n  be 
f o r m u l a t e d  by c o n s t r u c t ,  i n  j g r i d  s y s t e m s  wi t h  d i f f e r e n t  
c o n f i g u r a t i o n s  f r o  t h e  t r a d i t i o n a l  r e g u l a r l y  s p a c e d  and 
r e e l  ing i l a r  j r  i d  s y s t e m*  The a ns we r  i . ,  t o  d e s i g n  t h e  j t  i d  
s y s t o  - t o  r<*t r • ;e: t t h e  m i n e r a l  b e a r i n g  r o c k  s t r u c t u r e s *  
T h e s e  y r  i d  s ,  i . t e * s  a r e  c o n s t r u c t e d  by:

1) s p e c i f y i n g  t h e  c o - o r d i n a t e  i n t e r v a l s  e y u a l  t o  t h e  rock  
s t r u c t u r e  s p a c i n g ,  and

2) or  i e n t i  n t h e  g r i d  a x e s  p a r a l l e l  t o  t h o  maj or  m i n e r a l  
t r e n d s *

The f o l l o w i n g  two e x a m p l e s  i l l u s t r a t e  t h e  t y p e  o f  j t  i d  
t ' s i s  which c an  he c o n s t r u c t '  d t o  ove r come  t h e  r e p r e s e n t a ­

t i o n  pi o l i o  * F i r s t l y ,  c o n s i d e r  a r e g u l a r l y  s p a c e d  but  
n o n - 1f e t a n g u l  it g i r d  s y s t e m :

The v e i n  d e p o s i t  an 1 g r i d  :‘.yst« ; i l l  a s t  i u t e d  1 y t h e  c r o s s  
- s e c t i o n  view n l i g *  3*2A* The g r a d e  p r e d i c t i o n  if m i n e r a l s  
i s  c a l c u l a t  'd i n d i v i d u a l l y  for  o..ch g r i d - l e v e l  p a r a l l e l  t o
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v vho n j n o t a l  j u . i n t i t i e s  o f  a p a r t i c u l a r  j t i d - i e v e l  
a r e  <*.st i  >ia t o a  from t l .v  Kisay c o m p o s i t e s  t a k e n  i n  t h a t  
j i i  r i " V ' «  i n  t h i s  way,  t h e  z o n a l  l i n e r a l  t r e n d  o f  t h e  v e i n  
d e p o s i t  i s  s i m u l a t e ]  t o  a v o i d  e s t i m a t i n g  m i n e r a l  , u a n t i t i c s  
f rom a..:, i / s  t a k e n  i n  d i f f e r e n t  m i n e r a l  t e u r i n j  r o c k  s t r u c t u ­
r e s *

S e c o n d l y .  c o n s i d e r  a r e c t a n g u l a r  j r i J  s y s t e m  o f  which t h e  
h o r i z o n "  1 1 ; r i J  a x e s  a r e  e q u a l l y  s p a c e d  b u t  t h e  v e r t i c a l
a x i s  i s  i r r e j u l a r l y  s p a c e d :

The s  1 1 a t  i  t i  r  e - o s j  t  <md j r i l  s y s t e m  i l l u s t r a t e d  by t h e  
c r o :  ; - s e c t i o n  , *• • w i n  l i j *  3*2.,* The c o - o r d i n a t e  i n t e r v a l s  
i n  t h e  v e r t i c a l  Sir ‘Ct i on ha ve  l,een c o n s t r u c t e d  t o  c o r r e s ­
pond t o  th»* l a y e r  t h i c k n e s s  of  t h e  r ock  s t r a t i *  The m i n e r a l  
q u a n t i t i e s  o f  i p a r t i c u l a r  j t i d - l e v * * !  can  be e s t i m a t e d  f rom 
t h e  as . ,  i ; c o m p o s i t e s  t a t e n  f rom t h e  same ; r i d - l e v e l *  In t h i s  
way,  a s :  ly c o m p o s i t e s  t a k e n  f rom d i f f e r e n t  r o c k  l a y e r s  w i l l  
no* i n f l u e n c e  t h e  j r  t de  p r e d i c t i o n  c a l c u l a t i o n s *

The . c o n s t r u c t i o n  of t h e  j r i d  s y s t e m  t o  r e p r e s e n t  t h e  l e p o s i t  
. i s  r i p o r t a n t  t o  i n s u r e  t h e  a c c u r a c y  o f  t h e  j i a d «  p r e d i c t i o n  

c a l c u l  1 1 i o n s *

3f 2* 2 DIMENSIONS OF THE GRID SYSTEM

The j r i d  s y s t e m  an 1 t h  > c o - o r d i n a t e  i n t e r v a l  d i m e n s i o n s  must  
be c o P j i t i b l e  wi t h  b o t h  t h e  d e p o s i t  s i z e  and t h e  s t o r a j e  
c a j a c i t y  of  t h e  co ; u t e r  u s e d  t o  e x e c u t e  t h e  Yo’ e l • Obv i o u ­
s l y ,  th•j yr id sy. , t em mu.. t  be l a r g e  e n o u j h  t o  c o n t a i n
e n t i t  »1j my . i t  th it co : 1 } t d e r i v e d  f rom t h e  d e p o s i t • The 
number oi  j t  id c o - v t a i n a t v s  i l o n  j t h e  axe d e t e r m i n e  t h e  
t o t a l  number  o f  j r i d - i n t e r s * c  t i o n s *  The 1 i t  a s ^ t s  c r e a t e  1 t o  
d e s c r i b e  th« j i t  and d e p o s i t  h a w  a met Le t  f o r  e a c h  o f  t h e s e  
g t i d - i  n t • r ; ‘ : t i o n ; • Con »- pu- n t l y , t h e  u n i t  i n t e r v a l  d i s t a ­
n c e s  must  t 1 1 iv j o  er .oi  .h t > - n u b l e  t h e  c o mp u t e r  t o
accommoda t e  t h e  da t a  s e t * *  The c ompu t e r  c a p a c i t y  r e j u i r o d  
f o r  t h e  l a t  j e s t  \ r o ; r  i t  me i n  t h  Model  i s  t v  nt., two by t e a  
per  ji  i 1- in t >rs - : t i o n  for  t h ? l a t a  ; e t s  d o . . c r i l  i n  j t h e  p i t
and d e p o s i t , in d in ad., i t i o n  a 1 2 1 0 , 0 0 0  Ly t« s f o i  t h e
p r o g r a m ?  » an i r e , l i n i n g  d a t a  sets* Th e s e  cap a i t y  <‘ s t  i .  it  ?s 
a r e  s l i g h t l y  j-*n r «us t o  a l l  ) v f o r  u n c e r t a i n  e v e n t s *  The 
t o t a l  c a |  i :  1 t y  c o a l  1 be t r i  ime] f o r  i j a t  t i c u l a  t t r i a l  o f  
t h e  Model*

The u n i t  i n t e r v a l  d i s t a n c e s  a t e  d e s i g n e d  t o  y i e l d  j t  i d
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-v.lfK-rk:; . w '.or, * h o u r  l a r i e i i  c o n t . i i n  any c o n v e n i e n t  a n i t  
a m o u n t  o f  t h e  ; i t  [ r e l u c t i o n  c a p a c i t y *  T h i s  j r i d - b l o c k  u n i t  
l 'J . 1 '*:1 J 1 iff u u r e n e n t  s t a n d a r d  f o r  t h e  m i n e ' s  t o n n a g e
dn ' ,  VOj 1 ’ cor-r a t a t  i o n s *  The -jr i d - M o c k  d i m e n s i o n s  s h o u l d  be  

o n o ' i ; h  s o  t h a t  the.it* u n i t  t o n n u j o s  and  v o l u m e s  c a n  
d i . . u i  i t e l y  1 M . v t r e  t h e  n i n e  [ r e d u c t i o n  and  s i m u l a t e  t h e  [ i t  
. su i t  i ce*  no r e f  >ro,  t h e  v e r t i c a l  and t r a n s v e r s e  u n i t  i n t e -
r v a l  u j  , ; t  \ ncer;  s h o u  I d  be  an i n t o  j a r  d i v i s o r  o f  t h e  b e n c h
h e i g h t  and  w i d t h  a t  u t  f o r w a r d  f o r  s o l u t i o n  by t h e  j i v e n  
m i n i n j  f t o [ o s a l • A d d i t i o n a l l y ,  t h e  l o n g i t u d i n a l  u n i t  i n t e -  
1 v * 1 "••'O 1 1 d st ; t o x i  • i t o  an  i n t - j  *r u i v i  , or  o r  t h e  o r e
w o r - . i n j  ' a  i ' v a . . ; e  j e r  , e a r #  I n  o t h e r  wor i s ,  t h e  
[ r o u u c t i o n  c a p a c i t y  per  y e a r  of  t h e  s m a l l e s t  e x c i v a t o r  
[ l a n n c  ; f o r  t ,e mi ne  s h o u l d  be  a m u l t i p l e  o f  t h e  r a t e r i a l  
w i t . , i n  t h e  j r i d - h l o c  ; Loun V a r i e s *  I t  i s  not. e s s e n t i a l  t h a t  
t h e  g r i d - b l o c k s  be d e s i j n e . '  i n  t h i s  way;  h o w e v e r , i t  d o e s  
f a c i l i t a t e  t h e  j i t  p r o d u c t i o n  s i m u l a t i o n *

3•• 2•  1 SPATIAL DATA SETS

The . . d a t a  s e t s  u s e d  t o  d e s c r i b e  t h e  d e p o s i t  and p i t  i r e  
a d J r e d s v > ; by u ; i n j  t h e  , r i  1 c o - o r  l i n a t '  .; t o  l i r e c t  t h e
a t t e n t i o n  o f  t h e  con,  u t e  * t o  t h e  s t o r a g e  l o c a t i o n  o f  t h e
d a t a  s e t  members* Accor  i i n  t h e i  • i s  a s t c u a j e  l o c a t i o n
c o r r e s p o n d i n g  t o  e a c h  v a l u e  or p u u n t i t y  comput ed  a t  t h e  
g r i  1 - i n t  r a c c t i o : .  ; r g t i i - b l o c k s *  I n  t h i s  way,  t h e  d e n s i t y  
Of any s p a t i a l  d i s t i l l a t i o n  i s  g i v e n  a t  t h e  p o i n t s  d e f i n e d  
by t h e  g r i d  s y s t e  •

There  a t v  t wo t y p e s  o f  u a t i  s e t s  u se d  t o  s t o r e  t h e s e  s p a t i a l  
d i s t r i b u t i o n s *  Th f i r s t  typ -  i s  j FOIiTRAS a r t  xy wh i c h  " i s  a 
Set  o f  v a r i a b l e s  i d e n t i f i e d  by a s i n g l e  v a r i a b l e  name* A 
p a r t i c u l a r  v a r i i b l *  i n  t h e  a t r  . i; nay be  rdf  or  r e  I t o  t y i t s  
po i t  i m i n  t i e  a r r a y * * *  a c h  v a r i a b l e  i n  t  h i .. m a y  c o n s i s t  ; 
of  t h e  n o e th -1 a r r a y  i m m e d i a t e l y  f o l l o w e d  by number s  
e n c l o  ,e . i n  pa :  n t h  s o . . ,  c  i l l u u  s u b s c r i p t s * "  (2,  a ge  15) 
For “ x - p i e ,  c o n s i ! o r  t h e  m  a , named 'VALUE'  whi ch  h a s  
t h r e e  s u b s e t i . Vi  c o r r e s p o n d i n g  t o  t h e  t h r e e  c o - o t u i n a t e  
d i r e c t i o n s  o f  th'* j :  i d  ; y s t o  i l l u s t r a t e d  i n  Pi g*  1*1* I f  i t  
i s  d e s i r e d  t o  i ddi -v; . ;  tie* j o i n t  i • n s  i t , o f  'VALUE* a t  g r i d  
c o - o r d i n a t e  i  1, J  i in I K - , , t h i s  woul d  be ;

VALUE ( 1 , 3 , 2 ) •

" C r d i n i r y  i t  i t h e n a t  i c a  1 n o t a t i o n  s i g h t  u s e  VALUE i , j , k, t o  
r e  r e s  ?nt any ele,n •nt  o f  t h e  a r r a y  VALUE*" (2,  pa j o  I'J) In
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FOOT ’AN, t h i s  i s  w r i t t e n  a s  VALUL(I , J , K ) •

' , nl  1 1J 1 ,;<lt t y p o  us , s i  t o  s t o r e  t h e  sp a t i a l  d i s t r i  bu -  
lon£’ 1 ' cu i i e l  .i i i i o c t  a c c e s s  l a t a  s e t  • Those  d a t a  s o t s  

on e x t e r n a l  s t o r a j o  d e v i c e s ,  t o r  e x a m p l e ,  a 
may no t i c ,  11 i l ist  a i  o f  t h e  i n t e r n a l  c o m p u t e r  s l o t  a j«*
T. ieso d a t a  i o t s  p r o v i d e  i p e r m a n e n t  r e c o r d  and m i n i m i z e  t h e  
i n Un. n 11 -O' 1 u t  r . t  i; sje . e ]uii e m e n t s • A d d i t i o n a l l y ,  t h e y
" a l l o w  t h«> a ;.«r t o  s p e c i f y  t h e  l o c . i t i o n  w i t h i n  a d i t r  s e t  
1 1 or-i wi. ; ch  l a t a  i . t o  ! e r ' a d ,  or  i n t o  which d a t a  i s  t o  be 
v l L i l " u *" ( 2 ,  I -a jo 51) The F0TT1AN s t a t e m e n t s  ’ RTAD1 and 
'WRITE'  " c a u s e  t r  i n s f e r  of  d a t a  i n t o  o r  f rom i n t e r n a l  
s t o r a  j • "  ( 2 , , !  )*' 53) ' The 'E. lAP'  and 1XRITE1 s t a t e m e n t s  have  
t h e  f o l l o w ! n j  f o r  s a t :

*2AD(a*r )  l i  t  
WRIT: ( a* r )  l i s t  

wh/?ro:  ' a ' r  ’p r e s e n t s  t h e  d a t a  s e t  r e f e r e n c e  number
f o l l o w  >1 by an a p o s t r o p h e *
* t ' repr<*s n t s  t h e  , s s i t i o n  of  a r e c o r d  w i t h i n  

. V t h e  d a t a  s  t  a s s o c i a t e !  wi t h  ' a ' •
' l i s t '  i s  a s e r i e s  o: v a r i a b l e  or  a r r a y  names*

For  t x a n p l e ,  t h e  • o '  low i n  , ' WRITE' s t a t e m e n t  w i l l  ca a-to t h e  
i n t e r n a l  va 1 u ’ o f  ' G ̂  A r : '  t o  w r i t t e n  on d a t a  s e t  t e n  i n
l o c a t i o n  ' 5 0C ' :

WRITS( 1 0 ' L O C )  GRADE

I f  i t  i s  ' s i r e !  t o  ' WRIT: '  t h e  p o i n t  d e n s i t y  of  'GRADE1 a t
y i ; <1 c o - o r  i n i t e  I = 2,  J  = U m  l K = J ,  t h e  r e c o r d
l o c a t i o n  ' LOG1 i s  f o n d  wi t h  t h e  f o l l o w  i n j  e q u a t i o n :

L0C=f: i* n . u  ( F- 1)  +31* ( d - i )  ♦ I

K h e r e ;  ' M I '  a nd  ' .’i d '  a i «« t h e  ma x i s  us  j r i d  c o - o r d i n a t e s  i n  
t h e  I a nd  J  c o - o r d i n a t e  d i r e c t i o n s *

For t h"  j i i d  . ,y..t- o i l l u s t r a  -.1 i n  Fi  y* 1*1;

L C C * ? * ' ) *  ( 3 - 1 ) + 7 x ( 4 - 1 ) ♦ 2 
L 0 C ~ 149

When t h e  ' WRIT" '  s t a t e m e n t  i s  e x e c u t e d  w i t h  t h e  c o i r e s p o n ­
d i ng  v a l u e  . of ' LOC' a n .  ' RAD: ' ,  i t  w i l l  c a u s e  the r e c o r d
t o  he t r a n s f e r :  d r o  i n t e r n a l  s t o ; i j <  t o  t h e  a p p r o p r i a t e



PAGE 2 0

l o c a t i o n ,  on t Ik* d i r e c t  i c c u u s  d e v i c e •

ihu t h e  two d i t a  .jc» ty^ e s - - a r r a y  dnd d i r e c t  a c c e s s - -  a r e  
cre«i tee,  t o  : : i : ; u l d t e  t h e  s t a t i 1 3 d i s t r i b u t i o n  f u n c t i o n s  or 

1 1 ‘ a " l' f-oifo -l i t* The i m p o r t a n c e  o f  t h e s e  d a t a  s e t s  i s  i n  
t » e  c o n s t r u c t i o n  o f  a t e c h n i j u o  t o  c o r r e l a t e  t h e  c o m p u t e r  
s t o r a j e  i o c a t i o n  o f  t h e  d a t a  s e t  members  w i t h  t h e i r  l o c a t i o n  
i n  t h e  d e p o s i t *

3* 2 •  4 SOKF PR0S3AKMIXG CONSIDERATIONS

The g r i d  c o - o t  : i n a t e s  and t h e  a c t u a l  d i s t a n c e s  r e p r e s e n t  two 
d i f f e r e n t  k m s u t e  l e n t . s e a l e s  l o r  t h . - u s e r ' s  u e p o s i t *  The two 
s c a l e s  a r e  m i x ' d  i n  . ,o»o of  t h e  c o mp u t e r  p r o j r a ,;i no e x p r e s ­
s i o n s *  C o n s e q u e n t l y ,  s e a l  i n j  f a c t o r s  a r e  i n c l u d e d  i n  t h e s e  
c o o p e r a t i o n s  t o  c o n v e r t  b e t wee n  a c t u a l  d i s t a n c e s  and t h e  
j r i d  c o - o r  d i n  i t  v.;* ' h i s  i s  s i m p l y  a m a t t e r  o f  s e a  1 i n  j t h e  
d i s t a n c e s  i n  p r o p o r t i o n  t o  t h e  u n i t  i n t e r v a l  d i s t a n c e s  
be-*ween j r  - : c o - o r d i n  i t e s *  However ,  t h e  s c a l e  c o n v e r s i o n  
muct  t a k e  i n t o  a c c o u n t  t l i e  a n j u l a r  s e p a r a t i o n  o f  t h e  a x e s ,  
i f  a n o n - t e c t a n  j u l a r  <jr id s y s t e  .i i s  used* The way in  which 
t h e s e  s c a l e  c o n v - r  . i o n s  a r e  made i s  e x p l a i n e d  i n  S e c t i o n
4 * 1 *

C o m p l i c a t e d  j r  i d  s y s t e m  d e s i g n s  s h o u l d  and \ rot  aLl y  can  be 
a v o i d e d  t o  1;• ■ ' p t h e  c o mp u t e r  p r ogr ammes  s i m p l e *  The i n o j u -  
I d i 1y s p a c e d  y t i d  s y s t e m s  a r e  an u n n e c e s s a r y  c o m p l i c a t i o n ,  
i f  a r e j u l a r  , r i d  can  1 o d c . , i j n e d  by r e d u c i n g  i l l  t h e  u n i t  
i n t e r v a l  d i s t  i n c v s  t o  e j u a l  t h e  s m a l l e s t  s i j r . i f  l e a n t  r oc k  
l a y e r • T h e n , t h e  t h i c k e r  r o c k  l a y e r s  a c e  s i m u l a t e d  by 
b u l l  :i  a j up t h * o i Ml  u n i t  i n t e r v a l  d i s t a n c e s *  A d d i t i o n a l l y ,  
t h e  n o n - c ‘c t a n g  l i a r  j r i d  c an  be u s e d  c o n v o i n e n t l y  f o r  t h e  
Gr a d e  Pr e d i : t i , n  Pro  j r anmv,  and t h e n  s u b s t i t u t ' d  L/ a 
r e g u l a r  g r i d  r or  t h e  r e a a i n i n g  c o m p u t a t i o n s  o f  t h e  Mode l • 
T h i s  c h a n g e  i s  m i l e  ?m i l /  , y t r a n s f e r i n g  t h e  p o i n t  d e n s i ­
t i e s  a t t h  g r i d - i n t e r s e c t  i o n s  i n  t h e  n o n - r e c t a n g u l a r  g r i d
t o  t h e  ' p o s i t i o n  i n  t h e  r e c t a n g u l a r  g r i d *

3* 3 s i E UL A " i o n  o r  t ; u :  l e i  o s  i t  s t r u c t u r a l  p u a t u s s s

Mo s t  d< . o s l t  r, hav ■ s t r u c t u r a l  f e a t u r e s  t h a t  i n t e r f e r e  w i t h  
some o f  t h e  M o d e l ' s  c o m p u t a t i o n s ,  a s  *-xt 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  1*1* T h e s e  s t r u c t u r a l  f e a t u r e s  a r e  t h e  r o c k  f o r m a ­
t i o n s ,  t o p o g r a p h ; ,  f a u l t  z o n e s ,  wa t e r  t  t b l v ,  md s > f o r t h .
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E i i L ^ - F ^ v ? M : t n r u v 4 .? T .! \   ̂ 11 d e c i s i o n  c a p a b i l i t y  t o  b r a n c h  t h e  c o mp u t e r
r , + - % i" 1 1). " c o m p u t a t i o n s  which a r e  a p p r o p r i a t e  f o r  t h e  
‘ ' 1 v ‘ 1 ! l y r i c a l  c o n d i t i o n s *  T h i s  i s  a c c o m p l i s h e d  by 
p o j i . i  .mirij  t ,io o d e l  t o  r e c o g n i z e  t h e  r e g i o n s  d i s t i n g u i s h e d  
by t h e  s t r u c t u r a l  f e a t u r e s *

The f o l l o w i n g  two e x a m p l e s  d e m o n s t r a t e  t h e  need  t o  s i m u l a t e  
t h e  s t r u c t u r a l  f e a t u r e s :

1) C o n s i d e r  an i n t r u d e d  l o c k  s t r u c t u r e  t h a t  h a s  a d i f f e ­
r e n t  ; i n o r a i  c o m p o s i t i o n  t h a n  t h e  r e m a i n d e r  o f  t h e  
d e p o s i t *  T h i s  d i f f e r e n c e  makes  i t  n e c e s s a r y  t o  i n s u r e  
t h a t  a s s a y s  t a k e n  i n  t h e  two z o n e s  a r c  n o t  used 
t o g e t h e r  t o  p r o d u c e  t h e  m i n e r a l  g r a d e  p r e d i c t i o n s *

2) C o n s i d e r  a p i t  s u r f a c e  whose s a f e  w a l l - a n g l e s  de pe n d  on 
t h e  r e l a t i v e  c i i e n t a t i o n  o f  t h e  p i t  w a l l s  ‘ t o  t h e  
be M i n g  p i  i n e s  o f  t h e  r o c k  f o r m a t i o n s *  The v a r i a b l e  
s a f e  w a l l - a n g i e s  make i t  n e c e s s a r y  t o  d e f i n e  t h e  ^ i t  
z o n e s  l i r  i t e d  by a p a r t i c u l a r  s a f e  w a l l - c   ̂j l e *

The s h a p e  of  any s t r u c t u r a l  f e a t u r e s  c a r  be s i m u l a t e d  t o  
make a c o m p u t e r  a n a l o g u e  o f  t h e  \ i t  and d e p o s i t *  In a d d i t i o n  
t v  t he s * '  p h y s i c a l  o r  s t r u c t u r a l  f e a t u r e s ,  t h e r e  r a y  be  l e g a l  
r e s t r i c t i o n . ;  or. t h e  p i t ,  f o r  e x a m p l e ,  p r o p e r t y  l i n e s *  The 
same s i m u l a t i o n  t e c h n i q u e s  a r e  empl oyed  t o  make c e r t a i n  t h a t  
t h e  i i t  s u r f a c e  do • ; n o t  e x t e n d  beyond t h e  p r o p e r t y  l i n e s ,  
a s  d e m o n s t r a t e ]  i n  S u b s e c t i o n  6*5*2*

3* 3* 1 INCICATO-’ A ’RAYb

T h e r e  a r e  two t o e n n i  ju a v a i l a b l e  f o r  s i m u l a t i n g  t h e  s h a p e  
o f  t h a  s t r u c t u r a l  f e a t u r e s  an i l e g a l  b o u n d a r i e s *  The f i r s t  
t e c h n i q u e  i s  in i n d i c a t o r  a r r i y *  Thes e  a r r a y s  a r e  s i m i l a r  t o  
t h e  s p a t i a l  d e n s i t y  a r r a y s  d e s c r i b e d  i n  S u b s e c t i o n  3*2*3*
They h a v e  in a r r i y  member c o r r  ' ^ p o n d i n g  t o  e a c h  g r i d
- i n t e r s e c t i o n • The a r r a y  members a r e  p o i n t e r s  whi ch i n u i c a t e  
t h e  p r e s u m e *  o f  t h e  p a r t i c u l a r  s t r u c t u r a l  f e a t u r e s *  The 
d e p o s i t ' s  i o p o g t i p h y  i s  a good e ^ a mql o  f o r  i l l u s t r a t i n g  t h e  
i n d i c a t o r  i t  r i y . • A z " o  v a l u e  i . ;  g i ven  t o  t h e  a r r a y  members 
r e p r e s e n t i n g  g r i d - i n t e r s e c t  i o n s  above  t h e  d e p o s i t ' s  s u r f a c e *  
Any p o s i t i v e  i n t e g e r  v a l u  • i s  a s s i g n e d  t o  t h e  r e m a i n i n g
a n  ay members* The p o s i t i v e  a r r a y  it.* nbot s  r e ;  r e s e n t  g r '  ’
- i n t e r s e c t i o n s  b- ' l o  v t h e  d e p o s i t ' s  s u r f a c e *
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The
i ntv

i n p u t  - i t  a u.;e 1 t c  c r e a t e  t h e  t o p o j r a ;  h i e  f i l e  
c e p t o  o f  t h e  d e p o s i t ' o  s u r f a c e  w i t h  t h e  g r i d  

The i n t e r  c e p  tr, a r e  r e a d
SCORK' i n t ( i  a d a t a  s o t  c a l l e d

a r e  t h e  
s y s t e m • 

•SCORX' •
an a r r a y  w i t h  on>> s u b s c r i p t  whi ch  i d e n t i f i e s  t h e  
3 t i>'  c o - o r d i n a t e  l o c u t i o n  of  t h e  i n t e r c e p t s *  The

s  hoi  i z o n t a l  l o c a t i o n  by s p e d -  
each  i n t e r c e p t *  The v o r t i c a l  
b ' ■ :ome t h e  a r r a y  members* The 
T a b l e  3*1 f o r  t h e  j r i d  s y s t e m

h o t i z u n t  1 1
s i n g l e  s u b s c r i p t  d e f i n e s  t h i s  
f y i n g  an a r r a y  member f o r  
c o - o r d i n a t e s  o f  t h e  i n t e r c e p t s  
• St.0 0K 1 v a r i a b l e  i s  g i v e n  i n  
i l l u s t r a t e d  i n  l i j *  3 # i •

wh e r e :

S u r f a c e I n t e r c e p t s I n p u t
I J K N I4• 1 2 SCORK (1) = 2
2 1 2 SCORK (2) = 2
3 1 1 SCORK (3) = 1
t| 1 i SCORK (4) = 1
5 1 1 SCORK (b) = 1
6 1 1 SCORK (6) = 1
7 1 0 SCORK (7) = 0
1 2 2 SCORK (6) = 2
2 2 2 SCORK (9) = 2
3 2 2 SCORK (10) = 2
• • •
• • •
• • #
7 8 1 SCORK (56) = 1
1 9 2 SCORK (57) = 2
2 9 2 SCORK (53) = 2
3 9 i SCORK (-59) = 1
4 9 1 SCORK (60) = 1
5 9 1 SCORK (:,1) = 1
6 9 1 SCORK (62) = 1
7 9 1 SCORK ((,3) * 1

N = NI * W -  1) ♦ I
• h i '  i s t  h e maximum v i l u e  of •I*

TALIE 3* 1

The m d c i t o i  a r r a y  •TCPC i s  c r e a t e d  t torn 'SCORK* by
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e x e c  ‘m - j  t h e  f o l l o w i n g  FORTRAN s t a t e m e n t s :

READ ( S ,1)  NJ,NJ,NK 
1 FORMAT ( 3 1 4 )

NN» NI * 5 ( J
R2AD (5,1C)  (SCOSK(N),N«1,NN)

10 FORMAT (712)
DO 104 K* 1, ’IK 
N = 0
DO 104 J=1,NK 
DO 104 1 = 1 , NJ
I F  (SCORK (N) -K) 105,  10 3, 103

V 11 = 1
GO TO 104

1 0 3  i : » c
104 TOPC( I , J ,  K) =11

' h i ' ,  ' t"1' and  • N r • a r e  t h e  maximum j r i d  c o - o r d i n a t e s  i n  t h e
* 1 '» ' 0 1 dnd ' K1 c o - o r d i n a t e  d i r e c t i o n s ,  r e s p e c t i v e l y *  The
17 1 i n  s t a t e m e n t  number  t e n  i s  e i u a l  t o  «N11•

T h is  t o p o g r a p h i c  i n d i c a t o r  a r r a y  i s  c o n s t r u c t e d  t o  c o n t r o l  
a l l  c o m p u t a t i o n s  o f  t h e  s p a t i a l  d e n s i t y  f u n c t i o n s *  The 
d e n s i t y  c o m p u t a t i o n s  a r e  b y - p a s s e d  f o r  any p a r t i c u l a r  a r r a y  
member* i f  t h e  'TOPC* a r r a y  i n d i c a t e s  t h e  a i r  s p a c e  a b o v e  
t h e  d e p o s i t ' s  s u r f a c e *  Foi e x a r p l e ,  a s sume  t h e  Model  i s  
e x e c u t i n g  t l . c  c o m p u t a t i o n s  t c  e s t i m a t e  t h e  m i n e r a l  q u a n t i ­
t i e s  a t  e a c h  gr i ' l - i n t  e r r s  c t  run* O b v i o u s l y ,  i t  i s  a r e d u n d a n t  
e x e r c i s e  t o  ^ak-'  t h i s  e ^ t i m r t e  l o r  t h e  g r i d - i n t e r s e c t  i o n s  
r e p r e s e n t i n g  a i r  ' .pace* C o n s e q u e n t l y ,  t h e  Model  i s  p r o g r a ­
mmed t o  r* r o j r i - t e  t h e s e  gr  i u - i n t e r  s e c t i o n s  and t o  a s s i g n
them a z e r o  m i n e r a l  p u u n t i t y  w i t h o u t  g o i n g  t h r o u g h  t h e
comp u t a  t i on ;•

A l l  i n d i c a t o r  n t . i y s  a r e  c r e a t e d  and used  i n  a s i m i l a r  way 
t o  t h e  • VCPO* e x . i  p i e*

3* 3* 2 POLYNOMIAL E.OATIONS

The s e c o n d  t e c h r 1 u, f o r  s i m u l a t i n g  s t r u c t u i a l  f e a t u r e s  i s  
t h e  d e r i v a t i o n  o f  p o l y n o m i a l  e q u a t i o n s  t o  r e p r e s e n t  t h e  
s u r f a c e s  and  b o u n d a r i e s *  Th*’ p o l y n o m i a l  e q u a t i o n s  a r e  c o n s t ­
r u c t e d  on t i e  c o - o r d i n  i t  ; of t h e  j t  i d  s y s t e m*  They a r e  o n l y  
an e f f e c t  i v  ' a l t e r n a t i v e  t o  t he  i n d i c a t e :  a r r a y s  f o r  s u r ­
f a c e s  wi t h  few i r r e g u l a r i t i e s *



r . . i  i t  fur # 0 t  0v“J  ̂1 ^e / a f a u l t  t h t o u j h  whi ch  t h e r e  h a s  been
, '• r 0l- < movenient« As a r e s u l t  o f  t h i s  l o c k  m o v e a e n t ,

t n e  ran* t  a o f m e s  a b o u n d a r y  on e i t h e r  s i d e  o f  whi ch t h e  
l u ; t l 0 i l  c o m m u t a t i o n s  n u s t  be i n d e p e n d e n t  o f  each  

? , v>‘ * , 1 ' *u 1 1 i s  s i m u l a t e d  wi t h  a p o l y n o m i a l  e q u a t i o n  t o
'‘n . 1 y . 1 ' r e l a t i v e  l o c a t i o n  o f  t h e  L o r e - h o l e  s a m p l e s  t o

no b o u n u i r y e  r h i s  f . i u l t  c o u l u  be s i m u l a t e d  wi t h  i p l a n e ,  a s  
i l l u s t r a t e d  i n  T a b l e  3«2»

B o r e - h o l o  I n t e r c e p t s  wi t h  t h e  
B o r e - h o l e  No* Gr i d

1
2o
38

F a u l t  M a n e .  
C o - o r d i n a t e  I n t e r c e p t

2 9 * 5 0
17*50

3 * 0 0

J
1 8 * 2 5
1 4 * 0 0
12*00

M a t r i x  o f  t h e  B o r e - h o l o  I n t e r c e p t s :
I I  J  K 1 |
I 29*50 18*25 4*40 1 |
| 17*50 14*00 14*60 1 |
! 3*CO 12*00 3*80 1 |

M a t r i x  S o l u t i o n  o f  t h e  F a u l t  p l a n e :
66 • 3*1 - 2 7"/ * 5 * J  -  17* 625*% + 3274*075 = 0

0

K
4 * 4 0  

1 4 * 60  
3 * 8 0

TABLE 3* 2

The j t  id c o - o r d i n a t e  l o c a t i o n  o f  t h e  b o m - h o l e  s a m p l e s  
c o mp a r e d  w i t h  t h e  f a u l t  p l a n e  e q u a t i o n *  Then ,  t h e  m i n e r a l  
( ] U a n t i t o  ; on e ich s i d e  of  t h e  f a u l t  a r e  p r e d i c t e d  f rom on l y  
t h o s e  sa  p l » s  comi  n j  f rom t h e  s a n e  s i d e  o f  t h e  f a u l t *  In 
t h i s  wa y ,  s a m p l e s  e x i s t  i n j  on d i f f e r e n t  s i d e s  o f  t h e  f a u l t  
a r e  p r e v e n t e d  f rom a f f e c t  i n ;  t h e  j r a d p r e d i c t i o n s  u n f a v o u ­
r a b l y *

3* 1* 1 SOKE r^OGRAf  XING CCNSIT LPATi ONS

The ern, l o y r m n t  of  t h o s e  s t i u c t u r . i l  s i m u l a t i o n  t e c h n i q u e s  i s  
di scus : . - - . i  and d •- on.it  i „ t e  ! in t h e  n e x t  S e c t i o n *  The f o l l o -  
v i n , l i s t  i t e m i z e s  t h e i :  a d v a n t a g e s  and d i s a d v a n t a g e s *
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The i n d i c a t o r  a r r a y s :

1) a r e  s i r i j  In t o  p rogramme,

/)  a r e  i a p i d  1 y e x e c u t e d  by t he  c o i r p u t e t ,

3) c a n  a c c u r a t e l y  s i m u l a t e  i r r e g u l a r  s u r f a c e s #  b u t

■*) r e j u i c o  a J r o a t  amount  o f  i n t e r n a l  cotnr u t e r  s t o r a g e  
s p a c e *

The p o l y n o m i a l  e g u a t i o n s :

1) r -•.j u i t e  l i t t l e  i n t e r n a l  c o mp u t e r  s t o r a g e  s p a c e # but

2) a r e  d i f f i c u l t  t o  d e r i v e  and programme# and

}) a r e  n o t  a c " * r ^ t e  f o r  h i g h l y  i r r e g u l a r  s u r f a c e s *

The l a r g e  s t o r a g e  r e j u i r e e e n t s  f o r  t h e  i n d i c a t o r  a r r a y s  i s  
p a r t i a l l ; a l l e v i a t e d  by a l l o c a t i n g  two c o mp u t e r  s t o r a g e  
l o c a t i o n s  g o r  a r r a y  . :eniber i n s t e a d  of  t h e  u s u a l  f o u r *  a 
r e s u l t #  t h e  maximum v a l u e  t h a t  any o f  t h e s e  v a r i a b l e s  can  
a d o p t  i s  1 2 # "C"* T h i s  a l l o c u t i o n  i s  e x e c u t e d  I /  l i n e n s i o n i n g  
i n d i c a t o r  a r r a y . ;  wi t h  t h e  FC2TPA f! s p e c i f i c a t i o n  ' INTEGER*!* •

3* 4 SPATIAL DENSITY OF THE DEPOSIT’ S HI NEPAL VALUES

D e s c r i p t i o n  o f  t h e  two c o r - u t e r  grogrammes  us e d  t o  e s t i m a t e  
t h e  s p a t i a l  l e n s i t y  o f  t h e  m i n e r a l  d i s t r i b u t i o n  f o r  t h e  
u s e r ’ s  dog o s i t  i s  c o n t a i n e d  i n  t h i s  s e c t i o n *  The s g a t i a l  
m i n e r a l  d i s t r i b u t i o n  i s  p r e r e q u i s i t e  t o  t h e  d e v e l o g l e n t  of  
t h e  op«‘n j i t  mi n i ng  s o l u t i o n  d e s c r i b e d  i n  Chug t e t  6* The 
f o l i o w i n ,  S j ! n o t i o n s  c o r r e s g  ond t o  t h e  two c o m p u t e r  j r o g r a -  
m»n;;* The,  d e s c r i b e  t h e  i n p u t ,  o u t p u t  and b a s i c  c o n j u r a ­
t i o n s ,  and how t h e s e  c o  g u t a t i o n s  cog e w i t h  i n t e r f e r e n c e  
f rom t h e  g i v n  d e p o s i t ’ s s t r u c t u r a l  f e a t u r e s *

3* 4* 1 COMPUTATION OF THE ASSAY COMPOSITES

The Assay C o m p o s i t e s  Programme d i v i d e s  e a c h  b o i c - h o l e  i n t o  
t h e  g r i d - l e v e l s  d e f i n e d  1y t h e  ro^TPAN a r r a y  a d d r e s s e s  on 
t h e  v e r t i c a l  a x i s  of  t h e  g r i d  s y s t e m*  The a s i  a y s  o f  e a c h  
g r i d - l e v e l  f rom e a c h  b o r e - h o l e  a r e  a v e r a g e d  i n  prog or  t i o n  t o
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i nt ut  ‘  ̂ \ f k ^   ̂ ro!C t h e  e x p l o r a t i o n  b o r e - h o l e y  a r e
a n [ u  d a t a  t o  t h e  Aysay C o m p o s i t e s  P r o j r a m a e #  " h e  f o r m a t  f o r
. “t‘>' , V '1 1 ‘ cn j i y t o '  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  p e r
' ° ' - - ' f i j t h  f o r  e a c h  r e c o v e r a b l e  m i n e r a l  • T a b l e  3*3

p r e s e n t s  t h p  i n p u t  d a t a  f rom t h e  L o r e - h o l e  i l l u s t r a t e d  i n
1  ̂* * * 111 e v ' t t i c a l  u n i t  i n t e r v a l s  a r e  one  h u n d r e d  f e e t *

The s a m p l e s  i r e  r e p o r t ' d  f rom t h e  t o p  o f  e a c h  b o r e h o l e  t o
t h e  b o t  t o n  and  t h  - i r  l e n g t h s  a r e  mea s u r e d  i n  f e e t *  The f i r s t
sani pi t  l e n g t h  i n c l u d e s  t h e  d i s t a n c e  from t h e  z e r o  j r i d - l e v e l

bhe l e p o s  i t * s  . u t - a c e ,  and a d d i t i o n a l l y ,  any b a r r e n  r ock
rom t l lV s u r f a c e  cown t o  t h e  f i r s t  r e p o r t e d  m i n e r a l i z a t i o n *

The i i i ^ t  s a ’ j l e  l e n g t h  i .  r e p o r t e d  i n  t h i s  manner  s o  t h a t
t h e  m e a s u r e m e n t s  c o n f o r m t o  t h e  same base*  In t h i s  way,  t h e
c u m u l a t i v ■ * s a  ' p i e  l e n g t h s  o f  any b o i e - h o l e  w i l l  c o r r e s p o n d
t o  a r e l a t i v e  l o c a t i o n  i n  t h e  g r i d  s y s t e m •

An Example of  t h e  I n p u t  Dat a f rom One L o r e - h o l e
Sa mgl e  No* Sa mpl e  Len g t h 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  

M i n e r a l  1 M i " o r a l  2
1 340*6 0*0 0*0
2 87*2 0*0025 0*0
3 20*4 0*0028 0*0
4 50* 2 0*004 1 0*0
5 39*8 0*0039 0*0
6 47*6 0*0047 0*0
7 74*d 0*0052 0*0
ti 247*2 0*005 3 0*0
9 136*4 0*0047 0*0

10 158*6 0*0036 0*00 10
11 285*8 0*0075 0*0026
12 62*3 0*004 1 0*00 10
13 35*8 C*003o 0*0012
14 18*0 0*0005 0*0001

TABLE I* 3
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I! ( < , 1 ' i U f 1 o r e - h o l o  s a m p l e s  a m  a v o r a  jed i n  ; r o n o i  t i o n  t o  
t h e i r  i on r j t h  t o  j i v o  a s i n j l e  m i n o r a :  v a l u e  f o r  e a c h
g t i c - l e v i l  a n ’, h o i o - h o l e *  T h i s  a v a r a j o  becomes  t h e  • a s s a y  
con j  o.-, i t ' 1 f o r  t : .yl j i v e n  -jr i d - l e v e l *  For  i n s t a n c e ,  t h e  a s s a y  
c o m i c , i t e  of  M i n e r a l  1 f o r  t h e  f i f t h  g r i d - l e v e l  i l l u s t r a t e d  
1 t i j *  d e l  i s  c a l c u l a t e d  a s  shown i n  T a b l e  3eL# Not e  t h a t  

l e n j t h s  o f  s a m p l e s  two and f i v e  a r c  n o t  o j u a l  t o  t h e i r  
r e p o r t e d  l e n g t h *  T h e s e  s a m j l e  l e n j t h s  a r c  t r u n c a t e d  by t h e  
u p p e r  i nd  l owe r  b o u n d a r i e s  o f  t h e  f i f t h  j r i d - l e v e l *  S a n p i e  
No* 2 i s  h / 1 * 3 f t *  and Sampl e  No* s i s  5 j • 2 f t *  f rom t h e  
z e r o  j r i d - l e v e l *  C o n s e q u e n t l y ,  o n l y  t h e  > o t t o m 27*3 f t *  o f  
Sa mpl e  No* 2 an 1 t h e  tO; 1*6 f t *  of  f a mp l e  No* 5  a r e  
i n c l u d e s  i n  t h e  a v e r a g e  f o r  t h e  f i f t h  g r i d - l e v e l • s  a s s a y  
c o m p o s i t e *

Exampl e  C a l c u l a t i o n s  f o r  an Assay C o mp o s i t e
Sa m[ 1 e No* M i n e r a l  C o n t e n t  * Sampl e  L e ng t h  = Prod  a c t

2 0*0025 * 27*8 «
3 0*0028 * 20*4 = 0*0571
4 0*0041 * 50*2
5 0*0038 * 1*6 = 0*0060

T o t a l 100*0 0*3385

T o t a l  P r o d u c t
Assay C o m p o s i t e  — -----—---------------—— ------—

T o t a l  Sample  Leng t h

0* 33852 
= —— — — — — — = 0 • 0 0.14 

100*0

TALLE 3* 4

The a s s a y  c o m p o s i t e s  f o r  a l l  t h e  g r i d  s y s t e m  t y p e s  d i s c u s s e d  
i n  S u b s e c t i o n  3*2*1 a r e  comput ed  a s  i l l u s t r a t e d  i n  t h e  
a b o v e  e xampl e *  T h e r e  i s  one  s i m i l e  d i f f e r e n c e  i n  t h e  
p r og r ammi ng  for  i r r e g u l i r l ,  s p a c e d  j r i d  s , s t e m s *  The v e r ­
t i c a l  u n i t  i n t e r v a l s  f o r  t h e s e  g r i d s  a r e  s t o r e d  i n  a 
FORTRAN a r t  1 y t o  r e p l a c e  t h e  c o n s t a n t  i n t e r v a l  s i z e  o f  t h e  
r e g u l a r l y  s ; a c e  1 j r  i d  s y s t e m s *  T h i s  nod i f i t  i t i o n  i s  p o i n t e d
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out in suction 4»1e

Whon t h e  a s s a y  c ^ o a p o s i t e s  have  been  c o mp u t e d ,  i t  i a  n e c e s ­
s a r y  t o  d e l i n e  t h y  j e o l o j i c  r e g i o n  i n  whi ch  t h e y  o c c u r • T h i s  
t s  r e g a i n e d  to i d e n t i f y  t h e  d i f f e r e n t  m i n e r a l i z a t i o n  z o n e s ,  
a s  e x p l a i n e d  in S e c t i o n  3*3* The Assay C o m p o s i t e s  Programme 
executes t h i s  i d e n t i f i c a t i o n  w i t h  t h e  f o l l o w i n g  r o u t i n e :

1 = 0
CO 10 N*1, UBR 
DO 10 K=1, NK 
1 = 1+ 1
IF ( 3 2 7 4 e 1+0«66 3 + COR1 (N)- 1 •  387S*CORJ( N)- 37»625*r )  6,  7,

6 IF (K- 10) 1 , 1 , 2
7 IF (K- 10) 8 , 8 , 9
8 M= 1

GO TO 3
9 M=2

GO TO 3
1 K= 3

GO TO 3
2 M = 4
3 AS A Y 1 ( 1 , 1 ,  E) *SAC0 (K, 1, H)

ASAY2 ( F, ' : , T)  =SAC0 (K, 2,  K)
K Y I T h f l 1*!)  A S A Y 1 (F,  N, «) ,  ASA Y2 ( F , S , F )  , «

10 CONTINUE

D e f i n i t i o n  >:

* I * i s  a c o u n t e r  f o r  t h e  s t o r a g e  l o c a t i o n  o f  t h e  d i r e c t
a c c e s s  d a t a  s e t  number e l e v e n *

1N1 i s  a s u l  j c t i p t  which i d e n t i f i e s  t h e  t o r  e - h o l e s *

•NLh* i s  t h e  t o t  i l  number of  b o r - - - h o l e s *

* K * j ; a :;ul »ct i ) t which i l ^ n t i f i e s  t h e  gr i  j - l e v  1»

* NF * i s  t  ae t o t a l  n u L e t  o f  g r i d - l e v e l s *

’ CORI (N) • ,  md  ' CCRJ ( N) '  a r e  t hn i  and J b o r e - h o l e  co
- o r d i n a t e s  i n  f e e t *

1K' i s  a s u b s e t  i  g t  wh i c h  i d e n t i f i e s  t h  • m i n e r a l i z a t i o n
•zones *
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' Ai.0 ( r., .1 , v.) • , ind 1 SACO (K, ? ,  H) • a c e  t h e  unzoned  a o s a y  
c o m p o s i t e s  foi .  two m i n e r a l s ,  r e s p e c t i v e l y *

’ ASA n  (>., N, K) 1, and ASAY2 (K, N, »v.) ' a r c  t h e  a s s a  > c o m p o s i t e s  
two mi ne r  i I s ,  r e s p e c t i v e l y *  Thes e  d a t a  s e t s  i n c l u d e  t h e  

s u b s c r i p t  1b ' t o  i d e n t i f y  t h e  m i n e r a l i z a t i o n  zones*

The p r e c e d i n g  r o u t i n e  s o r t s  t he  ass . -y  c o m p o s i t e s  i n t o  f o u r  
m i n e r a l i z r t i o n  z o ne s *  The four  z o n e s  a r e  d e l i m i t e d  by a 
f a u l t  and t h e  w . t e r  t a b l e *  The f i r s t  i f  s t a t e m e n t  l o c a t e s
t h e  a s s a y  c o m p o s i t e s  r e l a t i v e  t o  t h e  f a u l t *  The IF
s t a t e m e n t s  ' 6* and *7 '  l o c a t e  t h e  a s s a y  c o m p o s i t e s  r e l a t i v e  
t o  t h e  wa t e r  t a b l e  whi ch o c c u r s  a t  t h e  t e n t h  j r i d  l e v e l •

Not "  t h a t  t h e  e x p r e s s i o n  i n  t h e  f i r s t  IF s t a t e m e n t  ha s  mixed 
s e a l  s* 1CCn I ' and 1COPJ' a r e  me a s u r e d  in  f e e t  and t h e  
r e m a i n i n g  t e r m s  i n  g r i d  c o - o r d i n a t e s *  The mixed s c a l e s  a r e  
c o m p e n s a t e d  f o r  by t h e  c o n s t a n t s • Exp r e s s i o i u  wi t h  mixed 
s e e l e s  o c c u r  f r e j i e n t l y  i n  t he  s i m u l a t i o n  r o u t i n e s ;  t n e r e -  
f o r c a r e  must  be e x e r c i s e d ,  i f  t h e y  a r e  m o d i f i e d *

The ’ £ r a j r u f r m e  a c c ommo da t e s  a s  many m i n e r a l s  a s  r e q u i r e d  by 
s p e c i f y i n g  t h e  a p p r o p r i a t e  d i m e n s i o n s  f o r  t h e  FORTRAN v a r i a ­
b l e s *  The d i m e n s i o n s  a r c  l i s t e d  and e x p l a i n e d  i n  a c t i o n
u * h *

The a b o v e  ex i mp V* s e r v e s  t o  i l l u s t r a t e  t h e  method o f  s o t  t i n  j 
a s s a y  c o m p o s i t e s  i n t o  t h e n  m i n e r a l i z a t i o n  zone * i n  t h i  ; 
e x a m p l e ,  t h e  ; i v o n  f a u l t  and wa t e r  t a b l e  must  L<r. t o p l u c e d  
wi t h  t h e  n^w b o u n d a r i e s  o f  any d i f f e r e n t  d e p o s i t • The 
c o n s t r u c t i o n  of  t h e  s u r f a c e  e x p r e s s i o n s  f o r  t h o s e  new 
b o u n d a r i e s  was e x p l a i n e d  i n  s t i o n  3*3* A s i m p l e  e x a mp l e  
w i l l  s e r v e  t o  i l l u s t r a t e  how V v • s u b s t i t u t i o n  i s  i ade* The 
f a u l t  e x p r e s s i o n  i n  t h e  f i r s t  IF s t a t e m e n t  c o u l d  be r e p l a c e d  
by t h e  f o l l o w i n g  i n d i c a t o r  u t i a y ,  i f  t h e  f a u l t  s u r f a c e  i s  
h i g h l y  i r r e g u l a r  i

FAULT (COIt  (S) , CORd (N) , K)

wher e  *CC I* a n :  1 CsPJ  ’ -a • . t s u r « 1 i n  j r i  1 c o - o r d i n a t e s
i n s t e a d  of  f  of  , a s  above* T h i s  * FAULT1 i n d i c a t o r  a t t i y  
would be c r e a t e d  t h e  same way jr. e x p l a i n e d  foi  t h e  ' TOVO' 
a t  I ay i n  S e c t i o n  3*3*

The o u t .  ut. l a t a  f rom t h e  Assay Compos i t e ; .  P r o  pi amine a r e  t h e  
a s s a y  com, o r . i t e s  f o r  e a c h  p o t e n t i a l l y  i e covvr . i t  l e  miner  a l *
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Tin* ' u?, i  . * . s t a t e me n t  i n  t h e  above  r o u t i n e  c a u s e s  t h e  a s s a y  
c o m ; o s  i f s  t o  . <> s t o i i  i i n  a d i r e c t  a c c e s s  d a t a  s e t  t o r  t h e  
Gr a d e  P r e d i c t i o n  P i o j r u n , r o *

3* 4* ? INTE9FCLA 1’ION OF THE SPATIAL MINERAL DISTRIBUTION

i nt e i ;  o l a  t i o n  method i s  used  t o  e s t i m a t e  t h e  p o i n t  
d e n s i t i e s  of 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  t h e  j r i d  

l n  t " [ s e c  t i o n  s* The c o m p u t a t i o n . ,  d e s c r i b e d  i n  t h i s  S u b s e c ­
t i o n  a r e  e x e c u t e d  by t h e  Gr a d e  P r e d i c t i o n  P o . r u u m e  l i s t e d  
i n  C h a p t e r  5*

The i n t e r p o l a t i o n  met hod - a s  s u j  j e s t e d  by Re o  Weaver  ( 1 1 ) ,  
and  i t  wa.> c h o s e n  o ve r  t h e  t r i g o n a l  and p o l y g o n a l  met hods*  
The i n t e r p o l a t i o n  method o f f e r s  s e a r c h  p a r a m e t e r s  t h a t  
a d a : t  i t  t o  t h e  p e c u l i a r  j i ade  ; r e d i c t i o n  c o n d i t i o n s  o f  
d i f f e r e n t  m i n e r a l i z a t i o n  z ones *  T h e s e  p a r a m e t e r s  d e f i n e  t h e  
s e a r c h  f o r  t h e  a s s a y  com; o s i t e s  t o  be i n c l u d e d  i n  e a c h  
e s t i m a t e  of  a p o i n t  m i n e r a l  d e n s i t y *  The c a p a b i l i t y  f o r
v a r i e d  e x e c u t i o n  makes t h e  i n t e r ;  o l a t i o n  method c.ui e d e s i ­
r a b l e  t h a n  t he  t r i g o n a l  and p o l y g o n a l  me t hods  i n  t e r m s  of  
i n c r e a s e d  a c c u r a c y  and a d a p t a b i l i t y *  N e v e r t h e l e s s ,  t n e  i n t e ­
r p o l a t i o n  method i s  1 i i s i iou t o  m a s s i v e  and r e l a t i v e l y  
u n i f o r m  m i n e r a l  d e p o s i t s *

The p o i n t  d e n s i t i e s  of  t ho  ?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 r e  
a v e r a j e s  o f  t h e  s u t r o u n d i n  j a s s a y  c o m ; o s i  t e s  on t h e  same 
g r i d - l e v e l  and i n  t h e  same m i n e r a l i z a t i o n  zone* The a s s a y
c o m p o s i t e s  a t "  w e i g h t e d  by t h e  i n v e r s e  p r o p o r t i o n  o f  t h e i r
d 1 s t  i nee  f rom e a c h  j o i n t  d e n s i t y *  The b a s i c  i n t e r , o l a t i o n  
f o r m u l a  f o l l o w s ;  i t  i s  w r i t t e n  i n  FORTRAN n o t a t i o n :

X = 0 
Y-0
DO 10 f!= 1 , NAC 
X*X* (G (N) /  (D (N) ** P) ) 

10 Y = Y+ ( 1/  (D ('I) **P) ) 
GRAD ( I , J , Y ) “ X/Y

v h e r e :

* N * i s  i s u b s c r i p t  whi ch i d e n t i f i e s  t h e  a s s a y  c o m p o s i t e s  t o  
be i n c l u d e d  i n  t h e  a v e r a g e *

1 NAG * i s  t h e  t o t a l  number  of a s s a y  c o m p o s i t e s *

»G (N) ' i s  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  of  a s s a y  compo-
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s i t e  1 N * •

i b  t l-o d i s t a n c e  b e t we e n  a s s a y  c o m p o s i t e  1N* and
g r i d - i n t e r s e c t i o n ,  ( i #J #K) •

' P 1 i s  a we i j h t i n < j  f a c t o r •

1 (' • A.’ ( I , .  I , K) ' i:; t h e  e s t i m a t e d  j o i n t  m i n e r a l  d e n s i t y  a t  
g r i d - i n t e r s e c t  i on  ( I , j , K ) •

The p i e c 1 l i n g  r o u t i n e  i s  e x e c u t e d  a t  e a c h  g i i d - i n t e r s e c t i o n  
( I #d , K) t o  e s t i m a t e  t h e  p o i n t  d e n s i t i e s  o f  t h e  s j a t i a l
m i n e r a l  d i s t r i b u t i o n  'GRAD' •  T h i s  e s t i m a t e  i s  r e p e a t e d  for  
a i ^  r e c o v e r  a l e  m i n e r a l s  r ej  or  t e d  i n  t h e  u s e r ' s  c e j o s i t *  The 
a s s a y  c o a j  o s i t e s  ' G* i n c l u d e d  i n  e a c h  e s t i r a t e  i r e  i d e n t i ­
f i e d  t y t h e  s e a r c h  p a r a m e t e r s  m e n t i o n e d  j r e v i o u s l y *  T h e s e  
p a r a m e t e r s  a r e :

1) A maximum d i s t a n c e  l i m i t :  The a s s a y  c o m p o s i t e s  f o r  e a c h  
e s t i m a t e  a r e  l i m i t e d  t o  t h o s e  w i t h i n  a maximum 
d i s t m c e  o f  t h e  p a r t i c u l a r  )r i d - i n t e r s e c t i o n s *  T h i s  i s  
a c i r c u l a r  l i m i t  s o  t h a t  e a c h  e s t i m a t e  i s  made o n l y  
fro.'Ti t h e  a s s a y  c o m j o s i t e s  o c c u r  i n  j or  t h e  same j r i d  
- l e v e l  o r  m i n e r a l  ho t  i con*  The j r  i d - l e v e l s  w i l l  c o r r e s ­
pond t o  t h e  m i n e r a l  t r e n d s  or  h o r i z o n s ,  i f  t h e  g r i d  
s y s t e m  i s  c o n s t r u c t e d  a s  d e s c r i b e d  i n  S e c t i o n  3»2*

2) A minimum d i s t a n c e  l i m i t :  I f  an a s s a y  c o m p o s i t e  e x i s t s  
w i t h i n  a minimum d i s t a n c e  of  a { a r t i c u l a r  j r  i d  
- i n t e r s e c t i o n ,  11. x s  g r i d - i n t e r s e c t i o n ' s  t o i n t  m i n e r a l  
d e n s i t y  a s s u m e s  t h e  v a l u e  of  t h e  a s s a y  c o m p o s i t e *

3) A w e i g h t i n g  f a c t o r :  The r e c i p r o c a l  d i s t a n c e  b e t we e n
g r i d - i n t e r s e c t i o n  and a s s a y  c o m p o s i t e s  i s  w e i g h t e d  wi t h  
a power  f i c t o i  ' I ' ,  i s  d e m o n s t r a t e d  i n  t h e  p r e c e d i n g  
r o u t i n e *

'») A maximum number o f  as .  ay c o m p o s i t e s :  The number  o f
a s s a y  c o m p o s i t e s  {er  e s t i m a t e  i s  l i m i t e d  t o  t h o s e  
c l o s e s t  t o  t h e  , a r t i c u l a r  g t i d - i n t e r s e c t i o n s ,  up t o  
thr* maxim u * *

5) A minimum a n g u l a r  s o ; a r a t i o n :  The minimum a n g u l a r
s e p a r a t i o n  be t we e n  a s s a y  comj o s i t e s  must  be e x c e e d e d ; 
i f  n o t , t h "  a s s a y  c o m p o s i t e  f u r t h e s t  f r o r  t h e  p a r t i ­
c u l a r  g r i d - i n t e r s e c t  i on  i s  d e l e t e d  f iom t h e  a v e r a g e *



* he  f u n c t i o n  o f  t l ioi ;o  ̂ a r a  ^ l o t e r o  c a n  be  d e m o n s t r a t e d  w i t h  
j i  l u - m t e r s e c t  i o n  i l l u . s t i  a t e d  i n  t h e  c e n t e r  o f  F i g*  3*4 

ai  ^ «ux r o u n d i  n j  a s s a y  c o m p o s i t e s *  o f  Lite s e v e n  a s s a y
c o m p o s i t e s  i l l u s t ^  . t e l ,  t h e  f o l l o w i n g  o n e s  a t < r e j e c t e d  f rom
t lie e s t i m a t e  c t t h e  j r i d - i n t e r s e c t i o n 1s  p o i n t  m i n e r a l  d e n ­
s i t y  :

1) AC6 and AC 7, b e c a u s e  t h e y  e x c e e d  t h e  maximum d i s t a n c e  
l i m i t ,

2) AC 2 ,  1 ‘' c i  u s e  i t  i s  f a i t h e r  f rom t h e  g r i  1 - i n  t e r  s e c t i o n  
t h a n  AC3 and t h e  a n g u l a r  s e p a r a t i o n  be t ween  t h e  two i s  
l e s s  t i t an t h e  minimum,

A C ) ,  b e c a u s e  i t  i s  t h e  f u r t h e s t  f t  or t h e  j t  i d
- i n t e r s e c t i o n  o f  t h e  r e m a i n i n g  a s s a y  c o m p o s i t e s ;  and 
w i t h o u t  i t ,  t h e  maximum number  of  a s s a y  c o m p o s i t e s  per 
a v e r a g e  i s  no t  e x c e e d e d •

T h e s e  s e a r c h  p a r a m e t e r s  a r e  d e f i n e d  by t h e  u s e r  b e f o r e  t h e  
. I rade  F r o j i c t i o n  Programme i s  e x e c u t e d *  They c an  be i e t e r -  
mined wi t h  a t r i a l  and e r r o r  s o l u t i o n  i n  t h e  f o l l o w i n g
m a n n e r ; A random s a m p l e  i s  t a k e n  of  t h e  a s s a y  c o m p o s i t e s
f rom e a c h  d i f f e r e n t  m i n e r a l i z a t i o n  zone* The m i n e r a l  v a l u e s  
o f  e a c h  random s i m p l e  a r e  e s t i m a t e d  wi t h  t h e  r e m a i n i n g  a s s a y  
c o m p o s i t e s  i n  t h e  same zone  wi t h  a s s u r e d  s e a r c h  ; i r a m e t c r s *  
A l t e r n a t i v e l y ,  t h -> a s s a y  c o m p o s i t e s  c o u l l  be us e d  t o  e s t i ­
mat e  t h e  m i n e r a l  v a l u e s  o f  a [ r e v i o u s l / mined o u t  s e c t i o n ,  
i f  one  e x i t ♦ s *  The random s a mp l e s *  e s t i m a t e d  v i l u e s  a r e  
c o mp a r e d  wi t , ,  ‘ h e i r  a c t u a l  va 1u ' s u s i n g  a c o r r e l a t i o n  t o r t *  
The s e a r c h  p a r a m e t e r s  a r e  r e d e f i n e d  u n t i l  t h e  c o r r e l a t i o n  
t e s t  fceco e s  s i g n i f i c a n t *

The  c o r r e l a t i o n  t e s t  i s  made from i r e g r e s s i o n  c a r v e  o f  t h e  
e s t i m a t e d  and a c t u a l  v a l u e s *  The a c t u a l  v a l u e s  a r c  t h e  
i n d e p e n d e n t  v a r i a b l e s  on t h e  c u r v e  and t h e  e s t i m a t e d  v a l u e s  
a r e  t h e  d e p e n d e n t  v a r i a b l e s *  A l e a s t  s j u a r e  r e g r e s s i o n  l i n e  
i s  c a l c u l a t e d  f r o  t h i s  d a t a *  I f  a s t r a i g h t  l i n e  r e l a t i o n ­
s h i p  c a n  I e  a anemed be t we e n  t h e  v a r i a b l e s ,  t h e  r e g r e s s i o n  
l i n e  i s  e x p r e s s e d  i n  FORTPAN a s :

EV = A+ (2* A V)
w h e r e :

• bV * i s  t  ho «* , t i ma t e d  v a l u e ,
• AV * i s  t h e  a c t u a l  v a l u " ,  an 1
• A • and  1 B ’ ir e c e n s t a n t  ,*
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The c ° ns3.an t s - - A  i n d  3 - - c d n  be c a l c u l a t e d  wi t h  t h e  f o l l o w i n j  
FORTRAN r o u t i n e :

X-0
Y = 0 1 
X2- 0 
X Y = 0
DO 10 N=1 , NS 
X r X ♦ A V , ,
Y = Y + ZV (N)
X Y = X Y > (TV (N) * A V (N) )

10 X2 = X2♦ (AV (10 * + 2)
a= (( ) -  (x> Y) ) /  ( * ,  2 ) -  ( x** 2 ) )
B= ( (N *XY) -  ( A * Y) ) /  ( ( f • S * X 2) -  (X**2) ) 

w h e r e :

1X1 i s  t h e  suatn > t i o n  of  t h e  a c t u a l  v a l u e s ,

' Y' i s  t h e  s u mma t i o n  o f  t h e  e s t i m a t e d  v a l u e s ,

’ X2' i s  t h e  s ummat i o n  o f  t h e  a c t u a l  v a l u e s  s  , u i r e d ,

* XY1 i s  t h e  s umma t i on  o f  t h e  p r o d u c t  o f  t h e  a c t u a l  and
e s t i  mat d v a l u e s ,  and

1 NS• . s  t h e  t o t a l  nuraboz of  s a mp l e s *

The d e j r e e  o f  a s s o c i a t i o n  be t wee n  t h e  e s t i m a t e d  and a c t u a l
v a l u e s  i s  me a s u r e d  t o  f i n d  o u t  how we l l  t h e  c u r r e n t  s e a r c h  
p a r a m e t e r s  e s t i m a t e  t h e  a c t u a l  m i n e r a l  j u a p t i t i e ^ . *  The 
r e l a t i v e  i n t e n s i t y  o f  t h i s  a s s o c i a t i o n  i s  j i v e n  by t h e  
c o e f f i c i e n t  o f  c o r r e l a t i o n *  The c o m  1, t i o n  c o e f f i c i e n t  can  
be commuted w i t h  t h e  f o l l o w i n g  FORTRAN r o u t i n e :

C = 0 
D = 0
DC 1C N=1 , NS
C= ( (A ♦ (B* W (N) ) )-M) **?.

io d= (ev (:«) -%) *♦:
n*SQPT (C/C)

w h e r e :

•NS1 i s  thr '  t o t a l  number  o f  s a m p l e s ,

•A* a n ]  1 a r e  t h e  c o n s t a n t s  f rom t h e  r e g r e s s i o n  l i n e ,



' AV H ) ) ' • a r e  thm a c t u a l  v a l u e s

’ (A ( . ' - w A 1 i r e  t h e  e s t i m a t e !  v a l u e s  j i v e n  by t h e  
r e g r e s s i o n  l i n e ,

’ iv. 1 i s  t h e  mean o f  t h e  e s t i m a t e d  v a l u e s ,

*EV(N)* a r e  t h e  e s t i m a t e d  v a l u e s ,  and 

'R* i s  t h e  c o r r e l a t i o n  c o e f f i c i e n t *

The c o r r e l a t i o n  c o e f f i c i e n t  ' R 1 i s  d i m c n s i o n l e s s  and v a r i e s  
b e t we e n  -1 and + 1 * The ^ l u s  s i - j n  shows  p o s i t i v t  l i n e a r  

r r e l a t i o n  and t h e  mi nus  s i y n  shows  n e j a t i v e  l i n e ^ i  c o r r e ­
c t i o n *  E i t h e r  e x t r e m e  of t h e  c o e f f i c i e n t  i s  p e r f e c t  c o r r e ­

l a t i o n ,  and a n y  v a l u e  i n  b e t we e n  i s  l o s s  t h a n  p e r f e c t *  
A d d i t i o n a l l y ,  a z e r o  c o r r e l a t i o n  I n d i c a t e s  no a s s o c i a t i o n  
b e t we e n  t h e  e s t i m a t e d  and a c t u a l  m i n e r a l  j u a n t i t l e s *

The s e a r c h  i - i r i a e t e r s  a r e  v a r i e d  u n t i l  t h e  c o r r e l a t i o n
a n a l y s i s  i n d i c a t e s  t h a t  t h e  l a r a m e t e t s  have  p r o d u c e d  a j ood 
a s s o c i a t i o n  be t wee n  t h e  e s t i m a t e d  and a c t u a l  m i n e r a l  
] u a n t i t i  s* However ,  t h e  a s s o c i a t i o n  may no t  I n  l i n e a r  a s  
a s s u m e d ,  i n  which c a s e  t h e  c o r . e l a t i o n  c o e f f i c i e n t  may 
a p p r o x i . i t a t e  z e r o *  I f  s o ,  t h e  l i n ' i r  r e l a t i o n s h i p  i s  r e p l a c e d  
wi t h  a n o n - l i n e a r  r e g r e s s i o n  e q u a t i o n *

The n a a b a r  of  random s a m p l e s  r e p a i r e d  and a s i j n i f i c a n t
c o r r e l a t i o n  c o e f f i c i e n t  a r e  c a l c u l a t e d  l o r  e ach  m i n e r a l i z a ­
t i o n  zone*  S t u d e n t ’ s  d i s t r i b u t i o n  can be used f o r  t h i s  i n  
t h e  f o l l o w i n g  manner :  F i r s t l y ,  a c o r r e l a t i o n  c o e f f i c i e n t  i s  
c a l c u l a t e d  on an a . . aued s a m p l e  s i z e *  Nex t ,  t h e  a s sumed  s i z e  
i s  c o mpa r e d  wi t h  t h e  minimum s a mp l e  s i z e  r e p a i r  xl f o r  a
s i g n i f i c a n t  c o r r e l a t i o n  c o e f f i c i e n t *  I f  t h e  a s s u r e s  . . i z e  i s  
l a t  j '*r t h a n  t h 1 minimum, t l i en tin* c o r r e l a t i o n  c o e f f i c i e n t  i s  
s i g n i f i c a n t l y  d i f f e r e n t  t h a n  z e r o  on a p a r t i c u l a r  c o n f i d e n c e  
l e v e l *  T h i s  minimum i s  c omput ed  from t h e  f ^ l l o v i n j  s t a t i s t i c  
e x p r e s s e d  i n  FORTTAN:

T~ (R*S(,RT (N-2)  ) / S ;  PT (1-  (R**2) )

w h e r e :

i n i  i 3 tin- pivi-n c o r r e l a t i o n  c o e f f i c i e n t  from t h e  a s sumed  
s a m p l o .
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’ !!' i:> t h e  is i  n i  ir. .j» . s a r n i e  s i z e , a i d  

*T '' i  i S t u d e n t ' s  s t a t i s t i c *

The minimum l o  s i z e  ' S '  must  be such  t h a t  t h e  r i j h t  hand
s j u o  of  t h e  ifcovo e x ; c e s s i o n  i s  e ; u a 1 t o  t h e  c t i t i c a l  v a l u e  

1 ro:'  S t u d e n t ' s  l i s t :  i bu t  i on on a j i v e n  c o n f i d e n c e  l e v e l  
and r f i th 1 ‘< * 2 1 d e g r e e s  of  f r ee dom* When ' N' r. a s  been 
e a l e u ] 1 1 e d , i t  i s  co . i [ t r od  w i t h  t h e  as sumed s a m p l e  s i z e *  The 
c o r r e l a t i o n  c o e f f i c i e n t  ' 3 1 s i g n i f i c a n t  i f  t h e  i ssuaied 
s a m p l e  s i z e  i ; j r e a t o r  t i  an *n*» o t h e r w i s e ,  t h e  a s sumed 
s a m p l e  s i z a  i r  e n l a r g e d  u n t i l  i t  i s  g r e a t e r  t h a n  t h e  minimum 
s i z e *

The s e a r c h  pa*, . m e t e r s  a r e  d e f i n e d  f o r  e a c h  of  t h e  m i n e r a l i ­
z a t i o n  z o n e s  i n  t h e  p r e c e d i n g  manner  • M* R• S p i e g e l ' s  
" T h e o r ; and P r o b l e ms  of  S t a t i s t i c s "  (10) i s  r ecommended f o r  
f u r t h e r  d i s c u s s i o n  o f  t h e  s a i l i n g  t h e o r y  of  c o r r e l a t i o n *

The m i n e r a l i z a t i o n  z o n e s  a r e  r e c o g n i z e d  hy t h e  Grade  P r e d i c ­
t i o n .  P r a g t i  ie wi t h  a d u p l i c a t e  o f  t h e  s i m u l a t i o n  r o u t i n e  
used  t o  s o r t  t h  • a i > c o m p o s i t e s *  T h i s  r o u t i n e  i s  d e m o n s t ­
r a t e d  i n  Sut  s e c t  i on  3• u • i # Thi* s i m u l a t i o n  r o u t i n e  r e c o g n i z e s  
t h e  d i s t i n c t  s t r u c t u r a l  f e a t u r e s  t o  i d e n t i f y  t h e  m i n e r a l i z a ­
t i o n  z o n e  o f  t h e  p o i n t  m i n e r a l  d e n s i t i e s  b e i n g  e s t i m a t e d *  
Then ,  t h e  r ou t  i r.*1 i d e n t i f i e s  t h e  z o n e s  o f  t h e  a s s  a compo­
s i t e *  The a s s a y  c o m p o s i t e s ,  whose zont . s  a r e  n o t  t h e  same a s  
t ae ( i t  t i c u l a r  p o i n t  m i n e r a l  d e n s i t y ,  a r e  e x c l u d e d  f rom t h e  
e s t i m a t e *  The m i n e r a l i z a t i o n  z o n e s  us e d  for  d e m o n s t r a t i o n  
p v i p o s e s  i n  C h a p t e r s  a and 5 w i l l  be u n a o u b t o  l l y  d i f f e r e n t  
f o r  any o t h o t  lep > s i t • C o n s e q u e n t l y ,  t h i <  s i m u l a t i o n  r o u t i n e  
r u s t  be t a i l o r e d  t o  t h e  u s e r ' s  d e p o s i t  by c r e a t i n g  t h e  
a ( p r o p  r i a l  ■ i n  l i e  i t o r  a r r a y s  or p o l y o n i a l  e q u a t i o n s ,  a s  
e x p l a i n e d  ir. p a c t i o n  I* 3*

In a M i  t i o n  t o  t h e  l i n e r & l i z a t i o n  
s i m u l a t e  t h e  d e p o s i t ' s  s u r f a c e  
Pro ' r a n  »• T h i s  :i a l a t i o n  i i a l e

zonv>3, i t  i s  n e c e i s a r y  t o  
f o r  t h e  G r i d o  P r e d i c t i o n  
wi t h  t h e  ' TOrO'  i n d i c a t o r

ar  t a use- l a s  an e x a mp l e  in . ^ c t  i on  3*3* The i n t e r p o l a t i o n  
f o r  t h e  p o i n t  m i n e r a l  l o n e r t y  a t  any g i v e n  gr i d - i n t o t  s e c  l i o n  
i s  e x e c u t e d  on 1, i f  t h e  ' TOPO' a r r a y  i n d i c a t e s  t h a t  t h e  
p o i n t  i s  b e ) o  < t h e  d e p o s i t ' . ,  s u r f a c e *  O t h e r w i s e ,  t h e  i n t e r ­
p o l a t i o n  c o p u l a t i o n ,  for  t !; 1 1 p o i n t  a r« by- ;  i s s e d  and t h e  
Programme moves t o  t h e  nex t  g t i d - i n t e r s e c t i o n *

Thus  t h e  s,  i t i a l  m i n e r a l  d i s t r i b u t i o n  i s  comput ed*  The p o i n t
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n i i n ^ r d l  • G o n ^ i t i o i j  e s t i m a t e d  a t  t h e  y r i d - i n t e r s e c t  i o n s  . i re 
s t o i o d  i n  a p e r m a n e n t  r e c o r d *  T h i s  r e c o r d  i s  i d i r e c t  a c c e s s  
J - i t a  s«' t whi ch  i s  k e p t  t o  p r o v i d e  t h e  s u c c e e d  i n  j Mine P l a n  
Programme w i t h  some o f  i t s  i n * u t  d a t a •
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d i s t a n c e . - .  ! #»t wr>(?n j r i d  c o  o l  : i n a t o s  and t h e  d i r e c t i o n  o f  t h e  
axe:>,  i-. ext  a i n e d  i n  S ^ c t i  >n 3*2* The j r  id s y s t e m  d i me n ­
s i o n s  t h a t  o u s t  ho Y l annecl  t o  e x e c u t e  t h e  Assay J o m p o s i t e s  
Proyramn e are*,

1) t h e  a n -j u 1 a l s e p a r a t i o n  o t  t h e  c o - o r d i n a t e  a x e s ,

2) t h e  r e l a t i v e  p o s i t i o n  > t !.e z e r o  i l d - l c v e l  w i t h  t h e
d e p o s i t ' s  s u t f a c . , and

3) t h e  u n i t  i n t e r v a l  d i s t a n c  o t h e  more n e a r l y  v e r t i c a l
a x i s *

T h e  z e r o  g r i d - l e v e l  i s  d e f ’ ned t o  c o r r e s p o n d  wi t h  t h e
h i g h e s t  p o i n t  on t h e  g i v e n  d e p o s i t ' s  s u r f a c e *  E l e v a t i o n s  a r e  
me a s u r e d  f rom t h e  z e r o  j t i d - l e v e l  wi t h  d e p t h  L e i n ;  t h e  
p o s i t i v e  d i r e c t i o n *  The v o i t i c a l  u n i t  i n t e r v a l s  a r e  g i v e n  a s  
e x p l a i n e d  i n  S t e p  )•

STEP 2:

The d i m e n s i o n s  mus t  be s p e c i t i e l  f o r  t h e  FORTRAN a r r a y s  and  
d i r e c t  a c c e s s  d a t a  s e t s *  The d i m e n s i o n s :

1) a r e  d e f i n e d  f o r  t h e  FORTRAN a r r a y s  i n  S e c t i o n  4 * U,

2) a r e  , i v e n  f o r  t h e  DEFINE FILE s t a t e m e n t  i n  S e c t i o n  4*3 
f o r  t h e  d i r e c t  a c c e s s  d a t  s e t s *

STEP 3:

A s c a l e  f a c t o r  must  be d e f i n e d  t o  c o n v e r t  b e t we e n  a c t u a l  
v e r t i c a l  i i s t u n c e r .  and ; r i d  c o - o r d i n a t e s *  T h i s  s c a l e  f a c t o r  
i s  c a l l e d  ' KI NT * i n  t h e  Asuay C o m p o s i t e s  Programme*

A) » kI  NT• i s  a c o n s t a n t  and p j u a l  t o  t h e  u n i t  i n t e r v a l
d i s t a n c e  b n t v v  n t h e  v e r t i c a l  j r i d  c o - o r t , i n a t e s  f o r  a 
r e g u l a r l y  s p a c e d  and t c c t u n j u . 1  i r  g r i d  s y s t e m*

B) ' KIHT* i s  a v a r i a b l e  w i t h  an a t - a y  member e g u a l  t o  e a c h  
i n t e r v a l  d i s t a n c e  be t we e n  g r i d  c o - o r d i n a t e s  f o r  an 
i r r e  u l a r l y  sj  i ced v e r t i c a l  a x i  ,* * KIZ1T' i s  l i m e n s i o n e d  
a s  i l l u s t r a t e d  in F i j *  4*1 f o r  t h i s  s i t u a t i o n *

C) ' P I N T '  i s  a c o n s t a n t  ind «' ]ual  t o  t h e  v e r t i c a l  d i s t a n c e
be t we e n  t h e  more n e a r l y  h o r i z o n t a l  a x i s  o f  t h e  non
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l s  i n u s t r a t e d  i n  ? i 3 *

STEP (4

n a l  V 0li r i d r e nu , , he r  of  v a r u M G a  must  Le a d de d  a t  L i n e s  
T t . , t • " . 1 . 1 e a c h  p o t e n t i a l l y  r e c o v e r a b l e  m i n e r a l  r e p o ­r t e d  i n  t h e  d e p o s i t •

STEP 5:

t  ^ o u n d a r i e r ,  o f  t h e  d i s t i n c t  it. n e r a l i z a t i o n  z o n e s  a r e  
J " *'J t  i n d i c a t o r  a r r a y s  or  p o l y n o m i a l  e q u a t i o n s ,  a s

d o s c r i o e  i n  l e c t i o n  3 #J .  h e s e  s i m u l a t e d  s u r f a c e s  a t "  
su 1 ♦ i t :  i t  ,, i n t o  t he P r o g r a mme ' s  s i m u l a t i o n  r o u t i n e  b e t we e n  

'• ' i ni  i 1 • i n  t h i s  wa^ , t h e  Programme i s  t a i l o r e d  t o  
l o c a t e  t h f  s p e c i f i c  m i n e r a l i z a t i o n  z o n e s  of  t h e  yi von 
d e j o o i t  & a s s a y  c o s p c s i t e s *  he s u b s t i t u t i o n  of  t h e s e  z o n e s  
i s  d e s c r i b e t  in S e c t i o n  3 * a * i •

Ca r e  mus t  be  e x e r c i s e d  t o  i n s u r e  t h a t  t h e  s u r f a c e  s i m u l a ­
t i o n s  a r e  t rade w i t h  t h e  c o r r  c t  u n i t s *  S i m p l e  s c a l e  f a c t o r s  
a r e  u s e d  t o  c o n v e r t  a c t u a l  d i s t a n c e s  t o  g r i d  c o - o r d i n a t e s  or  
c o n v e r s l y • The c o n s t a n t  s c a l e  f a c t o r  d e s c r i b e d  i n  s t e ,  i n  i s  
u s e d  t o  c o n v e r t  s c a l e s  on t v  j u l a r l y  s p a c e d  a xe s *  The a r r a y  
d e s c r i b e d  i n  S t e p  3D i s  us< i t o  c o n v e r t  s c a l e s  on i r r e j j -  
l a r l y  sp . c e l  a x e s *  F i n a l l y ,  an e j u u t i o n  i s  d e r i v e !  t o  
c o n v e r t  f ro-n a c t u a l  r e c t i n j u l a r  c o - o r d i n a t e s  t o  non 
- r e c t a n g u l a r  j t  i d  c o - o r d i n a t e s *  T h i s  e q u a t i o n  f o r  t h e  pi i d  
s y s t e m  i l l u  - t r i t e d  i n  t h e  c r o s  - s e c t i o n  view of  F i j *  4*2 i s :

K =

t a n  (a) * (I * - - i  ♦ -----------  )
t a n  (a)

SFK

w h e r e :

1K’ i s  t h e  , r i d - l e v e l *

' I ' i s  t h e  h o r i z o n t a l  j i i d  c o - o r d i n a t e *  

' V ’ i s  t h e  v e r t i c a l  d i s t an t : *  i n  f e e t  •

*S F 1 1 i s  a s c a l e  f a c t o r  e j t a l  t o  t h e  i n t e r v a l  d i s t a n c e
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b e t we e n  t h e  I j r i d  c o - o r d i n a t e s  i n  f o o t *

*SFK'  i ; a s c a l e  f a c t o r  e j u a l  t o  t h e  i n t e r v a l  d i s t a n c e  
b e t we e n  t h e  !< j i  i d  c o - o r d i n a t e s  i n  f e e t *

’ a '  i s  t h e  a n g l e  b e t wee n  t h e  h o r i z o n t a l  and t h e  K co 
- o r d i n a t e  a x e s *

The s c a l e  f a c t o r s  a r e  i n c l u d e d  i n  any o f  t h e  FORTRAN 
e x p r e s s i o n s  t h a t  h a v e  t e r m s  wi t h  mixed s c a l e s *  Those  e x p r e s ­
s i o n s  ha ve  Veen n o t e d  i n  S e c t i o n  4*3*

4* 2 SEQUENCE OF PPOGRAXXE COMPUTATIONS

LINES 001 -  00 3:

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

LINES 004 - 0 1 S :

I n p u t  s t a t e m e n t s *

LINE 014 :

The h o r i z o n t a l  t o r e - h o l e  c o - o r d i n a t e  l o c a t i o n s ,  i n  f o o t ,  a r e  
s t o r e d  on a m a g n e t i c  di . , k  f o r  r a p i d  a c c e s s  i n  s u b s e q u e n t  
p r o g l a m es*

LINES 016 -  022:

DO l o o j  16 c o m p o s i t e s  t h e  b o r e - h o l e  s a m p l e s  'SAMP'  b e t we e n  
g r i d - l e v -  I s  t o  g i ve  an a v e r a g e  m i n e r a l  , i a d < 'SACO* f o r  each  
r e c o v e r a b l e  m i n e r a l  (H) , b o r e - h o l e  (N) and g r i d - l e v e l  (K) •

LINES 020 -  022:

T h e s e  s t a t e m e n t s  c i l c u l  t h e  c u m u l a t i v e  d i s t a n c e  ' CUM I NT' 
f rom t h e  z e r o  g r i d - l e v e l  t o  e a c h  b o t e - h o l e  s ampl e*

LINES 0 29 -  0 31:

Th e s e  ; t  iV* e n t . .  s i m u l a t e  t h e  deg os  i t ' s  s u r f a c e  by a s s i g n i n g  
any n e g a t i v e  v 11 1 0  t o  ' AGO' ,  i f  t h e  a s s a y  c o m p o s i t e  s h o u l d  
reg r e . v n t  <: *. r », a ce*  Whenever  'SACO' i s  u s e d , i i »  a r r a y
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’ a r e  t e s t e d  foi  n e g a t i v e  v a l u e s  and t h e  pro j ramme 
f  l a s t  t h e  a p ^ r o i r i a t e  c a l c u l a t i o n s ,  i f  t h e  a r r a y  

roeirher i s  n e g a t i v e *

LINES 0 32 -  0 75:

T h e s e  j i a t a r o e n t j  c o n t a i n  an i m p l i e d  c o m p u t a t i o n a l  l o o p  t o  
i d e n t i f y  t h e  Lor e - h o l e  s a m p l e s  ’ S A K P ' t o  be i n c l u d e d  i n  e a c h  
a s s a y  c o m p o s i t e  'SACO'*

LINES 076 -  081:

The b o r e - h o l e  s a m p l e s  'SAMP( « , N,LC (LL)) ' ,  ' SAEPA' AND ' SA-  
o c c u r t i n j  on t h e  g i ve n  j r i d - l e v e l  (K) a r e  a v e r a g e d  i n  

p r o p o r t i o n  t o  t h e i r  s a m p l e  l e n g t h s  ' 1 S T (N,LC(LL) ) ' ,  ' IMTA ' 
AND ' INTB' t o  y i e l d  t h a t  g t  i d - l e v e l ' s  a s s a y  c o m p o s i t e  
' S C O ' *

LI "SS 083 -  105:

The . p s na y  c o m p o s i t e s  'SACO* a r e  g i ven  an a d d i t i o n a l  a r r a y  
d i m e n s i o n  (K) t o  i d e n t i f y  t h e i r  m i n e r a l i z a t i o n  z o n e s •

4 * 3  » LIST OF TH'J ASSAY COMPOSITES PROGRAMME

The f o l l o w i n g  v a r i a b l e s  were  d i m e n s i o n e d  f o r  t h e  open p i t  
prog o s a 3 d e s c r i  ed i n  Sec  i o n  7*1* They must be c h a n g e d  f o r  
any new d e p o s i t ,  a s  d e f i n e d  i n  s e c t i o n  4 * u •

LINE
•

001 R : \ L  SAM.' 12,  £0 ,  10) , I NT (60,  IP) ,C0SI  (60) ,CORJ (60) ,
1CUKIN (17) , INT. 0 ( 1 9 , 2 , 6 0 )  ,
2ASAY1 ( 1 9 , 6 0 , 4 ) , ASAY2(1>, C0, 4) ,KINT

002 INTEGER LC ( 2 0 ) , SORfAC(60)

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

The low .it c a s e  c o n s t a n t s  i n  t he f o l l o w i n g  l i n e  i t e : ii.  = NO!! 
* NK, j j  = (nurob m o f  r e c o v e r a b l e  m i n e r a l s  ♦ 1) *4,  :<k = Nail*
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00 DEFINE FILE 1 1 ( i i ,  j j ,  JI)  , 12 (kk, 8 ,  JJ)

-̂------------- comment---------------------------------------------------

A d i m e n s i o n  n u s t  bo added t o  t h e  c o n s t a n t  ' KINT*,  i f  t h e  
v c u 1 1 c a i  j i i d  c o - o r d i n a t e  i n t e r v a l s  a i o  i r r e g u l a r  1 /  s p i c e d *  
The i n t e r v a l  a ,  i n  f e e t ,  be t ween  j i i d  c o - o r d i n a t e s  it** s t o r e d  
i n  t h e  new a r r a y  'Kl.NT (K) • FCR UG l o o p  16* * K INI  (K) * mus t  be 
s u b s t i t u o d  f o r  *Kli.’T 1 wh e r e v e r  i t  a; , i t s  i n  t he  [ rojra. i i .ne*

004 READ (-3, J) KINT,  N t l N ,  4011, NLAIIP, UK, NZ
0 0 5 3 FORMAT ( F%*1 , 5 1 4 )
0 0 6 DO 801 N= 1 , N8H
0 07 DO 30 1 L - 1 , NSAEP , 3
0 0 8 801 KEAT ( 5 , 1 )  SAMP ( 1 , N, L )  , SA.IP ( 2 ,  N , L) , I M ( N ,  

ISAM? ( 1 , N , l *  1) ,CAM> (2 ,  N , L t  1) , I N T  (N, L* It , 
2SAKP ( 1,h’ , L * 2 )  ,5AM! ( 2 ,  N, L*2)  , I N T ( N , L » 2 )

0 09 1 FORMAT C  ? 7 * 4 , F G * 1 , 2 F 7 * 4 , T O * 1 , 2 F 7 * 4 , f 6 * I t
010 DO 803  N» 1,  MbH
011 READ ( 5 , 2 )  SURFAC (M) , C 0 R I  (N) , CORJ  (N)
012 X = CORI (N)
0 1 3 Y«CORJ (N)
014 8 0 3 WRITE ( 1 2 ' N) X, Y
015 2 FOPMAT ( 2 2 , 2 5 7 * 1 )
01/ , DO 152 L * 1 , I S A K P
017 152 C U M " ?  (L) =0
0 1 8 CO 16 t >  1,  NKIS
019 no  16 3 = 1 ,  MH
020 CUMIN? (1) *1 NT (N, 1)
021 DO 4 L = 7 ,  i /SA/F
0 2 2 4 CUM NT (L) ~ NM.NT (L-  1) ♦INT (N, L)
023 DO 10 K-* 1,  RK
024 SUivG = 0
0 2 5 i » t a = o
026
027 SA MPA-0
028 SA5.PB = 0
029 I F  (SURFAC ( N) - K)  1 3 1 , 1 3 1 , 1 3 0
0 30 130 s a c o  (I , :•,:!) - -  i o * o
031 GO TO 1h
0 32 131 SU.X = C
033 DO 51 L L * 1 , NSAHP
034 51 LC (LL) =0
0 3 5 1* 0
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0 3 7 ‘ 5
0 3 8 6
0 3 3
0 4 0 14
041
04 2 7
0 4 3 101
0 4 4
0 4 5 52
0 4 6
0 4 7 53
0 4 8
0 4 9 1 0 0
0 5 0 111
051
0 5 2
0 5 3
05 4
0 5 5 1 1 2
0 5 6
0 5 7 8
C5 8 9
0 5 9
06  C 110
061
0 6 2 10
0 6 3 150
0 6 4 11
0 6 5 12
0 6 6 1 0 2
0 6 7
0 6 8
0 6 9
0 7 0
071
0 7 2 1 3
0 7 3
0 7 4 151
0 7 5
0 7 6
0 7 7 140
0 7 8
0 7 9 15
0 8 0 1 2 0
0 0 1

1 1 1 , 1 1 1 , 1 1 2

L= 1
I F  (K*KINT-CUMINT ( L ) ) 6 , 3 , 7  
1 :, T;X " (N# L) -CTJy.INT (L) ♦ K*KI NT 
I F  (INpA-KI ' . 'T)  1 4 , 3 , 9  
SAyrA=S&KP(V, J , D  
GO TO 10
I F  ( L - N 5 A X •?) 1 0 1 , 1 0 0 , 1 0 0  
L = L» 1
I ' (I  ̂ ( N, L)) 5 2 , 5 2 , 5  
INTA*PINT-CUKIST (L) ♦K*KINT 
I F  (IN’TA-KINT) 6 3 , 1 1 2 , 1 1 2
s .v ;pa = o
GO TO 10
I F  ( (F*Fl : JV-CUXiNT (L) ) -  KI NT)
I';T-\=! LNT-CUXINT (Lj 
SA RPA *0 
SUK»INTA»INT
50X3= I NT (N, L) * SAXP (X,M,L)
IF (SUX-XINT) 1 5 0 , 1 5 0 , 1 5 1  
SACO (F' ,X,  N) =0»0 
GO TO 16
I F ( K I NT -1N T ( . . ,  L) ) 9 , 9 , 1 1 0  
SACO (V , y. , »SAKP (X, N,L)
GO TO 16 
IN T \ *  I XT ( I , I.)
SAKFA = SA?;?(X,  N,L)
s u k =»:nta
LL = 0
I F  (S’IX-KINT) 12,  1 5 1 , 1 3  
i r (L- 1) 13,  13,  102
s o x = j ' i b* l u x  (:i, i)
L L L L ♦ 1 
LC (LL> =L- 1 
L=L-1 
1=1+1
GO TO 11
S ,JM = S n x - I  NT {N, L)
: - = i - i
1 N T 3 3 i* I H T - S N X 
SAXP3*5AXF (: ,N,  L)
I F  (I) 120,  120,  140
DO 1 . i r ,= 1 , 1
IF f LC( LL) ) 170,  120,  1b
s u r  ; - "  ;+5AXP ( x , n , lc ( l l ) ) * i n t ( n , l c ( l d  )
S U X T -  S U X G ♦ 3 A i'. I A * I N r A + S A X P P * I M  B 
SACO («:,X,  N) - s u x : / :  i n t
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082 16  CONTINUE
083 DO 1112 K=1,NK
084 DO 111? N-1,NbH
005 DO 11 2 fl»1,NZ

i-  V 1 1  a o ‘ 'ASA/n* i.-j added f or  e, ch r e c o v e r a b l e  m i n e r a l  a t  
J 1 ' tj ,in : 1(: - * In o t h e r  wor ds ,  ASAY1 (K,N,;!) =C, AJAY2 (%,-
N , K ) = u , • • •  ASAYn ( K, N, K) =0 i s  added  i t  l i n e  006;  and A5 AY 1 (K- 
, N, M) * SAVG (K, 1, M) , ASA Y2 (K, .1, K) = SACO (K,2,N)  , ' #  aSAYn (- 

- SA C (K, ii, N) i s  a dded  a t  l i n e  1 U2 , where  * n 1 c j u a i o  
t h e  number  o f  r e c o v e r a b l e  m i n e r a l s *

0 8 6  ASAY1 ( K, N, K) =0*
0 8 7  1 1 12 ASAY2 ( i , N, K) = 0 *
0 8 8  1=0
0 8 9  DO 1 0 1 0  N= 1 ,  ?:BH
0 9 0  DO 1 0 1 0  K- 1 , NK
0 9 1  1 = 1 * 1

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

The j i v o n  m i n o r ' l l  do;  os  i t  was d i v i d e d  i n t o  f o u r  m i n e r a l i s a ­
t i o n  z o n e s  by a f a u l t  ( l i n e  092) and a wa t e r  t a b l e  ( l i n e s  
093 and 0 9 a ) » The p o r t i o n  o f  t h i s  Programme from l i n e s  012 
and 1 0 1  i s  t a i l o r e d  t o  t h u  u s e r ' s  d e j o s i t ,  a s  e x p l a i n e d  i n  
S e c t i o n  3*4*1* Not e  t  e m i x t u r e  o f  s c a l e s  i n  l i n e  092* 
' CORI ' and  ' COT T  a r e  me a s u r e d  i n  f e e t  n u t  ' K* i s  mea s u r e d  
i n  y r i d  c o - o r J i n a t ' S *  T h i s  d i f f e r e n c e  i s  a c c o u n t e d  f o r  by 
i n c l u d i n g  s e a l ’ f a c t o r . ,  i n  t h e  e x p r e s s i o n ' s  c o n s t a n t s *

092 IF ( 1 2 7 4 * 0 7 5 * 0 * 6 6 3 * C 0 R I (N) -  1*3875*CORJ(N)
1 -  3 7 • 6 2 5 ♦ K) 1006 ,  1007 .  1007

0 9 i  1 0 0 6  I : (K- 1 0 ) 2 0 0  1 , 2 0 0  1 , 2 0 0 2
09' : 100 / IT (K - 10) - .008,  1003 ,  1009
095 1008 M=1
096  GO TO 2003
097 1009 K*2
098  GO TO 2003
099 200 1 M= I
100 GO TO 200 3
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CHAPTER a ASSAY COMPOSITES PROGRAMME

The c o m p u t e r  p rogr amme used  t o  e x e c u t e  t h e  a s s a y  c o m p o s i t e s  
c o n f u t a t i o n s  d e s c r i b e d  i n  S e c t i o n  3 • 4 • 1  i s  l i s t e d  i n  S e c t i o n  

'* : he l e m a i n m g  S e c t i o n s  of  C h a t t e l  4 s u p p l e m e n t  t h i s
l i s t  w i t h :

1) a d e s c r  i t p t  i on  o f  how t h e  Programme i s  \ t e p a r e d  f o r  
e x e c u t i o n  i n  S e c t i o n  4*1,

2) a c h r o n o l o j i c a l  d e s c r i p t i o n  o f  t h e  P r o g r a m m e ' s  c o n f u t a ­
t i o n s  i n  S e c t i o n  4*2,

3) comment s  w i t h i n  t h e  Programme l i s t  i n  S e c t i o n  4*3 ,  and

4) a g l o s s a r y  o f  t h e  FORTRAN v a r i a b l e s  i n  S e c t i o n  4*4*

4• 1 P r e p a r a t i o n  o f  t h e  Programme f o r  E x e c u t i o n

The Assay Co . o . > i t e s  Programme,  a s  l i s t e d  i n  S e c t i o n  4*3,  
was w r i t t e n  f o r  a r e g u l a r l y  s f a c e d  and r e c t a n g u l a r  g r i d  
s y s t e m*  A d d i t i o n a l l y ,  i t s  p h y s i c a l  s i m u l a t i o n  r o u t i n e  was 
w r i t t e n  f o r  .» d e p o s i t  d e s o r i b o u  i n  S e c t i o n  7*1* The s t e g u  
r e q u i r e d  t o  ^ , a p t  t h e  Programme t o  a n o t h e r  d e p o s i t ' s :

1) g r i d  s y s t e m ,

2* s i z e  and

3) m i n e r a l i z a t i o n  z o n e s

a r e  l i s t<*d below* The. ;e s t e p s  i r e  c r o s s  r e f e r e n c e d  wi t h  t h e  
Programme l i s t  i n  S e c t i o n  4*3 t o  l o c a t e  t h e  e x a c t  p o s i t i o n  
o f  t h e  m o d i f i c a t i o n s *

STEP 1:

The g i i d  s y s t e m  i s  d e f i n e d  by c h o o s i n g  t h e  u n i t  i n t e r v a l
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2 0 0 2  H= t |
200 3 AS A Y1 (K , M , M) = SAC0 (K , 1, N) 

ASAY2 (K,K,M)=SACO (K,2,N)  
M R 1m S (1 V I )  AJAY1 (K,N,K 

1010 CONTINUE
E ( 1 1 ' I) AUAY1 (K,N,K) ,ASAY2 (K,N,M) ,H

STOP
LND

4 e 4 GLOSSARY

Thi s  g l o s s a r y  d e f i n e s  t he  FORTRAN v a r i a b l e s  o f  th Ai.say 
C o m p o s i t e s  Projr<imae* The g l o s s a r y  i s  not  c o mp l e t e ;  som j 
t r a n s f e r  v a r i a b l e s  used t o  f a c i l i t a t e  programming are  not  
i n c l u d e !  in t h e  l i s t *  The e n t r i e s  a p ! e a r  in t he  f o l l o w i n g  
f or ma t ;

,
NAi.3 ( i ,  j ,  k) -  ( ) d e f i n i t i o n  ( J;

*f * i  -  t h e  name of  t he  f i r s t  s u b s c r i p t
j -  t he  name of  t he  s econd s u b s c r i p t
k -  th< name of  t he  t h i r d  s u b s c r i p t *

Th i s  arrangement  of  each  v a r i a b l e s  d e f i n i t i o n  i s  d e s c r i b e d

1) The v a r i a b l e ' s  FORTRAN name appear s  f i r s t *

2) The f i r s t  s e t  o f  b r a c k e t s  d i s p l a y s  t he  number o f
s u b s c r i p t s  or do e s  not  appear ,  i f  t he  v a r i a b l e  i s  not
an a r i a / *

3) Th - v a r i a b l e ' s  p r e c i s i o n  i s  d i s p l a y e d  between t he
s e c o n d  s^t  of  b r a c k e t s  wi th the  f o l l o w i n g  a b h r e v i  i -

a* 1D' i s  d o i b l e  p r e c i s i o n ,  wi th e i g h t  s t o r a g e
l o c a t i o n s ;

b* 10 ' i s  r e a l  j t c c i s i o n ,  with four s t o r a g e
l o c a t i o n s ;

c* ' I ' i s  i n t e g e r  p r e c i s i o n ,  wi th four s t o r a g e
l o c a t i o n s :  ind

d* ' 1*2 '  i s  uate  ; er p r e c i s i o n ,  wi th two s t o r a g e
l o c a t i o n s *

l i o n s :



PAGE 45 
20ft2 M=4
2003 ALAY 1 (X,N,%)=LACG(K,1,N)

AS AY2 (K, N,K) =SACO ( K, 2 ,  .N)

1010 C C W I . a s 1’ 1*
STOP
END

4" 4 GLOSSARY

T h i s  g l o s s a r y  d e f i n e s  t he  FORTRAN v a r i a b l e s  of  t he  Assay  
Co«£ o s i t  as  l i:o j ramae* The j l o s s a r y  i s  not  comj -^^to; some 
t r a n s f e r  v a r i a b l e s  used t o  f a c i l i t a t e  programming are  not  
i n c l u d e d  in t h e  l i s t ®  The e n t r i e s  a y ; o a r  in t i e  f o l l o w i n g  
f o r m a t :

NAL7, ( i ,  j ,  k) -  ( ) d e f i n i t i o n  ( ) ;

, *i  -  t h e  nane of  t h e  f i r s t  s u b s c r i p t
j -  t h e  name of  t h e  s econd s u b s c r i p t
k -  t h e  name of  t h e  t h i r d  s u b s c r i p t •

Th i s  arrangement  o f  each v a r i a b l e ' s  d e f i n i t i o n  i s  d e s c r i b e d  
a s :

1) The v a r i a b l e ' s  FORTRAN name appear s  f i r s t *

2) The f i r s t  s e t  of  b r a c k e t s  d i s p l a y s  t he  number o f
s u b s c r i p t s  or doe s  not  a p p e a r , i f  the  v a r i a b l e  i s  not  
an ar r ay*

3) The v a r i a b l e ' s  p r e c i s i o n  i s  d i s p l a y e d  between t h e
s e c o n d  s e t  of  b r a c k e t s  wi th t he  f o l l o w i n g  a bb r e v i  i -  
t i o n s :

a* *D' i s  d o u b l e  p r e c i s i o n ,  wi th e i g h t  s t o r a g e  
l o c a t i o n s ;

p.  •*>« p., r e a l  [ r e c i s l o n ,  wi th four s t o r a g e  
l o c a t i o n s ;

c® «r ' i •» i n t  g er p r e c i s i o n ,  wi th four  s t o r a g e
l o c a t i o n s ;  and 

, g ,  ' I * ? '  1 , i n t e g e r  p r e c i s i o n ,  wi th two s t o r a g e
l o c a t i  o n s #

W'
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n e x t • JtCfr 'nt °^ v a r i a b l e ' s  s i g n i f i c a n c e  a ppe ar s

Tl L u ° f  b r a c k e t s  d i s p l a y s  t he  s u b r o u t i n e s  in
wniUi  t he  name a p p e a r s ,  i f  t he  same name i s  used f o r  
d i t r e c e n t  v a r i a b l e s *  The b r a c k e t s  do not  a p p e a r , i f  
t h e r e  13  no c o n f l i c t *

6 ) F i n a l l y , t he  d i me n s i o n s  o f  t he  v a r i a b l e ' s  array are  
named• hose d i m e n s i o n s  on l y  a p j e a r  a s  r e q u i r e d •

----------------------------------------------- GLOSSARY---------------------------------------------------

ASA Y 1 (i  , j , \ ) f »;,A y ‘ , j , k ) , • • • ASAYn ( i# j , k) -  (R) t he  a s s a y
c o m p o s i t e s  roc  ' n' r e c o v e r a b l e  mi n e r a l s ;

i  -  g r i d - l e v e l
; -  b o r p - h o l e  i d e n t i f i c a t i o n  number 
k -  m i n o r a l i z u t i o o  zone  i d e n t i f i c a t i o n  number*

CORI ( i ) , CORJ ( i )  -  • - )  che r e c t a n g u l a r  I and J c o - o r d i n a t e  
l o c a t i o n s ,  r e s p e c t i v e l y ,  of  t he  b o r e - h o l e s  in f e e t ;

i  -  b o r e - h o l e  i d e n t i f i c  i t i o n  number•

CU.XINT ( i )  -  (R) t he  c u m u l a t i v e  d i s t a n c e  from the  z e r o
g r i d - l e v e l  t o  each b o r e - h o l e  s i mpl e ;

i  -  san p i e  i d e n t i f i c a t i o n  number•

IHT ( i , j )  -  (R) the  sampl e  l e n j t h ;

i -  bor e - h o l e  i d e n t i f i c a t i o n  number* 
j  -  sar . pl e  i d e n t i f i c a t i o n  number*

INTA, INTO -  ( ’ ( )  two v a r i a b l e s  used t o  a d j u s t  the  top and 
bot tom sampl e  l e n g t h s  between t he  j r i u - l e v e l  b o u n d a r i e s ,  
when t h e  Loundar i e s  do not  c o i n c i d e  wi th t he  cu . t mul a t i ve
s a mp l e  l e n g t h  'CUtllNT' •

KI NT -  (R) the i n t e r v a l  d i s t a n c e  between t he  v e r t i c a l  j t  id
c o - o r  d i n a t e s *

LC(i )  - (P) a c ount er  o f  t he  number of s a mpl e s  1 or
g r i d - l e v e l  per  bor e - h o l e ;
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i r- s a m p l e  i d e n t i f i c a t i o n  nun'Let  •

KtH - (I) the total  numhci of bore-holes*

ilK - (I) the total  number of ' jr id- levels  •

NMIN - (I) the to ta l  number of recoverable minerals*

k'*?'1* , ” ^  t,lli to ta l  number of s a m p l e s  in the b o r e - h o l e
wi t h  the most samples#

HZ - (I) the number of mineralization zones*

SACO ( i , j , k )  - (R) assay composites; 

i  - g r id - l ev e l
j -  mineral id e n t i f i c a t io n  number 
k - bore-hole id en t i f i ca t io n  number*

SAKP(i, j,k) -  (R) the proportional mineral content of each
b o r e - hole sample* This array must have a l l  sample values  
f rom the zero gr id - l eve l  to the Lore-hole bottom incluuinj  
z e r o  values for air space, waste rock and unused array 
member s ,  as explained in Section 3*4*1;

i - mineral id en t i f i ca t io n  number 
j - bore-hole id en t i f i ca t io n  number 
k - sample dent i f i c a t io n  number*

SORFAC (i) - (I) the bore-hole col lar  elevat ion in grid 
co-ordinatea;

i - bore-hole id en t i f i ca t io n  number•
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CHAPTE3 <j GRADE PREDICTION PROGRAMME
===-============================-=3=-=-

Tho Gra !^ i r e  l i c t i o n  Programme c o mp u t e s  t h o  s p a t i a l  d e n s i t y  
ot  t h ’1 g i v e n  d e p o s i t ' s  m i n e r a l i z a t i o n  a s  d e s c r i b e d  i n  

u L s o c t  i o n  3• 11 • 2• A l i s t  o f  t h e  s o u r c e  p r o  j ramme i s  j i v o n  i n  
S e c t i o n  5*1* rho r e m a i n i n g  S e c t i o n s  o f  C h a p t e r  5 sa ;  ; l e x e n t  
t h e s e  l i s t s  w i t h :

1) a d e s c r i p t i o n  o f  how t h e  Programme i s  p r e p a r e d  f o r  
e x e c u t i o n  i n  S e c t i o n  5 » 1 ,

2) a c h r o n o l o g i c a l  d e s c r i p t i o n  o f  t h e  P r o g r a mme ' s  c o mp u t a ­
t i o n s  in S e c t i o n  5*2,

3) comment s  w i t h i n  t h e  Programme l i s t  i n  S e c t i o n  5*3,  and

4) a g l o s s  11. y o f  t h e  FORTRAN v a r i a b l e s  i n  S e c t i o n  5 *4 *

5* 1 PREPARATION OF THE PROGRAMME FOR EXECUTION

The Gr a d e  P r e d i c t i o n  Pr lamme,  a s  l i s t e d  i n  S e c t i o n  5*3,  
must  t o  t a i l o r e d  t o  a new u e j o s i t ’ s :

1 } g r i d  s y s t e m ,

2 ) s i z e ,  and

3) m i n e r a l i z a t i o n  z o n e s *

The f o l l o w i n g  s t e p s  a r e  c r o s s - r e f e r e n c e d  w i t h  t ho  Programme 
l i s t  t o  l o c a t e  t h e  e x a c t  j o s i t i o n  of  t h e s e  m o d i f i c a t i o n s *

STEP 1:

The g r i d  s y s t e m  was d e f i n e d  \ a r t i a l l y  f o r  t h e  Assay Com,o-  
s i t e s  Programme a s  n o t e d  i n  S e c t i o n  4*1* The g r i d  s y s t e m  
d i m e n s i o n s  g1 i nnod t o  e x e c u t e  t h a t  Programme were t h e  
a n g u l a r  s e p a r a t i o n  o f  t h e  c o - o r d i n a t e  a x e s ,  t h e  r e l a t i v e



Ln’/i f t ” * ° ‘ t"’u? 2 0 1 : 0  'Ji i d - l e v e l  wi t h  t h e  d e p o s i t ’ s  s u r f a c e
^ c o ™o r d i n a t o  i n t e r v a l s  on t h e  more n e a r l y  v e r t i c a l

axu>* T.1 e c o - o r d i n a t e  i n t e r v a l s  o f  t h e  two h o r i z o n t a l  t xe s  
p l a n n e d  f o r  ‘t h e  t i r ade  P r e d i c t i o n  Programme t o  c o m p l e t e  

t .  e u e i i n i t i o n   ̂ i f  t h e  g r i d  s y s t e m*  The i d e a l  g r i d  s y s t e m  
c i r r - ( ' ns ions  a r e  d i s c u s s e d  i n  S u b s e c t i o n  1*2*2* B r i e f l y ,  t l i e s e  
d i m e n s i o n s  o u s t  he s m a l l  enough t o  g i v e  g r i d - b l o c k  vo l ume s  
t h a t  can  a c c u r a t e l y  a p p r o x i m a t e  t h e  t o p o g r a p h y  and p i t  
s u r f a c e *  Howeve r , t h e y  a l s o  g o v e r n  t h e  t o t a l  number  o f  
g r i d -  M o c k s  which must  he l e s s  t h a n  t h e  maximum INTEGER*2 
v a l u e  of 1 ? i .oo• The l i m i t  o f  t h e  g r i d  s y s t e m s i z e  and t h e
c o - o r d i n a t e  i n t e r v a l s  a r e  g i v e n  t o  t h e  Programme by r e a d i n g
t h e  v a l u e s  o f  t h e  f o l l o w i n g  c o n s t a n t s  (See l i n o  005,  S e c t i o n  
5 « 1) :

1) ' I S '  and  ' J5• a r e  t h e  c o - o r d i n a t e  i n t e r v a l s  o f  t h e  I 
and J a x e s ,  r e s p e c t i v e l y *  Those  s c a l e  f a c t o r s  a r e  u sed  
t o  r e d u c e  t h e  a c t u a l  d i s t a n c e s  t o  s m a l l  i n t e g e r  v a l u e s  
whi ch a r e  s u i t a b l e  f o r  s u b s c r i p t s  of  FORT PAN’ a r r a y s *  
Thos e  s c a l o  f a c t o r s  a r e  c o n s t a n t  r e g a r d l e s s  o f  t h e  g r i d  
s y s t e m  t ype*  For  t h e  i r r e g u l a r l y  s p a c e d  g r i d  s y s t e m s ,  
o n l y  t h e  i x i s  p e r p e n d i c u l a r  t o  t h e  m i n e r a l  t r e n d s  n e e d s  
l o  be i r r e g u l a r l y  s g a c e d *  r:ho s c a l e  f a c t o r s  ’ I S ’ and 
*J S '  s p e c i f y  t h e  c o - o r d i n a t e  i n t e r v a l s  in t h e  p l a n e  
p e r p e n d i c u l a r  t o  t h e  i r r e g u l a r  a x i s *  T h e r e f o r e ,  t h e y  
may be c o n s t a n t s *  For t h e  n o n - r e c t a n g u l a r  g r i d  s y s t e m s ,  
t h e  I n g u t  d a t a  a r e  m o d i f i e d  t o  r e a d  t h e  b o r e - h o l e
l o c a t i o n s  i n  g r i d  c o - o r d i n a t e s  i n s t e a d  of  i c t u a l  d i s t a ­
nc es*  Th" s c i l e  f a c t o r s  a r e  i n n e c e s s i r / wi t h  t h i s
c h a n g e *  In whi ch c a s e ,  t h e y  may be d e l e t e d  f rom t h e  
Programme e x p r e s s i o n s  c o n t a i n i n g  them or  t h e y  may be 
s e t  egi ia 1 t o  one*

2 ) ' NI , ' NJ ' and ' NK' a r e  t h e  maximum number  o f  co
- o r d i n a t e  i n t e r v a l s  i n  t h e  I ,  J  and K c o - o r d i n a t e  
d i r e c t i o n s ,  r e s p e c t i v e ! y *

The c o - o r  d i n  a t  • i n t e r v a l s  ' I B '  and M S '  must  be m u t u a l l y  
t o l e r a n t  w i t h  t. h •* t o t a l  g r i d  s i z e  ’ N I ’ , ’ NJ ' and 'NK'  t o
p r o d u c e  l e s s  t h a n  t h e  maximum number of  g r i  1 - M o c k s *  T h i s
l i m i t  i s  . 1 2 0 0 0  and i s  i m p o s ' d  by t h e  maximum v i l u e  p e r m i t t e d  
f o r  INT-G: R*2 v a r i a h l - ' S *  For e x a mp l e ,  a ssume t h a t  t h e  g i ven  
d e i o s i t  i s  1000 f t *  L, 5C00 f t *  by 1600 f t * ,  ind t h a t  t h e  
d e s i  e l  g r i d  s y s t e m  i s  r e g u l a r l y  s p a c e d  wi t h  c o - o r d i n a t e  
i n t e r v a l s  o f  IS - 100 f t * ,  JS = 100 f t *  and t h e  v e r t i c a l
i n t e r v a l  e ; u a 1 t o  50 f t *  Th e s e  d i m e n s i o n s  p r o d u c e  a g r i d
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wi t h  4 1000 a t i d - b l o c k s  which e x c e e d s  t h e  maximum 32000* The 
y ^  yc ' s e a l '  f a c t o r  i s  a l r e a d y  d e f i n e d  t o  be s u i t a b l e  f o r  
t h e  Ass a.  C o m p o s i t e s  Programme* T h e r e f o r e ,  t h e  ’ IS* and • JS* 
s c a l e  f a c t o r s  u s t  be i n c r e a s e d  t o  r e d u c e  t h e  number  of  
g i i d - fc1 o c k s  t o  t h e  maximum a l l o w a b l e  l i m i t *

STEP 2:

The f o l l o w i n g  s e a r c h  [ a r a i t e r s  must  be d e f i n e d  for  e a c h  
minei  af  i z a t i o n  z o n e , a s  d e s c r i b e d  i n  S u b s e c t i o n  3*4*2:

1) 1 -iCLHS1 -  t h e  maximum number  o f  a s s a y  c o m p o s i t e s  p e r
e s t i m a t e ,

2 ) 1 1*1 AXD’ -  t h e  maximum d i s t a n c e  l i m i t ,

3) 'DEAR1 -  t h ^  minimum a n g u l a r  s e p a r a t i o n ,

41 * P* -  t h e  i n v e r s e  p r o p o r t i o n a l  w e i g h t i n g  f a c t o r , and

5) I Jf ' IND1 -  t h e  minimum d i s t a n c e  l i m i t *

T h e s e  d a t a  a r e  r e a d  in  a t  l i n e  007 i n  t h e  . . ogramxe l i s t *
The i n t e r p o l a t i o n  i n  a p a r t i c u l a r  m i n e r a l  h o r i z o n  a u t o m a t i ­
c a l l y  w i l l  t<» made on l y  from t h e  a s s a y  c o m p o s i t e s  i n  t h a t  
h o r i z o n ,  i f  t h e  pr id s y s t e m  i s  c o n s t r u c t e d  a s  e x p l  l i n e d  i n  
Step 1 o f  S e c t i o n s  4*1 and 5*1*

STEP 3:

The d i m e n s i o n s  must  b<> s p e c i f i e d  f o r  t h a  rURTHAN a r r a y s  and 
d i r e c t  a c c e s s  d a t a  so t . , *

A) The d i m e n s i o n s  a r e  d e f i n e d  f o r  t h e  FORTRAN a r r a y s  i n  
S e c t i o n  5*4•

U) The d i m e n s i o n s  a r e  g i v e n  f o r  t h e  DEFINE FILE s t a t e m e n t  
i n  S e c t i o n  5*3 f o r  t h e  d i r e c t  a c c e s s  d a t a  s o t s *

STEP 4:

The b o u n d a r i e s  o f  t h e  m i n e r a l i z a t i o n  z o n e s  s i m u l a t e d  i n  t h e  
Assay C o m p o s i t e s  Programme a t e  a l s o  s i m u l a t e d  i n  t h i s  
Programme w i t h  t h e  same i n d i c a t o r  n r i  l y s  and p o l y n o m i a l  
e q u a t i o n s *  Those  s u r f a c e s  . ire s i m u l a t e d  be t wee n  l i n e s  Of, 2  
and 0(.;- o f  t h e  P r o g r a m m e  l i s t  in S e c t i o n  5*3* The d e r i v a t i o n



P ’VGE 51

3 0  a n d S‘3 0 o i ° n ° f t h e s e  t i U r i a c e s  a r c  d e s c r i b e d  i n  S e c t i o n s

STEP 5 :

r i d t e  riuinhor o f  v a r i a b l e s  must  be added  f o r  e a c h
' 1 * l e r o y e r  a b l e  m i n e r a l  us  d e s c r i b e d  by t h e  comment

m  t h e  Programme l i s t  a t  L i ne  008•

SEQUENCE CF PROGRAMME COMPUTATIONS

LINES 001 -  031:

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

LINES 040 -  186:

The n o s l e  1 I <" l o o p s  lj01 and 4 5  e s t i m a t e  t h e  p o i n t  m i n e r a l
der.:, ̂ t i ' • P *. D 1 1 and ' G R A L 2 1 a t  e a c h  j r i d  - i n t e r  s e c t i o n

K) f rom t h e  a s s a y  c o m p o s i t e s  ' ASAY 1'  and 1 ASAY2*•

LIKE 048:

The •LCC* e x p r e s s i o n  c a l c u l a t e s  t h e  l o c a t i o n  i n  a d i r e c t  
a c c e s s  d a t a  s e t  o f  t h e  member ( I , J , K ) •

LINE 030:

T h i s  IF s t <1 1 3^ • nt  b r a n c h e s  t h e  Programme a r o u n d  t h e  t e m a i -  
r d n j  j r a d e  p r e d i c t i o n  c o m p u t a t i o n s ,  i f  t h e  t j r i l - i n t e r s e c t i o n  
( I ,  J , K) r.j one  o f  t h o s e  above  t h e  d e p o s i t ’ s  our  f ace*

LINES 051 -  075:

DC I c o j  17 c a l c u l a t e s  t h e  . d i a l  d i s t a n c e  3 be t wee n  t h e
g r i d - i n t e r s e c t i o n  ( I , J , K)  and t h e  a s s a y  c o m p o s i t e s  (C0RI , -  
COR J ) i n  t h  r a n o  min- r 1 1i z a  t i o n  zone*

LINES 052 -  Co' t:

T h e s e  s t a t e m e n t s  d e f i n e  t h e  m i n e r a l i z a t i o n  zone pt i n  which 
t h e  j r i d - i n t e r s e c t i o n  ( f , J , K )  o c c u r s *

LINES 055 - 062:
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l . . , ' *•>»/  c o m p o s i t e  i j  nu t  i n  t h e  same zone  a s  t h e
y i v e n  j n d - m  t n r s o c t i o n  ( i ,  j , K)  •

LINES 063 - 065:

t h e r e  i s  »n .1 3 3 ,1 /  c o m p o s i t e  ’ ASAY1 * ind 'ASAY2'  w i t h i n  a 
o i mma m d i s t a n c e  ' MPiD'  o f  t h e  j r  i d - i n t e r s e o t i o n  ( I ,  
t h e  i u m t  m i n e r a l  d e n s i t y  • JHAOI« and ' 3 RAD2 ' o f  t h a t  
gr  1 11 .it r' t s e c t  i on i s  ,,i v o n  t h e  va 1  uf• o f  t h a t  a s s a y  c o m p o s i t e *

LI I J 2 0 7 G:

T h i s  s t a t e m e n t  s e l e c t s  t h e  a ; p r o p r i a t e  maximum number  of  
a s s a y  c o m p o s i t e s  1 CLUli1 pe r  i n t e r p o l a t i o n  f o r  t h e  m i n e r a l i ­
z a t i o n  zone  ‘ K 1 •

LIMES 077 -  087:

DC loop.  TU r a n k s  t h e  r a d i a l  d i s t a n c e s  1 R1 f rom t h  j r i d  
- i n t e r s e c t i o n  ( I , J , K)  t o  t h e  n e a r e s t  • LMAX * a s s a y  c o m p o s i t e s  
i n  i n c r e a s i n g  o r d e r •

LINES 090 -  100:

The r a d i a l  d i s t a n c e s  1 P 1 a r e  l o s t  i n  DO l o o ;  2'«* C o n s e j u e n -  
t l y ,  DC l o o ;  26 i: .  r e  w i r e d  t o  rec a l c u l a t e  thorn,  L at  o n l y  
f o r  the1 n e a r e s t  • LMAX• a s s a y  c o m p o s i t e ; *  In t h i s  * 1 / ,  t h e  
a s s a y  c o m ; s u i t e s  e x i s t  i n  j o u t s i d e  t h e  maximum d i s t a n c e  l i m i t  
* LiTA x ‘ i r e  d e l e t e d  from t ho g r a d e  p r e d i c t i o n  a t  t h e  g r i d  
- i n t e r s e c t i o n  ( I , J , K ) •

LINES 101 -  143:

DO l o o ;  29 c a l c u l a t ' S  two h e a r i n g s  * B* and *b1* f rom t h e  
g r i d - i n t e r s e c t  i on  ( I , J , K )  t o  t h e  s e l e c t e d  (NC ( L) ) a s s a y  
c o r p o s i t e s *  Thu two h e a r i n g j  a r e  compu t ed  f rom n o r t h  and 
s o u t h  ; .isc> d i r e c t i o n s ,  r e s p e c t i v e l y *  The r e a s o n  f o r  t h i s  i s  
t h a t  two a s s a y  c o m p o s i t e s  c l o s e  t o  and on e i t h e r  s i d e  0 1  a 
b a s e  l i n e  w i l l  have  a .mal l  j u g u l a r  s e ; a t  a t i o n  b u t  1 l a r g o  
d i f f e r e n c e  be t we e n  t h e i r  L e a : i n  gs* T h e r e f o r e ,  t h e  two h e a ­
r i n g s  a r e  r e q u i r e d  t o  t o s t  t h e  a n g u l a r  s e p a r a t i o n  c l o s e  t o  
t h e  op p o s i t  1 iso l i n e *
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n e t ', urade£ t 0 i , r f  "  U ^ K )  T^LltSftSl
/ c i o  v 1 1 upe 1 f i c t i o n  by i n u s s i j n i n g  i t s  r a d i . a l  ijj s t a n c e  a 

U S E S  165 -  17 3:

The p o i n t  m i n e r a l  l e n a i t i o s  (GRAD 1 , GSAD2) i t  t h e  j t i d  
- i n t e r s e c t i o n  a t e  z e r o ,  i f  t h e r e  a t e  no a s s a y
c p a p o s i t e s  w i t h i n  t l i e  maximum d i s t a n c e  l i m i t  1 KAXD*• The 

- t a t  s e n t  i n  Li no  171 i s  i n c l u d e d  t o  d i s p l a y  t h e s e  
qi  m - i n l e t  s e c t i o n s *  N o r ma l l y ,  t h e  j t  i d - i n t o r s e c t i o n s  on t h e  
o t i cor  od ; e s  o£ t h e  g r i d  s y s t e m  w i l l  be o u t  o f  r a n  e o f  t h e  
s e a r c h  y a r a r r e t e r s ,  i f  t h e  y r i d  s y s t e m e x t e n d s  p a s t  t h e  
e x p l o r a t i o n  d r i l l i n g *  howe ve r ,  d e f i n i t i o n  of  t h e  s e a r c h  
p a r a m e t e r s  s h o u l d  be r e - e x a m i n e d , i f  a ' j r i i -  i n t e r s e c t i o n  
t h a t  i s  w i t h i n  t h e  d e p o s i t  i s  o u t  o f  r a n g e *

LINES 174 -  164:

* ho a s s a y  c o m p o s i t e s  t h a t  have  n o t  been e x c l u d e d  by j r o v i o u s  
t e s t s  a r e  a v o t a j e d  in  i n v e r s e  p r o p o r t i o n  t o  t h e i r  r a d i a l  
d i s t a n c e s  1 Ti 1 ky t h e  power  • ? '  t o  e s t i m a t e  t h e  [ o i n t  m i n e r a l  
d e n s i t i e s  1 GRAD11 i nd ' GKAD21•

5* 3 A LIST OF THE GRACE PREDICTION PROGRAMME

001 REAL COPI (t,0) ,00", !  (</ )  ,MAXD (4) , A5AY1 ( 1 9 , 6 0 , 4 )  ,
1ASAY2 (1 - 6 0 , 4 )  ,R (60) , 3  (60) , PI (60) , ATAN, AOS , SQ RT, 
2STCRL (30)

0 0 2  INTEGER MCL0S (4) , NC (60) , T , SCORE (750)
0 0  3 I  NT EGER* 2  TOPO ( 1 0 ,  2 5 ,  I d )
------------------------------------   P 0 R M E N T------------------------------------------

The p a r a m e t ' - r s  of  th<* f o l l o w i n g  DEFINE FILE s t a t e m e n t  a r e :

1) i i  -  NI*M.HNK,

2) j j  * (number  o f  r e c o v e r a b l e  m i n e r a l s ) +4,

i )  kk -  NPHsNK,



P AGE  5 4

*1) 1 1  = (number  o f  r e c o v e r a b l e  m i n e r a l s  + 1 ) * 4 , and

5) mm = NBH» ,
I

0 0 , 4  i i n ^ NE/ rI L  ̂ 1 ° U i ,  j j , L , I J )  , 1 1 ( k k , l l , L , J I )  ,
*  ̂  ̂# L 4 «J *) )

„ R-AP ( 5 , 1 )  NI , NJ# NK ,!!BH, K2 , 1S, J 5 
006 1 FORMAT (714)
0 C 7  R" AD (5# 1004) (NCLUS (M) ,r.AXD(M) ,BLAR (M) , P  (M) ,

Imind (7i) , m= 1, 4)
008 1004 FOR.’:AT ( I 2 , F 6 » 1 , F 7 e 4 , F 3 . 1 , F 4 » 2 )
------------------------------------------------COMMENT----------------------------------------------

Tho aj ' j  r o j  i L i t e  number  o f  v a r i a b l e s  and e x p r e s s i o n s  must  be 
a d d e d  t o  t a e  P r o j r a r m o  f o r  e a c h  r e c o v e r a b l e  m i n e r a l *  P a r a ­
l l e l  e x p r e s s i o n s  a r e  c r e a t e !  f o r  ASAYn ( K, N, K) , ASSAYn, GRADn 
and jASAYn,  whore  1 n 1 i d e n t i f i e s  e a c h  r e c o v e r a b l e  m i n e r a l ,  
a t  L i n e s  012 ,  01? ,  020,  04%, 073 ,  169,  180,  184 and 13t>*

009 DO 1 112 K = 1 , N K
0 1 0 DO 1 1  1 2  N«1 ,NEH
0 1 1 do 1 1 1 2  r.= i , :*z
0 1 2 AS AVI (K,r; , : : ;  *0
013 1 1 1 2 ASAY2 (K, N, M)=0
014 1 = 0
0 1 6 DO 10 1C N= 1, NUH
016 DO 1010 K=1,*JK
017 1 = 1 + 1
018 PEAT ( 1 1 ' I) ASSAY 1 , ASSAY2,
019 IF (A3EAY1) 1 ( 10 , 10  10 , 1006
0 2 0 1006 ASA Y 1 (M, 1,M) = ASSA Y 1
0 2 1 a s a y 2  ( : : , : ; , : : )  =as s ay 2

0 2 2 1 0 1 0 CONTINUE
023 DO 90 3 N= 1 , NUH
024 READ ( 1 2 ' d) X,Y
025 COPI (d) =X
026 803 C0P.1 CJ) = Y
027 !N*NI*NJ
026 READ ( 5 , 105 1 )  (SCORE C O ,  N =
029 105 1 F O R M A T  (1012)
030 DO 1054 K*1,NK
031 N = C
032 DO 1064 J * 1 , NJ
033 DO 1054 1 = 1 , MI



N =  N 4  1

1055 ^ ^ r' SC0RK (” ) - « )  1055,  1053,  1053
GO TO 1 *05 4 

1C53 11=0
1054 TOFO ( I ,  J ,K)  = H  

En09AD=0#
DO 00 1 K= 1 , NK 
DO >01 J = 1 , H J
no nr, i = i , ni 
GO AD 1 = 0•
GRAD2-0*
DO 16 1 N*1 , NBH 

16  1 ?i CO =0
LOC=N,7*HI x (K- 1) +NI* ( j - 1 )  + 1  
FIND ( 1 0 ' LOG)
IF (TOPO ( I ,  J ,  K) ) 4 6 , 4 6 , 9 9 9  

99 9 Du . 7 N=1,NJH
I F  ( 1 1 0 9 6 *  3 + 26 5 * 2 * 1 - 1  i m * * J - 1 5 0 # 5 * K )  1 0 1 1 , 1 0 1 2 , 1 0 1 2      ---------------------------------------------------------------

Lin'*:: 052 -  06? a r  t a i l o r e d  t o  t h e  u s e r ' s  m i n e r a l i s a t i o n
z o n e s *

053 101 1 IF (K- 10) 2015,  2 0 1 5 , 2 0 1 6
054 101? IF (K-10) 1013,  101 M 0 1 -
055 10 1 K=1
056 IF (1109 *3 + 2 * 6 ri2*CORI (N) - 6 * 5 5 * CORJ (N) -  150*5 

1*K) 1 7 , ? . , 7 5
057 1014 K= 2

05B IF (11096*3 + 2*652*CORI(N) -5»55*CORJ(N) - 15 0*5
l . f )  1 7 , 7 5 , 7 5

059 2015 1
060 IF (110 96* < + 2*652*CORI (N) -5*55*CORJ(N) - 1 5 0 * 5

1 < K) 7 5 , 1 7 , 1 7
061 2016 M - 4
062 IF (13t />b«3 + 2*652*CORI (N) -5»55*CORJ(N) - 1 5 0 * 5  

1*F) 7 5 , 1 7 , 1 7
Ob i 7b IF ( A ( C O "  I (M) -  I S* I )  T:.’D (X) ) 90,  90,  91
0 6 4  9 0  IF (A VS ( OF. )  ( N ) J ) - n  • }?( : : )  ) 1 0 1 6 , 1 0 1 6 , 9 2
065 91 IF (A?S(V HJ(N)- .1S*J)-MIND(X>) 9 3, 93,  10 15
066 93 9 (H)« (AtiS (CORI ( N) - IS*1)  )
067 GO TO 17
068 92 R (M) e (ABS (COR.7 (N) -  J S * J ) )
069 GO TO 17

034
035
036
037 
039
039
040
041
042
043
044
045
046
047 
04 C
049
050
051
052



070

071
072
073
074
075
076 
0 77 
078

080
081

083
084
085
086 
08h 
088
089
090
091
092
093
094
095
096
097

098
099
100 
101 
102
103
104
105
106

107
108

109
110

1016

17

N)
M)
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101 ^ 1 - (C0R1 ) ** 2* * (A 85 (C0.7.J (N)
GO TO 17 
Gr  A D  1 = ,\5 A i 1 (K, M 
Gp AD2 ASAY2  (K,"
GO TO 46 
CONTIt’UE 
lmax=;iclus (m)
LO 24 L=1 , LKAX 
DC 1013 N=1 , HDH 
I F (7(N))  1018,  1018 , 19
CONTINUE 
SKEL=R (N)
DO 2)  ’j=1,NB;i 
JF (S(N))  2 3 , 2 3 , 2 1  
IF (R(N)-SSEL)  2 2 , 2 2 , 2 3  
NC (L) =N 
Sit EL* R (N)
CONTINUE
E (NC ( L) ) =9 0 0 0 0 0 0 0 •
CONTINUE 
DO 26 L=1 , LEA X
IF (A85 (CORI (NC (L) ) - I S * l ) - R t H D ( K )  )
U (NC (L) ) =AUS (CORJ (NC (L) ) -U5*J)
GO ’’’O 184
IF (A85 (CO?J (NO (L) ) - J S * .1)-MIND(M) 192,  182,  183 
R (NC ( L) ) °AD5 (CORI (NC (L) ) -15*1)
GO TO 134
R (NC (L) ) =S2RT ( (AES (CORI (NC (L) ) - I S *  I) ) **2* ♦

(AbS (CO?J (NC (L) ) -JS*J) ) **2«)
I "  (.? (MC (L) )-;:AXD(y.) ) 26,  26 , 25  
R (NC (L) ) *0 
CONTINUE 
DO 29 L* 1, L.1AX 
IF (R (NC (L) ) ) 2 9 , 2  1,27
IF (C07J (NC (L ) -  ’ . * J) 1 102,  300. 1  101 
I F  (CC1 I ( NC( : > ) - I : . * I )  106,  303,  103
I F  (C01I  (NC (L) ) - I S * I )  1 0 5 , 30 4 ,  104 
B (NC (L) ) "ATAM ( (AUS (CORJ (NC(L) ) - J S * J )  ) /

1 (APS (CORI (NC (L) ) - I S * I )  ) )
GO TO 28

104 B ( NC (L) ) =4*712 33 tATAN ( (ABS (C03I (NC (L) ) - I S * I )  ) /  
1 (AES (CORJ (NC (L) ) -  JS* J)  ) )
GO TO 28

105 J ( NC (L) ) -  )• 14 1 59* ATAN ((AD (CORJ (NC (L) ) - J u * J )  ) /  
1 (AES (CORI (NC ( L) ) - I S * I )  ) )

1018
19
20

21
22

23 
171
24

130

13 1
182

133

184
25
26

27 
1 101
1102 

103

180, 190, 131



111 
112

113
11%
115
116 
1 17 
118 
1 19 
120 
121 
122 
123 
1 2 %
125

126 
12r

128 •
129

130
131

132
133 
13%
135
136
137 
133 
139 
1UO 
1%1
142
143
144
145
146
147
148
149
150
151

1 0 6

300 
30 1

302

30 3

304
1 8 

201 
202 
203
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GO TO 2 8

i  ( a e s  K o )R j ,, : , c 7, L n , : 5 " j ,  ,7 ' “ , C 0 R I  t : , c ( L )  1
GO TO 29

1 0 1 , 3 0 8 , 3 0 2

2 0 1 , 3 1 0 , 2 0 2  
2 0 3 , 3 1 3 , 2 0 4  
2 0 6 , 3 1 4 , 2 * 5

204 

•' 205 

206

310
311

312

313

314

308 
29 

30 3

1 120 
121

30

I f  {-ORI (NC (L) ) - 15 * I )
B (NC(L) ) =3# 14159 
GO TO 28 
B(NC(L) ) =0*0  
GO TO 23
L (NC (L) ) ” 1*57000 
GO TO 28
E (NC (L) ) - 4 . 7 1 2 3 d  
IF ( CO^ J f NC( L) ) - J S * J )
IF (COPI (NC (L) ) -If>* I)
IF (CORI (NC (L) ) - I S * n
31 (NC (L) ) = ATAN ( (ALS (COflJ (NC (L) ) - J 5 * J )  ) /

1 (AES (COPI C'C (L) ) - I S . L )  ) )
GO TO 29
31 (NC (L) ) »1 •570R*ATAN ( (A35 (CORI (NC (L) ) - I S * I )  ) /

1 (AES (COR.I (NC (L) ) - J S * J )  ) )
GO TO 29
til (NC (L) ) = 1. 1 4 15 9 ♦ A T A N ( (AUS(C()RJ (NC (L) ) /

1 (AES (C01I (NC (L) ) - 15 *1 )  ) )
GO TO 29
01 (NC (L) ) = 4 . 7  1230* ATAN ( (AOS (CORI (NC (L) ) -  IS * I) ) /  

1 (AES (CORN (NC (L) ) - J 5 * J )  ) )
GO TO 29
IF (CORI (NC (L) ) - 15*1)  3 1 1 , 3 0 3 , 3 : 2  
91 (NC (L) ) ? 0 . 3  
GO TO 29
01 (NC (L) ) =3« 14159 
GO TO 29
B 1 (NC (L) ) =1 . 5  708 
GO TO 29
B1 (NC ( L) ) - 4*71239  
GO TO 29 
WRIT: ( 6 , 3 0 )
CONTINUE 
FORMA" ('  TI LT' )
DO 33 l*1,LMAX 

3 3 T* 1 , LMAX 
IV VIC (L) ) ) 33,  1 I,  1120 
(R (NC (T) )) 13,33,121
v\:  i (d (NC (T) ) - , !  (NC (L) ) ) -BEAR (M) ) 30, 3 3,  33
(R (NC (T) ) - P  (NC (L) ))  3 1 , 3 3 , 3 2

DO
IF
IF
IF
IF

31 R(NC( L) )=0
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1 5 2 • GO TO 13
153 32 R(NC(T ) ) = 0
154 33 CONTINUE
155 DO .17 L=1,Lt'AX
156 DO 37 Y=1 , LMAX
157 IF ( R( SC( L) ) )  3 7 , 1 7 , 1 2 2
1 5 8 1 2 2 IF (P (NC (T) ) ) 37, 17,123
159 123 IF (ADS (81 (!IC (T) ) -  B1 (NC (L) ) ) -  BEAR (K) ) 34,  37.  37
1 6 0 34 IF (T (NC (T) ) -T (NC (L) ) ) 35,  37,  36
161 3 5 R(NC(L) )=0
1 6 2 GO TO 37
163 36 R(NC( ? ) ) = 0
164 37 CONTINUE
165 DO 18 L=1 , LRAX
1 6 6 IF (R (NC (L) ) ) 30,  38,  39
167 38 CONTINUE
1 6 8 GRADING*
169 GRAC2=0*
17 r WRIT: (10* LCC) GSAD1,GRAD2,E6G3AD
171 WRITE ( 6 , 9 9 8 )  I , J , K
172 . , . 998 FORMAT ( '  KA1 UZ OUT OF RANGE1, 313)
173 1 GU TO 45
174 39 SASAY 1 = 0
175 SASAY2=0
176 su«w=o
177 DO 44 L * 1 , LflAX
178 IF (P (NC (L) ) ) 44,  44,  41
179 43 SASAY 1=S ASA YH ASA Y1 (K , NC (L) , M) /  (R (NC (L) ) **P (fl ))
180 SASAY2 = SASAY2*ASAY2 (tr,NC (L) , M) /  (R (NC (L) ) *$P (K) )
181 SUKW = SUMWM*/ (R (NC (L) ) **P (X) )
182 44 CONTINUE
183 GRAD1*SASAYl/SUf!W
184 GRAD2 = 5ASAY 2/SUMW
185 46 W 0 ITE ( 1 0 ' LOG) GRAD 1 , GRAD2
186 901 CONTINUE
187 STCP
188 END

5* 4 GLOSSARY

T h i s  J l o n s  i r /  d e f i n e s  t h o  FORTRAN v a r i a b l e s  of  t h e  Gr ade  
P r e d i c t i o n  P i o j r <1 mi o • The , l o a s d r y  i u  no t  c o m p l e t e ;  some 
v a r i a b l e s  u s e d  t o  f a c i l i t a t e  ; r o y r a m m i n j  a r e  no t  i n c l u d e d  in  
t h e  l i s t *  The f o r  mat  of  t h e  e n t r i e s  i s  d e f i n e d  in  S e c t i o n

■
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•GLOSSARY-

^ o i k i s i o r  ^  ,

i  -  g r i d - l e v e l
j  -  bo x . e - h o l e  i d e n t i f i c a t i o n  number 
k m i n e r a l i z a t i o n  zone  i d e n t i f i c a t i o n  number*

A S S A '1 1 '  ASSAY2, •••ASSAYn -  (R) a v a r i a b l e  used  t o  t r a n s f e r  
a s s e ;  f (jin{ . v S i t o s  f r  am e x t e r n a l  s t o r a g e  t o  i n t e r n a l  s t o r a g e
f o r  1 n* r e c o v e r a b l e  m i n e r a l s *

b ( i )  and 131 ( i )  -  (R) t h e  b e a r i n g s  f rom n o r t h  and s o u t h ,
r e s p e c t i v e l y ,  b e t wee n  g r i l - i n  t e r  s e c t i o n  and a s s a y  c o m p o s i ­
t e s ;

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

BEAiT(i) -  (P) a s e a r c h  p a r a m e t e r  which i s  t h e  minimum
a l l o w a b l e  a n g u l a r  s e p a r a t i o n  be t ween  a s s a y  c o m p o s i t e s  mea­
s u r e d  i n  r a d i a n s ;

i  -  m i n e r a l i z a t i o n  zone  i d e n t i f i c a t i o n  number •

CORI( i )  and CORJ ( i )  -  (R) t h e  I and J c o - o r d i n a t e  l o c a t i o n s  
of  t h e  o o r c - h o l e s  i n  f e e t . ;

i  -  b o r e - h o l e  i d e n t i f i c a t i o n  number •

GRAD 1, GRAD2, •••GRADn - (R) t h e  p o i n t  m i n e r a l  d e n s i t i e s  a t  
a g r i d - i n t e r s e c t  i on  f o r  • n ’ r e c o v e r a b l e  m i n e r a l s *

IS and dS -  (I)  t h e  s c a l e  f a c t o r s  for  c o n v e r t i n g  be t ween
a c t u a l  d i s t a n c e s  and g r i d  c o - o r d i n a t e s *

LOG -  (I) t h e  l o c a t i o n  o f  a member i n  a d i r e c t  a c c e s s  d a t a
s e t  •

n,\XD ( i )  - (P) a s e a r c h  p a r a m e t e r  which i s  t h e  maximum
d i s t a n c e  b e t we e n  g r i d - i n t e r s e c t i o n  a n d  a s s a y  c o m p o s i t e s ;

i  -  m i n e r a l i z a t i o n  zon * i d e n t i f i c a t i o n  number •
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d i s t a n c e  b e t we e n  S s s a y ' c o S p o u i l e ' a n T ' y r i i - i n t e r s e c t i r S l " ' " "  

i  -  m i n e i a l i z d t i o n  zone  i d e n t i f i c a t i o n  number*

Nbt! -  ( I)  t h e  t o t a l  number  o f  bur  e - h o l e s *

^ C ^ i ) a v 1 4 La L tt'  u sed  t o  i d e n t i f y  t h e  a s s a y  c o m p o s i t e s  
t o  bo i n c l u d e d  i n  any p a r t i c u l a r  p o i n t  m i n e r a l  d e n s i t y  
e s t i m a t e ;

i  -  b o r e - l i o l e  i d e n t i f i c a t i o n  number •

NCLU5 ( i )  ~ (1) a s e a r c h  p a r a m e t e r  which e j u a l s  t h e  maximum
numaor o f  a s s a y  c o m p o s i t e s  t o  be i n c l u d e d  i n  e a c h  p o i n t  
m i n e r a l  d e n s i t y  e s t i m a t e ;

i  -  m i n e r a l i z a t i o n  zone  i d e n t i f i c a t i o n  number •

N'l, NJ and Ni -  (I)  t h e  maximum , J  and K j r i d  co
- o r d / - n a t e s ,  r e s p e c t i v e l y *

NZ -  ( I )  t h e  t o t a l  number  of  a i n r i z a t i o n  zones*

P ( i )  -  (!>) ,i s e a r c h  p a r a m e t e r  v . n c n  i s  t h e  i n v e r s e  p r o p o r ­
t i o n a l  w e i j h t i n j  f u c t o r ;

i  -  m i n e r a l i z a t i o n  zone  i d e n t i f i c a t i o n  number •

R (i )  -  (?) t h e  r a d i a l  d i s t a n c e s  be t ween  j r i d - i n t e r s e c t i o n
and i t s  n u r r o u n 1. i n  ; a s s a y  c o  rt o s i t e s ;

i  -  b o r e - h o l e  i d e n t i f i c a t i o n  number •

T O P O ( i , j , k )  -  (1*2) an i n d i c a t o r  a r r a y  u s e )  t o  s i m u l a t e  t h e  
d e p o s i t ' s  s u r f a c e ;

i ,  j ,  k -  t he I ,  J  and K j r i d  c o - o r d i n a t e s ,  r e s p e c t i v e l y *
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CHAPTER 6  OPEH|PIT PLANNING SYSTEM

tn» o r i o r .  d e s c r i b e d  i n  t h i s  C h a p t e r  a r e  used  t o  work o u t  
how t n  c o n d u c t  t h e  open p i t  mini iuj  o p e r a t i o n s  on t h e  u s e r ' s  
s u r f a c e  d e p o s i t *  Economi c ,  m a t h e m a t i c a l  and mine d e s i j n  
t h e o r i e s  a r e  c om. f i r ed  wi t h  c o mp u t e r  j ro-j ral i iminj  t e c h r . i  ^ues 
t o  y i e l d  a ’ i t  p l a n n i n g  s y s t e m ba sed  on maximum t o t a l  j r o f i t  
and { r e s e n t  v a l u e *  ’h i s  s y s t e m  i s  e x e c u t e d  wi th t h e  Mine 
P l a n  Programme l i s t e d  in  Chat  t e r  8 * The HP Programme 
p r o d u c e s  a s e t  o f  s c h e d u l e s  and p l a n s  t h a t  r e p r e s e n t  an 
opt ima":  open  p i t  mi n i ng  s o l u t i o n  f o r  t h e  u s e r ' s  d e p o s i t *  The 
f l ow d i a g r a m  i n  T a b l e  6 * 1 i l l u s t r a t e s  t h e  c o m p u t a t i o n a l  
s e q u e n c e  o f  t h e  yp Programme* C h a p t e r  6  i s  o r g a n i z e d  not e  or  
l e s s  p a r a l l e l  t o  t h i s  d i ag r a m*

6 * 1 INPUT DATA

T h e r e  a r e  two t y p e s  o f  i n p u t  d a t a  r e p a i r e d  t o  i n i t i a t e  t h e
MP Programme* ‘" h os e  d a t a  t ; p^-s a r e  d i s t i n g u i s h e d  by b e i n g
v a r i a b l e  o r  f i x e d *  They a t - ‘ d e s c r i b e d  g e n e r a l l y  i n  t h e  
f o l l o w i n g  S u b s e c t i o n s  and a r e  l i s t e d  s p e c i f i c a l l y  i n  C h a p t e r  
8*

6 • 1* 1 VARIABLE INPUT DATA

The v a r i a s l o  i n p u t  d a t a  a r e  t h e  i n f o r m a t i o n  r e g u r r i n g  
d e c i s i o n s  t y t h e  u s e r • Th e s e  d a t a  i r e  c o l l e c t i v e l y  c a l l e d  
t h e  ' IIIPUT MINING PROPOSAL* i n  T a b l e  6*1* T h i s  p r o p o s a l  i s  
t h e  a e l  c t i o n  o f  a l l  c o n c e i v a b l e  p l a n t  [ r e d u c t i o n  c a p a c i t i e s  
o f  t h e  [ i t ,  c o ; : c e n t r  i t o r  and r e f i n e r y ,  and an og vn , 1 1 

mi n i n g  method *

PLANT PRODUCTION CAPACITIES:

A r o u t i n e  h a s  been  w r i t t e n  i n t o  t h e  MP Programme which
c h o o s e s  t h 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  y i e l d i n g  t h e  g r e a ­
t e s t  p r e s e n t  v a l u e *  T h i s  c h o i c e  i s  made f rom t h e  p o s s i b i l i ­
t i e s  j i v e n  by t h e  u s e r *  The u s e r  s e l e c t s  any nu ibor  o f  p l a n t
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INPUT ! ) i A

* o k i c  da a :
♦ COST STRUCT'!IS,
* COS To F, PRICZS

♦ 'HYSICV- LATA: |
* TOPJ .HAPKY 5 |
♦ GBO-OGIC FUTURES |

INPUT rIMING PROPOSAL |
•, * * * * * |

IV0SSI3L*: PL NT *()8Z EXCAVATION SEC J2NC3 S|
I CAPACITIES * : i ?  L E . i C  IK: NSIC IS

I ANNUAL ?" CPl’CTICNH- 
| T A 'GETS |
I- . CO PUT AT I r  MS I 

..............
I P LANT C. M ATI  T I E S  |
I SEL.CTTON |

J T- S  SET CA°.i VALUE | 
| PISTHCf'TI :N | 
1 COMPUTATIONS

~ n r i _ _ ! ________
|ANNUAL CUT-OFF K- 
H G'ALLS |
I COMPUTATIONS |

ID

I HAS SOLUTION| 
ICONVE >5LD ? |

YLS

I p i t  PRCD' o t i o :; |
| SIMULATION |

| FIN A P I T I
| j SURFACE DESIGN|

I
| OUTPUT
| * * * * * * * * * *

(OPTIMUM PLANT CAPACITIES
IAN :u a l rnc. lierio:i v a •> its
I A C T U \ L  ! L ” I O N  ( S I M U L A T E D , :
I A« ANNUAL 7~V .NC Z , COSTS,
I AND f '  NNA • NS 
I D* AV ATI N TIME 0 : . ACH 
I ;ni'.-r:Lf.f:--

ANNUAL CUT-OFF GLADES 
T- 5  NET CASH VALUES 
TO POO TAPE IT MAPS :.)F:
A* FINAL PIT SURFACE

i f  A N N U A L  P I T  S U R F A C E

TALLE 6* 1

ca[- ic i t iy ., a n -1 jive., thf i n v ? $ t m e n t capital <i n 1 ovoi ,I'i
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i l l u j t r a t f j s  an e x a m ; l r  o f  t h i v  i n ^ a t  d a t a *

THS CAPITAL COST OF 27 PLAIT CAPACITY COMBINATIONS
* * * * * * * *

1*7 ,  
:»**&****

3 b • 1) * 
42*00* 
30*25* 

*

31*85* 
27*00* 
30*25* 

*

25*50* 
37*75* 
35*00*

PIT CAPACITY*? MILLION TONS PER y^AR 
CAPITAL COSTS IN MILLIONS OF CASH UNITS 
(T) = c a p a c i t xgs  i n  t h o u s a n d s  of  t o n s  i e r  yoa t  
(M)=ca[ i c i t i o s  i n  m i l l i o n s  o f  t o n s  pe t  yoat

* recovery ♦CAPACITY* 1*5 1 * 6* EFFICIENCY* (T)
*

95*
* 2 0 - 0 *37*75 32*00

* * 22*5 *32*50 2 r »b5
* ♦ 2 5 * 0 *23*50 27*25* * ♦
* * 2 0 * 0 *37*50 26*35
* 90% * 22*5 *38*50 41*25
$ * 2 5 * 0 *34*75 40*50
* * *
* * 2 0 * 0 ♦ 30*75 40*00
* 95% * 22*5 *25*75 41*00
* * 2 5 * 0 *28*25 25*65

TABLE 6 * 2

The p l a n t s  a t o  d e f i n e d  in t h e  f o l l o w i n j  masner  i c c o t d i n  j t o  
p r o d u c t i o n  p r o c e s s e s  and c o s t  i n  j met hods  r a t h e r  t h a n  by 
l o c a l ! > n :

A) The ; i t :  The pi  t  p r o d u c t i o n  i s  j i v o n  a s  t h e  t o t a l
c u t i a t  i n c l u d i n g  o r e  and was t e*  The p i t  p r o d u c t i o n
p r o c e s s e s  a r e  a l l  t h o s e  common t o  bo t h  o r e  and wa s t e
e x c e v a * i o n *

U) The c o n c e n t r a t o r :  The c o n c e n t r a t o r  i s  t h i t  [ a r t  o f  t h e  
[ r e d u c t i o n  p r o c e s s e s  which d i s t i n g u i s h e s  th-* o r e  from 
t h e  raw m a t e r i a l  of  t h e  [ i t *  As oppos e d  t o  r e f i n i n  j .
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c o n c e n t r a t i o n  i s  t h e  j r o u ̂  of p r o c e s s e s  t h a t  c m  he 
c h a r  j e d  w i t h o u t  r e g a r d  t o  t h e  o r e ’ s m i n e r a l  c o n t e n t • 
For  e x a m p l e ,  i t  w i l l  i n c l u d e  t h e  d i f f e r e n c e  b e t wee n  t h e  
p r o d u c t i v e  e f f o r t ,  o f  o r e  and wa s t e  e x c a v a t i o n ,  c r u s ­
h i n g ,  j r i n  U n j ,  f l o a t i n g ,  l e a c h i n  j , c o n t r o l  s a m p l i n g ,  
and s o  f o r t h *  Howeve r , i f  t h e  c o s t  o f  any o f  t h e s e
c o mpone n t  p r o c e s s e s  becomes a f u n c t i o n  of  m i n e r a l
g r a d e ,  i t  becomes  p a r t  of  t h e  r e f i n e r y  i r e d u c t i o n *

C) The r e f i n e r y : The r e f i n e r y  i s  t h e  g r o u p  o f  p u r i f i c a t i o n
p r o c e s s e s  t h a t  a r e  d i s t i n g u i s h e d  f rom t h e  c o n c e n t r a t o r  
p r o d u c t i o n  by t h e  t anne r  i n  which t h e  c o s t s  a r e  
c h a r g e d *  R e f i n i n g  i n c l u d e  *, t h e  p r o c e s s e s  t h a t  depend on 
t h e  o r e ’ s  m i n e r a l  c o n t e n t • For e x a mp l e ,  i t  w i l l  
i n c l u d e  s m e l t j  n p and m a r k e t i n g *

OPEN PIT MINING METHOD:

The s e c o n d  \ a r t  of  t h e  ' INPUT MINING PROPOSAL* r e j u i t e s  t h e  
f o l l o w i n j  d e c i s i o n s  f rom t h e  u s o r :

1) P i t  l a y o u t :

a* t h e  minimum a n g l e s  be t ween  v e r t i c a l ,  and t he  
s a f e  and wor k i ng  p i t  w a l l s ;  

b* t h e  h e i g h t  and w i d t h  of  t h e  p i t  b e n c h e s ,  and 
c* t h e  number o f  e x p o s e d  o r e  b e n c h e s  and 

wor k i ng  f a c e s  p e r  o r e  bench*

2) Ore  E x c a v a t i o n  S o j u o n c e

S a f e  w-'. 1 1 - An j I ms:

The s a f 1 w a l l - a n  j l e s  l o f i n o  t h e  minimum a l l o w a b l e  i n g l e s  t o  
t h e  v e r t i c a l  that ,  t h e  f i n a l  ; i t  s u r f a c e  nay have  t o  p r e v e n t  
i t  f rom s l i d i n g  a s  a r e s u l t  of  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 *  Any numi e r  of  s a f e  w a l l - a n j l e s  may be s p e c i f i e d  for  
c h a r g i n g  s l o p e  s t a b i l i t y  c o n d i t i o n s  t h r o u g h  t he  u s e r ' s  
d e p o s i t *  F »r * x a m p 1o , s a f e  w a l l - a n  j l e s  can  : e l e f i n e d  l o r  
e a c h  r e g i o n  if t h e  p i t  i l l u s t r a t e d  i n  Fig b* l *  The t h r e e  
l o j i o n s  i r e  i e l i m i t - - !  by t h e i r  o r i e n t a t i o n  wi t h  t h e  weak 
c n o u  s t r e n g t h  d i r e c t i o n  of  t h e  d e p o s i t ' s  b e d d i n g  p l a n e s *

Working Wall  A n j l e s :

The work in  j w a l l - a n g l e s  d e f i n e  t h e  a l l o w a b l e  minimum a n g l e





t o  t h e  • v e r t i c a l  t h a t  t h e  : i t  wal l :  must  e x c r ? 1  u n t i l  t h e y
i n t e r s e c t  wi t h  t h e  [ i n a 1 s u r f a c e  of  t h e  ; i t • Th i s  s p e c i f i e s  
t h e  o v e r a l l  an j l  > o f  t h e  i n t e r m e ' l i  i t e  o j - e r a t i n  j  s l o p  e s  which 
a r e  r e q u i r e d  t o  e x p o s e  t h e  o r e  be n c he s *  Any number  >f t h e s e  
wot k i n j wa1 1 - s l o ; e s  may be s p e c i f i e d  for  d i f f e r e n t  w o r < i  n 3 
c o n d i t i o n s  t h r o u j h  t h e  \ i t *  The r e l a ^  ionsl - . i j  b e t we e n  t e 
s a f e  and wot k i n  j  p i t  w a l l s  i s  i l l u s t r a  t e a  i n  F i j *  6 * 2 *

bench  Hei  j h t  and Wi d t h :

The s i z e  o f  t h e  e x c a v a t i n j  e q u i p m e n t  p l a n n e d  f o r  t h e  ; i t  
w i l l  d e t e r m i n e  t h e  bench  h e i  j h t  and wi d t h*  Thes e  d i m e n s i o n s  
a r e  s p e c i f i e d  t o  e j u a l  t h e  e x c a v a t i n j  e q u i p m e n t ' s  wot k i n  j 
s p a c e  r e  j u i r e m e r . t s *  The c ompu t e r  s i m u l a t i o n  of  t h e  [ i t  i s  
c o n s i d e r a b l y  s i m p l e r ,  i f  t h e  v e r t i c a l  and t r a n s v e r s e  j r  i d  
- b l o c k  d i m e n s i o n s  a r e  made e j a a l  t o  t h e  bench h e i  j h t  and 
wi d t h  i ; r ecommended in  S u b s e c t i o n  3*^*2* O t h e r w i s e ,  t h e  
g r i d - b l o c k s  h i v e  t o  be b u i l t  up t o  e j u a l  t h e  bench d i men­
s i o n s *

The i i t  w a l l s  f or med by s t a , j e r  i n j t h e  t e n c h e s  a t  in o f t  ; e t  
e j u a l  t o  t h e i r  h e i j h t  and wid* h p r o d u c e s  a f i x e d  w a l i - a n j l e
a s  shown i n  F i j *  6 * 3A* However ,  a f i x e d  w a l l - a n j l e  d o e s  no t
p e r m i t  my  f r e e  lorn f o r  p l a n n i n j :

1 ) t h e  s t r i p p i n g  r a t i o  o f  o r e  ts> wa s t e  and

2 ) d i f f e r e n t  i n t e r m e d i a t e  and f i n a l  p i t  w a l l s  i n  t h e
v a r i o u s  p a r t s  o f  t h e  [ i t *

T h e r e f o r e ,  th-» .TP Pro j t  ammo i s  w r i t t e n  t o  i l l o w  t h e  u s e r  t o  
s i e c i f  t h e  bench  d i m e n s i o n s  i n d ' p o n d e n t l y  of  t h e  wa l l  
-  a n j 1 e:» • r he P i o j i n  ie d e s i g n s  t h e  [ i t  w i l l s  a t  t h e  s,  e c i -
f l e d  in j 1 v s  1 / j r o u p i n j  t lie t <..■ n c h e a :» f o l l o w s .

1) The bench" . :  i r e  j r o u j e d  h o r i z o n t a l l y ,  i s  l u u t r a t a d  in
pp . *  (j*!*1# when t h e  i i t w a l l ,  i r* i x a 1 1  i ' . la. i  
s l o p e  f i x e  1 by a s i r .  j l a  o v s e t  of  t h e  b e n c h e s *  The
h o r i z o n t a l  bench j t o u j  in , >es » t c r e a t e  my  o [ - c a ­
t i o n  a ’ ' c o b l e  ns* I t s  o n l y  • '■ 1 <*c t i s  i o  i : . c r e a t e  . r '  
h o i i z o n u l  wor k i ng  s p a c e  on t h e  g r o p e d  b m c h c . *

p. benches it e grouped v e r t i c a l ly ,  as i  11 ust i at ed in
P i i  f . *3C,  i f  the I i t  wa l l  ; ate steeper than the lo. e 
, iyG(] p • , s ing le  bench offset* The bo rich , orpin j
causes local  slope variations of the pit walls a l t e . n i -





*

IB
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t i n . j  b e t we e n  s t e e p e r  and f l a t t e r  w i l l - a n j l e s  t h a n  t h a t  
:»pvci  t i e l  by t h e  u s e r  • The l o c a l l y  a l t e r n a t i n g  s l o p e s  
r e s u l t  in t h e  d e s i r e  1 o v e r a l l  w a l l - a n  j l e  o f  t h e  p i t  
s u r f a c e  i s  ' i l l u s t r a t e d  i n  Fi.j G • 3 C • However ,  t h e  us >r 
must  b<‘ c o n f i d e n t  t h a t  t h e  p i t  w a l l s  can  s t a n d  »t t h e  
l o c a l  s l o p e  e x a g g e r a t i o n s ,  i f  he s p e c i f i e s  a w a l l - a n j l e  
l e s s  t h i n  t h e  s i n j l e  bench o f f s e t •

The p i t  wa l l  d e s i j n  f u n c t i o n  o f  t he  ftP Pr og r a m? #  p e r m i t s  t h e  
f o l l o w i n ;  s p e c i f i c a t i o n s  of  t h e  ' INPUT MINING PROPOSAL' t o  
be made i n d e p e n d e n t l y :

1 ) t h e  be nch  h e i j h t  and wi d t h  a s  d e f i n  t he  e x c a v a t i o n
e q u i p m e n t s  vor  <i n  j o p a c e  r e  j u i r e me n t .  ,

2 ) t h e  w o t  K t n j w a l l - a n y l e s  a s  d e t e r m i n e d  from t h e  d e s i r e d  
s t r i p p i n g  r a t i o s  and 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 ,  
and

3) t h e  s i f e  w a l l - i n g l e s  a s  d e f i n 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 *

T h i s  d o s i  >n c a p a b i l i t y  f r e ^ s  t h e  u s e r  f rom n a t c h i n  j t h e  
wo r k i n g  s p a c e  r e  p u i r e m e n t s  t o  t h e  s t r i p p i n g  r a t i o s  w i t h i n  
t h e  l i m i t a t i o n s  of  t h ^  s l o p e  s t a b i l i t y  c o n d i t i o n s *

Number o f  Exposed  Ore Be nche s  and Working F a c e s  per  Exposed 
Ore  B e n c h :

The number  o f  e x p o s e d  o r #1 b e n c h e s  and o r e  work in j f a c e s  per  
e x p o s e d  o r e  be nch  i s  i n t e r r e l a t e d  w i t h :

1 ) t h e  p r o d u c t i o n  c a p a c i t y  o f  t h e  o r e  e x c a v a t i n g  e p u i p -  
m e n t ,

2 ) t h e  p r o d u c t i o n  c a p a c i t y  of  t h e  c o n c e n t r a t o r , and

3 ) t h e  t e n c h  h-‘ i j h t  and wi 1 t h*

The t o t a l  number  of  o r o  worki ng  f i c o s  must  be c a p a b l e  of
p t o v i J i r .  i t h e  c o n c e n t r a t o r  i n p u t  p r o d u c t i o n *  For  a p a r t i ­
c u l a r  c o n c e n t r a t o r ,  t h i s  number  e q u a l s  t h e  c o n c e n t r a t o r  
c a p a c i t y  vl ivi  l^ I h/  t h o  p t e d u c t i o n  caj  \ c i  t /  j m oi>j voi •> *-• j 
f a c e *  How* v > t a i a r  j o  t un  , e  of  c o n c e n t r a t o r s  : uy h i v e  been 
s o v i e t <..! f o r  b) t l , . -  HI* . P i o . j i i n . t -  C o n ^ . w n t l / ,  i t
„ d , t e  d i t f i e o l t  t o  n a t c h  t ho  iiaml.oi of  on-  v o t n i l  j t a e . - j  t o
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t h e  v h c l v  i a n  jo o f  c o n c e n t r a t o r s ,  i f  t h i s  i s  s o ,  t h e n :

1) a s s ume  t h e  number  o f  o r e  wor k i ng  f a c e s ,

2) e x e c u t e  t h e  K P r o g r a m m e  t o  s e l e c t  t h e  b e s t  c o n c e n t ­
r a t o r  c a p a c i t y ,

c ho c *  t h i s  c o n c e n t r a t o r  c a p a c i t y  a j a i n s t  t h e  number  o f  
o r e  wo r k i ng  f a c e s ,  and

11 n<• <-<• s s a i  y , a d j u s t  t h e  number  o f  o r e  worki ng  f a c e s  
and  r c - c x o c u t o  t h o  r,P Pro ji  amme*

Ore E x c a v a t i o n  S e q u e n c e :

The s i m u l a t i o n  of  t h e  j i t  p r o d u c t i o n  t e j u i t e s  t h e  f o l l o w i n j  
d e c i s i o n s :

1) where  s h o u l d  o r e  e x c a v a t i o n  b e g i n ?

2) i n  whi ch d i r e c t i o n  s h o u l d  t h e  o r e  wor k i ng  f a c e s  a d v a n c e  
f rom t h e  s t a r t i n g  p o i n t ?

3) whi ch  gt i d - b l o c k s  a r e  o r e  and which a r e  wa s t e ?

4) i n  whi ch o r d e r  s h o u l d  t h e  o r e  g i i d - b l o c k s  be r e mo ve d ?

5) what  o v e r b u r d e n  s h o u l d  he removed t o  e x p o s e  t h e  o r e ?

6) how much o r e  and wa s t e  s h o u l d  be e x c a v a t e d  i n  any g i v e n  
y e a r 7 and

7) i n  which ye i t  s h o u l d  t h e  gr i d - b l o c k s  be mined?

The l a s t  f i v e  d e c i s i o n s  a r e  made by t h e  XP Programme t o  
maxi mi z  • t h e  p r ^ . o n t  v a l u ” o t  t h e  u s e r ' s  d e o s i t *  Th > f i r n  
two d e c i s i o n s  a r e  made by t h e  u s e r  ind a r e  p a r t  of  t h e
•INPUT LINING P10P05AL' • The s t a r t i n g  j o i n t  o f  t h e  o r e
e x c a v a t i o n  s h o u l d  he t h e  most  a d v a n t a g e o u s  i n  r e l a t i o n  t o
t h e  l o c a t i o n  o f  t h e  wa s t e  dumps,  p l a n t  f a c i l i t i - ' S ,  j t o ,  r t y  
l i n e s ,  m d  :;o f o r t h *  The o r e  wor k i ng  f a c e  a d v m c o  s h o u l d  be 
par  a 11 e 1 t o  t  he 1 on g a x i s  o * t h o  j i t *  * !. i > w i l l  . i n i m i /  • • t  he
number  o f  c h i n  go., r e g u i r e d  f o r  Lac h a u l u  go r o a d s *  The j i t
p r o d u c t i o n  s i m u l a t i o n  r o u t i n e  i i i t o m i t i  .ax 1 / c.h.ang*'^» t h e
d i r e c t i o n  of  t h e  worki ng  r a c e  a d v a n c e  o t  a l t e r m t e  o r e
b e n c h e s  in b o t h  t h e  v e r t i c a l  and h o r i z o n t a l  d i r e c t i o n s ,  h i s
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m i n i m i z e ?  t h e  movement s  o f  t h e  o r a  e x c a v a t i o n  e j u i p i n e n t *

The • ISPJT .*11 IIN(j PROPOSAL* f o r  a p a r t i c u l a r  d e p o s i t  can  be 
u e v e l o p e u  w i t h  t h e  ;'P Pro j t a n  me a s  a V1 t n n i n ;  a i d*  The
unknown o r  un l e c i  l ed i t e m s  can  he assumed and an open p i t
mini r ; j  oc]  u t  i o n  c o n f u t e d *  Then,  t h e  a s s u m p t i o n s  a r e  chan  j ed  
t o  compu^o a n o t h e r  s o l u t i o n • The c y c l e  of  i n p u t  a s s u mp t i o n  

c o m m u t a t i o n  - -  i n i u t  a d j u s t m e n t  - -  r e - c o m p u t a t i o n  i s
c o n t i n u e d ^  u n t i l  t h e  b e s t  o[v>n p i t  n i n i n j  s o l u t i o n  r e s u l t s *  
T h i s  r a p i d  e x e c u t i o n  f a c i l i t y  of  t h "  P r o ; t  am me p r o v i d e s  a
means f o r  ] u i c <l y  a s s e s s i n g  t h e  e f f e c t s  o f  c h a n j i n j  t h e
m i n i n j  p r o p o s a l *

6 * 1* 2 FIXED INPUT DATA

The f i x e d  i n p u t  d a t a  i s  c h a r a c t e r i z e d  by b e i n g  c o n s t a n t  f o r  
any j i .ven d e p o s i t *  T h e r e  a r c  t h e  f o l l o w i n g  t h r e e  c a t e g o r i e s :

1 ) 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 ,

2 1  e c o n o m i c  d a t a ,  and

3) p h y s i c a l  d a t a *

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 :

The 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  i s  s u p p l i e d  by t h e  c o mp u t e r  
p r ogr ammes  d e s c r i b e d  i n  C h a p t e r s  4 and 5 * R e c a l l  t h a t  t h e  
Gr ade  P r e d i c t i o n  Pro j r amme s t o r e s  t h e  s j a t i a l  m i n e r a l  d i s t ­
r i b u t i o n  i n  a d i r e c t ,  a c c e s s  d a t a  s e t • T h i s  d a t a  s e t  i s  r e a d  
by t h e  MP Programme a s  p a r t  o f  i t s  i n i u t  d a t a *

Economic  Data  :

E l e m e n t s  o f  t h e  d e p o s i t ' s  c o s t  s t r u c t u r e  must  be s u p p l i e d  by 
t h e  u s e r  • The c o s t  s t  r u c t  u : «' i s  s i m u l a t e d  i n  t h e  
Programme w i t h  t h e  s t a n d a r d  c o s t i n j  method* T h i s  i c t hod i 
t h e  c o m p u t a t i o n  of  e a c h  j r 1 d — b 1 oc k * « not  . <i. • h v a 1 re t o  t e 
v e n t u r e  from s t  in it ! c o s t s  and p r i c e s *  i no«>e ^ f u n i u i d .  a r c  
a d j u s t e d  and t o t a l l e d  i n d i v i d u a l l y  t o v 1 ’ f -■11 f otdA , ' e t  
c a s h  v a l u e  o f  e a c h  j i  i d - 1.. i c < a c c o r d i n g  t > t h<> pec ; 1 i a i  
Cond i  t o n s  i n d > r whic.  i t  i .. mint 1 • i b s t  and 11 i cos t s ,  u s .  
p r i c e s .  ,nd t h e  p e c u l i a r  c o s t  i n j  c o n d i t i o n s  a t e  t h e  c o s t  
s t r u c t u r e  e l  a e n t s  t h a t  must  Vo s a p p l i e d  by t«i u s e r *

The s t a n d a r d  c o s t s  and  \ r i c e s  a r e  g i v e n  ay t h e  u s e r  i n  an , . t
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t e r  mb ail'd a u j u s t e d  a c c o r d i n j  t o  e a c h  g r i d -  bl  ock * n ;

1 ) t i m e  o! e x c a v a t i o n  -  f o r  t h e  t i m e  i n f l a t i o n  o f  c o s t r ,  
and i r i c e s ,

2 ) l o c a t i o n  -  f o r  t h e  d i f f e r e n c e  i n  t h e  e x c a v a t i n j  c o s t s  
i n  v a r i o u s  [. i r t s  o f  t h e  p i t ,  and

3) m i n e r a l  c o n t e n t  -  f o r  t h e  d i f f e r e n c e s  i n  t he  m e t a l l u r ­
g i c a l  r*'i a c t o r  i s  t i c s  o f  t h e  o r e  •

The a d j u s t e d  s t a n d a r d s  a r e  used t o  comput e  t h e  p a r t i c u l a r  
g r i d - b l o c k ' s  n e t  c i sh v a l u e  a l o n g  wi t h  i t s  u n i t  j o i j h t ,  
m i n e r a l  c o n t e n t  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 *  The n e t  
c a s h  v a l u e  c o m p u t a t i o n s  a r e  d i s c u s s e d  i n  mote d e t a i l  i n  
S e c t i o n  6*5*

The ' AII NO At, UNIT COSTS'  d e f i n e d  i n  T a b l e  6*3 a r e  t h e  
a r i t h m e t i c a l  means o f  a l l  t h e  a d j u s t e d  * STANDARD UNIT COSTS'  
a s s i g n e d  i n  e a c h  ye a r  o f  t h e  m i n e ' s  l i f e  s i  an* The a n n u i l  
u n i t  c o s t s  r e p r e s e n t  an e s t i m a t e  o f  t h e  y e a r l y  p i t ,  c o n c e n t ­
r a t o r ,  and r e f i n e r y  c o s t s *  The s t a n d a r d  and ann a i l  u n i t  
c o s t s  a r e  d e f i n e d  d i f f e r e n t l y  f o r  two s o ; a t  a t e  a p p l i c a t i o n s  
i n  t h e  KP Programme* C o n s e q u e n t l y ,  T a b l e  6*3 i s  p r e s e n t e d  t o  
d e t a i l  t h e  d i f f e r e n c e s  i n  U e i r  d e f i n i t i o n s  t o  a v o i d  any 
c o n f u s i o n *

P h y s i c a l  D a t a :

The p h y s i c a l  d a t a  i s  t h e  l a s t  c i t e g o r y  of  t h e  f i x e d  i n p u t *  
T h i s  d i t  i i n c l u d e s  t h e  d e p o s i t ' s  s u r f a c e  t o p o g r a p h y  and any 
g e o l o j i c  or  s t r u c t u r a l  f e a t u r e s  t h a t  w i ; i  i n t e r f e r e   ̂  ̂ f •• ^^v 
d e v e l o p m e n t  o f  in open p i t  m i n i n j  s o l u t i o n *  rho f e l l o w i n j  
c o m p u t a t i o n a l  r o u t i n e s  o f  t h e  KP Programme a r e  t h e  ones  
whi ch c o u l d  be a f f e c t e d :

1 ) c o s t i n g  — f o r  e x a m p l e ,  by t h e  l o c a t i o n  of  t h e  water

2 ) f i n a l  ; i t  s u r f a c e  d e s i g n  — for  e x a mp l e ,  ty v a r i a b l 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 ,  and

3 ) p i t  p r o d u c t i o n  — f o r  e x a mp l e ,  by r ock  movements  a l o n j  
a f a u l t  p l a n e *

t a b l e

The KP Programme i s  w r i t t e n  t o  r e c o g n i z e  any >f t h e s e
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DEFINITION OF UNIT PRODUCTION COST TERMS

ANNUAL UNIT T>STS 
********++*+.*!»

DEFINITIONS FOH 
CUT-0 1 F GRACES S 

PRODUCTION TARGETS 
COMPUTATIONS

♦ ALGEBRAIC *
♦ EQUIVALENCE*
♦ *
*  *

* * *

STANDARD UNIT COSTS 
******$***

DEFINITIONS FOR 
T-S NET CASE VALUE 

DISTRIBUTION 
COMPUTATIONS

E= EXCAVATION COST * 
PER UNIT WEIGHT OF* 
PIT MATERIAL *

= OB *Gb= 
*

*

WASTE EXCAVATION 
COST PER UNIT 
WEIGHT OF WASTE

$ *OR= ORF EXCAVATION
* * COST PER UNIT
* * WEIGHT OF ORE

*  *  *  * i  * * * * * * * * » » * * ■  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

C- CONCENTRATION COS! * C= MILC♦ CR-OS*MILC® KILL1 .’G COST PER 
PER UNIT WEIGHT OF* * UNIT WEIGHT OF
ORE * * MILL INPUT

R= REFINING COST PER * R=PEFC *REFC*REFINING COST PER 
UNIT WEIGHT OF * * UNIT WEIGHT Or
END PRODUCT * * END PRODUCT

TABLE 6 * 3

f e a t u r e s  s o  t h a t  i t  can  modi fy  t h e  o[ >?n p i t  m i n i n j  s o l u t i o n  
f o r  t h e i r  o c c u r e n c e s *  The i toj rani i i i in j t e c h n i q u e s  
i n  S e c t i o r  1 • t a r e  u.; e d t o  s i m u l a t e  t h e s e  s t r u c t u r a l  
f e a t u r e s *  A p p l i c a t i o n  of  t h e  s t r u c t u r a l  s i m u l a t i o n  t e c h n i ­
ques  i s  e x p l a i n e d  l a t e r  when t h e  v a r i o u s  c o .i. p u t a «. i  v. n a 1 

r o u t i n e s  t h a t  u se  t h e  a r e  d i s c u s s e d *

0* 2 OBJECTIVES OF THE OPEN PIT PLANNING SYSTEM

The o b j e c t i v e s  o f  t h e  op e n  | i t  p l a n n i n g  s y s t e m  a r e :

1 ) t o  l e s i  jn t h e  f i n a l  p i t  s u r f a c e  t h a t  w i x l  y i l i  t h e  
maximum t o t a l  p r o f i t  anu
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2 ) t o  • f u r n i s h  a s o l u t i o n  f o r  e x ; l o i t i n j  t h e  [ i t  t h a t  w i l l  
ma x i mi z e  t h e  m i n e ' s  [ r e s e n t  v a l u e *

Thi s^  [ l a  n., i. n j s y s t e m  i s  ,1 d e v e l o p me n t  f o l i o  w i n  j f^om t h e  
p r c v i o i ':> work in  t h e  f i e l d *  The l a t e s t  anu most  a d va n c e d  
s y s t e m ( l / ‘i*7) i e s i  j ns  t h e  f i n a l  [ i t  s u r f a c e  wi t h  t h e  
maximum t o t a i  [ r o f i t • T h i s  t h e s i s  i n t r o d u c e s  t h e  t i me  
d i m e n s i o n  an J t h e  e x p l o i t a t i o n  s o l u t i o n *  In p a r t i c u l a r ,  t h e  
t n i ne ' o  c a e h  f low and t h e  t i me  v a l u e  of  money a r e  i n c l u d e d  i n  
t h e  o p e n  p i t  p l a n n i n j  s y s t e m*

The o b j e c t i v e s  c in be d e s c r i b e d  wi t h  t h e  f o l l o w  i n j  a n a l y ­
t i c a l  d e v e l o [ m e n t :

Let  C ( x , / , z , )  he d e f i n e d  in  a c l o s e d  t h r e e - d i m e n s i o n a l  
r e g i o n  P. r ncomj  i s . ; i  n j t h e  u s e r ' s  d e p o s i t *  The r e j i o n  3 i s  
s u b d i v i d e d  i n t o  s u b r a y  i o n s ,  c a l l e d  p a t a l l e l i p i [ e u s ,  by c o n s ­
t r u c t  i n  j a ; r i d  con i i s t i n  j of p l a n e s  p a r a l l e l  t o  t h e  x y , yz 
and xz p l a n e s *  Tt.e f u n c t i o n  C (x,  y , z) d e n o t e s  t h e  n e t  c a s h  
v a l u e  o f  ( x , y , z) whi ch i s  a [ o i n t  or  j r  i d - b l oc k ,  i n  t h e  
t h r e e - d i m e n s i o n a l  r e  j i o n  8 *

Let  P(C ( x , y , z ) , t )  be d e f i n e d  a s  t h e  no t  c a s h  v a l u e  d e n s i t y
f u n c t i o n  C ( x , j , z) e x t e n d e d  t o  i n c l u d e  t h e  t i r e  [ o r i o a  ? •  The
f u n c t i o n  P (C ( x , / , z ) , t )  d e n o t e s  t h e  n e t  c a s h  v a l u e  of  j r  i d
- b l o c k  ( x , y , z) f o r  t h e  ye a r  t  dur i n  j whi ch i t  i s  mined* The
domain o f  t h e  f u n c t i o n  P (C ( x , ; , z ) , t )  i s  r e s t r i c t e d :

1 ) t o  t h e  f a m i l y  of  p i t  s u r f a c e s  whose w a l l s  a t e  n o t
s t e e p  ei  t h a n  t h o  minimum s a f e  w a l l - a n j l e  a t  any p o i n t ,

2 ) t o  t h e  p a t h  s p e c i f i e d  by t h e  u s e r  f o r  t h e  s e q u e n c e  o f  
o r e  e x c a v a t i o n ,  ind

3 ) py t h e  p r e v a i l i n g  c o s t  and p r i c e  i n f l a t i o n  r a t e s  and
t h  > o p p o r t u n i t y  c o s t  of  i n v e s t m e n t  c a p i t a l *

The o b j e c t i v e  i s  t o  f i n d :

1) t h e  p i t  volume 7 o f  th** r e g i o n  P, and

2 ) t h e  n i n e  p r o d u c t i o n  s c h e d u l e  t  of  t t i m ^  [•♦' l iod »
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PV = r; / / / p  (C , , , t  ) d V ] d t  
T R

Tlu* thccc i nn r j V> ;t integra l s  ai • uval'i tod f i u L  to f ini
t he  f inal  . i t  a v i • i -Id i n , a iximun tot 11 ; rof i t* fiien,
t h e  remainin j i: t - ; i i t  i:. poiforsod to find the exploi ta­
t i o n  solut ion t '.at . i l l  ixi . i i z-  the rain present za l ue*  
Unfortunately,  a ;i le to l . i t i  m i i t i i  roes not exi s t  i u tha 
function V ( : (x,  , .  ) , t) • Ad l i t i  i, i l l y ,  th l i r i t  3 foi t h e
t ico period T 1; .,nkn un,  or n other « >r: !•;, t ho n i n e ' s
l i f e  Sf tn cj  not i icfined i for-  tn integration i s
executed* T h c v f  v e, th - multiple i n i t i a l ' s  s o l i t i on  i s  
execut'd in : it ec t ly  with numerical,  economic, 1; i thcnatical  
and trine design let  ho s which were devised to make uj t h e  ilP 
P r o j t a n n e *

The s o l u t i o n  i s  e x e c u t e d  w i t h  t h e  c o n w i  ; in; j  i t e r a t i o n  
i l l u s t r . i t  -d in T i v 1 o* 1* , he i t e r a t i o n  c o n w r  j<*s t o w a r d s  j 
d e f i n i t e  0 1  e n  ; i t  r a i n i n j  s o l u t i o n  f o l l o w i n ;  fro;-i c e r t a i n  
i n i t i a l  a s s e r t i o n s *

So t o  i n i t i a t e  t h  i l u t i o n ,  i*- i s  unsura d t h a t  t h e  e n t i r e
d e p o s i t  i s  n i ne  a i n  t h "  : i r s t  / - . 1 1  * T h i s  a s s u m p t i o n  i s  a-ade
f o r  th - d a t a  -t , t h a t  i r e  t i d e p e n d e n t ,  m a e l y  t h e  two
t i m e - s p a c e  i t ? i j t i  ms  o f  it i n e r a l s  and n e t  cash  v a l u e s ,
r e s p e c t i v e l y ,  and 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 *

To a v o i  1 c o n f u s i o n ,  i t  i s  i m p o r t a n t  t o  d - f i n e  t h e s e  p 1 e c e -  
d i n j  d a t a  s e t s :

A) T i  e - n p  i c e  ( ? -  ) ; i r . t i  i i u t i o n s :  The T-f,  d i s t r i b u t i o n s
p r o v i d e  th*’ - i * p r  s i  on o f  o i n o i a l  .j u a n t i  t  i e > an I not  
c a s h  v t l o o  ; I f  t i c ' i t  s p a t i a l  l o c a t i o n  and  L> t h e  p e r i o d

a r e  u s e d  t o  a c c o u n t  f o r  t h e  d i f f e r e n c e s  i n  t h o  m i n e r a l  
j u a n t  i t  i  s  » n i l  r; * c a s h  v a 1 u ■ - u a v a l  l a !  1 * f 01 -*xp Loi t  1-
t  i o n  a t  s r y  0 0  " e n t  n t h e  ; i t ' s  l i f e  s;  an* . h*.i two . 
d i s t r i l u t i  tn . »r •* d e f i n e d  lomewha t  i i  f f o r  •‘?|t ty • l i t  s -  
1 1 / ,  th*- T-r,  n e t  ca  >h v 11 u ' d i s t r i b u t i o n  >..■ 1 t o u r

d e f i n e d  I / i t s  t h  r oe-d i  me ns ion 11 l o c a t i o n  in t no a s - t  s
d e p o s i t  «n I 1/  t he  p r o d u c t i o n  year o: the  ma t or i a ,  
rep r e s e n t  - : I f  t h a t  point*  Reca l l  that  the  ; -S net  c , ^n
v a l u e  J i s t i i :  i t .  m was  l e f i n  • . p r e v i o u s l y  a ,  I ( L \ \ , y , z

......
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t>or-iod • The l o c a t i o n  o f  t h e s e  t o n n a c e s  i:; j i v e n  by 
t h e i r  a s s o c i a t i o n  w i t h  t h e  t i me  i n  which t h e y  a r e
mined* rnhe t v o  d i s t r i b u t i o n s  a r e  d e s c r i b e  1 no r e  t h o r o u ­
g h l y  i n  S e c t i o n s  6 * ' and 6 » 5 *

D) A r n u a l  u n i t  p r o d u c t i o n  c o s t s :  Th e s e  c o s t s  a r e  t h e
a n n u a l  e x c a v a t i o n ,  c o n c e n t r a t i o n  and t e f i n r r . j  c o s t s  j o r  
t h r o u g h p u t  t o n n a g e  of  t h e  i - s p e c t i v e  p r o d u c t i o n  p l a n t s *  
T h e s e  t e r m s  were  d e f i n e d  e a r l i e r  i n  T a b l e  6*3* Norma­
l l y ,  t h e y  n o  e s t i m a t e d  f rom t h e  T - 3  n e t  cas, ;  v a l u e
d i s t i b u t i o n  i s  do s c r i b e d  i n  S u b s e c t i o n  u * 1*2* However ,
t h e  e s t i m a t e s  c a n n o t  Le made u n t i l  t h  > 7 - 5  n e t  c a s h  
v a l u e  d i s t r i b u t i o n  h a s  been  c oopu t  »d* " h " s e  c o mp u t a ­
t i o n s  a r e  t h e  f o u r t h  s t e p  i n  t h e  i t e r a t i v e  c y c l e  a s  
i l l u s t r a t e d  i n  T a b l e  6*1* Meanwhi l e ,  t h e  u n i t  p r o d u c ­
t i o n  c o s t s  a t e  r e g u i t e !  f o r  t h e  p r e c e d i n g  c u t - o f f  
g r a d e s ,  ; r e d u c t i o n  t a r g e t s  and p l a n t  c a p a c i t i e s  s e l e c ­
t i o n  c o m p u t a t i o n s *  Conse  j Ut >nt ly , t h e y  a r e  as  ,u ed for
t h e  f i r s t  c y c l e  o f  t h e  i t e r a t i v e  s o l u t i o n  u n t i l  t he y  
a r e  r e p l a c e d  i n  t h e  n e x t  c y c l e *

Thn a s s u m p t i o n s  r e  ^u i t ' d  t o  i n i t i a t e  t h e  MP Programme f o r  
t h e  j r e c e d i n g  d a t a  s e t s  a r e :

1) The t i r e  d i m e n s i o n  i s  assumed t o  be t h e  f i r s t  p r o d u c ­
t i o n  y e a r  f o r  t h e  T-S d i s t r i b u t i o n ; *

2) The s f a c r  d i m e n s i o n s  o f  t h e  p i t  a r e  assumed t o  i n c l u l e
t h e  e n t i r e  r e j i o n  e n c o mp a s s e d  by t h e  g r i d  s y s t e m f o r
t h e  T-S d i s t r i b u t i o n s *

3) An e s t i m a t e  o f  t h e  u n i t  p r o d u c t i o n  c o s t s  f o r  t h e  f i r s t  
p r o d u c t i o n  year  i s  g i ven  by t h e  u s e r *

The t i m e  as. su r t  i on  r e .  r e s e n t s  a £ i t  l i f e  s ;  an of one y e a : ;  
t h e r e f o r e ,  t h e  uni t ,  p r o d u c t i o n  c o s t s  a s su r a j Li on  i > ■ a i ■1 only 
for  t h a t  y e a r *  The t h r e e  a s s u m p t i o n s  a r e  r e p l a c e d  wi t h  
b e t t e r  1 s t t o u t e d  a . t h e  s o l u t i o n  p r o g r e s s  t ,,r.>u gu t he  
iLoz a t i o n . . *

The whol e  p r o c e s s  c m  be c o n c e i v e d  a s  a c l o s e d  loo* in whicn

z j &s - . j s  -us-srsa, -«*ssr,*n'u«s



(1.3:; i  ;n an  1 n x p l  U t  i ‘ i  ,n s o l u t i o n *  T a b l e  0 * 1 i l l u r . t . c . i t o s  t h e
Pc ocoas  j l  11 Si : C l 1 ly •

The r o u t i n e s  i 1 l u s t  - . t o  : th<tc> ran he d e  , e r  i b e d  Ly moans of
an a n a  1 o ; y w i t ' i  t h e  f . n e t I o n a  and  o p e r a t i o n s  i s ;  H a d  I ,  t h e
B U l t i b l o  i n t o  .t i l  .1 v « ' l c ; o d  ; t ->vi r . t s l y ;

W  » / :  / / / -  ( ( , y , z )  , t )  u V j d t  
T R

The - . i ssurpt  i o n  ' ,  a s  l i s t o . i  a o v e ,  n o  ,ad • f o i  t h e  l i m i t s  o f  
t h e  o u t e r  "O t  i n t o j :  i * L v .  - l on the. ; -  . s.  an;  t i o n s ,  i t  i s
p o s s i b l e  t o  c o  p u t *  • h "  ; » ♦ h T f o r  t h e  i m t ^ j c a l *  T h i s  ; t t h
i s  r e s t r i c t * '  : . t h e  o r e  xc  t v i t i o n  s  » / a - rnc f  j i  v »n by t h e
u s e i . • The  r e  t i n i n j  : t i s i o n  . r e q u i r e d  t o  f o r m a l  t o  t h e * ; . t t h
d i e  c o t p u t ' L y  t .  f o l l o w i n g  r o u t  i n  s  t o  i i x i a i z e  t h e
T i n e ’ s  p r e s e t t  v i l u e :

r, PL Ah'? CAi \ C I T I . S  S LECTIvZl,

2) . CUT-OFy GRADES v VTA fit %’e, dr-.':

3) PRODUCT"CM TAT;  T;  C f M TTATIO ■ S»

The o i n t  d e n  i t<*„ of  t h e  fun.  r i m  P (C ( x ,  y , z) # t )  i r e  c o r -  
y u t e i  i n  t h  t o u  i n e  T-S X T CASH VALUE DISTRIBUTION
COMPUTATION ' i s  u i r. t h e  t i r e  i i  .. n s i o n  • Th/m,  t h e  op r a ­
t i o n

/ / / ’ (- ( , / , / ) ,  V)dV 
R

i s  e x o c u t  . t o  f i n d  t h e  , it. y i e l  i n  ; i he fiaxi i j.-1 t o t a l
p r o f i t  ov i ‘ ■ i : m R, i • • t )  j :  i a  s y s t e m ,  !y t h e
r o u t i n e  r r r " f/: A; . DESIGN* T l . e t e a f  t  - r ,  t h e  o p e r a t i o n

/ (  )a t  
T

i s  i • r f o r e e  " t . t  a r a t i n  PIT PRODUCT I • LIT! LA. i-.L. _ i l . - n i
t h e  ; a t  i. 7* A • - s o l u t i o n  p r o j r « . ‘s  ;e:$  t h r o u g h  t n v  i t  r a ­
t i o n ,  i h “ i n i t i a l  a .«i ipt i o n s  i r e  rep.! ’C*'! eac . .  c y c l e  . y
b e t t o r  f.’s t i  a t  T h i s  - s  a c h i e v e d ;

A) w i t h  t i  e t i . . c o mp u t e d  by t h e  r o u t i n e  ?1T P •: >B -C.’K.S 
.71 MU LA Tl .



^  w ^ til . * ' \  l i t  3 j r f a c o  ( f o r  t h e  s f . i c e  d i m e n s i o n s )
comput  e ; by t h e  r o u t i n e  FINAL PIT SURFACE DEI I ; ,  and

 ̂^ . * *lt? u n " u 11 u n 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  
r o u t i n e  I - S  NET CASH VALUE DISTRIBUTION COMPUTATIONS*

The s o j. u t i o n  c o n v e r g 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 t i o n  c y c l e  e j u a l  t h e  r e s u l t s  of  t h e  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  &*1*

6 * 3 TIME-SPACE DISTRIBUTIONS OF MINERALS

1 he FORTRAN dat a  s e t  fot  t h e  T-S mi nera l  d i s t r i b u t i o n  i s  
na me d :

ORERES (M,N) 

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

’ R ’ i d e n t i f i e s  t h e  mi ne ra l  j r a d e  i n c r e m e n t , and

1 N ’ 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 ' 1 t i m e  p e r i o d  dur  i  n j 
whi ch  t h e  m i n e r a l s  w i l l  be mined*

Each a r r a y  member i s  t h e  w e i j h t  of  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  *M* whi ch 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 *  • M* i s  g i v e n  by t h e  j o i n t  d e n s i t i e s  of  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  'GRAD* c o n j u r e d  by t h e  Grade
P r e d i c t i o n  Program e ( l i s t e d  i n  Chaj  t e r  5) • • * : 1 i s  g i ve n  by 
t h e  e x c a v a t i o n  t i m e s  comput ed  by t h e  r o u t i n e  PIT IRODUC "ic: ;  
SIMULATION (sr-e T t ; l  (> • 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 o j o s i t  ■hen t h e  • OPERES1 d a t a  s e t  i s  
assumed i n  or  t o  s t a r t  tlv* i t e r a t i v e  s o l u t i o n *  b u l s e  guen-  
t l y , • n ‘ i d e n t i f i e s  a j e r i o d  in t h e  m i n e ' s  l i f e  span*

6 * 3 .  1 I N I T I A L  ASSUMPTION CF THE T- S MINERAL DISTRIBUTION

As n o t e d  r e v  i o u s l y ,  t h e  s u b s c r i p t  ' N' of  t h e  ORERES d a t a  
set .  i s  unknown i t  t h e  s t a r t  of  t h e  i t e i a t i v e  s o l u t i o n *  A p i t  
s u r f a c e  h a s  no t  been d e s i g n e d  and i t . ,  d i m e n s i o n s  a t e  
unknown* T h e r e f o r " ,  a l l  t h e  m a t e r i a l  w i t h i n  t h e  g r i d  s y s t e m 
i s  i n c l u d e d  in OCR EG* The j i t  p r o d u c t i o n  ha s  not  been
s i m u l a t e d  ind t h "  t i m e  d i m e n s i o n  I s  unknown* T h e r e f o r e ,  t h i s  
i ;  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  j u a n t i t i e s  of  s u u c e s -
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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



PAGE 01

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 }
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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



PAGE 93

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 *



FAGS 9 5

•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
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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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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 *  |
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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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FWCM TABLE 6*6
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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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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 *



P A G E 1 16

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
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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



PAGE 1 21

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 '  *
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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^ «



P A G E 1 2 U

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*



I
I THE
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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



P A G ?. 1 2 9

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



P A G E 1 3 0

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



PACiE 1 31

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 '



P A G E 1 3 2

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



P A 3 E1 M

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

6 6 6 6 6 6 6 6

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 
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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 6
u 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
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50

I 2  0  0  * 0  0  0  0  0  0  0  0 ( 2  2  2  2  2  2  2  2  2  2  2

4 0  0 0 0 0 0 0 0 0  0 V2  2 2 2 2 2 2 2 2 2 2

6 0  0 0 0 0 0 0 0 0 0 0  o\  2 2 2 2 2 2 2 2 0

0 0 0 0 0 0 0

18 4 4

2 2 2 2 2 2 2 2 0  

0 0 0 0 0 0 0 2 2 2 2  2  2 2 2  

0  0  0  0  0  0  0  \ 2  2 2 2 2 2 2 2 2

0  0  C\ 2  2  2  2  2  2

0 0 0  r / o \  ? 2  2  M V ;

O O O 0 / 2 2 2 2 2 2  

\
0 0 0 0  o \  2 2 2 2 2

0  0

0  0

0  0

0  0

0  0

0  0

n o .  7 .4  nVE mKLY PLAN NAPS of THE ITT



4 ( 2 2 2 2 2 2 2 2 2 2  2 ^  0  0  0  

2 2 2 2 2 2 2  2 /  0 0 0 0

2 2 2 2 / 0 0 0 0 0

0  0  0  0  0

/ 2 2 2 2 2 2  2  2 2  2 \ 0  0  0

0  0

topographic map of fit in year 6

2 4 6 " 8 10 12 14 16 18 20 22 24 26 23 30 32 34 36 38 4o 42 44 46 48 50

24 6 6 6 6 6 6 \  >

28 6 6 6 6 6 6 6 6\ 4 4

30 6 6 6 0 6 6 6 6

2  2  2  2  

4 4 2 2 2 2 2 2  2  2 2

FIG. 7.4 (CONTINUED)



t o p o g r a p h i c map o f p i t  IN YEAR 11

2 4 6 8 10 1 2  1 4  16 18  20 22 24 26 28 >0 J2 ) 4  ) 6  ) 8  40 42 44 46 43 50

*
2  0  0  0  0  0  0 ^ 0 /  2  2 2 / 4  ^ 2  22 2 2 2  2  22 2  2 j  0 0 0

4 0 0 0  0 / 2  2 2 / 4  4  4 / 6 X  4 4 \ 2  2 2 2 2 2 2 2 / 0  0  0  0

6 0 0 0 /  2 2 /  4 4

6 6 6 6 6 6  6 \  4 4  4 \  2 2 28 0 0 / 2 2 / 4 4 4

10 0 0 2 2 4 4 4 / 6  6 6 6 6 t  6 / 4  4  ̂ \2  2 2

0  0  v 0  0

0  0  0  0  0

12 0 / 2 / 4  ( 6  6 6  6 6 6 6 6 5 6 (  4 4 4 4 4 \ 0  0 0

14 2 2 \  4  4 \  6 6 6 6 6 6 6 6 6  6 

16 2 2 2 \ 4  4 ' 6 6 6 6 6 6 6 6  g

6  6 6 6 6 6 6 6 6 6

4 \  2 \ 0  0

18 4 4 4 \  2 \  4

, 6  6  6  6  6  6  6

22 6 6 6 6 6 X 4  4 4 4 4

24 6 6 6 6 6 6 \ 4  4 4 4 ^

2 6  6 6 6 6 6 6 G \1 .  4  4 * X 6 6 6 6 0

28 6 6 6 6 6 6 6 gV  4 4 4 ^ 6  6 6 6 6

30 6 6 6 6 6 6 6 6 1 4 4

FIG.  7 . 4  (CONTINUED)

4 4\  2 \  0

4 4 4 ( 6  6 / 4  4 4 2 0

4 4 4 4 4 / 2

4 4 4 4 / 2 / 0  0  0

4 4 4 4/  / O 0 0 o

/ /
6 6 / 4  4 4 4 4 4 [ 2 X 4  / / o  0 0 0 C



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
2 4 6 8 10 12 14 16 18 20 22 24 26 28 JO J2 J4 36 j8 40 42 44 46 48 50

2  2  2 / 0 0 0

1 0  0

20 6 \4

8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8  

b | 8 8 8 8  8 8 8 8 8 8 8 8 8 8 8 8 8 0

/

6  6  6  r 4 \  6  6

FIG. 7.4 (CONTINUED)



TOPOGRAPHIC MAP C* PIT IN YEAR 26 

J
2 4 6 8 10 12 14 16 18 20 22 24 26 28 )0  32 )4  36 38 4o 42 44 46 48 5c

1 0  0

1 2  0

1 8  4

2 0  C

24 6

2 8  6

, 0  6  6  6  6  6  C 6  6  6  6  6  6  ^  6  6  6  6  J  ^  ^  0

FIG. 7 . 4  (CONTINUED)



t o p o g r a p h i c map o f  pit in YEAR 31 

» J
2  4 6 8 10 12 14 16 18 20 22 24 25 28 30 32 34 36 38 4o 42 44 46 42 5 0

30  6 6 6 6 6 6 6 6 6 6 ; ’

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 
—
O 4 6' 8 10 12 14 16 18 20 22 24 26 28 )0 J2 34 36 38 40 42 44 46 43 50

2 2 2/ 4 V  2 2 2 2 2 2 2 2 2 2,0 0 0

30 6 6 6 6 6 6 6 6
6 6 6 6 ^ 6 6 6 6  

FIG. 7 .4 (CONPINJ-'i ̂



T O P O G R A P H IC  MAP OF PIT IN YEAR )6

2 4 6' 8 10 12  1<4 16 lS  20 22 24 26 28 3-0 32 34 36 38 40 42 44 46 43 pO

2  0

10 0

6 6 6 6 ( 4 ^ 6 6 6 6

FIG. 7-4 (CONTINUED)

6 6 6 6 6 6 6 6
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ll— h -  . . . .  M .

to p o g r a p h ic  map o f  p it  IN YLAR 41 

J

1  
I ■

2 4 6 8 10 12 14 16 18 20 22 24 26 28 JO J2 j4 )6  58 40 42 44 46 48 Jo

14 2

0

FIG. 9.4 (CONTINUED)

JO 6 6 6 6 6 6  o



MUM -ilk ugL,

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

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

S S i l i l i S i l l i l

c a n n o t  be n e t •

n  i o  u  >  w  *. *  *  —

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

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

i .U  1 L J. '

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

7# U AX INVALID SOLUTION

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

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

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

Re c a 1 1  
when tli

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



P A G Z m

YR REV CFI ECAF
INT TAX OB

1 0*59 '• 0 0*0 2*6 1 ■-2*02 11*0 -
2 0*56 • 0 c* 1 2*53 •-1*97 4*2
3 0*6«3 • 0 0*0 2* 7c --2* 10 0*0
4 2*14 • 56 0*0 3*33 --1*75 0*0
5 2*93 • R 1 0*0 1*51 0*53 0*0
6 2*26 • 8 1 ' 1*42 0*03 0*0
7 2*08 • d 1 • 1*5 1 -0*24 0*0
8 2*31 • 66 • 1 *23 0* 37 0*0
9 3*3 3 •51 0*0 1*49 1*33 0*0

10 3*84 • 36 0*0 1*50 1*98 0*0
11 2*52 • 2 1 0*0 1*35 0*96 0*0
12 2*32 • 06 0*0 1*32 0*94 0*0
13 2*6? • 0 0*0 1*74 0 • 9 3 0*0
14 4*02 • 0 1*2 1 *34 1*43 0*0
15 3*6% • 0 1*0 0*38 2*30 0*0
16 6*51 • 0 1*9 0*21 4*41 0*0

25 4*79 • 0 1*4 0*66 2*78 0*0
26 8 <7 9 • 0 2*6 0*0 6* 18 0*0
27 5*81 • 0 1*7 0*14 4*06 0*0
29 2*96 • 0 0*8 0*40 1*79 0*0
29 3*61 • 0 1*0 U* 1 2 2*50 0*0
30 4*2 3 • c 1*2 0*03 1*0 3 0*0
31 2*97 • 0 0 * 8 0*01 2*19 C*u
32 3*27 • 0 0*1 0*0 2*40 0*0
33 3*0 3 • 0 0*8 1*01 1*23 0*0
34 5*8 1 • 0 1*7 0*0 4* 14 0*0
35 3*73 • 0 1*0 0*0 2*70 0*0
36 3*93 • 0 1*1 0*0 1 2*84 0*0
37 3*76 • 0 1*0 0*1 3 2*61 0*0
38 3*26 • c 0*1 0*27 2*13 0*0
3) 4*79 • 0 1*4 0*0 3*44 0*0
40 3*24 *0 0*1 0*0 2*38 0*0
41 0*21 • 0 0*0 0*0 0*29 0*0
DISnOU’iTEt CASH FLOW YIELD= 6*24

T ABLE 7* 10

CF

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

0*3 3 
0*03 

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

2*78 
6*18 
4*06 
1*7 9 
2*30 
3*03 
2*19 
2*40 
1*23 
4* 14 
2*70 
2*84 
2*61 
2*13 
3*44 
2* 38 
0*21

I

PV

-5*39 
7*11 

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

LC CR LR |

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

*

0*0
'

0*0

7*1
5*6
6*5
6*5
7*6
7*3
0*0
0*0

•

0*0
0 * 0
0*0
0*0
0*0
0 * 0
0*0

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

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

0*0
0*0  
0*0  
r  1

o o 
0 * 0  
0*0  
0*0  
0*0 
0*0 

*

0*0
0*0
0*0
0*0
0*0
0*0

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

•

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

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

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

t o t  ,  1

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

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

hive leeh confuted tior> an

liin in 
to the

t h e  t h i r d ,  f o u r t h ,  f i f t h  
f . i c t  t h a t  t h e  p r o d u c t i o n  
i n a d c  j u a t  ' j i t  c a : a c i t / *



PAGB143

SIMULATED PIT PRODUCTION 5CHEDULL (FOURTH ITERATION CYCLE)
YR OVERBURDEN STRIPPING COSTS OPE REVENUE

K TONS a CASH UNITS r TONS M CASH UNITS
1 2*53 1*25 1*27 0 * 6 8

2 2*96 1*40 1*27 0*51
3 6 * 6 2 3*41 1*27 1 * 0 6

4 5*4 3 2*69 1*27 1 * 6 6

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

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

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

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

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

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

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

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

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

1*97
0*99 
0 * 0  
0 * 0  

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

REVENUE= 164

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

*24 MILLION C

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

ASH UNITS

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

T O T A L NUMBER OF PIT INCREMENTS = 6

TABLE 7*19



CHAPTER 8 THE MI NE PLAN PFOGBAMKB

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

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

1 JOb C0XT10L LANGUAGE

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

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



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

j o b  STEP 1:

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

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

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

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

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

I   I
TABLE 8 * 1 |

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

JOB STEP 2:V V D *3 l U t *• •

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

1 )

2 )

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

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



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

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

/ /

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

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

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

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



—

-----------

k. - -I

( j o b  C T i ' d )

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

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

//SYSLIH OD « ,DC >:>L. GIZ1>C0

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

IXUIDK A(CO.
r i  juror, a(codgub)

INCLUDE A(?0)
IliCLUDD A (SUB?3)

/ /

X
X

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

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

//SYSL- . „  ro  llfcel

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

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

JOD STEP 3:

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

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

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

STEP 1:

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

A)

b)

hi.m ansions  a t e

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

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

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

STEP 2:

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



( job  o t r . l )

.

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

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

r

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

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

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

/ /
/ /
//00.FT10F001

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

2 2

(continue I—

o’j  o siL vnx i:oD ?x ,3 ir''» r ) ,"  : r  » 0 3 i i , v ^ r w!:  • ’
D) or : v r . « m , v . : , o i r > ( . ",...0 ,V R n> 23U ,

VOUJri =:' r:?"' 2i.: ' !-( " ' % , ( 3 »
d c  1̂ ( 0 . c r i - v ; , l h : c > ' , f i t : z i r " = 3  : o k )

DO D n : : v i > 0 3 :  r : ,  i s ’* » ( !r r . " , K  311

VOI-J f l* ' ' ? * •  1 3 • *'3,
DC. ■-»( .: :r !*VF,L3’:CL»10, -AF-'l'" =3'

00 :f>: ^3 A o » o i3 > ( = >1**

VOLT 10= *-*dicd "to' ‘ » 3  ' 1

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

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

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

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



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

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

/  / DC!>•= (RECF1-VD,U110 1 ̂ )

//GO.rnr>FOOi dd dc:lv::> f u c :. ’. n c r - t n i v , ^ : : ? ) , u::i > 2 3 U
/ /  YOLU'tE-EE:’.- K c > r La cZ, SPACE*(T! ',  (1 »1) ) ,

/ /  dub»(R I:gf!-vb,m i :l»32, d ’-:iv>2rjh)

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

.

.

■
,

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

* .
STKP 3:

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

STEP 4:

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

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

STEP 5:

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

,TEP G:

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

A)

01

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

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

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



P AGEI UB

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

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

STEP 7:

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

STEP 8 :

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

8 * 1 CALLING paoapASHES

w m m m m

them*

0* 3* 1 COMPUTATIONAL SEQUENCE 01 KAIS1 

LINES 0 0 1  -  0 0 7

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

LIMES 0 0 8  -  0 5%

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

LINES 0 b 9  -  080
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DO l o o p  11 c o m p u t e s :

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

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

LIKES 083 -  091

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

LINS 09 4

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

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

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

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

LINES 095 -  158 

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

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

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



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

LINES HO -  170

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

LINES 100 -  105

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

LINES 136 -  2C >

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

8 * 3* 2 A LIST OF KAIN1

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

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

« AIS 2 : LINES 004,  

MAI.id : LINES 004,

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

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

001 DGUBL1 
1EINCA1 
2Q7 (65



002
003
004

005

006

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

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

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

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

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

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

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

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

S e c t i o n  0*2"

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

TOPO (T,0 ") - 0* 0
0 16 VAL (LCC)^0*0
017 210 YR (LCC) = 0
018 DO 260 K=1 ,NK
019 DO 200 1, NJ
020 DC 260 I " 1 , MI
021 IGRA1 1 ( I , 9 , r') =
022 IGRA P2 ( I , J , F )



023 260 ECOSAO ( I , J , K ) =0
024 DC 105*4 K=1,'i;<
025 N=0
026 DO 1054 J = 1 , NJ
027 DO 1 054 1= 1 , ' II
028 N=84CM2
023 LOG* 8J*NI* (K-ONF) ♦ MI* (J-ONE) +f
0 30 FIND (10»T,CC)
0 31 IF (SCORK ( N)- K) 1055,  1053,  1043
032 1055 11=1
03 3 GO ?C 1056
034 1053 11=0
035 105b TOPO (LOG)=11
03b READ (10* LOG) GRAD1, GRAD2
0 37 IGR A D1 ( I , J , K) ' G R A L i t  ,5
030 I GS^r 2( I , J , K) =GRAD2*3S

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

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

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

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

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

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

®5e...........  ........................ .. ..................................................................................
11  t h e  i n i t i a l  auburnv-

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

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



 ——

PAGE 1 'j 3

OS')
ObO
061
Ob2
063
Ob1*
0065
Obb

DO 11 N=1,NAXN 
K1»4*N 
K2=K1-T « 0  

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

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

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

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

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

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

COMMENT-

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

6 * 3*2*

0 7 2  '
073 IF ( F.. AD f l ,  d,  • ) -G , ) '
074 0 M=ONt;



PAGE 1 5U

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

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

: ' E s H 2 f  S u E

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

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

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

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

20  s « o : ; e
GO TC 22

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

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



117
118 
111 •
120
121
122
123
124
125 
120

127
128
129
130
131
132
133 
13“
135
136

137
138
139
140
141
142

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

23

24

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

26
25
26

27

23

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

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

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

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

30
GO TC 32

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

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

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

(' :) ♦r-N.^

34

35
36 
17

38

39

222

2 2 1

PH

' l AXM- ( L- G’: C ) / 5  + ONE



P A G E 1 5 6

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

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

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

185 END FID . 1 1

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

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

195 K~0
196 y, = 0 <E

ii
202  192  r. -r



P A G E 1 5 7

205 175
206 104
20' .  y
200 100
209 20 3
210 49
211
212

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

DEEUG TRACE,SHDTRACT, SUBCHK 
LND

8« 3* 3 A LIST OF MAINZ

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

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

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

'

1 f V t

OOo

' : ,  r o , Y"  
___________________________________ :iT

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

«  ! C  .................

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



PA'IE Vj3

026
027
028 
029

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

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

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

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

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

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

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

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

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

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

0 30

031
032

03 3 
034 
0 35 
0 36 
0 37

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

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

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

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



.... ....

Mf m

PA3E15' j

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

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

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

f i r  a t  
v a l u e

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

v & t L z
i E«, *C• and , u *•

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

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



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

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

261 m=o ?;e
GO TC 16 

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

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

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

20 N=0!IE
GO TC 22

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

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

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

24 m=o :;e
GO TC 26

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

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

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

27 SM-ONE 
GO TC 29

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

093
094 
015 
096

098
099
100 
101
102

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

PAGVU-O



P A G E 1 6 1

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

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

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

112 36
113 36
114 37 i
115
116 38

The r e - r
\ ack by
t e s «

I lS
/

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

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

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

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

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

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

FO-AT' rC ' ? '  S' , IX,"
V’U I T L  ( 6 , 2 4 2 )  ( T , E ( T ) , C ( T ) , P ( T ) , T - 1 , L )

" 0 ? EAT ( I  3 , 2 1  ' > • ? , ,  ’ • 3 )
CALL PD
rtJEv:=o«o
1)0 3'> ' *1 ,w
PNF.V = r i O l  IT (N) ♦PNLW 
Wr>I T E  ( 6* 2 2 2 )  PNr.V

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

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

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



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

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

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

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

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

1^7 END FILE 15

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

I  : | g l l r -

174 152 K=r
175 K-K* ONE
17b GO TC V>1
177 17b S O R F C ( J ) =«
! ! 2  ’ 0,‘ 1 . 2 0 3 ,  , = „ r c „ . ' . V B W . L : r : L . i . w ,



i l
M

PAGEU3

180 1 0 0  coKTri ' j - :
181 201 FOR:'AT ( 'O '  , 3013)
181. '  49 STOP
183 DELUG SUtiTRACE,SUBCLK
184 END

8« 3# 4 A LIST OF MAIN 1

Aftev t h e  f i t s t  two i t e r a t i o n  c y c l o s ,  >n 1 y onu .nodule 'LiM'  
i s  u se d  t o  co  ; u t e  t h e  r e  t i n i n j  c y c l e s  of  t h e  i t o i u t i v e  
s o l u t i o n *  The co e n t s  l i s t e d  in t h i s  S u b s e c t i o n  d e s c r i b e  
how NAIN2 was m o d i f i e d  t o  f o t n  MAIN3 for  t he . . e  c o m p u t a t i o n s '

001

0 0 "

003
004

005

006

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

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

31 V ” 5

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

The m i n e ' s  l i f e  s p i n  ' L '

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

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

007
000
009
010 
011 
012

READ ( ,62)  LAX ,L 

6 2
N3LF S’ Nl*NJ*N 

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



—  1.1.1., i

PAG51fc4

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

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

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

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

The
S T  M“ S J S »  r s » « w s

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

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

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

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

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

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

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



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

038 1)0 13 7 = 1 , 9 9
039 T* N
040 X= (1» + IKFRC)**T
041 Y= ( 1 I MFRP) **T
042 E ( 7 ) = X * r i 7 C
043 C (7) = ’, *C07C
044 R (7) =X*RLFC (1)
045 F (N) =X*FIXC
046 S2 (S)=Y*S2 (1)
047 51 (7) = f*5 1 (1)
048 13 CONTINUE
__________________________________cor .  X ENT-------------------------------------------------------

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

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

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

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

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

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

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

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

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

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

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



P A G C 1 6 6

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

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

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

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

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

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

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

104 30 KH*ON9
105 GO T( 32

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

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



P A G E 1 6 7

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

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

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

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

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

■

DO 4 1 ' 1= 1 ,  ) >

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

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

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

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



P A G Z H 3

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

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

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



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

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

3# 4* 1 COMPUTATIONAL SEyUZHCL OF C0G1

LINES 001 -  008

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

LINES 000 -  052

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

LINES 053 -  0 56

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

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

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

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

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

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



PAGE 170

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

LIN-v> 070 -  071

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

8* ti* 2 A LIST OF COG 1

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

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

0 0 '  (13500) ,

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

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

0 0 4

oo'~

006

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

35 1

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

.

82 (v / ' )  =0*0 
R 3 ( M , ’’ ) " 0 * 0
com v:ur

r o  3 o p  : = i , t : A X ( . ;



P fi G E 17 1

022 308 KAT (N) = VAT (M) H  l.EP.ES (K, M)
023 DO 300 ;i= 1, ;UXN
021- %ASTr ( i , s ) = o a E T E S ( i , : i )
028 IF (EAT (N) -k'n.'".' (1,N) ) 2 , 2 , 3
026 2 OPE ( 1 , v) =OP:* :3  (1,N)
027 GO TC 11
028 3 OPE (1,M) =EAT(fi)-WASTE (1,H)
029 4 DO 309 *=2,KAXO
030 VAST*. C-, :) =XA..TE (E-1,N) ♦OPE <ZS(E,N)
031 309 OPE (X,N) -MAT (N)-WASTE (K, U)
032 DO 110 '1=1, MAX',
033 REF(N)=OPE?ES (1,H) ♦ (GI/GS)
034 do 310 .\x ■
035 310 REF { N) =n EF ( J) ♦ (DFLOAT (X* U)  /OS) ♦OR .PES (%,N)
0 36 DO 311 4=1 ,y.AXN
037 PPOD (1,?;)=REF (N)
038 DO 3 11 K=2,KAXG
039 IF (CPE (F., N)) 311 ,3 11 ,1
04^ 1 PR01 ('!,'*) = 2 POD (u~ 1,  *1) ■* (DFLOAT (K* 01) /  ’S) * 0 9 E ' ES (K, ■)
041 311 COST I' ll) S
042 DO 112 '1= 1, MAXN
0 4 3 s do 312 ; := i , k a x g
044 R1 (X,' !) "OPE (K,M)/EAT(S)
04 ) 312 R2 (X , N) =V ’ )D ( ., W) / XAT (M)
046 DO 351 N=1,XAXN
047 DO 3b3 i1*1 ,Z1AXG
048 IF (CPE (X,H)) *54, 354,355
049 354 R 3 ( i . , P ) - 0
050 GO TC 3 5 3
05 1 355 P3 (v.,M) =PPOD(X,H)/ORE (it, 4)
052 353 CONTINUE
0 5 3  i = c ; z
054 J=OS2
0 5  5 K = 0
056 314 CALL COGSU.1- ( I #« ' ,E , I )

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

...



PAGE 172

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

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

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

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

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

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

0*.U* 3 A LIST OF COG2

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

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

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

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

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

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



010
019 
0 2 t  •• 
021  '  

022
023
024
025

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

351

508

3
4

309

310

PAGE175

1
311

312

354

355 
35 3

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

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

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

053
0b4
055

DO $14 1=1, * 
DO 3 14 .1=1,1 
DO < 14 ' = 1 , 3



P A G 2 1 7 4

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

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

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

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

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

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

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

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

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

075
076

077
078 9 FOP.MAT ( ' 0

0 7 9



P A G E ! 7 5

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

8* SUDPCUTINE CCGSUii

8* 5* 1 COMPUTATIONAL SEQUENCE OF COGSCB 

LINES 001 -  CC7

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

LINES 008 -  027

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

LINES 0 30 -  234

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

The

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

LINES 04 4 -  0 46

The o c o n o » i c  c e t - o f f  . « « • .  '==•  and ' M '  « .  e « . f « t . i
f o r  t h e  / e a r  ' L ' •



PAG LI 75

000 10 iOn ;-.AT ( 1 1 , 1 5 ,  3F10» 1,F13« 1)
081 SUK=0
092 DO U S  F--1 ,L
0 8 3  1 6 5  S U K = S n r nd UT O F F  (K)
08U AVEG- SU Y/L
065 RETURN
086 DEBUG SUBTRACE,SUBCHK
087 END

8* 5 SUBROUTINE CCGSUj

5« 1 COMPUTATIONAL SEQUENCE OF COGSUB 

LINES 001 -  007

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

LINES 008 -  027

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

LINES 030 -  234

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

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

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



L I N E S  0 4 7  -  0 77

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

LINES 0 7 3  -  111

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

l i n e s  112 -  i n

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

LINES 114 -  1 17

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

LINES n o  -  120

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

LINES 121 -  2 0 r>

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

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

s t a t e m e n t s *



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

LINKS 225 -  2 30

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

LINE 231

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

8# 5# 2 A LIST 01’ COOSUD

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

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

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

1215 ( 3 , 3 ,  3)

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

005

006

• O f  i:= j i v r n  L,  t h e  u s e i  and i s  e . jua l  t o  -GI- in Line  n  
Of « MAIN 1 1•



P A G E 1 7 8

007 088 01 = 5
000 DO 160 L1=1,99
000 160 V (LI) =0*0
010 900 51 CMCA2 (I ) /LIKCAP
011 52='  LFC.\P (J)/y.Ii ;CAP
012 5 3=7?'FCAP (J)/CONCAr (
013 DO 6 N= 1 , VAXN
014 SUDQM [ii) =0
015 GKC ( N) =0
016 DO 2 v. = 1, f. AXG

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

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

1 , 1 , 2

1 , 3 , 4

5 , 5 , 6

E

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

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



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

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



i ‘AGi ; 13C

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

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

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

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

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

; r 8  «
139 28 GHC2 (’I) - * j .



P A G " 1 8 2

2 1 4 , 2 1 4 , 2 1 * ,

601
60 2
604

6 0 5

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

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

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

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

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

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

QC (L, '•) =C?33/T 
- , v  )i i /T

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

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

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

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

.F (M) / M i  ( ) (' •
4 9 CCNTI’V "

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

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

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

3* 6

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

SUBROUTINE PD

8 . 6 * 1 COMPUTATIONAL SEQUENCE OF PD 

LINES 00 1  -  006

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

LINES 007 -  0 67

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

LINE o n

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

LINES 0 20  -  0 57

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

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

The  n e t  c a s h  v a i u o s  ^ L  , Tf t h i s  t o t a l  'SUM' i s
s e r  L - co i i “ c l  o s  i r e  ■- ' , , r* i n  i n c l u d e d  i n  t h e  p i t
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o f  the* fin<* 1 p i t  s u l f a c e i s  p r i n t e d  b tA t o i  o j r . i ,  h i e  Tip
t h e s e  s t  i t ' m e n t s *

LIH2S 007 -  1 3o I

An i mi 1 i c i t  l o (  ;
F - - ‘

LINES 1 .’0 C 1 32

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

LINES 1 37 -  1 e ' 1

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

8* 6* 2 A LIST C* PC

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

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

3C1
302

303
DC4

305

006

,*;L;KLs, . 3 " ,  MAY:
007 Df 4 N = 1 , N3LKS
008 YR (:;) * 0

009 IP (:l) =f
010 L*h  (;i) -o
011 4 ICE ( ’.•) “ 0

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



015
016
017
018 
019

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

185

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

, l , U)
rid

h :on
t i»t  u i n a 1

n s t . i n t  ’
•X.i tt[ l e ,

n t o  two

I r,  i ; .

, r e s s i (  
if t h e
•. 1 tr f r-

i n  Lin<
i so  it

t)I>d l

a r t

VI

(Z

026
027
028
029
030
031
032

03 3
034
035 
0  3o 
037 
0 39 
035

04 1 
042 
04 j

1 4
1 0 1  I



PITANG(l)

HP



PAGE 1 06

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

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

1 + + 2 )
0 5 2  IF (cn' lu) 1 4 , 1 2 , 1 2
053  12 IF ( I P  C:) ) 13,1 1,14
0 5 4  13 10=18+0X3
055 I C L ( I 5 ) = n
056 14 COST INO 2
057 240 CONTINUE
058 2*33 IF (113) 2f , 2 0 ,  174
059 174
06." DO 15 .1 ~ 1 , 1 U
061 13 fjUK=.Al.N +VAL (ICL (I1. ) )
0 6 2 . .  IF (SUM) 1 3 , 1 8 , 1 6
063 16 DO 17 M 1 ,13
064 17 IP (ICL ( v) ) SICL (M)
065 18 DO 19 \ - 1 , : B
066 19 ICL(M)='
067 20 CONTINUE

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

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

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

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

08 7 2 6 L=011E
088 J  = 0
089 1 = 0

090 K=0
091 SORE=n
092 SKAST!’-"0
09 3 31 ISIGN = C:!E
094 GO TC 33
095 32 151 ; ] i=-0N2
096 33 K=K♦CUE

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

115
116 
117 
i n
119
120 
121 
122 
123

GO TC 1/
3v  Z - C ' M  
3 7 J * J ♦3

IF ( J - N J )  3 8 , 3 9 , 3 2
3 3 IF (J-O'iS) 31, 39, 39 
33 ;nJ- ((3/2) * 2 )  to'.2

30 TC ( 4 0 , 4  1) , M
40 \ -  (*C'i3) *IbIGN 

GO TC 41
41 A=:sim
4 2  1 * 1 * A

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

IF (10? (.'.c') ) 1 3 , 1  b »'4<!
1 10 IF (: C )) *2,4 ,1 0

110 IE (ViL (’ C) ) 4 2 , 4  2 , 4 5  
4 5 IF (K- 10) 4 ,  46 , 4 1
4 6  r.eO’-'L 

GC TC 4?



P A G E 1 B 8

126 50 IF (SCI! -ORF. <L) -  (TCMF ( ^ )Z 2 « ) ) 5 1 , 5 1 , 6 0
127 5 1 10? U C ) - ^
1 2 &: CALL f,” l:PD (S0RF„K,F)
V 9  s c p . : = o

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

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

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

$  " E®Si5$SiSS8i3Sf&,
153 10 TC 3o

E  "  S B « s @ R » * - s r

162 C6  COtiTm""

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

251 ctsT5 

,..0  '
i f o r i "  ( ) • ' ] z l  

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



17C trTunn
171 END

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

LINES 001 -  006

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

LINES 007 -  Cc 6

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

LINE 0C8

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

LINES 011 -  0 ( . 6

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

: : : : : : : :   —



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

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



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

l i n e ' 052

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

w m m

-

PAGE190

g.  7-  2 A LIST OF SU3PB

121

52

SUtiPCUT I N3 SUDPr ( S O ' F ,  F., K) 
r 0V ;• L r PR-Cl,ION SORZ, ASTr ,C 1 () ) , 20) , i 2 ( 3) Zv3(3), 

1 - <4 , 5(0 ) , .  6 .7 (b , 20 ) , r ,  (65,20), .  9(6:,, 20).
2 ‘ 1C ( 6 5 , 2  ) , . 11 ( >,20) , . : ( 3 , 3 , 3 )  , FAT (99) , 0 H ( 9 ) )  ,
3 15 ( 3, 3,3) , . 14A (99) , CN.-F« , D0L0, uA3S 

V n  (9 9 ) ,C : : / 1 / , 1^0/2/
■

1 T C V 0  (1 3r ) ,  X 37 ( 30 ) , -.,h 0 (1 < > 1 u )

0 T E P = 5 • 1
MOOY'SL-f SLOPE ( ) - S T 2 l  
IF ( ? . T (L) -  03 r. (L) ) 1 r ' '
CN2 X=SO~2 -MAT(L)

V4 0 
53

DO 56 1 1 = 1 ,3  
D0LD*0MS>

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

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

I f  (F-X) 1 232# 54 , r>4
5 U DO 5( <’ 1 ' N 1

DO 5G X=1,KI

■

1



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

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

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

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

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

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

0 5 5  GO " 0  9
056 12 ICS (M) L

< n > / s »  «d  > >



-------------------------
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0 ; i 7  S0*:«S0?2+T0NF (MM)
058 9 CONTINUE
O55 : 22 CONTINUE
060 19 CONTINUE
r b 1 5u CONTINUE
062 232 D N E *  = SWASTE-;:AT ( L)  ♦sore
06  » I I  ( l A L S  (T N W) - T O N F  (.y. ) ) 5 9 , 5 7 , 5 7
064 c.7 IF (ECLD*F >.;•;«) 50,52,52
C65 50 STEf=-C«5*LTE.
066 59 S'.;Af»TE = C
067 2 3 RETU'N
068 END

8 . 8  GLOSS\9?

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

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

span*  t

. , ; f i ,• 1 t i o n  n u m h o t

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



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

. i  -  / e a r *

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

i  -  / o a i *

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

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

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

i  -  y e a r *

D :„  ( r j  t h e  c ;  i o r t u r , i t ,  c o s t  of  i n v e s t m e n t  C f ' i U l  (“ AI N1- ; ,
CCGlv 2 a n d  CCl f  d) •

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

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

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

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

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

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

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

s e a l  •* f a c t  o i  ' * <



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

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

i  -  yo u *

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

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

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

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

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

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

K i ; u “

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

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

i  -  ; r  i d - M o c k  i d e n t i f i c a t i o n  number •

I MA ( i ) -  ( I *? )  t h e  e x c a v a t i o n  yea r  o f  t he  ove rburden
gr i d - L l o c k s ;

i -  j t  i d - ) l o c k  i d e n t i f i c a t i o n  number•

L -  (I) t h e  m i n e ' s  l i f e  :v in*

IOC -  ( I )  t h e  s u b s c r i p t  f o r  c e r t a i n  i n d i c a t o r  a r r a ys *  I t  i s
c o m p u t e d  t o  l o c a t e  s p e c i f i c  members of u n i -d im e n s i o n a l  
a r r a y s  u sed  t o  s t o r e  t h r c . ' - d i m e n s i o n a l  d a t a  s e t s *

* -  (D) t h e  t o t a l  m a t e r i a l  in  each p i t  i nc ro ne n t
measured i n  t o n s  ( C O  1 -  * -and j) ;

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

, » t  a ,  -  <-)  t h e  a n n u a l  ; i t  ; t o a u c t i o n  t a c  j -  o i e  F i “ =
i . o t l u r d e n ,  i n  t-.nti ( i t  and SS8S-D) i

i -  y e a r  •

K H *  -  ( I )  t h e  n a x i t  ut: e j u i v a l e n t
r e p o r t e d  in  t h e  u s e r ’ s  d e i o s i t

. m ,  -  ( I )  t h e  t o t a l  n u . t e ,  o f  y i t  i n c c e a e r t o -

r e c o v e r a  l -Ie M  ^

i -  U n e t  i l  i d e n t i f i c a t i o n  n u n h o f  

„ » , i »  -  <:.) t h e  a n n u a  , i ,  . r o l u c t i o n  t u r . e t .  o r e  „  „

o v e r b u r d e n , i « t o n . ,

k m c  -  ( - )  .  " O , e , J e r
t i o n  of  t h e  *xc *va» ton  cc 
t o  i n t e r  n i l  s t o r  :



K INC AT -  (D) t h o  i i t  cavocity ,  o k .; j. ' lus over  burden ,  yor year
r e a s u t e d  i n  t o n  ;*

or

i rieasjcec

NBLK5  -  ( 1 ) t h  • t o t a l  number of  j r i d - i n t e r s e c t i o n s
t j i i d - b l o c k s *

VI j j j r fjf -  (I)  t h e  maximum I , J and K jc id  c o - o r d i n a t e s ,
r e s v e c t i  vc?ly •

c -. t i )  -  ( F )  t h e  o v e r b u r d e n  s t r  iy v i n j  c o s t  ye t  ton on each
s i d e  of  t h e  t e n t h  ; t i d - l e v e l  of t h e  e x a n . l e  d e p o s i t *  See
S e c t i o n  7*1*

i  -  y i t  zon ' i d e n t i f i c a t i o n  number*

op t f i i  -  r )  t h e  i n c r e a s e d  c o s t  of  over f c i rden  s t r i ^  m j  yor 
er t o n  on e.ch M -  »t t h e  tenth •jril-le»el «£

t h e  e L - . l e  J , - , o  U -  Sve  S e c t i o n  7 . 1 .

y -  - i t  zo ne  i d e n t i f i c a t i o n  numlet*

s x r c a w s  s & s

7*1*

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

S . 3  z g & Z - ' a w s

i  _ , i t  zone  i d e n t i f i c a t i o n  number*
i n  i t  i n c r e m e n t s ,

ORE ( i ,  j) -  ( ) t h e  a v a i l . i -  l e  vr<' , t;;  " M V  zglo‘ t o  t he  maxixan
fo r
r e ; o r  t e d  mino r a^  V

i  - inte  -.or cu t-o ff  j i J 1 
j - - i t  increment*

A f f e r e n t  i o f i n i t i o n s  in

CPE (I )  - (:•) t - i i . ;  V i r * J ’1 't i ' i t  i:- u 3 t l  !* lhl 1 • u • ’ *
t h e  PD ...abi ou t  i r.c • . i> •> i

m  a s  t he  t r o d  a c t i o n



OR 1.3ES ( i # j )  ̂ 1 1 S' t . )i t ho . - a i n o c a l  d i  s t r i b u t i o n *

i  -  i n t o , ' :  m i n o r o l  j t  ide  i n c r e m e n t  
j -  ; i t  i nc re t i ton t  •

P( i )  * ( 0 ) t ho m n u a l  p r o f i t s  e s t i m a t e d  fi-ov t h e  [ t o d u c t i o n  
t a r g e t s  * XIN1, 1 CON1 and 1 «RXF1 ;

1 -  y e a r *

ptTANG ( i )  -  t h "  s a f e  p i t   ̂ 1 11 - a n  j l o . .  on oach  s i d e  of  t h e
f a u l t  i v o n  f o r  t h  > e x a m p l e  d e p o s i t *  f e e  s e c t i o n  7*1# rhe 
a n j l e s  a r e  r e  i i u r e '  i n  r a d i a n s  f r om v o r t i c a l *

i  -  p i t  z o n e  i u o n t i f i c  i t  ion  number*

Pl '^tNC -  (1*2)  t h o  l i t  i r . c r e  -nt*

PHEW-- (2) t h e  t o t a l  r e v e n u e  o v e r  t h o  T i n e ' s  l i f e  span*

PROD (i# '  (I ) t h o  t o n n a , >, i n  each i i t  i ac romon t ,  )i
r e f i n e d  'd act  a v a i l a b l e  a t  an ,  c u t - o .1

i  -  i n t o  -or  c u t - o f f  j i . i d e  i n c r e m e n t  
j  - l i t  i n c r o  n t *

P R OM T( i )  -  ( ? )  «ho « * « » l  r e n n a o  f t o t ,  t He  s l . u U t P i  ; i «
p r od u c t  i o i i ;

i  -  year  •
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l i t  a n l i u f  i n e r  j e c t i v v V ,  ;

;  i  -  ; v<il
j -  i - i t  i n c r o $ L n t *

r p ? F ( i )  -  ( 5 )  t h e  a n n u a l  ; t u u u c t i o n  l a i  j o t  £ o l  t h e  r o l i n o i / ;

i  -  y t ' c i r  •

_ ( P )  t h e  a n n u a l  co i ; !  of  t o f i n i n j  , ei  ton of [ r ou u c t ;

i j e t  ’ PPOD* t o  l i t  r a t o i i a l  a na  r o f m e u  , cocu i l a  ol^,
f . «  U  -  - •»><■ c w f l  f r o .  z « o  to

t he  maxi an t c i o i t o v  - m e t a l  y t a ^ a  ..A G .

'  i  -  i n t e  jo-r c u t - o f f   ̂t a at' i no i
j -  [ i t  i n c t e t r e n t *

i  -  o v e r a l l  r . . c o v e r ,  . - t f . c o n e y  i . k n t i £ l = a t i o n  n n . a o f

7 • 1 •
i  -  - i t  zon e  i d e n t i f i c a t i o n  numVof  

P„ C . w m ‘ -  «r ,  c a ,  . c i t y  U - . - U n o t y  i n  oa tya

t o ns  j a t  /• u  , 

\ r i a a t  y p a t e :  i  •  ̂ l

.
o u j c t  t o n  o

51
1 i u u a c t



j g f l i
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d e i 0 3 i t  (KAIS1 -  1,  PD, S” a V D ) ;

?; i  yea  i •

Si r,2, S l  -  (n) t h  • l i t i o  o f  e o n c ' - n t r u t o i  c a p a c i t y  'COtiCA? 1 
t 0 # t h e  : i t  c a p a c i t  y f i n e l y  c a p a c i t y  's-FCAP* to

i t  c a i  a c i t .  • an : r e :  i n o i y  c a p a c i t y  t o  c o n c e n t r a t o r  c i  i c i t y ,
respectively, (COGSUh)•
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