
\ 

• 

r 

SAJL 

8 6 1 5 0 4 

PLACER DEVELOPMENT LIMITED 

MEMORANDUM: 

TO: W. A. T r i g g s 

FROM: H. J . Matheson 

RE: GEOLOGIC RESERVES 

DATE: 18 F e b r u a r y 1980 
F I L E : V. #164 

ADANAC. 

G e o l o g i c r e s e r v e s f o r t h e Adanac p r o p e r t y have been c a l c u l a t e d 
i n c o o p e r a t i o n w i t h t h e Computer group. I n t e r p o l a t i o n between d r i l l 
h o l e s was c a l c u l a t e d by the k r i g i n g method r a t h e r t h a n i n v e r s e 
s q u a r e s r e s u l t i n g i n d e f i n i t i o n o f s u b s t a n t i a l volumes p r e v i o u s l y 
u n d e f i n e d . R e s e r v e s were a l s o added by t h e d r i l l i n g program 
p e r i p h e r a l t o t h e p r e v i o u s l y known m i n e r a l i z a t i o n . G e o l o g i c 
r e s e r v e s a r e as f o l l o w s : -

1, 270,000,000 tons a t 0.053% Mo a t .03 Mo c u t - o f f , o r 

187,000,000 tons a t .061% Mo a t .04% Mo c u t - o f f . 

HJM:mg 

c c : L. A d i e / f i l e 
D. C. Rotherham/D. A. Howard 
S. J . Tennant 

H. Jl.\ MATHESON. 

700 Burrard Building / 1030 West Georgia Street / Vancouver. B. C. Canada/ Y6E JAB t60-li 682 70821 Teles 04-55181 
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INTRODUCTION 

Two recent p i t s t u d i e s o f Adanac have y i e l d e d these r e s u l t s : 

- A p r i l 1979 84 m i l l i o n tonnes a t 0.069% Mo and 0.85/1 
S.R. 

- January 1980 242 m i l l i o n tonnes a t 0.054% Mo and 1.13/1 
S.R. 

The purpose o f these notes i s t o examine the reasons f o r 
the i n c r e a s e , and to a n a l y s e the economic i m p l i c a t i o n s . 

For easy r e f e r e n c e a t a b u l a t i o n o f the l a s t t h r e e s t u d i e s 
f o l l o w s ; i n t e r p o l a t e d t o v a r i o u s common c u t - o f f grades i n order t o 
f a c i l i t a t e comparisons. 

Cut-Off Grade 
%MoS2 
%Mo 

0.05 
0.030 

0.055 
0.033 

0.06 
0.036 

0.08 
0.048 

T o t a l 
P i t 

January 1978 1000 t . 67900 52600 124900 January 1978 
% Mo - - 0.073 0.082 -S t r i p R a t i o - - 1.84 1.38 -

Increment 1000 t . _ — 11800 6580 30300 
% Mo - - 0.059 0.082 -S t r i p R a t i o - - 1.57 3.60 -

A p r i l 1979 1000 t . 86800 84000 79700 59200 155200 A p r i l 1979 
% Mo 0.068 0.069 0.071 0.082 -S t r i p R a t i o 0.79 0.85 0.95 2.62 -

Increment 1000 t . 154800 138500 121500 67100 359200 
% Mo 0.046 0.049 0.051 0.058 -S t r i p R a t i o 1.32 1.59 1.96 4.35 -

January 1980 1000 t . 241600 222 500 201200 126300 514400 January 1980 
% Mo 0.054 0.0565 0.059 0.069 -S t r i p R a t i o 1.13 / 1.31 1.56 3.07 -

BASIC DATA AND PROCEDURES 

The January 1978 study used i n v e r s e d i s t a n c e w e i g h t i n g t o 
es t i m a t e b l o c k v a l u e s , from which the g e o l o g i c and mineable r e s e r v e s 
were then determined. The A p r i l 1979 study accepted the same bloc k 
v a l u e s and g e o l o g i c r e s e r v e s , but by reason o f changed economic 
e n t r i e s t h i s study generated a new and augmented f i g u r e f o r the 
mineable r e s e r v e . 

The January 1980 study has used a form o f k r i g i n g t o 
es t i m a t e the b l o c k v a l u e s , and a g a i n the economic e n t r i e s have been 
changed, mainly by the use o f a much h i g h e r molybdenum p r i c e . Both 
g e o l o g i c and mineable r e s e r v e s i n c r e a s e d s u b s t a n t i a l l y , the former 
by about 70% and the l a t e r by 180%. As a check, both r e s e r v e s have 
been r e c a l c u l a t e d by i n v e r s e d i s t a n c e w e i g h t i n g . These r e s u l t s a re 
d i s c u s s e d l a t e r . 
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The economic data e n t r i e s f o r the t h r e e p i t s t u d i e s have 
been: 

Molybdenum Mi n i n g M i l l i n g & Other 
Can $/lb Mo Can $ per Can $ per 
i n M 0 S 2 Cone. Tonne Tonne 

January 1978 4.44 0.71 2.67 
A p r i l 1979 6.68 0.78 3.83 
January 1980 9.78 0.75 3.33 

FINDINGS 

1. I cannot comment on the t e c h n i c a l v a l i d i t y o f the k r i g i n g 
technique, o n l y on i t s e f f e c t s . These e f f e c t s have been to 
extend the areas o f i n f l u e n c e o f d r i l l - h o l e s , m a i n l y i n the 
lower-grade a r e a s , and thus t o r e d e f i n e areas p r e v i o u s l y 
regarded as "undefined waste." 

2. For the mineable r e s e r v e , the e f f e c t s can be r o u g h l y 
a n a l y s e d a s : -

a. From improved p r i c e - c o s t r a t i o s : +45- 50 m i l l i o n tonnes 
b. From k r i g i n g : +90-100 m i l l i o n tonnes 
c. From l o w e r i n g c u t - o f f grade: +15- 20 m i l l i o n tonnes 

The o v e r a l l i n c r e a s e i s 157.6 m i l l i o n tonnes a t 0.046% Mo 
and 1.28:1 s t r i p r a t i o . At a net Mo p r i c e o f Can. $9.78 
per pound ( i n M 0 S 2 ) and c o s t s r e c e n t l y r e - e s t i m a t e d by 
W.D. Baker, the net p r o f i t o f t h i s increment i s Can. $2.72 
per tonne. 

3. The a d d i t i o n a l tonnage, b e i n g low-grade, makes no 
improvement t o the s h o r t and mid-term economics o f 
proposed 14,000 tonnes per day o p e r a t i o n . N e i t h e r 
o f f e r any economic inducement f o r e s t a b l i s h m e n t o f 
s u b s t a n t i a l l y l a r g e r o p e r a t i o n . 

GEOLOGIC RESERVES - EFFECT OF KRIGING 

In k r i g i n g , use i s made of the c o r r e l a t i o n o f a d j a c e n t 
assays and the d i s t a n c e s i n v a r i o u s d i r e c t i o n s t o which such 
c o r r e l a t i o n s can be shown t o be s t a t i s t i c a l l y s i g n i f i c a n t . T h i s 
i n f o r m a t i o n i s used t o a s s i g n weights t o the v a r i o u s sample p o i n t s , 
and b l o c k s are then g i v e n the weighted averages t h a t have the lowest 
c a l c u l a t e d e x p e c t a t i o n s of e r r o r . B r o a d l y , the e f f e c t i s t o extend 
the areas of i n f l u e n c e of h o l e s and thus t o f i l l up i n t e r - h o l e gaps 
t h a t under " r a d i u s o f i n f l u e n c e " r e s t r i c t i o n s would be c l a s s i f i e d as 
"undefined waste". 

From l a c k of experience i n t h i s technique I am unable to 
a p p r a i s e the v a l i d i t y of the k r i g i n g t e c h n i q u e . Though o r i g i n a l l y 
developed f o r South A f r i c a n g o l d r e e f s , the technique seems now to 

the 
does i t 
a 
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be accepted by m i n e r a l s t a t i s t i c i a n s f o r g e n e r a l use i n a wide 
v a r i e t y o f types o f d e p o s i t . My o n l y r e s e r v a t i o n concerns p o s s i b l e 
o v e r - p r o j e c t i o n o f determined r e l a t i o n s h i p s . Thus, i t was 
determined f o r the higher-grade c o r e t h a t c o r r e l a t i o n s were v a l i d 
h o r i z o n t a l l y f o r twelve times the d i s t a n c e o f e q u i v a l e n t v e r t i c a l 
c o r r e l a t i o n s . Only i n t h i s zone - which was tunne l e d - was i t 
p o s s i b l e to measure t h i s e f f e c t . But the same r a t i o was assumed t o 
be v a l i d a l s o f o r the p e r i p h e r a l low-grade m a t e r i a l , whose grades 
form p a r t o f a d i f f e r e n t grade p o p u l a t i o n and whose g e o g r a p h i c a l 
d i s t r i b u t i o n p a t t e r n may l i k e w i s e d i f f e r . 

T u rning t o p r a c t i c a l e f f e c t s , I compare t h r e e e s t i m a t e s o f 
g e o l o g i c r e s e r v e , the f i r s t i n January 1978 (which has had to be 
i n t e r p o l a t e d f o r i n t e r m e d i a t e c u t - o f f s ) and two o f January 1980, one 
o f which was done by k r i g i n g . 

January 1978 Ge o l . Reserves 
C a l c . & I n t e r p o l a t e d ) 

C u t - o f f 
% Mo. 1000 t . % Mo 

0.0400 110000 0. 071 
0.0420 101887 0. 073 
0.0500 80000 0. 08 0 
0.0600 58666 0. 090 
0.0700 44100 0. 099 
0.0720 41355 0. 100 
0.0800 32800 0. 108 
0.0900 22308 0. 118 

Comparative Table 

1978 1980 1980 E f f e c t of 
:ut-O f f Inv D i s t . Inv D i s t . K r i g i n g Kr i g i n g 
% Mo 1000 t % Mo 1000 t % Mo 1000 t % Mo 1000 t % Mo 

0. 00 297104 0. 039 584478 0. 033 +287374 0.027 
0. 01 - - 261472 0. 044 521857 0. 036 +260385 0.028 
0. 02 - - 200655 0. 053 371573 0. 045 +170918 0.036 
0. 03 - - 156780 0. 061 272863 0. 053 * +116083 0.042 
0. 04 110000 0.071 115568 0. 070 186831 0. 061 ' + 71263 0.046 
0. 05 80000 0.080 82054 0. 081 124697 0. 070 + 42643 0.049 
0. 06 58666 0.090 59243 0. 091 78734 0. 079 + 19491 0.04 3 
0. 07 44100 0.099 43273 0. 101 47252 0. 090 + 3979 
0. 08 32800 0.100 31625 0. 111 26674 0. 102 - 49 51 -0. 09 22308 0.118 22696 0. 121 15941 0. 113 - 6755 -0. 10 - - 16829 0. 131 10217 0. 124 - 6612 -

F i r s t , t h e r e i s v i r t u a l l y no d i f f e r e n c e between the 1978 
and 1980 i n v e r s e d i s t a n c e - w e i g h t e d r e s e r v e s ; as should w e l l be 
expected. Secondly, t h e r e i s a s u b s t a n t i a l i n c r e a s e from k r i g i n g as 

H.K.T./cs 
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i s t a b u l a t e d i n the r i g h t - h a n d column. For m a t e r i a l above a c u t - o f f 
a t 0.03% Mo, the i n c r e a s e i s 116 m i l l i o n tonnes a t 0.042% Mo. For 
m a t e r i a l above 0.033% Mo (used i n mineable o r e comparisons) the 
i n c r e a s e i s 103 m i l l i o n tonnes a t 0.043% Mo. 

MINEABLE RESERVES 

No l e s s than t h r e e f a c t o r s have caused the mineable ore re s e r v e 
t o i n c r e a s e : 

a) The k r i g i n g method of grade i n t e r p o l a t i o n ; 
b) The r i s e i n molybdenum p r i c e , r e l a t i v e t o o p e r a t i n g c o s t ; 
c) A l o w e r i n g o f the d e s i g n c u t - o f f grade from 0.033% Mo 

(0.055% M 0 S 2 ) i n A p r i l t o 0.030% Mo i n January. 

I t i s not easy t o compare d i f f e r e n t p i t d e s i g n s d i r e c t l y . A l s o , 
f o r each f a c t o r the e f f e c t s o v e r l a p c o n s i d e r a b l y . So any a n a l y s i s 

n e c e s s a r i l y be crude, though i t may s t i l l be i n d i c a t i v e • 

Expanding p a r t s o f the i n t r o d u c t o r y t a b l e g i v e n e a r l i e r : 

T o t a l 
Cut-Off % Mo 0.030 0.033 P i t . 

A p r i l 1979 1000 t 86800 84000 155200 A p r i l 1979 
% Mo 0.068 0.069 -S t r i p R a t i o 0.79 0.85 -

Increment 1000 t 56000 48500 183500 
% Mo 0.053 0.057 -S t r i p R a t i o 2.28 2.78 -

Jan. 1980 1000 t 142800 132500 338700 
(Inv.Distance) % Mo 0.062 0.0645 -S t r i p R a t i o 1.37 1.56 — 

Increment 1000 t 98800 90000 175700 
% Mo 0.042 0.045 -S t r i p R a t i o 0.78 0.95 -

Jan. 1980 1000 t 241600 222500 514400 
(K r i g i n g ) % Mo 0.054 0.0565 -S t r i p R a t i o 1.13 1.31 — 

Summar i z i n g : » 

1000 
Tonnes % Mo 

A p r i l 1979 mineable r e s e r v e 84000 0.069 
Added by hig h e r Mo p r i c e 48500 0.057 
Added by k r i g i n g 90000 0.04 5 
Added by l o w e r i n g c u t - o f f 19100 0.031 
to 0.03 241,600 0.054 
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I have a l r e a d y mentioned t h a t e f f e c t s o v e r l a p . In 
p a r t i c u l a r , the "ore" added by k r i g i n g reduces the waste to be 
s t r i p p e d ; and i t may thus c o n v e r t m a r g i n a l u n d e r l y i n g m a t e r i a l i n t o 
"ore" and so add i n d i r e c t l y t o the r e s e r v e . The f i g u r e of 90 
m i l l i o n tonnes added by k r i g i n g compares w i t h 103 m i l l i o n tonnes 
above the same c u t - o f f grade added t o the g e o l o g i c r e s e r v e . 

ECONOMIC EFFECTS 

In t o t a l , a former ore r e s e r v e o f 84 m i l l i o n tonnes a t 
0.069% Mo and 0.85:1 s t r i p r a t i o has been i n c r e a s e d by another 158 
m i l l i o n tonnes of 0.046% Mo and 1.28:1 s t r i p r a t i o . R e l a t i v e 
p r o f i t a b i l i t i e s a r e : 

Revenue Mining Other Net Value Net Value 
Category $/Tonne $/t M i l l e d $/t M i l l e d $/t M i l l e d $ M i l l i o n 

O r i g i n a l r e s e r v e 12.72 1.39 3.33 8.00 672 
Increment 7.76 1.71 3.33 2.72 429 

On a p u r e l y o p e r a t i n g c o s t b a s i s , the a d d i t i o n a l tonnage i s 
p r o f i t a b l e . For an a l r e a d y e s t a b l i s h e d mine i t would t h e r e f o r e be 
mined a t some time or o t h e r , always p r o v i d e d t h a t the same or b e t t e r  
p r i c e - c o s t r a t i o s p r e v a i l e d . 

On the o t h e r hand, t h i s e x t r a tonnage cannot be s a i d to 
j u s t i f y the c a p i t a l expense o f an expanded p l a n t and f l e e t o f mining 
equipment, nor can i t c o n t r i b u t e any improved economics to the 
p r e s e n t l y - p l a n n e d 14,000 tonnes per day o p e r a t i o n . I t has been 
noted f o r some y e a r s t h a t the economics o f l a r g e mines i s determined 
more by c a p i t a l c o s t s than by o p e r a t i n g c o s t s . Adanac i s a p e r f e c t 
example. Low o p e r a t i n g c o s t s generate a low break-even grade; but 
h i g h c a p i t a l c o s t s r e q u i r e f o r the f i r s t s e v e r a l o p e r a t i n g years a 
h i g h margin o f p r o f i t , which i n t u r n r e q u i r e s a h i g h average grade, 
one t h a t may be s u s t a i n a b l e o n l y by c u t t i n g o f f w e l l above the 
break-even grade. 

I d e r i v e some very crude but i n d i c a t i v e f i g u r e s , f i r s t l y 
f o r o p e r a t i o n a t 14,000 tonnes per day or 5 m i l l i o n tonnes per y e a r : -

A c u r r e n t e s t i m a t e o f c o n t r u c t i o n c a p i t a l i s $215 m i l l i o n , 
and w i t h allowances f o r i n v e n t o r i e s and o p e r a t i n g c a p i t a l the t o t a l 
c o u l d reach $230 m i l l i o n . For adequate repayment and r e t u r n , annual 
mine p r o f i t s h o u l d not be l e s s than 28% f o r the f i r s t 5 y e a r s or so, 
say about $65 m i l l i o n per year. 

H.K.T./cs 
February 4, 1980 



- 6 -

Thus: 

9 * 

Required p r o f i t = $13. 00 per tonne 
M i l l i n g and o t h e r c o s t s 3. 33 

16. 33 16. 33 

M i n i n g , a t assumed 
s t r i p p i n g r a t i o s o f 1:1 1. 50 3:1 3. 00 

$17. 83 $19. 33 

E q u i v a l e n t l b s . Mo/tonne 1. 82 1. 98 
Required % Mo r e c o v e r e d 0. 083 0. 090 
Required % Mo i n heads 0. 09 3 0. 100 
E q u i v a l e n t % M 0 S 2 0. 155 0. 166 
Required 5-year r e s e r v e 25 m i l l ion tonnes 

I t had been shown p r e v i o u s l y t h a t t h e r e was some 
p o s s i b i l i t y of e x t r a c t i n g a higher-grade nucleus o f roughly t h i s 
tonnage and grade, and a t low s t r i p r a t i o . The e x t r a tonnage which 
i s l a r g e l y p e r i p h e r a l t o t h i s nucleus makes t h e r e f o r e no new 
c o n t r i b u t i o n t o t h i s economic p i c t u r e . 

Secondly, f o r an a p p r o p r i a t e l y l a r g e r output:-
A s u i t a b l e r a t e f o r a 240 m i l l i o n tonne body would be 25,000 tonnes 
per day, or 8.75 m i l l i o n tonnes per year f o r about 27 y e a r s . The 
c a p i t a l c o s t c o u l d h a r d l y be l e s s than $300 m i l l i o n ; w i th an 
accompanying requirement f o r a minimum annual p r o f i t o f $84 m i l l i o n  
per year or $9.60 per tonne i n the e a r l y y e a r s . 

Thus: 

Required p r o f i t = $ 9. 60 per tonne 
M i l l i n g and other c o s t s 
(assuming economies o f 
s c a l e are o f f s e t by an 
i n c r e a s e d p r o p o r t i o n o f 
d i e s e l power) 3. ,33 

12. ,93 12. 93 

M i n i n g , at assumed 
r a t i o s o f 1:1 1, ,50 5:1 4. 50 

$14, .43 $17. .43 

E q u i v a l e n t l b s . Mo/tonne 1. .48 1. ,78 
Required % Mo recovered 0. .067 0. ,081 
Required % Mo i n heads 0, . 077 0, .091 
E q u i v a l e n t % M 0 S 2 0, .128 0. .151 

44 m i l l i o n tonnes 

H.K.T./cs 
February 4, 1980 



- 7 -

I t i s u n l i k e l y t h a t tonnages of these magnitudes and grades 
c o u l d be mined a t any reasonable s t r i p r a t i o . From the cumulative 
grade t a b l e a p p l i c a b l e to the new ore r e s e r v e , an average grade of 
0.077% Mo r e q u i r e s c u t t i n g o f f a t 0.057% Mo to y i e l d about 86 
m i l l i o n tonnes a t an apparent s t r i p r a t i o o f 5:1. But a t t h a t s t r i p 
r a t i o , minimum grade needs to be 0.081% Mo, o f which the a v a i l 
a b i l i t y i s perhaps 71 m i l l i o n tonnes a t a s t r i p r a t i o o f 6.4 t o 1. 

C l e a r l y , i n c r e m e n t a l tonnage a t 0.046% Mo has made no 
economic improvement here e i t h e r . 

We can summarize a l l t h i s i n simple terms. I t has long 
been r e a l i z e d t h a t Adanac must very l a r g e l y depend on i t s "plum" t o 
repay the c o n s t r u c t i o n c a p i t a l ; and t h a t t h i s plum i s not very 
l a r g e , even i n r e l a t i o n t o the former and s m a l l e r mineable r e s e r v e . 
The new expansion o f r e s e r v e s does v e r y l i t t l e t o change t h i s 
p o s i t i o n , though t h e r e i s some i n d i c a t i o n t h a t k r i g i n g may have 
expanded the "plum" s l i g h t l y w h i l e l o w e r i n g i t s grade. But beyond 
t h i s , the s t i l l - l i m i t e d plum would o b v i o u s l y be even l e s s a b l e to 
repay the g r e a t e r c a p i t a l c o s t o f a l a r g e r - t o n n a g e o p e r a t i o n . 

H.K.T./cs 
February 4, 1980 



r 
• 1 . 

7o ft UXi • 

_) OOO s 
: If ̂ 00^ SOOLM", H-SJ |tV 

c 

T<3~1 ft L. % MQ 

t 9 Poo Whip Woo A ho 

X I'D 
I if (• 0 

^ ^oo 
•o^ 

I |USD U S D • o£J f-Sr 

I W « 7J ' t t > ^dO • 06 | K 
C U S P 'Oft i-<T 

• Dfc? K 
10 • n ^ 

[/ 73£o 

l i >3 So /•s' 
\z 

i ? a TO • o s ? 
•pSS" I* 

(L ^ 3 SO •or? 
7 i T o r f 

1? • 13-So 

i? 
Ho m r o ^ fro •OSS,' 
:M > 2 f O off 

« I M S b ^ So ^ 0 0 
f l S o ' J 

72 So M o o - e , , l Y 
I U S O K 
UAfo •OSS' 

131 ?3 
• oSf 

U V 
1^3 



\CUOULF (L 

it 0-y 

r-'-O 

•02 X * *| jL/jL 44oooao »JLIL 

CHASTE. Imp OfcE 7. r u 1̂ 
TOMS 

>G00 -

1 11 l o o ^(sO • I Of I ' l l 
II 3 0 0 •IOC • ot.o 

3 7 2 S O J-Vo 

t w o ^ 6 0 (•So • 060 

c >2S~0 W o o . •on /•So ' 060 

^ 2 So • on. I-SO 

W o o S&HO 
\Q2So •0(4 -0<fO 

t I ' U f a 71 S o '6S1 i-fo 
lo ' U2S0 7} SO W O ' O i l '©^6 

'1 \a?so l ; SD • ov 0 

i i so • o U K o • OVO 

[XASO 1 1 SO 'OS? (•So • o v o 
7 1 $ o ^ 0 0 • o^S (•Co 

ir 7796 *o$S (16 ' owo 
W O W o o •oSS 1 So •oVO 

(7 72 Jo Woo •oS$ I-so >oVo 

If • i w r o 13 SO << ,:'00 [•So • oVO 

17 1-3 3 fQ 13 SO •oSS I -so •OVO 

2o 73fo. •oS<f (•SO 

itl i;USo 7s$) Woo •oSf . 0 v 0 

719o Woo I'So •OVO 

• a v o 
*US0 'Off i-So - 0 vo 

*r 1 3 S O •OVO 
XL | U f O 1JJTQ l-so • 6 VO 
21 i n ft 7 3 f o 

X? >? CO •osX K o • ^ vo 

It tf Coo 

-OSS' 

w • o v a 
>| ^ / - o S C -

JbTAu /S/17/ — -

file:///CUOULF
file:///Q2So



